
Alpha 212648 Microprocessor 
Hardware Reference Manual 

Order Number: DS-0026A- TE 

This manual is directly derived from the internal 21264B Specifications, Revision 
1.0. You can access this hardware reference manual in PDF format from the follow­
ing site: 

ftp:// flp.compaq.com/pub/pro<lucts/alpbaCPU<locs 

Revision/Update Information: 

COMPAQ 

This is a new document 

Compaq Computer Corporation 
Shrewsbury, Massachusetts 

April 2000 

The information in this publicat ion is subject I'll change without notice. 

COMPAQ COM PITTER CORI'ORATION S I IALL NOT BE LIABLE FOR TECI INICAL OR EDITORIAL 
ERRORS OR OMISSIONS CONTAINED 11.EREIN, NOR FOR INCIDENTAL OR CONSEQUENTIAL DAM­
AGES RESUL.:f!NG FROM Tl IE FURN ISi UNG, PERFORMANCE, OR USE OF Tl US MATERJAL Tl 11S 
INFORMATION IS PROVIDED .. AS IS" AND COM.l'AQ COM.l'UTER CORPORATION DISCLAIMS ANY 
WARRANTl,ES, EXl'RESS, IMl'LIED OR STATlITORY AND EXl'RESSLY DISCLAIMS Tl·I.E IMl'LIED WA.R­
RANTlcS OF MERCI !ANT ABILITY, FITNESS FOR PARTICULAR PURPOSE., GOOD TITLE A.ND AGAINST 
INFRINGEMENT. 

This publication contains information protected by copyright . No pan ofthis publication may be photocopied or 
rcpro<luccd in any form without prior written consent from Compaq Corn1mter Corporation. 

C, Compaq Computer Corporation 2000. 
All righls reserved. Printed in lhe U.S.A. 
COMJ'AQ, the Compaq logo, the Digital logo, and VAX Rcgistc.-cd in United States Patent and Trademark Office. 

Pentium is a registered trademark of Intel Corporation. 

Ot her product names mentioned herein may be trademarks and/or registered trademarks of their respective compa­
nies. 

Alpha 21264B Hardware Reference Manual 



r 

Table of Contents 

Preface 

Introduction 

1.1 
1.1.1 
1.1 .2 
1.1.3 
1.2 

The Ardlitecture . . . . . . • . . . . . . . . . ...... . . . . 
Addressing . . . . . . . . . . . . . . . . . . • . . . • ...... , .. , . . . . . ... . • .. . . 
Integer Data Types . . . . . . . . . . . . • . . . • . . ... • . .•... 
Floating-Point Data Types . . . . .. . .... . . . .. . .. • .. . .. .. . ... . •. . • . . . •... 

212648 Microprocessor Features. . . . • . . . . . . .. . ..•. .•. . .. .. . . . • . .. . . . •. .. 

2 Internal Architecture 

2.1 
2.1.1 
2.1.1.1 
2.1.1 .2 
2.1.1.3 
2.1.1.4 
2.1.1 .5 
2.1.1.6 
2.1.1 .7 
2.1.1.8 
2.1.1.9 
2.1.2 
2.1.3 
2.1.4 
2.1.4.1 
2.1 .4.2 
2.1.4.3 
2.1.4.4 
2.1.5 
2.1.5.1 
2.1.5.2 
2.1.6 
2.1.6.1 
2.1.6.2 
2.1.6.3 
2.1.6.4 
2.1.7 
2.2 
2.2.1 
2.3 
2.3.1 
2.3.2 
2.3.3 
2.4 
2.4.1 
2.5 
2.6 
2.6.1 
2.6.2 

21264B Microarchitecture . . . . . .. . . ..• . . • . . .. . . . . . . . . . . .... . . 
Instruction Fetch, Issue, and Retire Unit .....•.. . .. . . _ 

Virtual Program Counter Logic . . . . . . ... • •..... • ..•.. 
Branch Predictor _ ..... . .. • . . ...•.. .. . • . . . • . . . . . . . . .. 
Instruction-Stream Translation Buffer . 
Instruction Fetch Logic . . . . ...... . ... •.. ... •.. • . .•. 
Register Rename Maps . . . ... . .. • . . • . . . .. .•. .. . . . . . .• .. .•. 
Integer l ssue Queue _ 
Floating-Point Issue Queue 
Exception and Interrupt Logic ..... .. ... , .. . , .. , .. .. . , , . . . . . .. . . ... . .. . 
Retire Logic . 

Integer Execution Unit .... 
Floating-Point Exerution Unit . . . 
External Cache and System Interface Unit 

Victim Address File and Victim Data File 
110 Write Buffer .. 
Probe Queue . ... . ... . . . . . 
Duplicate Dcache Tag Array . 

Onchip Caches . . 
Instruction Cache . 
Data Cache ... .. . . . 

Memory Reference Unit . .. . . .. . . . .. . • . .. . • . . .. . . . .. • .. .. . .. . .. . . . . .. • . . . 
Load Queue ...... . 
Store Queue . 
Miss Address File .................. .. . . . .. .. .. . .. . ..... ... .. .. .. .. . 
□stream Translation Buffer. 

SROM Interface . 
Pipeline Organization 

Pipeline Aborts .. 
Instruction Issue Rules 

Instruction Group Definitions . .. . . . .. . .. . . . • .. .. . . . . . . .. •. . . .. . . . . . . .. . •. . 
Ebox Slotting . . . . . .. .. . . .. . . . .. . ... ..... .. . . 
Instruction Latencies . . . . ..•. . •.. . . 

Instruction Retire Rules. . . . . . . . . . . . . . . . . .. . . • .. • . . ... . .. . •. 
Floating-Point Divide/Square Root Early Retire . . . . .. .• . .• , . , •. . . , . . . 

Retire of Operate Instructions into R31/F31 . . . . ..... . . .. ...... . 
Load Instructions to R31 and F31 . . . . . ............ .. .. . . . 

Nom,al Prefetch: LDBU, LDF, LOG, LDL, LDT, LDWU, HW LDL Instructions . 
Prefetch with Modify Intent: LOS Instruction . . . ....... -: . . 

Alpha 212648 Hardware Reference Manual 

1- 1 
1- 2 
1-2 
1- 2 
1- 3 

2- 1 
2-2 
2- 2 
2- 3 
2- 5 
2-6 
2- 6 
2-6 
2- 7 
2-8 
2-8 
2-8 

2-10 
2- 11 
2- 11 
2- 11 
2- 11 
2- 11 
2-11 
2-11 
2- 12 
2- 12 
2-13 
2-13 
2- 13 
2- 13 
2- 13 
2- 13 
2- 16 
2- 16 
2- 17 
2- 18 
2- 20 
2- 21 
2- 22 
2- 22 
2- 23 
2-23 
2- 23 

3 

4 

iv 

2.6.3 
2.7 
2.7.1 
2.7.2 
2.7.3 
2.8 
2.8.1 
2.8.2 
2.8.3 
2.8.4 
2.9 
2.10 
2.11 
2.11 .1 
2.11 .1.1 
2.11 .1.2 
2.11 .2 
2.12 
2.12.1 
2.12.1.1 
2.12.1.2 
2.12.1.3 
2.13 
2.14 
2.15 
2.15.1 
2.15.2 
2.16 

Prefetch, Evict Next: LDQ and HW_LDQ Instructions. 
Special Cases of Alpha Instruction Execution . ... . . 

Load Hit Speculation ... 
Floating-Point Store Instructions .. 
CMOV Instruction. 

Memory and 110 Address Space Instructions .. 
Memory Address Space Load Instructions 
110 Address Space Load Instructions. . . . . . . . .. .. . ... . .. . .. . .. .. . ... . . . .. . 
Memory Address Space Store Instructions ........ .. ..... . . .. . ..... . 
110 Address Space Store Instructions . . . . . . .• •..... • .. •• . 

MAF Memory Address Space Merging Rules . .... . . .. .. .. .. , . . . . . . .. . .. ... .. . .. . 
Instruction Ordering . . . ....... ... . . .. . . . . • ..• .. • ..• ..• . . . • . . • . 
Replay Traps .. . .. .. .. .. . .. .. .... . .. ... . . . . . .... .. ..... .. . 

Mbox Order Traps .... . . . . . . . .. .. .. . .. .. . .. .. .. . .. . . . . . . ... .. . 
Load-Load Order Trap ........ . . .. . . .. ....... .. .... . 
Store-Load Order Trap . . . . . ............. . 

Other Mbox Replay Traps .... ... . . .... ..• • . •• ... • .. • .. • •. • .. • .. •. . . • . .•. 
110 Write Buffer and the WMB Instruction ... .. .... .. .. .. , . .. .... . .. ... . . . . ... . .. 

Memory Barrier (MB/WMB/TB Fill Flow) .... .. .... .. . .. ..... . ..... . . . .... . . . 
MB Instruction Processing .•..•.. ... .• . . . . 
WMB Instruction Processing. . . . . . . . . . ....... . . . .• . .• . .• . . .. .... 
TBFill Flow . .. . . . . .. .. . 

Performance Measurement Support-Performance Counters .. ... ....•.. . . 
Floating-Point Control Register. . . . . ... . .. . .. . , , . ... .. ... . 
AMASK and IMPLVER Instruction Values 

AMASK .... 
IMPLVER . 

Design Examples 

Hardware Interface 

3.1 
3.2 
3.3 
3.4 
3.5 

21264B Microprocessor Logic Symbol ........ .. . . . .. .. . . ...... .. . . . . .. .... .. . . 
21264B Signal Names and Functions . ... .. ... . ... . . . ... ... . .. ..... ....... . .. . . 
Pin Assignments . .. . ... . . 
Mechanical Specifications . 
21264B Packaging 

Cache and External Interfaces 

4.1 
4.1 .1 
4.1.1.1 
4.1 .2 
4.2 
4.3 
4.3.1 
4.3.2 
4.4 
4.5 
4.5.1 
4.5.2 
4.5.3 
4.5.4 
4.5.5 
4.6 
4.6.1 

Introduction to the External Interfaces . . . .. .....• . . • • . . • .. .... • ... . .. .. • •. . •. 
System Interface ... .. .... .. ........ . .. .• . •• • . • • .. •. . • • . .. . • • . . • . . . • .. . 

Commands and Addresses. . ... . .. . . . . .. . . .. • .. . ... • 
Second-Level Cache (Bcache) Interface .... . .. . ....... . .. .. . . ... .. . .. .. . 

Physical Address Considerations ............. . . . .. . . . . . . .. . . . . . . .. . .. . . . . . . . . 
Bcache Structure . . . . .. .. . . .. . . . ..... .. ... . 

Bcache Interface Signals . . . .. . .. . . . • . . • • . • . . • . . .. . • ...• 
System Duplicate Tag Stores .... .. .. .. . .. .. . .. .. .. .. .. . . . . .. ... . .. .. .. . . . 

Victim Data Buffer . . .. ..... . .. . . 
Cache Coherency ... .. . . . ........ . 

Cache Coherency Basics . .. . . . . ... . . .. . 
Cache Block States ... ..... . ..... . 
Cache Block State Transitions . 
Using Sys□c Commands . . ... . . 
Dcache States and Duplicate Tags ... 

lock Mechanism .. . . . .. ... ... . 
In-Order Processing of LDx_USTx_C Instructions 

2-24 
2- 24 
2- 24 
2-26 
2- 26 
2- 27 
2- 27 
2-27 
2- 28 
2- 29 
2-30 
2- 30 
2-31 
2- 31 
2-31 
2- 31 
2-32 
2- 32 
2- 32 
2-33 
2- 33 
2- 34 
2-35 
2- 35 
2...;)7 
2-38 
2- 38 
2- 38 

3-1 
3-3 
3-8 

3-17 
3-18 

4-1 
4-3 
4-4 
4-4 
4-4 
4-6 
4-7 
4-7 
4-8 
4-8 
4-8 
4-9 

4-10 
4-10 
4-13 
4-14 
4-14 

Alpha 212648 Hardware Reference Manual 



5 

4.6.2 
4.6.3 
4.6.4 
4.7 
4.7.1 
4.7.2 
4.7.3 
4.7.3.1 
4.7.3.2 
4.7.4 
4.7.5 
4.7.6 
4.7.7 
4.7.7.1 
4.7.7.2 
4.7.8 
4.7.8.1 
4.7.8.2 
4.7.8.3 
4.7.8.4 
4.7.8.5 
4.7.8.6 
4.7.9 
4.7.10 
4.7.10.1 
4.7.10.2 
4.8 
4.8.1 
4.8.2 
4.8.2.1 
4.8.3 
4.8.3.1 
4.8.3.2 
4.8.3.3 
4.8.4 
4.8.4. 1 
4.8.4.2 
4.8.4.3 
4.8.5 
4.8.6 
4.9 

Internal Eviction of LDx_L Blocks. 
Liveness and Fairness. 
Managing Speculative Store Issues with Multiprocessor Systems . ... . . . ... . .. .. _ 

System Port .. . . . . . .. . . . . . . . • . . . . 
System Port Pins . . . 
Programming the System Interface Clocks .. . 
21264B-to-System Commands . . .. . . 

Bank Interleave on Cache Block Boundary Mode 
Page Hil Mode . . . 

21264B-to-System Commands Descriptions . 
ProbeResponse Commands (Command[4:0] = 00001) ....... . • • . . •. . • •. . • • .. • . 
SysAck and 21264B-to-Syslem Commands Flow Control .. . . • . . .. .. . . 
Syslem-lo-21264B Commands 

Probe Commands (Four Cycles) . ... .... ... .. . 
Data Transfer Commands (Two Cycies) . . . 

Data Movement In and Out of the 21264B. 
21264B Clock Basics .. 
Fast Data Mode .. 
Fast Data Disable Mode . 
SysDalalnValid_L and SysDataOulValid_L ...• .. • • . . . . .• . . • ... . .. •. .. • . . 
SysFillValid_L . 
Data Wrapping 

Nonexistent Memory Processing . 
Ordering of System Port Transactions .. . 

21264B Commands and System Probes 
System Probes and SysDc Commands ..... . . • . . • . . . • . . .. . . . . . • ..•.. . 

Bcache Port . 
Bcache Port Pins . 
Bcache Clocking . . 

Setting the Period of the Cache Clock .. .. .. . ... .. . •. 
Bcache Transactions . .. 

Beadle Data Read and Tag Read Transactions ... . .... . . . . . .. . .. .. .. . . . . 
Bcache Data Write Transactions 
Bubbles on the Bcache Data Bus . . 

Pin Descriptions . 
BcAdd_H[23:4] . 
Bcac:he Control Pins . 
BcDalalnClk_H and BcTaglnClk_H .... . •. .... . • .. • ... . . •• .. • . . . •. . . • . . 

Bcache Banking . . . . . 
Disabling lhe Bcache for Debugging .. 

Interrupts. . ...... .• . .• . .. . . . •..• . . ... .. .. . . .. . . . . .. . 

Internal Processor Registers 

5.1 
5.1.1 
5.1.2 
5.1.3 
5.1.4 
5.1.5 
5.2 
5.2.1 
5.2.2 
5.2.3 
5.2.4 
5.2.5 
5.2.6 

Ebox IPRs . . . 
Cycle Counter Register - CC . 
Cycle Counter Control Register - CC_CTL .. 
Virtual Address Register - VA . . 
Virtual Address Control Register- VA_CTL 
Virtual Address Formal Register - VA_FORM. 

lbox IPRs . 
1TB Tag Array Write Register - ITB_ TAG 
1TB PTE Array Write Register - lTB_PTE . . . .. . .. • . . • • .. •• . . • ... 
1TB Invalidate All Process (ASM=0) Regisler - lTB_IAP . . . . 
1TB Invalidate All Register - lTB_IA . . .. 
1TB Invalidate Single Regisler - lTB_IS . 
ProfileMe PC Register - PMPC . 

Alpha 21264B Hardware Reference Manual 

4-14 
4-15 
4-15 
4-16 
4-17 
4-17 
4-19 
4-19 
4-19 
4-21 
4-24 
4-25 
4-26 
4-26 
4-28 
4-30 
4-30 
4-31 
4-33 
4-34 
4-35 
4-36 
4-38 
4--40 
4--40 
4--41 
4--42 
4--43 
4-44 
4--45 
4--47 
4--47 
4--48 
4--49 
4-50 
4-60 
4-51 
4-52 
4-53 
4-53 
4-53 

5-3 
5-3 
5-3 
5-4 
5-4 
5-5 
5-6 
5-6 
5-6 
5-7 
5-7 
5-7 
5-8 

6 

vi 

5.2.7 
5.2.8 
5.2.9 
5.2.10 
5.2.11 
5.2.12 
5.2.13 
5.2.14 
5.2.15 
5.2.16 
5.2.17 
5.2.18 
5.2.19 
5.2.20 
5.2.21 
5.2.22 
5.3 
5.3.1 
5.3.2 
5.3.3 
5.3.4 
5.3.5 
5.3.6 
5.3.7 
5.3.8 
5.3.9 
5.3.10 
5.3.11 
5.4 
5.4.1 
5.4.2 
5.4.3 
5.4.4 
5.4.5 

Exception Address Register - EXC_ADDR . .. . 
Instruction Virtual Address Formal Regisler - lVA_FORM. 
Interrupt Enable and Current Processor Mode Register - lER_CM ..... . . . .. . . • . . . 
Software Interrupt Request Register - SIRR . 
Interrupt Summary Register - ISUM . . 
Hardware Interrupt Clear Register - HW_INT_CLR . . . • .•....• . . • ... • .• . ... . 
Exception Summary Register - EXC_SUM . . 
PAL Base Register - PAL_BASE .......... .• . . . . .. • .. • .. . • .... . . . 
lbox Coolrol Register - l_CTL . . . 
lbox Status Register - !_STAT . . . . . 
!cache Flush Register - lC_FLUSH . 
!cache Flush ASM Register - lC_FLUSH_ASM 
Clear Virtual-lo-Physical Map Register - CLR_MAP. . . . . . ...... . .. . .. • . .•. 
Sleep Mode Register - SLEEP 
Process Context Register - PCTX . 
Performance Counter Control Register - PCTR_CTL . 

Mbox IPRs. 
OTB Tag Array Write Registers 0 and 1 - DTB_TAG0, DTB_TAG1 
OTB PTE Array Write Registers 0 and 1 - DTB_PTE0, DTB_PTE1 . . . 
OTB Allemale Processor Mode Register - DTB_ALTMODE. . ... • • . .• . . •• .. 
Dslream TB Invalidate All Process (ASM=0) Register - DTB_IAP 
Dstream TB Invalidate All Register - DTB_IA .. 
Dslream TB Invalidate Single Registers 0 and 1 - DTB_IS0, 1 ........ . .. . . •. . . . . 
Dslream TB Address Space Number Registers 0 and 1 - DTB_ASN0,1 
Memory Management Status Register - MM_ STAT . 
Mbox Control Register - M_CTL . . ...... . . . . . . . . 
Dcache Control Register - DC_CTL . ............. . . .. • .. . . . 
Dcache Slalus Register - DC_STAT . 

Cbox CSRs and IPRs . . . .... . • . . .••. . .• .. .. . .• . ... . . • .... . . • . . 
Cbox Data Register - C_DATA . 
Cbox Shift Register - C_SHFT 
Cbox WRITE_ONCE Chain Description 
Cbox WRITE_MANY Chain Description 
Cbox Read Register (IPR) Description 

5-6 
5-9 
5-9 

5-10 
5-11 
5-12 
5-13 
5-15 
5-1 5 
5-18 
5-21 
5-21 
5-21 
5-21 
5-21 
5-23 
5-25 
5-25 
5-26 
5-26 
5-27 
5-27 
5-27 
5-28 
5-28 
5-29 
5-30 
5-31 
5-32 
5-33 
5-33 
5-33 
5-38 
5-41 

Privileged Architecture Library Code 

6.1 
6.2 
6.3 
6.4 
6.4.1 
6.4.2 
6.4.3 
6.4.4 
6.5 
6.5.1 
6.5.2 
6.5.3 
6.5.4 
6.5.5 
6.5.6 
6.6 
6.7 
6.7.1 
6.7.2 
6.7.3 

PALcode Description. 
PALmode Environment . 
Required PALcode Function Codes 
Opcodes Reserved for PALcode . 

HW _ LO Instruction . . . . . ...... • . . •. . • . . . .• . . . .• . .•. .. • .. . •.• . ..• • .. • . 
HW_ST Instruction . . 
HW_RET Instruction 
HW_MFPR and HW_MTPR Instructions. 

Internal Processor Register Access Mechanisms. 
IPR Scoreboard Bits . 
Hardware Structure of Explicitly Written IPRs . . ...... . . . 
Hardware Structure of Implicitly Written IPRs ..... .. ... . 
IPR Access Ordering . . . ... •. • . • . • • . .. . 
Correct Ordering of Explicit Writers Followed by Implicit Readers . . 
Correct Ordering of Explicit Readers Followed by Implicit Writers . . . 

PALshadow Registers . . . . .. . . . .. . ... .. . 
PALcode Emulation of lhe FPCR 

Status Flags. 
MF_FPCR .... . . . .. . . . ...... . .. .. . 
MT_FPCR ..... . ... . . . .. . 

6-1 
6-2 
6-;l 

6-3 
6-3 
6-4 
6-5 
6-6 
6-7 
6-8 
6-8 
6-9 
6-9 

6-10 
6-11 
6-11 
6- 11 
6-1 2 
6-12 
6-12 

Alpha 21264B Hardware Reference Manual 



6.8 PALcode Entry Points . 
6.8.1 
6.8.2 

CALL_PAL Entry Points . 
PALcode Exception Entry Points . 

6.9 
6.9.1 
6.9.2 

Translation Buffer (TB) Fill Flows .. 
DTB Fill 
ITBFill 

Performance Counter Support 
General Precautions 

6.10 
6.10.1 
6.10.2 
6.10.2.1 
6.10.2.2 
6.10.2.3 
6.10.2.3.1 
6.10.2.3.2 
6.10.2.3.3 
6.10.2.3.4 
6.10.2.4 
6.10.3 
6.10.3.1 
6.10.3.2 
6.10.3.3 
6.10.3.3.1 
6.10.3.3.2 
6.10.3.3.3 
6.10.3.3.4 
6.10.3.3.5 
6.10.3.4 

Aggregate Mcx:le Programming Guidelines . 
Aggregate Mode Precautions . .. . . . ...... . • . . .. . . . . • .. • . . • .. • . . .. .. . 
Operation 
Aggregate Counting Mode Description. 

Cycle counting . .... 
Retired instructions cycles . . 
Bcache miss or long latency probes cycles. 
Mbox replay traps cydes . . . . . ... .... . • .. 

Counter Modes for Aggregate Mode . 
ProfileMe Mcx:le Programming Guidelines . 

ProfileMe Mode Precautions . . ... .. ... . .. . . • . . • . . • . .. . . . . . ..• . 
Operation .. 
ProfileMe Counting Mode Description 

Cycle counting . 
lnum retire delay cycles . .. .......... . .... . . . • .. . . . . . . . . . . . . • . . .. . 
Retired instructions cycles. 
Bcache miss or long latency probes cycles . 
Mbox replay traps cydes . . .... . . •. . . . . • .. • . . . .. • . .••. . 

Counter Modes for ProfileMe Mode 

7 Initialization and Configuration 

7.1 
7.1.1 
7.1.2 
7.1.3 
7.1.4 
7.1.5 
7.2 
7.3 
7.4 
7.5 
7.6 
7.7 
7.8 
7.9 
7.10 
7.11 
7.11 .1 
7.11 .2 
7.11 .2.1 
7.11 .2.2 
7.11 .2.3 
7.11 .2.4 

Power-Up Reset Flow and the Reset_L and DCOK_H Pins . 
Power Sequencing and Reset State for Signal Pins . .. 
Clock Forwarding and System Clock Ratio Configuration . 
PLL Ramp Up. 
Bi ST and SROM Load and the T estStat_ H Pin 
Clock Forward Reset and System Interface Initialization ... . . . .. .. .. .. . .. • . . . • . . 

Fa ult Reset Flow . . . .. .. .... . .. . . . .•. 
Energy Star Certification and Sleep Mode Flow 
Warm Reset Flow . 
Array Initialization . 
Initialization Mode Processing . 
External Interface Initialization 
Internal Processor Register Power-Up Reset State _ 
IEEE 1149.1 Test Port Reset. . 

Reset State Machine . . . .. ... . ... . . ... .... • . . . . . • . . . . .• . . . . . .. . . • . .. . 
Phase-Lock Loop (PLL) Functional Description . .. . .. . . •. . . . .. • . . • . • • . • • .• • . . .• •. 

Differential Reference Clocks. 
PLL Output Clocks . 

GCLK . ........ . ... .. . .... . . •....•...•.. . .. • .. . ..... • . 
Differential 21264B Clocks . .. 
Nominal Operating Frequency 
Power-Up/Reset Clocking . 

8 Error Detection and Error Handling 

8.1 Data Error Correction Code . . . 

Alpha 21264B Hardware Reference Manual 

6-12 
6-12 
6-13 
6-14 
6-14 
6-16 
6-17 
6-18 
6-18 
6-18 
6-18 
6-19 
6-19 
6-19 
6-20 
6-20 
6-20 
6-20 
6-20 
6-21 
6- 22 
6-22 
6-22 
6-23 
6-23 
6-23 
6-23 

7- 1 
7- 3 
7-4 
7~ 
7~ 
7- 7 
7-8 
7- 9 

7-11 
7- 12 
7- 12 
7- 14 
7- 14 
7-16 
7- 16 
7- 19 
7- 19 
7- 19 
7-19 
7- 19 
7- 19 
7-20 

8- 2 

vii 

9 

10 

11 

8.2 
8.3 
8.4 
8.4.1 
8.4.2 
8.4.3 
8.5 
8.6 
8.7 
8.8 
8.9 
8.9.1 
8.9.2 
8.9.3 
8.9.3.1 
8.9.3.2 
8.10 
8.10.1 
8.10.2 
8.11 
8.12 
8.13 

lcache Data or Tag Parity Error. . ... .. .• . .. . . • • . . • . . •. . •. . • . . • . . . 
Dcache Tag Parity Error . . . . . ....... . •. . • .. • • . • • • .• ... .. .. .• . 
Dcache Data Single-Bit Correctable ECC Error ... .....•..•. .•. ..• . 

Load Instruction . 
Store Instruction (Quadword or Smaller) ...... . •• . •• . .• . . • • . • .. . . 
Dcache Victim Extracts 

Dcache Store Second Error ......... . .... . . .• .. • . .. • . . • . . • •• • .. .. . . • . . . . . • . . 
Dcache Duplicate Tag Parity Error 
Bcache Tag Parity Error . . . . .. . .... . . .• . .• • ..•. 
Controlling Bcache Block Parity Calculation . . .. • •. • • .. • • . .• . • • . . . .. • . . . .. • . . 
Bcache Data Single-Bit Correctable ECC Error ...... .. • ..•• . 

lcache Fill from Bcache .... . 
Dcache Fill from Bcache . .. . 
Bcache Victim Read. 

Bcache Victim Read During a Dcache/Bcache Miss 
Beadle Victim Read During an ECB Instruction . . 

Memory/System Port Single-Bit Data Correctable ECC Error. 
lcache Fill from Memory. 
Dcache Fill from Memory . 

Bcache Data Single-Bit Correctable ECG Error on a Probe . . . 
Double-Bit Fill Errors . 
Error Case Summary . . 

Electrical Data 

9. 1 Electrical Characteristics . 
9.2 
9.3 
9.4 

DC Characteristics 
Power Supply Sequencing and Avoiding Potential Failure Mechanisms ... 
AC Characteristics . . . . . . _ . . . . . . . . . . •• .. . .. • . 

Thermal Management 

10.1 
10.2 
10.3 

Operating Temperature. 
Heat Sink Specifications . . 
Thermal Design Considerations .. 

Testability and Diagnostics 

11.1 
11 .2 
11 .2.1 
11 .2.2 
11 .3 
11.4 
11 .5 
11 .5.1 
11.5.2 
11 .5.2.1 
11 .6 

Test Pins . . 
SROM/Serial Diagnostic Terminal Port. 

SROM Load Operation . 
Serial Terminal Port ._ 

IEEE 1149.1 Port . . . . ..... . . . .. . 
T estStat_ H Pin . . . 
Power-Up Self-Test and Initialization 

Built-in Self-Test. . 
SROM Initialization . ... . 

Serial Instruction Cache Load Operation 
Notes on IEEE 1149.1 Operation and Compliance 

A Alpha Instruction Set 

A.1 
A.2 

Alpha Instruction Summary . 
Reserved Opcodes .. 

8-2 
8-2 
8-3 
8-3 
8-4 
8-4 
8-4 
8-4 
8-5 
8-5 
8-5 
8-5 
!Hi 
8-7 
8-7 
8-7 
8-7 
8-7 
8-8 
8-9 
8-9 

8-10 

9-1 
9-2 
9-5 
9--6 

10-1 
10-3 
10-6 

11- 1 
11- 2 
11- 2 
11- 2 
11- 3 
11-4 
11- 5 
11-5 
11- 5 
11~ 
11 - 7 

A- 1 
A- 8 

viii Alpha 21 2648 Hardware Reference Manual 



B 

C 

D 

A.2.1 Opcodes Reserved for Compaq . . 
A.2.2 Opcodes Reserved for PALcode 
A.3 IEEE Floating-Point Instructions . 
A.4 VAA Floating-Point Instructions ... 
A.5 Independent Floating-Point Instructions 
A.6 Opcode Summary . . . .. 
A.7 Required PALcode Function Codes 
A.8 IEEE Floating-Point Conformance .. 

21264B Boundary-Scan Register 

8.1 Boundary-Scan Register . 
B.1.1 BSDL Description of the Alpha 21264B Boundary-Scan Register . 

Serial lcache Load Predecode Values 

PALcode Restrictions and Guidelines 

D.1 
D.2 
D.3 
D.4 
D.5 
D.6 
D.7 
D.8 
D.9 
D.10 
D.11 

Restriction : Reset Sequence Required by Retire Logic and Mapper. 
Restriction 2 : No Multiple Writers to IPRs in Same Scoreboard Group .... . . . .... . . . . 
Restriction 4 : No Writers and Readers to IPRs in Same Scoreboard Group . 
Guideline 6 : Avoid Consecutive Read-Modify-Write-Read-Modify-Write . 
Restriction 7 : Replay Trap, Interrupt Code Sequence, and STF/ITOF ......... • . • • . . 
Restriction 9 : PALmode lstream Address Ranges . . 
Restriction 10: Duplicate IPR Mode Bits 
Restriction 11 : lbox IPR Update Synchronization . 
Restriction 12: MFPR of lmpliciUy-Written IPRs EXC_ADDR. IVA_FORM, and EXC_SUM 
Restriction 13 : DTB Fill Flow Collision . . 
Restriction 14 : HW_RET 

D.12 Guideline 16: JSR-BAD VA ........ . .. . 
D.13 Restriction 17: MTPR to DTB_TAG0/DTB_PTE0/DTB_TAG1 /DTB_PTE1 

A--8 
A- 9 
A- 9 

A- 11 
A- 11 
A- 12 
A-13 
A- 14 

B-1 
8-1 

D-1 
D--8 
D-8 
D-9 
D-9 

D-10 
D-10 
D-11 
D-1 1 
D-11 
D-1 1 
D-12 
D-12 

D.14 Restriction 18: No FP Operates, FP Conditional Branches, FTOI, or STF in Same Fetch Block as 
HW_MTPR . . . D-12 

D.1 5 Restriction 19: HW_RET/STALL After Updating the FPCR by way of MT_FPCR in PALmode D-12 
D.16 Guideline 20: I_CTL(SBE] Stream Buffer Enable. D-12 
D.17 Restriction 21: HW_RET/STALLAfter HW_MTPR ASN0/ASN1. D-12 
D.18 Restriction 22: HW RET/STALL After HW MTPR IS0/IS1 .. D-13 
D.19 Restriction 23: HW=ST/P/CONDITIONAL Does Not Clear the Lock Flag . D-13 
D.20 Restriction 24: HW_RET/STALL After HW_MTPR IC_FLUSH, IC_FLUSH_ASM, CLEAR_MAP 

D-14 
D.21 Restriction 25: HW_MTPR ITB_ IA After Reset. D-14 
D.22 Guideline 26: Conditional Branches in PALcode . . . . . . . . . . . . . D-14 
D.23 Restriction 27: Reset of 'Force-Fail Lock Flag' State in PALcode. D-15 
D.24 Restriction 28: Enforce Ordering Between IPRs Implicitly Written by Loads and Subsequent Loads 

D.25 
D.26 
D.27 
D.28 
D.29 
D.30 
D.31 
D.32 
D.33 
D.34 

Guideline 29 : JSR, JMP, RET, and JSR_COR in PALcode . 
Restriction 30: HW_MTPR and HW_MFPR to the Cbox CSR . 
Restriction 31 : I_CTL(VA_ 48] Update . 
Restriction 32 : PCTR _ CTL Update ... . .. . . . . . . . 
Restriction 33 : HW_LD Physical/Lock Use . . 
Restriction 34 : Writing Multiple 1TB Entries in the Same PAl...code Flow 
Guideline 35 : HW _INT_ CLR Update . 
Restriction 36 : Updating I_CTL[SDE] . 
Restriction 37 : Updating VA_CTL.{VA_ 48] .. . 
Restriction 38 : Updating PCTR_CTL . . . . .... . • • . . . • .. . . .. . .... .. .. •. . .. . . • . .• . 

D-15 
D-15 
D-15 
D-17 
D-17 
D-18 
D-18 
D-18 
D-18 
D-18 
D-18 

Alpha 212648 Hardware Reference Manual ix 

D.35 
D.36 
D.37 
D.38 
D.39 
D.40 
D.41 
D.42 
D.43 
D.44 

Guideline 39: Writing Multiple OTB Entries in the Same PAL Flow. D-19 
Restriction 40: Scrubbing a Single-Bit Error . D- 19 
Restriction 41 : MTPR ITB_TAG, MTPR ITB_PTE Must be in the Same Fetch Block D-21 

Restriction 42: Updating VA_CTL, CC_CTL, or CC IPRs. D-21 
Restriction 43: No Trappable Instructions Along with HW_MTPR. D-21 
Restriction 44: Not Applicable to the 21264B . . D-21 
Restriction 45: No HW_JMP or JMP lntructions in PALcode . . . . . . • • . . . . . . D-21 
Restriction 46: Avoiding Livelocks in Speculative Load CRD Handlers . . D-22 
Restriction 47: Cache Eviction for Single-Bit Cache Errors D-22 
Restriction 48: MB Bracketing of Dcache Writes to Force Bad Data ECC and Force Bad Tag Parity 

D-24 

E 21264B-to-Bcache Pin Interconnections 

E.1 
E.2 
E.3 

Glossary 

Index 

FOfWarding Clock Pin Groupings .. . 
Late-Write Non-Bursting SSRAMs . 
Dual-Data Rate SSRAMs . . . ........ .• . . . • . . , . . . . , , .. , . . , •.. • ... . . . •.. . ... • . 

E- 1 
E- 2 
E-3 

Alpha 212648 Hardware Reference Manual 



Figures 

2- 1 
2- 2 
2- 3 
2-4 
2- 5 
2- 6 
2- 7 
2- 8 
2- 9 
2- 10 
2- 11 
2- 12 
2- 13 
3--1 
3--2 
3--3 
3-4 
4--1 
4--2 
4--3 
4--4 
4--5 
4--6 
f,-1 
f,-2 
!",-3 
5-4 
f,-5 
!",-6 
!",-7 
!",-8 
!",-9 
f,-10 
!",-11 
f,-12 
!",-13 
f,-14 
f,-15 
!",-16 
!",-17 
f,-18 
!",-19 
!",-20 
!",-21 
f,-22 
!",-23 
!",-24 
f,-25 
!",-26 
!",-27 
!",-28 
!",-29 
!",-30 
!",-31 
!",-32 
!",-33 

21264B Block Diagram . 
Branch Predictor . 
Local Predictor ... . 
Global Predictor. 
Choice Predictor .. . 
Integer Execution Unit- Clusters O and 1 . . ... . . .. ... . . . . .• .. . . . . . . . . . ......• . . . 
Floating-Point Execution Units 
Pipeline Organization . . 
Pipeline Timing for Integer Load Instructions . . 
Pipeline Timing for Floating-Point Load Instructions. 
Floating-Point Control Register . . . 
Typical Uniprocessor Configuration .. . 
Typical Multiprocessor Configuration 
21264B Microprocessor Logic Symbol 
Package Dimensions . 
21264B Top View (Pin Down) .... 
21264B Bottom View (Pin Up). 
21264B System and Bcache Interfaces ... .. ... . . . •. . • •..• • . • . .•... . . . . •. 
21264B Bcache Interface Signals .. 
Cache Subset Hierardiy . 
System Interface Signals . 
Fast Transfer Timing Example 
SysFil!Valid_L Timing . 
Cycle Counter Register . . . . . __ .... .. . ... . ... . • . . .• . . . • . . • . .•. . •. . • . . ... • . . . 
Cycle Counter Control Register. . . .. . • • . . .. . • . . •. 
Virtual Address Register . . 
Virtual Address Control Register . . . . . . . . . . .. 
Virtual Address Format Register (VA_ 48 = 0, VA_FORM_32 = 0) . 
Virtual Address Format Register (VA_ 48 = 1, VA_FORM_32 = 0) .. 
Virtual Address Format Register (VA_ 48 = 0, VA_FORM_32 = 1) ....• .. • •. • . • . . . . . . . 
1TB Tag Array Write Register 
1TB PTE Array Write Register. 
1TB Invalidate Single Register ..... • . .. • . . . , . ... . . . . .. . . . . . . . ... . 
ProfileMe PC Register. 
Exception Address Register . . . . . . . ...... .. . ..... . . .. . . 
Instruction Virtual Address Format Register (VA_ 48 = 0, VA_FORM_32 = 0) . 
Instruction Virtual Address Format Register (VA_ 48 = 1, VA_FORM_32 = 0) 
Instruction Virtual Address Format Register (VA_ 48 = 0, VA_FORM_32 = 1) .. 
Interrupt Enable and Current Processor Mode Register. 
Software Interrupt Request Register. 
Interrupt Summary Register .. 
Hardware Interrupt Clear Register . . ... . .. . .. . . •. .. • . . . • . . • . .•..•..• . .... • .. . 
Exception Summary Register .. . 
PAL Base Register 
lbox Control Register . .. ... ... . . . • .. . . . .. • ... .•...• . . . •..•.. . . . • . . • .. . . 
lbox Status Register 
Process Context Register .. 
Performance Counter Control Register . . ... . ... . . •. . .. . . . .. . • ..• . . • . . .. .. . . . .. . 
OTB Tag Array Write Registers O and 1 
OTB PTE Array Write Registers O and 1 . . 
OTB Alternate Processor Mode Register ............................ . . . .. . . ... . 
Dstream Translation Buffer Invalidate Single Registers 
Dstream Translation Buffer Address Space Number Registers 0 and 1 . 
Memory Management Status Register 
Mbox Control Register. 
Dcache Control Register . 

A lpha 212648 Hardwa re R eference Manua l 

!",-34 
!",-35 

2- 3 !",-36 

2-4 !",-37 

2-4 6--1 

2- 5 6--2 

2- 5 6--3 

2- 9 6-4 

2- 10 6--5 

2- 14 6--6 

2- 24 7- 1 

2- 25 7- 2 

2- 36 7- 3 

2- 39 7-4 

2- 39 7-5 

3--2 10-1 

3--17 10-2 

3--18 10-3 

3--19 11- 1 

4--3 11-2 

4--7 11- 3 

4--9 
4--16 
4--32 
4--36 

!",-3 
!",-3 
5-4 
5-4 
f,-5 
f,-6 

f,-6 

!",-6 
!",-7 
!",-7 
!",-8 
f,-8 

!",-9 
!",-9 
!",-9 

!",-10 
!",-11 
!",-11 
!",-12 
f,-14 
!",-15 
!",-16 
!",-18 
f,-22 
!",-23 
f,-25 
!",-26 
!",-26 
!",-27 
!",-28 
!",-28 
!",-29 
!",-31 

xi xii 

Dcache Status Register . . . .. . . .• .. • . .. . .• . . .. . . •. . .. ... • .. . ... . . .. . . .. . . . • . . 
Cbox Data Register . .. 
Cbox Shift Register . . 
WRITE_MANY Chain Write Transaction Example . . . . • . . . . . .• .. .. .. . . .. . .. . . . . . . . 
HW LO Instruction Format 
HW=ST Instruction Format . 
HW_RET Instruction Format. ........ _ •.. . . . . • . . .. . . • . . • . 
HW MFPR and HW MTPR Instructions Format. 

Single-Miss OTB lnst~ctions Flow Example . 
1TB Miss Instructions Flow Example ... . 
Power-Up Timing Sequence . 
Fault Reset Sequence of Operation . . 
Sleep Mode Sequence of Operation 
Example for lnitializjng Bcache ... 
21264B Reset State Machine State Diagram 
Type 1 Heat Sink .. . ... . . . 
Type 2 Heat Sink. 
Type 3 Heat Sink. . ... ...... .. . 
TestStat_ H Pin Timing During Power-Up Built-In Self-Test (BiST) . . . .. . . . . .• .• • .• • . 
TestStat_H Pin Timing During Built-In Self-Initialization (BiSI). 
SROM Content Map 

!",-32 
!",-33 
!",-33 
!",-39 
6-4 
6-4 
6-6 
6--6 

6--14 
6--16 

7- 3 
7- 9 

7-11 
7- 13 
7- 17 
10-3 
10-4 
10-5 
11- 5 
11- 5 
11-6 

Alpha 212648 Ha rdware Reference Manual 



Tables 

1-1 
2- 1 
2- 2 
2- 3 
2-4 
2- 5 
2- 6 
2- 7 
2- 8 
2- 9 
2- 10 
2- 11 
2- 12 
2- 13 
2- 14 
2- 15 
2- 16 
3-1 
3-2 
3-3 
3-4 
3-5 
3-6 
4-1 
4-2 
4-3 
4-4 
4-5 
4-6 
4-7 
4-8 
4-9 
4-10 
4-11 
4-12 
4-13 
4-14 
4-15 
4-16 
4-17 
4-18 
4-19 
4-20 
4-21 
4-22 
4-23 
4-24 
4-25 
4-26 
4-27 
4-28 
4-29 
4-30 
4-31 
4-32 
4-33 

Integer Data Types . .. 
Pipeline Abort Delay (GCLK Cycles) . 
Instruction Name, Pipeline, and Types . __ . _ .. . .. ..... • .. . . . • ..•. 
Instruction Group Definitions and Pipeline Unit. .... . . . . . . • . .• . .. . . _ 
Instruction Class Latency in Cycles. 
Minimum Retire Latencies for Instruction Classes . . 
Instructions Retired Without Execution .. 
Rules for 1/0 Address Space Load Instruction Data Merging 
Rules for 1/0 Address Space Store Instruction Data Merging . .. .. . . . .... . • .. . . . . • ... 
MAF Merging Rules .. . 
Memory Reference Ordering. 
1/0 Reference Ordering . .. 
TB Fill Flow Example Sequence 1 
TB Fill Flow Example Sequence 2 . 
Floating-Point Control Register Fields. 
21264B AMASK Values 
AMASK Bit Assignments . .. . 
Signal Pin Types Definitions . 
21264B Signal Descriptions 
21264B Signal Descriptions by Function. 
Pin List Sorted by Signal Name. 
Pin List Sorted by PGA Location . 
Ground and Power (VSS and VDD) Pin List 
Translation of Internal References to External Interface Reference . __ . ... . . ....• . . . . 
21264B-Supported Cache Block States . 
Cache Block State Transitions . 
System Responses to 212648 Commands. . . . . . . . • . . •. . . . .. • . . 
System Responses to 212648 Commands and 212648 Reactions . . 
System Port Pins . . .... . . ...... . ... . ... . . . . 
Programming Values for System Interface Clocks .. 
Program Values for Data-Sample/Drive CSRs . . 
Forwarded Clocks and Frame Clock Ratio . . 
Bank Interleave on Cache Block Boundary Mode of Operation 
Page Hit Mode of Operation . 
21264B-te>-System Command Fields Definitions .. 
Maximum Physical Address for Short Bus Format . 
212648-to-System Commands Descriptions . . . . . 
Programming INVAL_TO_DIRTY_ENABLE[1 :0]. 
Programming SET _DIRTY _ENABLE[2:0] . 
212648 ProbeResponse Command . . . 
ProbeResponse Fields Descriptions . 
System-te>-21264B Probe Commands . . . 
System-to-21264B Probe Commands Fields Descriptions . 
Data Movement Selection by Probe[4:3] . . ... . .. .•. . • .• • . . • . 
Next Cache Block State Selection by Probe[2:0] . . • • . • • . . . .. . . 
Data Transfer Command Format 
SysDc(4:0] Field Description . 
SYSCLK Cycles Between SysAddOut and SysData. . . . .•..•. .. 
Cbox CSR SYSDC_DELAY[4:0] Examples 
Four Timing Examples 
Data Wrapping Rules . 
System Wrap and Deliver Data . 
Wrap Interleave Order . . . . 
Wrap Order for Double-Pumped Data Transfers. 
212648 Commands with NXM Addresses and System Response. 
212648 Response to System Probe and In-Flight Command Interaction . 

Alpha 212648 Hardware Reference Manual 

1- 2 
2-16 
2- 17 
2- 18 
2- 20 
2- 21 
2- 23 
2- 28 
2- 29 
2- 30 
2- 30 
2-31 
2- 34 
2- 34 
2- 36 
2- 38 
2- 38 
3-3 
3- 3 
3-6 
3-8 

3-12 
3-16 
4-5 
4-9 

4-10 
4-10 
4-11 
4-17 
4-18 
4-18 
4-18 
4-19 
4-19 
4-20 
4-20 
4-21 
4- 23 
4-24 
4-24 
4-25 
4-26 
4-27 
4-27 
4-27 
4-28 
4-29 
4-32 
4-33 
4-34 
4-36 
4-37 
4-37 
4-38 
4-39 
4-41 

xiii 

4-34 
4-35 
4-36 
4-37 
4-38 
4-39 
4-40 
4-41 
4-42 
4-43 
4-44 
4-45 
4-46 
4-47 
5-1 
5-2 
5-3 
5-4 
5-5 
5-6 
5-7 
5-8 
5-9 
5-10 
5-11 
5-12 
5-13 
5-14 
5-15 
5-16 
5-17 
5-18 
5-19 
5-20 
5-21 
5-22 
5-23 
5-24 
5-25 
5-26 
6-1 
6-2 
6-3 
6-4 
6-5 
6-6 
6-7 
6-8 
6-9 
6-10 
6-11 
6-12 
6-1 3 
6-14 
7- 1 
7- 2 
7- 3 
7-4 
7- 5 

x.iv 

Rules for System Control or Cache Status Update Order. . . . . .. . . • . . . • . .•. . . •.... 
Range of Maximum Bcache Clock Ratios . . 
Bcache Port Pins . . . . . . 
BC_CPU_CLK_DELAY[1 :0] Values . . .... . . . .. •... • . . . . . . •. . . . . 
BC_CLK_ DELAY[1 :0] Values . . . . . . .... . •... • .. .•. 
Program Values to Set the Cache Clock Period (Single-Data) . 
Program Values to Set the Cache Clock Period (Dual-Data Rate) .... .. .• .. . . • . •. .. . . 
Data-Sample/Drive Cbox CSRs 
Programming the Bcache to Support Each Size of the Bcache . 
Programming the Bcache Control Pins . 
Control Pin Assertion for RAM TYPE A . 
Control Pin Assertion for RAM - TYPE B . 
Control Pin Assertion for RAM - TYPE C . 
Control Pin Assertion for RAM - TYPE D . 
Internal Processor Registers . -
Cycle Counter Control Register Fields Description ..... .•.. . . . . . . .•.. . . . . . . . . . . .. . 
Virtual Address Control Register Fields Description . 
ProfileMe PC Fields Description 
IER_CM Register Fields Description . . . . . . 
Software Interrupt Request Register Fields Description . 
Interrupt Summary Register Fields Description. . ...... • . . . . . . . . . • . . . . . . .•. . . . 
Hardware Interrupt Clear Register Fields Description. 
Exception Summary Register Fields Description 
PAL Base Register Fields Description 
lbox Control Register Fields Description . 
lbox Status Register Fields Description 
IPR Index Bits and Register Fields . 
Process Context Register Fields Description .. 
Performance Counter Control Register Fields Description . 
Performance Counter Control Register Input Select Fields . . 
OTB Alternate Processor Mode Register Fields Description . 
Memory Management Status Register Fields Description . . 
Mbox Control Register Fields Description . . ..... . . • . .• ... • ......• ... 
Dcache Control Register Fields Description . 
Dcache Status Register Fields Description . 
Cbox Data Register Fields Description ........ . •. .. . . .. . . . • . . • . . .. .. •.... . . . .. . 
Cbox Shift Register Fields Description 
Cbox WRITE_ONCE Chain Order 
Cbox WRITE_MANY Chain Order . . . 
Cbox Read IPR Fields Description .. 
Required PALcode Function Codes ... . ... . . . .. . .. . . • . .• . . .. .. •. . • . . .• . . . • .... 
Opcodes Reserved for PALcode . 
HW_LD Instruction Fields Descriptions . 
HW_ST Instruction Fields Descriptions . 
HW_RET Instruction Fields Descriptions ... . ............... • . . . • ..• . . . . . . . . . ..• 
HW_MFPR and HW_MTPR Instructions Fields Descriptions. 
Paired Instruction Fetch Order 
PALcode Exception Entry Locations .. . 
I PRs Used for Performance Counter Support . 
Aggregate Mode Returned IPR Contents . 
Aggregate Mode Performance Counter IPR Input Select Fields . 
CMOV Decomposed . . 
ProfileMe Mode Returned IPR Contents . 
ProfileMe Mode PCTR_CTL Input Select Fields. 
212648 Reset State Machine Major Operations . . 
Signal Pin Reset State . . . . . . . . . . . . . . . . .. . . .. . .. .. .... .. . . . .. .. ... . ... . 
Pin Signal Names and Initialization State . 
Power-Up Flow Signals and Their Constraints 
Effect on IPRs After Fault Reset . 

4-41 
4-42 
4-43 
4-45 
4-45 
4-46 
4-46 
4-47 
4-50 
4-51 
4-51 
4-51 
4-52 
4-52 

5-1 
5-4 
5-5 
5-8 

5-10 
5-11 
5-12 
5-13 
5-14 
5-15 
5-16 
5-19 
5-21 
5-22 
5-23 
5-25 
5-26 
5-28 
5-30 
5-31 
5-32 
5-33 
S-;33 

5-34 
5-39 
5-41 
6-3 
6-3 
6-4 
6-5 
6-6 
6- 7 
6- 9 

6-13 
6-17 
6-19 
6-20 
6-20 
6-22 
6-23 
7- 1 
7- 3 
7- 5 
7- 7 
7-8 

Alpha 212648 Hardware Reference Manual 



7- 6 
7- 7 
7- 8 
7- 9 
7- 10 
7- 11 
7- 12 
8-1 
8-2 
8-3 
9-1 
9-2 
9-3 
9-4 
9-5 
9-6 
9-7 
9-8 
9-9 
9-10 
9-11 
9-12 
9-13 
10- 1 
10-2 
10-3 
10--4 
10- 5 
10-6 
11- 1 
11- 2 
11- 3 
11--4 
A- 1 
A- 2 
A- 3 
A--4 
A- 5 
A-6 
A-7 
A- 8 
A-9 
A-10 
A-11 
E- 1 
E- 2 
E- 3 
E--4 
E- 5 

Effect on IPRs After Transition Through Sleep Mode . .... . . • . . . .. . .. . . . .. . .. .. ... . 
Signals and Constraints for the Sleep Mode Sequence .. ..• . . . . _ . .. 
Effect on IPRs After Warm Reset .. . 
WRITE_MANY Chain CSR Values for Bcache Initialization .... . • . . . •.. .. . . . . •..• .. . 
Internal Processor Registers at Power-Up Reset State 
21264B Reset State Machine State Descriptions . 
Differential Reference Clock Frequencies in Full-Speed Lock 
21264B Error Detection Mechanisms .. 
64-Bit Data and Check Bit ECG Code . 
Error Case Summary. 
Maximum Electrical Ratings . 
Signal Types . 
VDD (I_DC_POWER) . 
Input DC Reference Pin (I_DC_REF) . 
Input Differential Amplifier Receiver (I_DA). 
Input Differential Amplifier Clock Receiver (I_DA_CLK) . 
Pin Type: Open-Drain Output Driver (O_OD) .. 
Bidirectional, Differential Amplifier Receiver, Open-Drain output Driver (B_DA_OD) . 
Pin Type: Open-Drain Driver for Test Pins (O_OD_ TP) . 
Bidirectional, Differential Amplifier Receiver, Push-Pull Output Driver (B_DA_PP) 
Push-Pull output Driver (O_PP) 
Push-Pull Output Clock Driver (O_PP _CLK) . 
AC Specifications .. 
Operating Temperature at Heat Sink Center (Tc) . 
qca at Various Airflows for 21264B . 
Maximum Ta for 212648@750 MHz and@ 16.5 V (Nominal) with Various Airflows. 
Maximum Ta for 212648@833 MHz and@ 1.65 V (Nominal) with Various Airflows. 
Maximum Ta for 21264B @ 875 MHz and @ 1.65 V (Nominal) with Various Airflows . 
Maximum Ta for 21264B @940 MHz and@ 1.65 V (Nominal) with Various Airflows .. 
Dedicated Test Port Pins. 
IEEE 1149.1 Instructions and Opcodes . . 
TAP Controller State Machine .. 
I cache Bit Fields in an SROM Line . . . 
Instruction Format and Opcode Notation .... ... . • . . . • . . . . . . . • . .• . . . • . • . .. .. . . . 
Architecture Instructions .. 
Opcodes Reserved for Compaq .. 
Opcodes Reserved for PALcode. 
IEEE Floating-Point Instruction Function Codes. 
VAX Floating-Point Instruction Function Codes 
Independent Floating-Point Instruction Function Codes ... .. . . . ..• .. .• . . •. . .... . . . . 
Opcode Summary . 
Key to Opcode Summary Used in Table A- 8 . . . . ... • . .• . ... . •.... 
Required PALcode Function Codes .. ...• . ... . .. .. . . •... • . .• . • .... . .. . 
Exceptional Input and Output Conditions .... 

Bcache Forwarding Clock Pin Groupings . . . . . .... • . • .. . . 
Late-Write Non-Bursting SSRAMs Data Pln Usage . .. . . • .. .• .. .•. . .. .. . .• . .• . .• . . 
Late-Write Non-Bursting SSRAMs Tag Pin Usage ... 
Dual-Data Rate SSRAM Data Pin Usage . . ... ..... • . . . • . 
Dual-Data Rate SSRAMs Tag Pin Usage . . .... . . .• • •. . • . .. • .. .. .• • . • • . • .. • . . 

Alpha 21264B Hardware Reference Manual 

7- 10 
7- 11 
7- 11 
7- 12 
7- 14 
7- 17 
7-20 

8-1 
8-2 

8-10 
9-1 
9-2 
9-3 
9-3 
9-3 
9-3 
9-4 
9-4 
9-4 
9-4 
9-5 
9-5 
9-7 

10-1 
10-2 
10-2 
10-2 
10-2 
10-2 
11- 1 
11- 3 
11--4 
11- 7 
A-1 
A- 2 
A-8 
A-9 
A- 9 

A- 11 
A- 12 
A- 12 
A- 13 
A- 13 
A- 15 

E- 1 
E- 2 
E-2 
E- 3 
E--4 



Audience 

Content 

Preface 

This manual is for system designers and programmers who use the Alpha 21264B 
microprocessor (referred to as the 21264B). 

This manual contains lhe fo llowing chapters and appendixes: 

Chapter I, lnlroduclion, introduces lhe 21264B and provides an overview ofU, e Alpha 
archileclure. 

Chapter 2, lnlemal Architecture, describes lhe major hardware functions and the inter­
nal chip archileclure. II describes performance measurement facilities, coding rules, and 
design examples. 

Chapter 3, Hardware Interface, lists and describes the internal hardware interface sig­
nals , and provides mechanical data and packaging infonnalion, including signal pin 
lists. 

Chapter 4, Cache and External Interfaces, describes Uie external bus functions and 
transactions, lists bus commands, and describes the clock functions. 

Chapler 5, Internal Processor Registers, lisL~ and describes the internal processor regis­
ter sel. 

Chapter 6, Privileged Archi tecture Library Code, describes lhe privileged architecture 
library code (PALcode). 

Chapter 7, lnilializalion and Configuration, describes lhe inilializalion and confi gura­
tion sequence. 

Chapter 8, Error Detection and Error Handling, describes error detection and error han­
dling. 

Cbapler 9, Eleclrical Data, provides electrical data and describes signal integrity issues. 

Chapter 10, Thermal Management, provides information about thermal management. 

Chapter 11 , Testability and Diagnostics, describes ch ip and system leslabi lily features. 

Appendix A, Alpha Instruction Set, summarizes the Alpha instruction set. 

Appendix B, 21264B Boundary-Scan Register, presents the BSDL description of lbe 
2 1264B boundary-scan register. 
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Appendix C, Serial lcacbe Load Predecode Values, provides a pointer lo the Alpha 
Motherboards So fl ware Developer's Kil (SOK), which contains this information. 

Appendix D, PALcode Restrictions and Guidelines, li sLs restrictions and guidelines 
lhal must be adhered lo when generating PALcode. 

Appendix E, 2 1264B-lo-Bcache Pin lnlerconnections, lisls changes and revisions 10 
this manual. 

The Glossary lisLs and defines terms associated with the 2 1264B. 

An Index is provided al lhe end of the docwnenl. 

Documentation Included by Reference 

The companion volume lo this manual, U1e Alpha Archileclure Handbook, Version 4, 
contains the instruction set architecture. You can access tbis document from the follow­
ing website: hUp:/lwww.support.compaq.com/alpha-tools/documcnt.ation/currcnl/chip­

docs.hlmJ 

Also available is lhe Alpha Architeclure Reference Manual, Third Edilion, wbich con­
tains the complete architecture information. Thal manual is avai lable al bookstores 
from Uie Digital Press as EY-W938E-DP. 
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Terminology and Conventions 

This section defines the abbreviations, terminology, and other conventions used 

Lhroughoul this document. 

Abbreviations 

Binary Multiples 

The abbreviations K, M, and G (kilo, mega, and giga) represent binary multiples 
and have the following values. 

K 210 (1024) 

M 220 (I ,048,576) 

G 230 (1,073,741,824) 

For example: 

2KB 

4MB 

8GB 

2K pixels 

4M pixels 

Register Access 

2 kilobytes 
4 megabytes 

8 gigabytes 

2 kilopixels 

4 megapixels 

2 x 2 10 bytes 

4 x 220 bytes 

8 x 230 bytes 

2 x 210 pixels 

4 x 220 pixels 

The abbreviations used lo indicate the lype of access lo register fields and bits have 
Lhe following definitions: 

Abbreviation Meaning 

JGN Ignore 
Bits and fields specified are ignored on writes. 

MBZ Must Be Zero 
Sotlware must never place a nonzero value in bits and fields specified as 
MBZ. A nonzero read produces an Illegal Operand exception. Also, MBZ 
fields are reserved for future use. 

RAZ Read As Zero 

RC 

RES 

RO 

Bits and fields return a zero when read. 

Read Clears 
Bits and fields are cleared when read. Unless olherwise specified, such bits 
cannot be written. 

Reserved 
Bits and fields are reserved by Compaq and should not be used; however, 
zeros can be written to reserved fields that cannot be masked. 

Read Only 
The value may be read by software. It is written by hardware. Software write 
operations are ignored. 

RO,n Read Only, and takes the value n at power-on reset. 
The value may be read by soflware. Tl is written by hardware. Software write 
operations are ignored. 
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Abbreviation Meaning 

R W Read/Wri le 
Bits and fields can be read and written. 

RW,n Read/Write, and takes the value n at power-on rese t. 
Bits and fields can be read and written. 

WI C Write One to Clear 
If read operations are allowed to the register, then the value may be read by 
software. lfit is a write-only register, then a read operation by soflware 
returns an UNPREDICTABLE result. Software write operations ofa I cause 
the bit to be cleared by hardware. Software write operations of a Odo not 
modify the stale of the bit. 

WIS Write One lo Set 
If read operations are allowed to the register, then the value may be read by 
software. Ifit is a write-only register, then a read operation by software 
returns an UNPREDICTABLE result. Soflwarewrite operations ofa I cause 
the bit to be set by hardware. Software write operations ofa Odo not modify 
the state of the bit. 

WO Write Only 
Bits and fields can be written but not read. 

WO,n Write Only, and takes the va lue n at power-on reset. 
Bits and fields can be written but not read. 

Sign extension 

SEXT(x) means x is sign-extended lo the requi red size. 

Addresses 

Un less otherwise noted, all addresses and offsels are hexadecimal. 

Aligned and Unaligned 

The terms aligned and naturally aligned are interchangeable and refer lo data objects 
lhal are powers oflwo in size. An aligned datum of size 2,r is stored in memory al a 
byle address that is a multiple of 2n; Lhal is, one Lhal has n low-order zeros. For ex­
ample, an aligned 64-byle stack frame has a memory address Lhal is a multiple of 64. 

A datum of size 211 is unaligned if ii is stored in a byle address Lhal is nol a multiple of 
2n. 

Bit Notation 

Mulliple-bil fields can include contiguous and nonconliguot1s bits contained in square 
brackets([]). Multiple conliguot1s bits are indicated by a pair of numbers separated by a 
colon[:]. For example, [9:7,5,2:0] specifies bits 9,8, 7,5,2, I, and 0. Similarly, single bits 
are frequently indicated with square brackets. For example, [27] specifies bil 27. See 
also Field Notation. 

Caution 

Cautions indicate polenlial damage lo equipment or loss of data. 
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Data Units 

The following data unil lcrminoloh'Y is used throughout this manual. 

Term Words Bytes 

Byte ½ 

Word 2 

Longword 2 4 

Quadword 4 8 

Do Not Care (X) 

A capital X represents any valid value. 

External 

Bits 

8 

16 

32 

64 

Un less otherwise staled, external means nol contained in the chip. 

Field Notation 

Other 

Dword 

2 lonbrword 

The names ofsingle-bil and mulliplc-bil fields can be used rather lhan the actual bit 
numbers (see Bil Notation). When the field name is used, il is contained in square 
brackets([]). For example, RcgistcrNa mc(LowBytef specifies RcgistcrNamcf7: 0f . 

Note 

Noles emphasize particularly important information. 

Numbering 

All numbers are decimal or hexadecimal unless otherwise indicated. The prefix Ox indi­
cates a hexadecimal number. For examp le, 19 is decimal, bul Ox 19 and Ox 19A are hexa­
decimal (also sec Addresses). Otherwise, the base is indicated by a subscript; fo r 
example, I 002 is a binary number. 

Ranges and Extents 

Ranges are specified by a pair of numbers separated by lwo periods( .. ) and arc inclu­
sive. For example, a range of integers 0 . .4 incl udes tbe integers 0, I, 2, 3, and 4. 

Extents arc specified by a pair of numbers in square brackets([]) separated by a colon 
(:) and are inclusive. Bil fields arc ollcn specified as extents. For example, bils [7:3] 
specifics biLs 7, 6, 5, 4, and 3. 

Register Figures 

The gray areas in register figures indicate reserved or unused bits and fields. 

Bil ranges lhal arc coupled wi01 01e field name specify 01e bits oflhc named field lhal 
are included in the register. The bil range may, but need nol necessari ly, correspond lo 
the bit Extent in the register. Sec lhe explanation above Table 5- 1 for more information. 

Signal Names 

The following examples describe signal-name conventions used in this <locumenl. 
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AlphaSignalfn :nl Boldface, mixed-case lypc denotes signal names 01al are 
assigned internal and external lo the 2 1264B (0ml is, 01e 
signal traverses a chip interface pin). 

AlphaSignal_xfn :nl When a signal has high and low assertion stales, a lower­
case italic x reprcsenL'i lhe assertion states. For examp le, 
Signa1Na mc_x l3:0f represents SignalNamc_HfJ:01 and 
Signa1Na mc_Lf3:0f . 

UNDEFINED 

Operations specified as UNDEFINED may vary from moment lo momcn~ implementa­
tion to implementation, and instruction to instruction within implementations. The 
operation may vary in effect from nothing lo slopping system operation. 

UNDEFINED operations may halt lhe processor or cause il lo lose information. How­
ever, UNDEFINED operations must not cause the processor to hang, that is, reach an 
unhalled stale from which there is no transition lo a normal stale in which the machine 
executes instructions. 

UNPREDICTABLE 

UNPREDICTABLE results or occurrences do nol disrupt the basic operation of01c pro­
cessor; it continues to execute instructions in iL'i normal manner. Further: 

ResulLs or occurrences specified as UNPRED ICTABLE may vary from momcnl lo 
momen~ imp lementation lo implementation, and instruction lo instruction within 
implementations. Sollware can never depend on results specified as UNPREDICT­
ABLE. 

An UNPREDICTABLE result may acquire an arbitrary value subject lo a few con­
straints. Such a result may be an arbitrary function of lhc inpul operands or of any 
state i.nformation thal is accessible to the process in iLc;; current access mode. 
UNPREDICTABLE results may be unchanged from their previous values. 

Operations that produce UNPREDICrABLE rcsulls may also produce exceptions. 

An occurrence specified as UNPREDICTABLE may happen or nol based on an 
arbitrary choice function. The choice function is subject lo lhc same conslrainLs as 
are UNPREDIClABLE results and, in particular, must nol conslilule a security 
hole. 

Specifically, UNPREDICTABLE resulLs musl nol depend upon, or be a function of, 
the contenl'i of memory locations or registers that are inaccessible lo the current 
process in the current access mode. 

Also, operations Oial may produce UNPRED ICTABLE results must nol: 

Write or modify the contenlc;; of memory locations or registers to which the cur­
rent process in the current access mode does not have access, or 

- Hall or hang lhc system or any of ils componcnLs. 

For example, a security hole would ex ist if some UNPRED ICTABLE result 
depended on the value of a register in another process, on the contcnL'i of processor 
temporary registers lefl behind by some previous ly running process, or on a 
sequence of actions of di l:Terent processes. 
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X 

Do not care. A capital X represents any valid value. 

Alpha 21264B Hardware Reference Manual x.xii i 



1 
Introduction 

This chapter provides a brief introduction lo Lbe Alpha archilcclurc, Compaq's RISC 
(reduced inslruclion sel computing) archileclure designed for high performance. The 
chapter Oien swnmarizes U,e specific features oflhe Alpha 21264B microprocessor 
(hereafler called U1e 21264B) lbal implemenls lhe Alpha archileclure. Appendix A pro­
vides a list of Alpha instructions. 

The companion volume to this reference manual, lhe Alpha Architecture Handbook, 
Version 4, contains lhc instruction set architecture. Also avai lable is the Alpha Archi­
tecture Reference Manual, Third Edition , which contains the complete architecture 
information. 

1.1 The Architecture 

The Alpha archilccturc is a 64-bit load and slore RISC archileclure designed wiU1 par­
ticular emphasis on speed, multiple instruction issue, multiple processors, and soflware 
migration from many operating systems. 

All registers arc 64 bi Ls long and all operations are performed between 64-bil registers. 
All instructions are 32 bits long. Memory operations are either load or store operations. 
All dala manipulation is done between registers. 

The Alpha archileclure supporls the following dala types: 

8-, 16-, 32-, and 64-bil integers 

IEEE 32-bit and 64-bit floaling-poinl formals 

VAX archileclure 32-bil and 64-bit Ooating-point formals 

lo Uic Alpha architecture, instructions inleracl with each olher only by one inslruclion 
writi.ag LO a register or memory location and anoU1er instruction reading from that regis­
ter or memory location. This use of resources makes ii easy lo build implemenlalions 
U1at issue multiple inslruclions every CPU cycle. 

The 2 1264B uses a sel of subroutines, called privileged architecture library code (PAL­
codc), that is specific lo a particular Alpha operating system imp lementation and hard­
ware platform. These subroutines provide operating system primitives for context 
switching, inlerrupl'i, exceptions, and memory management. These subroutines can be 
invoked by hardware or CALL_ PAL instructions. CALL_ PAL instructions use U1e 
function [ield of the instruction to vector to a specified subroutine. PALcode is written 
in standard machine code with some implementation-specific extensions to provide 
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direct access Lo low-level hardware functions. PALcode supporLs oplimizalions for mul­
Liple operating systems, flexible memory-management implemenlations, and multi ­
instruction atomic sequences. 

The Alpha archileclure performs byte sl1ifling and masking wilh normal 64-bil, regis­
ler-lo-regisler inslruclions. The 21264B performs single-byte and single-word load and 
store instructions . 

1.1.1 Addressing 

The basic addressable unit in the Alpha archilcclure is U1c 8-bit byte. The 21264B sup­
porls a 48-bit or 43-bit virtual address (selectab le under IPR control). 

Virtua l addresses as seen by U1e program arc translated into physical memory addresses 
by the memory-management mechanism. The 21264B supports a 44-bil physical 
address. 

1.1.2 Integer Data Types 

Alpha architecture supporls the four integer dala types listed in Tab le 1- 1. 

Table 1- 1 Integer Data Types 

Data Type Description 

Byte A byte is 8 contiguous bits that start at an addressable byte boundary. 
A byte is an 8-bil value. 

Word A word is 2 couliguous bytes that start al an arbitrary byte boundary. 
A word is a I 6-bit value. 

Lon1:,,word A lon!,JWOrd is 4 contiguous bytes that start al an arbilrary byte boundary. A 
longword is a 32-bit value. 

Quadword A quadword is 8 contiguous bytes that start al an arbitrary byte boundary. 

Note: Alpha implementations may impose a significant performance penalty 
when accessing operands that are not naturally aligned. Refer to the Alpha 
Architecture Handbook, Version 4 for detai ls. 

1.1.3 Floating-Point Data Types 

The 21264B supporLs the following floating-point data types: 

1- 2 Introduction 

Longword integer format in floating-point unit 

Quadword integer formal in floating-point unit 

lEEE floating-point fom1als 

S_ floaling 

T_ floating 

VAX floating-point formals 

F _Ooaling 

G_ Ooating 

D_ floating (limited support) 
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21264B Microprocessor Features 

1.2 21264B Microprocessor Features 

The 2 1264B mi croprocessor is a superscalar pipelined processor. fl is packaged in a 
587-pin PGA carrier and has removable application-specific heal sinks. A number of 
configurati on options allow its use in a range of system designs ranging from extremely 
si mpl e uniprocessor systems with minimum component count lo high-performance 
multiprocessor systems with very high cache and memory bandwidth . 

Th e 2 1264B can issue four Alpha instructions in a single cycle, thereby minimizing the 
average cycles per instruction (CPI). A number of low-latency and/or high-throughput 
features in lhe instruction issue unil and lhe onchip components o f the memory sub­
system further reduce lhe average CPI. 

The 2 I 264B and associated PALcode implemenLs IEEE single-precision and double­
precision, VAX F _noaling and G_ noati ng data types, and supports lon1,>word 
(32-bi t) and quadword (64-bil) integers. Byte (8-bit) and word (16-bit) support is pro­
vided by byte-manipulation instructions. Limited hardware support is provided for the 
VAX D_ noaling data type. 

Other 2 1264B features include: 

The ability lo issue up lo four instructions during each CPU clock cycl e. 

A peak instruction execution rate of fo ur li mes lhe CPU clock freq uency. 

An onchip, demand-paged memory-management unil with translation buffer, which, 
when used with PALcode, can implement a variety of page lab le structures and trans­
lation algorithms. 11,e unil consists of a 128-entry, fully-associative data lranslalion 
buffer (DTB) and a 128-entry, full y-associative instruction translation buffer (1TB), 
with each entry able lo map a single 8KB page or a group of 8, 64, or 5 12 8KB 
pages. The allocation scheme for the 1TB and DTB is round-robin . The size of each 
translation buffer entry's group is specifi ed by hint bits stored in the entry. The 
DTB and 1TB implement 8-bil address space numbers (ASN), MAX_ASN=255. 

Two onchip, high-lhroughpul pipelined noaling-poinl units, capable of executing 
both VAX and IEEE noaling-poinl dala types. 

An onchip, 64KB v irtually-addressed instruction cache with 8-bit ASNs 
(MAX_ASN=255). 

An onchip, virtually-indexed, physically-tagged dual-read-ported, 64KB data 
cache. 

Supports a 48-bil or 43-bil virtual address (program selectable). 

Supports a 44-bil physical address. 

An onchip 1/0 wri te buffer wilh four 64-byle entries for 1/0 write lransaclions. 

An onchip, 8-entry victim data buffer. 

An onchip, 32-enlry load queue. 

An onchip, 32-entry store queue. 

An onchip, 8-entry miss address fil e for cache fi ll requests and 1/0 read 
transactions. 

An onchip, 8-enlry probe queue, holding pend ing system porl probe commands. 
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An onchip, duplicate lag array used lo maintain level 2 cache coherency. 

A 64-bil data bus with onchip parity and error correction code (ECC) support. 

Support for an external second-level (Bcache) cache. The size and some timing 
parameters of the Bcache are programmable. 

An internal clock generator providing a high-speed clock used by the 2 I 264B, and 
two clocks for use by the CPU module. 

Onchip performance counters lo measure and analyze CPU and system perfor­
mance. 

Chip and module level tesl suppor~ including an instruction cache lesl interface to 
support chip and module level testing. 

A 2.0-V external in terface. 

Refer lo Chapter 9 for 2 1264B de and ac electrical characteristics. Refer lo the Alp ha 
Architecture Handbook, Vers ion 4, Appendi x E, for waivers and any olher implementa­
tion-dependent information. 
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2 
Internal Architecture 

This chapter provides both an overview oflhe 212648 microarchileclurc and a system 
designer 's view oflhe 212648 implemenlalion of the Alpha architecture. The combina­
tion of the 212648 microarchilecture and privileged architecture library code (PALcode) 
defines the chip's implementation oflhe Alpha architecture. If a certain piece of hardware 
seems to be "architecturally incomplete," the missing functionality is implemented in 
PALcode. Chapter 6 provides more information on PALcode. 

This chapter describes U1e major functional hardware units and is not intended lo be a 
detailed hardware description of the chip. IL is organized as follows: 

212648 microarchiteclure 

Pipcl.ine organization 

lnstruction issue and retire rules 

Load instructions lo R3 I /F3 I (sofiware--directed instruction prefetch) 

Special cases of Alpha instruction execution 

Memory and 1/0 address space 

Miss address file (MAF) and load-merging rul es 

lnstruction ordering 

Replay traps 

1/0 write buffer and the WMB instruction 

Performance measurement support 

Floating-point control register 

A MASK and IMPLVER instruction values 

Design examples 

2.1 21264B Microarchitecture 

The 212648 microprocessor is a high-performance lhird-generalion impl ementation of 
the Compaq Alpha architecture. The 212648 consists of the following sections, as 
shown in Figure 2- 1 : 

lnslruclion fetch, issue, and retire unit (!box) 

Integer execution uni I (Ebox) 
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Floating-point execution unit (Fbox) 

On chip caches (lcache and Dcache) 

Memory reference unit (Mbox) 

Ex ternal cache and system interface w1i1 (Cbox) 

Pipeline operalion sequence 

2.1.1 Instruction Fetch, Issue, and Retire Unit 

The instruction fetch, issue, and retire unit (lbox) consists of the following subsections: 

Virtual program counter logic 

Branch predictor 

lnslruclion-slream translation buffer (1TB) 

Instruction fetch logic 

Register rename maps 

Integer and floating-point issue queues 

Exception and interrupt logic 

Retire logic 

2.1.1.1 Virtual Program Counter Logic 

The virtual program counter (VPC) logic maintains the virtual addresses for i.nslruc­
Lions Urnl arc in flight. There can be up Lo 80 instructions, in 20 successive fetch slots, in 
night between the register rename mappers and U1e end of the pipeline. The VPC logic 
contains a 20-cnlry table lo store these fetched VPC addresses. 
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Figure 2-1 212648 Block Diagram 

Dual-Ported Data Cache 
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The branch predictor is composed of three uni ls: the local, global, and choice predic­
tors. Figure 2- 2 shows how the branch predictor generates the predicted branch 
address. 

Alpha 212648 Hardware Reference Manual Internal Architecture 2-3 

21264B Microarchitecture 

Figure 2-2 Branch Predictor 

Address 

FM-05810.AH 

Local Predictor 

The local predictor uses a 2-level table that holds lhe history of individual branches. 
The 2-level table design approaches the prediction accuracy of a larger single-level 
table while requiring fewer total bits of storage. Figure 2- 3 shows how the local pre­
dictor generates a prediction. Bits [I I :2] of the VPC of the current branch are used as 
the index lo a I K entry table in which each entry is a I 0-bi l value. This I 0-bit value is 
used as the index to a I K entry table of 3-bit saturating counters. The va lue of lhe satu­
rat ing counter determines the predication, taken/not-taken, oflhe current branch. 

Figure 2-3 Local Predictor 

Global Predictor 

Local Branch Prediction 

FM--0581 1 .AI◄ 

The global predictor is indexed by a global history of all recent branches. The global 
predictor correlates the local history of the current branch with all recent branches. Fig­
ure 2-4 shows how the global predictor generates a prediction . The global path history 
is comprised of the taken/nol-laken slate of the 12 most-recent branches. These 12 
slates are used lo form an index into a 4K entry table of 2-bit saturating counters. The 
value of the saturating counter determines the predication, taken/not-taken, oflhe cur­
rent branch. 
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Figure 2-4 Global Predictor 

Global Branch Prediction 
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Choice Predictor 

21264B Microarchitecture 

The choice predictor monitors the history of the local and global predictors and chooses 
li1e best of li1e two predictors for a particular branch. Figure 2- 5 shows how the choice 
predictor generates its choice of the result of the local or global prediction. The 12-bil 
global pall, history (see Figure 2-4) is used lo index a 4K entry !able of2-bit saturating 
counters. The value of the saturating counter delennines the choice between the oulpul.s 
oflhe local and global predictors. 

Figure 2-5 Choice Predictor 

2.1.1.3 Instruction-Stream Translation Buffer 

The lbox includes a 128-enlry, fully-associative instruction-stream translation buffer 
(1TB) li1al is used to store recently used instruction-stream (lslream) address transla­
tions and page protection information. Each of liie entries in the IT8 can map I, 8, 64, 
or 5 12 contiguous 8KB pages. The allocation scheme is round-robin. 

The IT8 supports an 8-bil ASN and contains an ASM bit. The lcache is v irtually 
addressed and contains the access-check infonnalion, so the IT8 is accessed only for 
I stream references lhat miss in lhc lcache. 

I stream transactions to 1/0 address space are UNDEFINED. 
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2.1.1.4 Instruction Fetch Logic 

The instruction prefclcher (predccodc) reads an oclaword, containing up lo four natu­
rally aligned instructions per cycle, from 01c (cache. Branch prediction and line predic­
tion bits accompany the four instructions. The branch prediction scheme operates most 
efficiently when only one branch instruction is contained among the four fetc hed 
instructions. The line prediction scheme attempts lo predict the lcache line that the 
branch predictor wi ll generate, and is described in Section 2.2. 

An entry from the subroutine return prediction slack, togc01cr with set prediction bi Ls 
fo r use by the lcachc stream controller, arc fetched along with the oclaword. The lcache 
stream controller generates fetch requests for additional lcache lines and stores l11c 
lslrcam dala in the lcachc. There is no separate buffer lo hold !stream reques ts. 

2.1.1.5 Register Rename Maps 

The inslruclion prcfetcher forwards instructions lo the integer and floating-point regis­
ter rename maps. Tbc rename maps perfonn the two functions I isled here: 

Eliminate register wrile-afler-read (WAR) and wrile-afler-wrile (WAW) <lala 
dependencies whi le preserving true read-afler-wrile (RAW) data dependencies, in 
order lo al low instructions lo be dynamically rescheduled. 

Provide a means of speculatively executing instructions before the control flow 
previous to those i nslructions is resolved. Both exceptions and branch 
mispredictions represent deviations from the control flow predicted by the 
instruction prefelcher. 

The map logic translates each instruction>s operand register specifiers from the virtual 
register numbers in the instruction to the physical register numbers that bold the corre­
sponding architectura lly-correct values. The map logic also renames each instruction's 
desti.nation register specifier from the virtual number in the instruction to a physical 
register number chosen from a list of free physical registers, and updates the register 
maps. 

The map logic can process four instructions per cycle. fl docs nol return the physical 
register, which holds the old value of an instruction 's virtual destination register, to the 
free list until 01e instruction has been retired, indicating 01al the control flow up lo 01al 
inslruclion has been resolved. 

If a branch mi spredicl or exception occurs, l11c map logic backs up the contents of li1e 
integer and floati.ng-poi.nt register rename maps to the state associated witJ1 tJ1e inslruc­
tion that triggered the condition, and the prefelcher reslarLs al lbe appropriate VPC. At 
most, 20 valid fetch s lots containing up lo 80 instructions can be in flight between the 
register maps and the end of01e machine's pipeline, where the control flow is finally 
resolved. ll1e map logic is capable of backing up the contents of01e maps lo the slate 
associated wiO, any of Oiese 80 instructions in a single cycle. 

The register rename logic places instructions into an integer or Ooating-point issue 
queue, from which they are later issued to functional units for execution. 

2.1.1.6 Integer Issue Queue 

The 20-entry integer issue queue (IQ), associated with the integer execution uni ls 
(Ebox), issues the following types of instructions al a maximum rate of four per cycle: 
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Integer operate 

Integer conditional branch 

Unconditional branch - both displacement and memory format 

In teger and fl oating-point load and store 

PAL-reserved instruc tions: HW_MTPR, HW_MFPR, HW_LD, HW_ST, 
HW_RET 

Integer-to-fl oating-point (TTOFx) and float ing-point-to-integer (FTOlx) 

Each queue entry asserts four request signals-one for each of the Ebox subclusters. A 
queue entry asserts a request when it contains an instruction that can be executed by the 
subclusler, iflhe instruction's operand register values are available within the subclus­
ter. 

There are two arbiters-one for the upper subclusters and one for the lower subclus ters. 
(Subclusters arc described in Section 2. 1.2.) Each arbiter picks two of the possibl e 20 
requesters for service each cycl e. A given instruction only requests upper subclusters or 
lower subcl uslers, but because many instructions can only be executed in one type or 
another this is nol too limiting. 

For example, load and store instructions can only go lo lower subcluslers and shi ll 
instructions can only go lo upper subcluslers. Other instructions, such as addition and 
logic operations, can execute in either upper or lower subcl uslers and are statically 
ass igned before being placed in tl1e IQ. 

The IQ arbiters choose between simultaneous requesters of a subclusler based on the 
age of the request-older requesls arc given priori ty over newer requests. !f a given 
instruction requests both lower subcluslers, and no older instruction requesls a lower 
subc luster, then the arbiter ass igns subclusler LO to the instruction. !fa given instruction 
requests both upper subclusters, and no older instruction requests an upper subcluster, 
then the arbiter ass ib'llS subclu.ster U I to the instruction. This asymmetry between the 
upper and lower subcluster arbiters is a circuit implementation optimization with negli­
g ible overall performance effect. 

2.1.1.7 Floating-Poinllssue Queue 

The 15-cntry fl oating-point issue queue (FQ) associated w ith the Fbox issues the fol­
lowing instruction types: 

Floating-point operates 

Floating-point conditional branches 

Floating-point stores 

Floati ng-point register lo integer register transfers (FTOlx) 

Each queue entry has three request lines-one for the add pipeline, one for the multiply 
pipeline, and one for the two store pipelines. There are three arbiters-one fo r each of 
the add, multiply, and store pipelines. The add and multiply arbiters pick one requester 
per cycle, while the store pipeline arbi ter picks two requesters per cycle, one for each 
store pi pel ine. 
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Th e FQ arbi ters pick between simultaneou.s requesters of a pipeline based on the age of 
the request-older requests are given priority over newer requesls. Floating-point store 
instructions and FTOlx instructions in even-numbered queue entries arbi trate for one 
store port. Floating-point store instructions and FTOlx instructions in odd-numbered 
queue entries arbitrate for the second store port. 

Floating-point store instructions and FTOlx instructions are queued in both the integer 
and fl oating-point queues. They wait in the fl oating-point queue u.ntil their operand reg­
ister values are ava ilable. They subsequently request service from the store arb iter. 
Upon being issued from the fl oating-point queue, they signal the corresponding entry in 
the integer queue to request service. Upon being issued from the integer queue, the 
operation is completed. 

2.1.1.8 Exception and Interrupt Logic 

There are two types of exceptions: faulLs and synchronous traps. Arithmetic exceptions 
are precise and are reported as synchronous traps. 

The four sources of interrupts are listed as follows: 

Level-sensitive hardware interrupts sourced by the ffiQ_H[S:O[ pins 

Edge-sens itive hardware interrupts generated by the seria l line receive pin, 
performance counter overfl ows, and hardware corrected read errors 

Software inlerrupls sourced by the software interrupt request (SIRR) register 

Asynchronous system traps (ASTs) 

In terrupt sources can be individually masked. In addi tion, AST interrupts are qualified 
by the current processor mode. 

2.1 .1.9 Retire Logic 

Th e !box fetches instructions in program order, executes them out of order, and then 
ret ires them in order. The !box retire logic maintains the architectural state of the 
machine by retiring an instruction only if all previou.s instructions have executed with­
out generating exceptions or branch mispredictions. Reti ring an instructi on commits the 
machine to any changes the instruction may have made to th e software-visible state. 
The three software-visible states are listed as follows: 

In teger and floating-point registers 

Memory 

Internal processor registers (including control/statu.s registers and translation 
buffers) 

The ret ire logic can sustain a maximum retire rate o f eight instructions per cycle, and 
can retire up to as many as 11 instructions in a single cycle. 

2.1.2 Integer Execution Unit 

The integer execution u.ni t (Ebox) is a 4-path integer execution unit that is implemented 
as two functiona l-unit "c lu.sters" labeled 0 and I. Each cluster contains a copy of an 80-
ent ry, physical-register fil e and two "subclusters", named upper (U) and lower (L). Fig­
ure 2- 6 shows the integer execution unit. ln the figure, iop _ wr is the cross-cluster bus 
for moving integer result values between clus ters. 
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Figure 2-6 Integer Execution Unit- Clusters O and 1 
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Most instructions have I-cycle latency fo r consumers tbat execute wi thin the same clus­
ter. Also, U1ere is another I-cycle delay associated with producin g a value in one c luster 
an<l consuming the value in lhe a t.her clusler. The instruction issue queue minimizes the 
perfo rmance effect oftl1i s cross-cluster delay. The Ebox conla ins the following 
resources: 

Four 64-bit adders Uiat are used to calculate results for integer add instructions 
(located in U0, U I, LO, and LI ) 

The adders in the lower subclusters U1al are used to generate the effective virtua l 
address fo r load and store instructions (localed in LO and L I) 

Four logic uni Ls 

Two barrel shifters and associated byte logic (located in U0 and U I) 

Two sets of conditiona l branch logic (localed in U0 and U I) 

Two copies of an 80-entry register fi le 

One pipelined multiplier (located in U I) with 7-cycle latency for all integer multiply 
operations 

One fully-pipelined unit ( located in U0), with 3-cycle latency, that executes the fo l­
lowing instructions: 

- CTLZ, CTPOP, cnz 
- PERR, M CNxxx, MAXxxx, UN PKxx, PKxx 
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The Ebox has 80 register-fi le entries that conlain storage fo r the values o f the 3 1 Alpha 
integer registers (U1e va lue of R3 I is not stored), the values of 8 PALshadow registers, 
and 41 results written by instructions that have not yet been retired. 

Ignoring cross-cl uster de lay, the two copi es of U1e Ebox register fil e contain identical 
values. Each copy o ftb e Ebox register fi le contains four read porLs and six write ports. 
The four read ports are <Lsed to source operands to each of the two subclusters within a 
cl uster. The six write porLs are used as fo llows: 

Two write ports are lL.~ed to write results generated within the cluster. 

Two write ports are used lo write resulLs generated by U1e other cl <Lster. 

Two write ports are used to write results from load instructions. These two ports 
are also <Lsed for FTOlx instructions. 

2.1 .3 Floating-Point Execution Unit 

The noaling-point execution unit (Fbox) has two paths. The Fbox executes both VAX 
and LEEE noating-point instructions. It supports IEEE S _ fl oatin g-point and T _ fl oating­
point data types and all rounding modes. It also supports VAX F _ n oating-point and 
G_ n oating-pointdata types, and provides limited support for o _ noaling-point format. 
Tbe bas ic structure of the fl oating-point execution unit is shown in Figure 2- 7. 

Figure 2- 7 Floating-Point Execution Units 
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The Fbox contains lhe fo llowing resources: 

72-entry physical register fil e 

Fully-pipelined multip lier wi th 4-cycl e latency 

Fully-pipelined adder with 4-cycle latency 

Nonpipelincd divide unit associated wi tl1 the adder pipeline 

Nonpipelincd square root unit associated witl1 the adder pipeline 

The 72 Fbox register fil e entr ies conlain storage for U1 e va lues o f the 3 1 Alpha fl oating­
point registers (F3 I is not stored) and 4 1 values written by instruc tions that have not 
been retired. 
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The Fbox register fil e conta ins six reads ports and four write ports. Four read ports are 
used lo source operands to the add and multiply pipelines, and two read ports are used 
lo source data for store instructions. Two write ports are used to write results generated 
by the add and mul tiply pipel ines, and two write ports are used to write results from 
fl oating-point load instructions. 

2.1 .4 External Cache and System Interface Unit 

The interface for the system and external cache (Cbox) controls the Bcache and system 
ports. It contains the fo llowing structures: 

Victim address file (VAF) 

Victim data file (VDF) 

1/0 write buffer (TOWB) 

Probe queue (PQ) 

Duplicate Dcache tag (DTAG) 

2.1.4.1 Victim Address File and Victim Data File 

The victim address file {VAF) and victim data file (VDF) together form an 8-entry vic­
tim buffer used for holding: 

Ocache blocks to be written lo the Bcache 

I stream cache blocks from memory lo be written lo the Bcache 

Bcache blocks lo be wrillen lo memory 

Cache blocks sent lo the system in response lo probe commands 

2.1.4.2 110 Write Buffer 

Th e 1/0 write buffer (TOWB) consists of four 64-byle entries and associated address 
and control logic used for buffering 1/0 write data between th e store queue and the sys­
tem port. 

2.1.4.3 Probe Queue 

The probe queue (PQ) is an 8-entry queue that holds pending system port cache probe 
commands and addresses. 

2.1.4.4 Duplicate Dcache Tag Array 

The duplicate Dcache tag (DTAG) array holds a duplicate copy oflhe Ocache lags and 
is used by the Cbox when processing Ocache fills, lcache fills , and system port probes. 

2.1.5 Onchip Caches 

The 2 1264B contains two onchip primary-level caches. 

2.1.5.1 Instruction Cache 

The instruction cache (!cache) is a 64KB virtual-addressed, 2-way set-predict cache. 
Sel prediction is used lo approximate the performance of a 2-sel cache without slowing 
the cache access time. Each lcache block contains: 

16 Alpha instructions (64 bytes) 
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2.1.5.2 Data Cache 

Virtual tag bits [47: 15] 

8-bit address space number (ASN) field 

I-bit address space match (ASM) bit 

I-bit PALcode bit to indicate physical addressing 

Valid bit 

Data and tag parity bits 

Four access-check bits for the following modes: kernel, executive, supervisor, and 
user(KESU) 

Additional predecoded information lo assist with instruction processing and fetch 
control 

The data cache (Dcache) is a 64KB, 2-way set-associative, virtually indexed, physically 
tagged, write-back, read/write allocate cache with 64-byte blocks. During each cycle 
the Ocache can perform one of the following transactions: 

Two quadword (or shorter) read transactions to arbitrary addresses 

Two quadword write transactions to the same aligned oclaword 

Two non-overlapping less-than-quadword wri tes lo the same aligned quadword 

One sequential read and write transaction from and to the same aligned octaword 

Each Dcache block contains: 

64 data bytes and associated quadword ECC bits 

Physical tag biLs 

Valid, dirty, shared, and modified bits 

Tag parity bit calculated across the tag, dirty, shared, and modified bits 

One bit lo control round-robin set allocation (one bit per two cache blocks) 

The Ocache contains two sets, each with 512 rows containing 64-byte blocks per row 
(that is, 32K bytes of data per set) . The 21264B requires two additional bits of vi rtual 
address beyond the bi Ls that specify an 8KB page, in order to specify a Dcache row 
index. A given virtual address might be found in four unique locations in the Ocache, 
depending on the virtual-to-physical translation for those two bits. The 2 1264B pre­
vents this aliasing by keeping on ly one of the four possib le translated addresses in the 
cache al any time. 

2.1.6 Memory Reference Unit 

The memory reference unit (Mbox) controls the Ocache and ensures architecturally 
correct behavior for load and store instructions. The Mbox conta ins the following struc­
tures: 

Load queue (LQ) 

Store queue (SQ) 
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Miss address file (MAF) 

Ostream lranslalion buffer (OTB) 

2.1.6.1 Load Queue 

The load queue (LQ) is a reorder buffer for load instructions. II contains 32 entries and 
maintains lhe stale associated wilh load instructions lhal have been issued lo lhe Mbox, 
bul for which resul ts have nol been del ivered lo the processor and the inslruclions 
reti red. The Mbox assigns load inslruclions lo LQ slots based on lhe order in which 
they were retched from the lcache, lhen places lhem inlo lhe LQ afler Ibey are issued by 
lhe IQ. The LQ helps ensure correct Alpha memory reforence bebavior. 

2.1.6.2 Store Queue 

The store queue (SQ) is a reorder buffer and graduation uni I for store inslruclions. IL 
contains 32 entries and maintains the state associated with store i.nslructions that have 
been issued lo tl1e M box, bul for which data has nol been written lo the Ocache and lhe 
instruction retired. TI1e Mbox assigns store instructions lo SQ slots based on lhe order 
in which Ibey were folcbed from lhe lcache and places 0,em into the SQ afler they are 
issued by the IQ. The SQ holds dala associated witl, store instructions issued from lhe 
IQ unti l they are retired, al which poinl 0,e store can be allowed lo update the Ocache. 
The SQ also helps ensure correct Alpha memory reference behavior. 

2.1.6.3 Miss Address File 

The 8-enlry miss address file (MAF) holds physical addresses associated wilh pending 
lcache and Ocache fi ll requests and pending 1/0 space read transactions. 

2.1.6.4 Dstream Translation Buffer 

The Mbox includes a 128-enlry, rully associative Ostrearn translation buffer (OTB) used 
lo store Ostream address lranslalions and page proleclion information. Each ortl1e entries 
in 0,e OTB can map I, 8, 64, or 5 12 contiguous 8KB pages. The allocalion scheme is 
round-robin. The OTB supports an 8-bil ASN and contains an ASM bil. 

2.1.7 SROM Interface 

The serial read-on ly memory (SROM) interface provides 0,e initia lization data load 
palb from a system SROM lo the I cache. Refer lo Chapter 7 for more inforrnalion. 

2.2 Pipeline Organization 

The 7-stage pipeline provides an optimized environment for executing Alpha instruc­
tions. The pipeline stages (0 lo 6) are shown in Figure 2- 8 and described in the follow­
ing paragraphs. 
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Figure 2~ Pipeline Organization 
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The branch predictor uses a branch history algorithm lo predict a branch instruction tar­
gel address. 

Up lo four aligned instructions are fotched from the I cache, in program order. The 
branch prediction tables are also accessed in lhis cycle. The branch predictor uses tables 
and a branch history algorithm lo predict a branch instruction ta rget address for one 
branch or memory forrnal JSR instruction per cycle. Therefore, O,c prefolcher is limited 
lo retching 01rough one branch per cycle. If there is more lhan one branch within 0,c 
retch line, and the branch predictor predicLs Lhal lhc first branch wi ll nol be taken, il wi ll 
predict through subsequent branches al 0ie rate or one per cycle, unti l ii predicts a taken 
branch or prcdicLs through the last branch in the retch line. 

The lcache array also contains a line prediction field, 0,c conlenls of which arc applied 
lo 01e lcache in the nexl cycle. The purpose ortl,e line predictor is lo remove 01e pipe­
li ne bubble which would oO,erwise be created when the branch predictor predicts a 
branch lo be taken. ln effect, the line predictor attempts lo predict the I cache line which 
the branch predictor wi ll generate. On fi lls, lhe line predictor value al each retch line is 
initialized with 0,c index or the nexl sequential folch line, and later retrained by lhe 
branch predictor i r necessary. 

Stage 1 - Instruction Slot 

The I box maps four instructions per cycle from the 64KB 2-way sel-predicl lcache. 
lnslruclions are mapped in order, executed dynam ically, bul are retired in order. 
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In the slot stage, the branch predictor compares the next !cache index that ii generates lo 
the index that was generated by the line predictor. If there is a mismatch, the branch 
predictor wins- the instructions fetc hed during that cycle are aborted, and the index 
predicted by the branch predictor is applied lo the !cache during the next cycle. Line 
mispredictions result in one pipeline bubble. 

The line predictor takes precedence over the branch predictor during memory formal 
calls or jumps. If the line predictor was trained with a true (as opposed lo predicted) 
memory formal call or jump target, then its contents take precedence over the target 
hint field associated with these instructions. This allows dynamic calls or jumps to be 
correctly predicted. 

The instruction fetcher produces the full VPC address during the fetch stage of the pipe­
line. The !cache produces the tags for both !cache sets O and I each time ii is accessed. 
Thal enables the fetcher lo separate sel misprediclions from true !cache misses. If the 
access was caused by a set mispre<liction, the instruction fetcher aborLs the last lwo 
fetched s lots and refetches the slot in the next cycle. It also retrains the appropriate set 
prediction bits. 

The instruction data is transferred from the !cache to the integer and fl oating-point reg­
ister map hardware during this stage. When the integer instruction is fetched from the 
!cache and slotted into the IQ, the slot logic determines whether the instruction is fo r 
the upper or lower subcluslers. The slot logic makes the decision based on the 
resources needed by the (up lo four) integer instructions in the fetch block. Although all 
four instructions need nol be issued simultaneously, distributing their resource usage 
improves instruction loading across the units. For exampl e, if a fetch block contains 
two instructions that can be placed in either cluster followed by two instructions that 
must execute in the lower cluster, the slot logic would designate that combination as 
EELL and slot them as UULL. Slot combinations are described in Section 2.3.2 and 
Table 2- 3. 

Stage 2 - Map 

Instructions are sent from the Jcache lo the integer and fl oating-point register maps <lur­
ing the slot stage and register renaming is performed during the map stage. Also, each 
instruction is assigned a unique 8-bit number, called an inum, which is used to identi fy 
the instruction and iLs program order with respect to other instructions during the lime 
that ii is in flight. Instructions are considered lo be in fli ght between the lime they are 
mapped and the time they are retired. 

Mapped instructions and their associated inums are placed in the integer and fl oating­
point queues by the end of the map stage. 

Stage 3 - Issue 

The 20-entry integer issue queue (IQ) issues instructions al the rate of four per cycle. 
The 15-enlry fl oating-point issue queue (FQ) issues floating-point operate instructions, 
conditional branch instructions, and store instructions, al the rate oflwo per cycle. Nor­
mally, instructions are deleted from the IQ or FQ two cycles afler they are issued. For 
example, ifan instruction is issued in cycle 11, it remains in the FQ or IQ in cycle 11+ 1 
but does not request service, and is deleted in cycle 11+2. 
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Stage 4 - Register Read 

Instructions issued from the issue queues read their operands from the integer and fl oat­
ing-point register fil es and receive bypass data. 

Stage 5 - Execute 

The Ebox and Fbox pipelines begin execution. 

Stage 6 - Dcache Access 

Memory reference instructions access the Dcache and data trans lation buffers. Nor­
mally load instructions access the tag and data arrays while store instructions only 
access the tag arrays. Store data is written to the store queue where it is held until the 
store instruction is retired. Most integer operate instructions write their register result~ 
in this cycle. 

2.2.1 Pipeline Aborts 

The abort penalty as given is measured from the cycle after lhe fetch stage of the 
instruction which triggers the abort to the fetch stage of the new target, ignoring any 
lbox pipeline stalls or queuing delay that the triggering instruction might experience. 
Table 2- 1 lists the timing associated w ith each common source of pipeline abort. 

Table 2-1 Pipeline Abort Delay (GCLK Cycles) 

Abort Condition 

Branch misprediclion 

JSR misprediction 

Mbox order trap 

Other Mbox replay traps 

DTBmiss 

1TB miss 

In teger arithmetic trap 

Floating-point arithmetic 
trap 

2.3 Instruction Issue Rules 

Penalty 
(Cycles) 

7 

14 

13 

13 

7 

12 

13+1atency 

Comments 

Integer or floating-point conditional branch 
misprediction. 

Memory format JSR or HW _ RET. 

Load-load order or store-load order. 

Add latency of instruction. See Section 2.3.3 for 
instruction latencies. 

This section de fin es instruction classes, the functional uni t pipelines to which they are 
issued, an<l lheir associaled lalencies. 
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2.3.1 Instruction Group Definitions 

Table 2- 2 lists the instruction class, the pipeline assignments, and tJ1e instructions 
included in the class. 

Table 2-2 Instruction Name, Pipeline, and Types 

Class 
Name 

ild 

lld 

Pipeline 

LO, LI 

LO, LI 

LO, LI 

Instruction Type 

All integer load insLruclions 

All floating-1>oint load insLructions 

All integer store instructions isl 

Isl FST0, FSTI , LO, L I ALI floating-point store inslruclions 

Ida LO, LI , UO, U I 

mcm_misc LI 

rpcc LI 

rx LI 

mxpr LO, L I 
(depends on IPR) 

ibr UO, UI 

jsr LO 

iadd 

ilog 

ishf 

cmov 

imul 

imisc 

tbr 

fadd 

frnul 

fcmov l 

fcmov2 

fdiv 

fsqrL 

1101> 

LO, UO, LI, U I 

LO, UO, L I, U I 

UO,U I 

LO, UO, L I, UI 

U I 

uo 

FA 

FA 

FM 

FA 

FA 

FA 

FA 

None 
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LDA,LDAH 

WH64, ECB, WMB 

RPCC 

RS, RC 

HW_MTPR, HW_MFPR 

l.nlegcr condjtional branch inslructions 

BR, BSR, JMP, CALL, RET, COR, HW _RET, 
CALL_ PAL 

Instructions with opcode 1016, except CMPBGE 

AND, BIC, BIS, ORNOT, XOR, EQV, CMPBGE 

Instructions with opcode 1216 

Integer CMOV - either clus ter 

Integer multip ly instructions 

CTLZ, error, CTTZ, PERR, MINxxx, MAXxxx, 
PKxx, UNPKxx 

Floating-point conditional branch instructions 

All floating-point operate inslruclions except mullip ly, 
divide, square root, and conditional move instructions 

FloaLing-poi.nl mulliply inslruclion 

Floaling-poinl CMOV- firsl ha lf 

Floating-point CMOV- second ha lf 

Floating-point divide instruclion 

Floa ting-1>oint square root instruc tion 

TRAP, EXCB, UNOP- LDQ_U RJI , O(Rx) 
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Table 2- 2 Instruction Name, Pipeline, and Types (Continued) 

Class 
Name Pipeline Instruction Type 

f\oi FSTO, FST I, LO, L I FTOIS, FTOIT 

ilof 

mx_ fpcr 

LO, LI 

FM 

ITOFS, ITOFF, ITOFT 

Ins tructions that move data from the floating-point 
conlrol reg ister 

2.3.2 Ebox Slotting 

2-1 8 

Instructions that are issued from Ilic IQ, and could execute in either upper or lower 
Ebox subcluslers, are slolled lo one pair or tJ1e other during the pipeline mapping stage 
based on tJ1e instruction mixture in Ilic fetch line. The codes that are used in Table 2- 3 
are as fo ll ows: 

U- The inslruction only execulcs i.n an upper subclusler. 

L-The inslruclion on ly executes in a lower subcluslcr. 

E- The instruction could execute in either an upper or lower subcluster. 

Table 2- 3 defines the slotting rules. The table fie ld Instruction Class 3, 2, I and O iden­
tifi es each instruction's location in the fetch line by the value of bits [3:2] in its PC. 

Table 2-3 Instruction Group Definitions and Pipeline Unit 

Instruction Class Slotting Instruction Class Slotting 
321 0 3 210 3 21 0 3 2 10 

EEEE ULUL LLLL LLLL 

EEEL ULUL LLLU LLLU 

EEEU U LLU LLUE LLUU 

EELE ULLU LLU L LL U L 

EELL UULL LLUU LLU U 

E E LU ULLU LU EE L U L U 

EEUE ULUL LUEL LUUL 

EEUL ULUL LU EU LULU 

E E UU LLUU LULE LULU 

ELEE ULUL LULL LULL 

ELEL ULU L L U L U LULU 

ELEU ULLU LUUE LUUL 

E LL E ULLU L UU L LUUL 

ELLL ULLL LUUU LUUU 

E LLU ULLU UEEE U L U L 

ELUE ULUL UEEL ULUL 

E LUL ULU L UEEU U LL U 
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Table 2-3 Instruction Group Definitions and Pipeline Unit (Continued) 

Instruct ion Class Slotting Instruction Class Slotting 
3210 3210 3 21 0 3210 

ELUU LLUU UELE ULLU 

EUEE LULU UELL UULL 

EUEL LUUL UELU ULLU 

EUEU LULU UEUE ULUL 

EULE LULU UEUL ULUL 

EULL UULL UEUU ULUU 

EULU LULU ULEE ULUL 

EUUE LUUL ULEL ULUL 

EUUL LUUL ULEU ULLU 

EUUU LUUU ULLE ULLU 

LEEE LULU ULLL ULLL 

LEEL LUUL ULLU ULLU 

LEEU LULU ULUE ULUL 

LELE LULU ULUL ULUL 

LELL LULL ULUU ULUU 

LELU LULU UUEE UULL 

LEUE LUUL UUEL UULL 

LEUL LUUL UUEU UULU 

LEUU LLUU UULE UULL 

LLEE LLUU UULL UULL 

LLEL LLUL UULU UULU 

LLEU LLUU UUUE UUUL 

LLLE LLLU UUUL UUUL 

uuuu uuuu 
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2.3.3 Instruction Latencies 

After an instruction is placed in the IQ or FQ, its issue poi nt is determined by the avail­
abi lity of its register operands, functiona l unit(s), and relationship to other instructions 
in the queue. There are register producer-consumer dependencies and dynamic func­
tional unit availability dependencies that affect instruction issue. The mapper removes 
register producer-producer dependenc ies. 

The latency to produce a register resul t is generally fixed. The one exception is for load 
inslructions that miss the Dcache. Table 2-4 lisLs the latency, in cycles, for each 
instruction class. 

Table 2-4 Instruction Class Latency in Cycles 

Class 

ild 

fld 

isl 

fst 

rpcc 

rx 

mxpr 

icbr 

ubr 

Latency 

3 
13+ 

4 
14+ 

I or 3 

jsr 3 

Comments 

Dcache hil. 
Dcache miss, latency with 6-cycle Bcache. Add additional Bcache loop latency if 
Bcache latency is greater than 6 cycles. 

Dcache hit. 
Dcache miss, latency with 6-cycle Bcache. Add additional Bcache loop latency if 
Bcache latency is greater than 6 cycles. 

Does not produce register va lue. 

Does not produce register value. 

Possible I -cycle cross-cluster de lay. 

HW_MFPR: Ebox IPRs - I. 
(box and Mbox IPRs - 3. 

HW _ MTPR does not produce a register value. 

Conditional branch. Does not produce register va lue. 

Unconditional branch. Does not produce register va lue. 

iadd Possible I-cycle Ebox cross-cluster delay. 

ilog Possible I-cycle Ebox cross-cluster delay. 

ishf Possible I-cycle Ebox cross-cluster delay. 

cmov I Only consumer is cmov2. Possible I -cycle Ebox cross-cluster delay. 

cmov2 Possible I-cycle Ebox cross-cluster delay. 

imul 

imisc 

fcbr 

fadd 4 
6 

Possible I-cycle Ebox cross-cluster delay. 

Possible I-cycle Ebox cross-cluster delay. 

Does not produce register value. 

Consumer other than fst or floi. 
Consumer fSt or floi. 
Measured from when an fadd is issued from the FQ Lo when an fsl or tloi is issued 
from the IQ. 
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Table 2--4 Instruction Class Latency in Cycles (Continued) 

Class 

fmul 

fcmovl 

fcmov2 

tcliv 

fsqrl 

floi 

ilof 

nop 

Latency 

4 
6 

4 

4 
6 

12 
9 
15 
12 

18 
15 
33 
30 

3 

4 

Comments 

Consumer olhcr Lhan tSL or floi. 
Consumer ISL or lloi. 
Measured from when an fi.nul is issued from Lhc FQ Lo when an fsl or floi is issued 
from the IQ. 

Only consumer is fcmov2 . 

Consumer other Limn fsL. 
Consumer fsl or floi . 
Measured from when an fcmov2 is issued from the FQ to when an fsl or floi is issued 
from U1c IQ. 

Single precision - latency to consumer of result value. 
Single precision - latency lo using divider again. 
Double prec is ion - latency Lo consumer of result value. 
Double precision - latency Lo using divider again. 

Single precision - latency Lo consumer ofresult value. 
Single precision - latency Lo using w1.il again. 
Double prcc is ion- lalcncy Lo consumerofrcsull va lue. 
Double precision - lalcncy to using unit again. 

Docs not produce register va lue. 

2.4 Instruction Retire Rules 

An i.nslruction is retired when it has been executed to completion, and all previous 
inslructions have been relired. The execution pipeline stage in which an instruction 
becomes eligible lo be retired depends upon the inslruclion's c lass. 

Table 2- 5 gives the minimum retire latencies (assuming that all previous instructions 
have been retired) for various classes or instructions. 

Table 2-5 Minimum Retire Latencies for Instruction Classes 

Instruction Class Reti re Stage Comments 

l11tcgcr conditional branch 7 

Integer multiply 7 / 13 Latency is 13 cycles for the M Ul/V instruction. 

Integer operate 7 

Memory 10 

Floa ting-point add 11 

Floa ting-point multip ly 11 
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Table 2- 5 Minimum Retire Latencies for Instruction Classes (Continued) 

Instruction Class Retire Stage Comments 

Floaling-poinl DIV /SQRT 11 + latency Add latency of unit reuse for the i.ns lruction indicated in Table 
2-4. For example, latency for a sing le-precision fdi v would be 
11 plus 9 from Table 2-4. Latency is 11 if hardware dctccls that 
no exception is poss ible (sec Section 2.4. 1 ). 

Floating-point conditiona l 11 Branch ins truction misprcdict is reported in stage 7. 
branch 

BSR/JSR 10 JSR instruction misprcdict is reported in s tage 8. 

2.4.1 Floating-Point Divide/Square Root Early Retire 

The lloaling-poinl divider and square root unit can detect Ll1al, for many combinations 
or source operand values, no exception can be generated. Instructions with these oper­
ands can be retired before the result is generated. When deteclcd, they arc retired with 
the same latency as Lbe FP add class. Early rclircmenl is nol possible for the following 
inslruclion/operand/archileclure stale conditions: 

lnslruclion is nol a DIV or SQRT. 

SQRT source operand is negative. 

Divide operand exponenl_a is 0. 

Either operand is NaN or INF. 

Divide operand exponenl_ b is 0. 

Trapping mode is /1 (inexact). 

INE status bit is 0. 

Early retirement is also nol possib le for divide instructions irthe resulting exponent has 
any or the following characteristics (EXP is the result exponent): 

DIVT, DIVG: (EXP >= 3FF16) OR (EXP <= 2 16) 

DIVS, DIVF: (EXP >= 7F 16) OR (EXP <= 382 16) 

2.5 Retire of Operate Instructions into R31/F31 

Many instructions that have R3 I or F3 I as Ll1cir destination are retired immediately 
upon decode (stage 3). These instructions do nol produce a result and are removed from 
Ll1e pipeline as well . They do nol occupy a slot in the issue queues and do nol occupy a 
functiona l uni I. Table 2-6 lisl.s tJ,ese instructions and some or their characteristics. The 
instruction type in Table 2- 6 is from Table C-6 in Appendix C or the Alpha Archileclure 
/-landbook, Version 4. 
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Table 2-6 Instructions Retired Without Execution 

Instruction Type 

rNTA, INTL, rNTM, rNTS 

FLT!, FLTL, FLTV 

LDQ_U 

MISC 

FLTS 

Notes 

All with R3 1 as destination. 

All with F31 as destination . MT _FPCR is not included 
because it has no destination- it is never removed from Lhe 
pipeline. 

All with R3 I as destination. 

TRAPS and EXCB are a lways removed. Others are never 
removed. 

All (SQRT, ITOF) with F3 1 as destination. 

2.6 Load Instructions to R31 and F31 

Th is section describes how lhe 21264B processes software-directed prefetch transac­
tions and load instructions with a deslinalion ofR3 I and F3 I. 

Prefelches allocate a MAF entry. How the MAF entry is allocated is what distinguishes 
the lype ofprefelch. A normal prefelch is equivalent lo a normal load MAF (lhal is, a 
MAF entry that puts the block into lhe Ocache in a readable state). A prefelch with 
modify intent is equivalent to a normal store MAF (thal is, a MAF entry that puts the 
block inlo the Ocache in a writeable state). A prefelch, evict next, is equivalent to a nor­
mal load MAF, with the additional behavior described in Section 2.6.3. 

A prefelch is not performed if the prefetch hits in the Ocache (as if it were a normal 
load). 

Load operations to R3 I and F3 I may generate exceptions. These exceptions must be 
dismissed by PAI.code. 

The followi ng sections describe the operational prefelch behavior of these inslruclions. 

2.6.1 Normal Prefetch: LDBU, LDF, LDG, LDL, LDT, LDWU, HW_LDL Instructions 

The 21264B processes these instructions as normal cache line prefelches. If the load 
instruction hits the Ocache, lhe instruction is dismissed, otherwise the addressed cache 
block is allocated inlo lhe Ocache. 

The HW _ LOL instruction construct equates lo lhe HW _ LO inslruclion wilh lhe LEN 
field clear. See Table 6- 3. 

2.6.2 Prefetch with Modify Intent: LDS Instruction 

The 2 1264B processes an LOS instruction, with F3 I as lhe deslinalion, as a prefetch 
wilh modify intent transaction (Read81kMod command). If the transaction hi ts a dirty 
Ocache block, the instruction is dismissed. Otherwise, the addressed cache block is 
allocated into the Ocache for write access, with its dirty and modified bits sel. 
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2.6.3 Prefetch, Evict Next: LDQ and HW_LDQ Instructions 

The 2 12648 processes this instruction like a normal prefetch transaction (ReadBlkSpec 
command), with one exceplion- ifthe load misses the Ocache, the addressed cache 
block is allocated inlo the Ocache, bul lhe Ocache sel allocation pointer is left pointing 
lo this block. The next miss to the same Ocache line wi ll evict the block. For example, 
this instruction might be used when software is reading an array that is known to fit in 
the off chip 8cache, but will not fit inlo the onchip Ocache. In this case, the instruction 
ensures that the hardware provides lhe desi red prefelch function without d isplacing use­
fu l cache blocks stored in the other set within the Ocache. 

The HW _ LOQ instruction construct equates to the HW _ LO instruction with lhe LEN 
field set. See Table 6- 3. 

2.7 Special Cases of Alpha Instruction Execution 

This section describes the mechanisms lhal the 212648 uses lo process irregular 
instructions in lhe Alpha instruction sel, and cases in which the 212648 processes 
instructions in a non-intuitive way. 

2.7.1 Load Hit Speculation 

The latency of integer load instructions that hil in the Ocache is three cycles. Figure 2-
9 shows the pipeline liming for these integer load instructions. In Figure 2- 9: 

Symbol Meaning 

Q Issue queue 

R Register fi le read 

E Execute 

D Dcache access 

B Data bus active 

Figure 2-9 Pipel ine Timing for Integer Load Instructions 

Hit 

Cycle Number 2 3 (: ILD Q R E D 

Instruction 1 Q R 

Instruction 2 Q 

FM-0561-4 .Al-4 

There are two cycles in which the IQ may speculatively issue instructions that use load 
data before Ocache hit information is known. Any instructions that are issued by the IQ 
with in this 2-cycle speculative window are kept in the IQ with their requests inh ibited 
unti l the load instruction's hit condition is known, even if they are not dependent on the 
load operation. If the load instruction hits, then these instructions are removed from the 
queue. If the load instruction misses, then the execution of these instructions is aborted 
and the instructions are allowed to request service again. 
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For example, in Figure 2- 9, instruction I and i.nslruction 2 are issued within the specu­
lative window o flh e load inslruclion. If the load inslruclion hits, then both inslruclions 
will be deleted from the queue by lhc starl of cycle 7 nc cycle later than normal for 
instruction I and al lhc norma l lime for inslruclion 2. I f01e load instruction misses, bolh 
instructions arc aborted from the execution pipelines and may request service again in 
cycle 6. 

IQ-issued instructions arc aborted if issued within tl1c speculative window of an integer 
load inslruclion that missed in the Dcachc, even if they are nol dependent on tl1e load 
data. However, if so il ware misses arc likely, the 21264B can still benefit from schedul­
ing lhe instruction stream for Dcachc miss latency. The 2 I 264B includes a saluraling 
counter lhal is incremented when load inslruclions bil and is decremented when load 
instructions miss. When the upper bil oflhe counter equals zero, lhc integer load 
latency is increased lo live cycles and the speculative window is removed. The counter 
is 4 bils wide and is incrcmcnlcd by I on a hil and is decremented by lwo on a miss. 

Since load inslruclions lo R3 I do nol produce a result, they do nol create a speculative 
window when they execute and, therefore, never waste IQ-issue cycles if lhey miss. 

Floating-point load inslruclions thal hit in the Dcache have a latency o f four cyc les. Fig­
ure 2- 10 shows the pipeline timing for fl oaling-poinl load inslruclions. In Figure 2- 10: 

Symbol Meaning 

Q Issue queue 

R Register ti le read 

E Execute 

D Dcache access 

8 Data bus active 

Figure 2-1 0 Pipeline Timing for Floating-Point Load Instructions 

Hit 

Cycle Number 2 4 (: 6 7 

FLO a R E D 

lnstruclion 1 a R 

lnstru clion 2 a 

FM-05815 .AI◄ 

The speculative window for fl oaling-poinl load inslruclions is one cycle wide. 
FQ-issued inslruclions lhal are issued within the speculative window of a fl oaling-poinl 
load instruction lhal has missed, arc only aborted iflhey depend on tl1e load being suc­
cessful. 

For example, in Figure 2- 10 instruction I is issued in the speculative window of the 
load instruction. 

lfinslruclion I is nol a user oflhe data returned by lhe load inslruclion, then ii is 
removed from 01e queue al iLs nonnal lime (al the slarl of cycle 7). 
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If instruction I is dependent on lhe load instructi on dala and 01c load inslruclion hiLs, 
instruction I is removed from the queue one cycle later (al lhe start of cycle 8). lflhe 
load instruction misses, then instruction I is aborted from lhe Fbox pipeline and may 
request service again in cycle 7. 

2.7.2 Floating-Point Store Instructions 

Floaling-poinl store instructions arc duplicated and loaded into botl1 lhc IQ and the FQ 
from the mapper. Each IQ cnlry contains a control bit, fpWail, lhal when sci prevents 
lhal entry from asserting its requesls. Thi s bit is initially sel for each fl oating-poi nt slore 
instruction lhal enters lhe IQ, unless ii was lhc target of a replay lrap. The inslruclion's 
FQ cl one is issued when ils Ra register is about lo become clean, resulting in ils IQ 
clone's fpWail bil being cleared and all owing the IQ clone lo issue and be executed by 
lhe Mbox. This mechanism ensures that Ooating-poi.nl store instructions arc always 
issued lo lhe Mbox, along witl, the associated dala, witl1oul requi ring lhe fl oating-point 
regislcr dirty bits lo be available within the IQ. 

2.7.3 CMOV Instruction 

For the 21264B, the Alpha CMOV instruction has three operands, and so presents a 
special case. The required operation is lo move either lhc value in register Rb or the 
value from lhe old physical destination register into lhc new dcslinalion register, based 
upon lhe value in Ra. Since neitl1er tl1e mapper nor the Ebox and Fbox data paths are 
otherwise required lo handle three operand instructions, the CMOV instruction is 
decomposed by lhe (box pipeline inlo lwo 2-operand instructions: 

The Alpha archileclure inslruclion 

Becomes the 2 1264B inslruclions 

CMOV Ra, Rb => Re 

CMOV I Ra, oldRc => newRc I 

CMOV2 newRc I, Rb => newRc2 

The lirsl ins lruclion, CMOV I, lests the value of Ra and records lhe result oflhis lesl in 
a 65lh bil of iLs deslinalion register, ncwRc I. II also copies the value of the old physical 
destination register, oldRc, lo ncwRc I. 

The second instruction, CMOV2, then copies either 01 e value in new Re I or the value in 
Rb inlo a second physical deslinalion register, newRc2, based on lhe CMOV predicate 
bit stored in newRc I. 

In summary, lhe original CMOV inslruclion is decomposed inlo lwo dependent inslruc­
lions lhal each lLSe a physical register from lhc free lisl. 

To furtl1er s implify this operation, lhe lwo componenl inslruclions ofa CMOV inslruc­
lion are driven through 01e mappers in successive cycles. Hence, if a fetch line contains 
11 CMOV inslruclions, ii lakes 11+ I cycles lo run lhal fetch line through lhc mappers. 

For example, the fo llowing fe tch line: 

ADD CMOVx SUB CMOVy 

Results in lhe following three map cycles: 

ADDCMOVx l 

CMOVx2 SUB CMOVy l 

CMOVy2 
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The Ebox executes integer CMOV instructions as two distinct I-cycle latency opera­
tions. The Fbox add pipeline executes noaling-poinl CMOV instructions as two dislincl 
4-cycle latency operations. 

2.8 Memory and 1/0 Address Space Instructions 

This section provides an overview of the way the 212648 processes memory and 1/0 
address space instructions. 

The 212648 supports, and inlemally recognizes, a 44-bil physical address space lhal is 
divided equally between memory address space and 1/0 address space. Memory 
address space resides in the lower half oflhe physical address space (PA[43]=0) 
and 1/0 address space resides in the upper half of the physical address space 
(PA[43]= 1). 

The IQ can issue any combination of load and store inslructions lo the Mbox at the rate 
oflwo per cycle. The lwo lower Ebox subcluslers, LO and LI, generate the 
48-bil effective virtual address for these instructions. 

An instruction is defined lo be newer than another instruction ifil follows that instruc­
tion in program order and is older if il precedes that instruction in program order. 

2.8.1 Memory Address Space Load Instructions 

The Mbox begins execution of a load instruction by translating ils virtual address lo a 
physical address using the OTB and by accessing lhe Ocache. The Ocache is virtually 
indexed, allowing these two operations lo be done in parallel. The Mbox puts in forma­
tion about the load instruction, including its physical address, deslinalion register, and 
data formal, into the LQ. 

If the requested physical location is found in lhe Ocache (a hil), the data is formalled 
and wrillen into the appropriate inlegeror 0oaling-poinl register. lflhe location is nol in 
lhe Ocache (a miss), lhe physical address is placed in the miss address file (MAF) for 
processing by the Cbox. The MAF performs a merging function in which a new miss 
address is compared lo miss addresses al ready held in lhe MAF. lflhe new miss address 
poinLs lo the same Ocache block as a miss address in the MAF, lhen lhe new miss 
address is discarded. 

When Ocache fill data is returned lo the Ocache by the Cbox, the Mbox satisfi es the 
requesting load instructions in the LQ. 

2.8.2 1/0 Address Space Load Instructions 

Because 1/0 space load instructions may have side effects, they cannot be performed 
speculatively. When the Mbox receives an 1/0 space load instruction, the Mbox places 
the load instruction in the LQ, where il is held unlil ii retires. The Mbox replays retired 
1/0 space load instructions from the LQ lo the MAF in program order, al a rate of one 
per GCLK cycle. 
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The Mbox allocates a new MAF entry lo an 1/0 load inslrUclion and increases 1/0 band­
w idth by allempling lo merge 1/0 load instructions in a merge register. Table 2- 7 shows 
the rules for merging data. The columns represent the load inslruclions replayed lo the 
MAF whi le the rows represent the s ize of the load in the merge register. 

Table 2-7 Rules for 1/0 Address Space Load Instruction Data Merging 

Merge Register/ 
Replayed Instruction Load Byte/Word Load Longword Load Quadword 

Byte/Word No merge No merge No merge 

Longword No merge Merge up to 32 bytes No merge 

Quadword No merge No merge Merge up to 64 bytes 

In summary, Table 2- 7 shows some oflhe fo llowing rules: 

Byte/word load instructions and different size load instructions are not allowed to 
merge. 

A stream of ascending non-overlapping, but nol necessarily consecutive, lon1,>word 
load instructions are allowed lo merge into naturally aligned 32-byle blocks. 

A stream of ascending non-overlapping, but not necessarily consecutive, quadword 
load instructions are allowed lo merge into naturally aligned 64-byte blocks. 

Merging of quadwords can be limited to natura lly-aligned 32-byte blocks based on 
the Cbox WRTTE_ONCE chain 32_BYTE_ IO field . 

Issued MB, WMB, and 1/0 load instructions close the 1/0 register merge window. 
To minimize latency, the merge window is also closed when a timer detects no 1/0 
store instruction activity fo r I 024 cycles. 

A Iler the Mbox 1/0 register has closed iLs merge window, the Cbox sends 1/0 read 
requests off chip in the order that they were received from lhe Mbox. 

2.8.3 Memory Address Space Store Instructions 

The Mbox begins execution of a store instruction by translating its virtual address lo a 
physical address using the OTB and by probing the Ocache. The Mbox puts informa­
tion aboul the store instruction, includi ng iLs physical address, its data and the results of 
the Ocache probe, into the store queue (SQ). 

If the Mbox does nol find the addressed location in the Ocache, ii places the address 
into the MAF for processing by the Cbox. lflhe Mbox finds the addressed location in a 
Ocache block thal is nol dirty, then ii places a ChangeToOirty request inlo the MAF. 

A store instruction can write its data inlo the Ocache when il is retired, and when the 
Ocache block containing its address is dirly and nol shared. SQ entries that meet these 
lwo conditions can be placed into the writable stale. These SQ entries are placed into 
the writable state in program order al a maximum rate of two entries per cycle. The 
Mbox lransfers writable store queue enlry data from the SQ lo lhe Ocache in program 
order at a maximum rate of two entries per cycle. Dcache I ines associated with writable 
store queue entries are locked by the Mbox . System port probe commands cannol evict 
these blocks until their associated writable SQ entries have been transferred into the 
Ocache. This restriction assists in STx_C instruction and Ocache ECC processing. 
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SQ entry data that has not been lransferred to the Dcache may source data to newer load 
instructions. T he Mbox compares the v irtual Dcache index bits o f incoming load 
instructions to queued SQ entries, and sources the data from lhe SQ, bypassing !he 
Dcache, when necessary. 

2.8.4 1/0 Address Space Store Instructions 

The Mbox begins processing 1/0 space store ins lructions, like memory space store 
instructi ons, by translating the virtual add ress and p lacing the stale associated with the 
store instruction into the SQ. 

The Mbox replays retired 1/0 space store enlries from the SQ lo the IOW B in program 
order a l a rate of one per GCLK cycle. The Mbox never allows queued 1/0 space store 
instructions to source dala to subsequent load instructions. 

The Cbox max imizes 1/0 bandwidth w hen il a llocates a new IOWB entry lo an 1/0 
store inslruclion by allempling lo merge 1/0 load inslruclions in a merge register. Table 
2- 8 shows lhe rul es for 1/0 space store instruction data merging. The columns represent 
the load instructions replayed lo the IOWB whi le the rows represent the size oflhe store 
in lhe merge register. 

Table 2- 8 Rules for 1/0 Address Space Store Instruction Data Merging 

Merge Register/ Store 
Replayed Instruction Byte/Word Store Longword Store Quadword 

Byte/Word No merge No merge No merge 

Longword No merge Merge up to 32 bytes No merge 

Quadword No merge No merge Merge up lo 64 bytes 

Table 2- 8 shows some of the fo llowing rules: 

Byte/word store in slructions and dilTerenl size sto re instructions arc not a llowed lo 
merge. 

A stream of ascending non-overlapping, but no t necessarily consecutive, longword 
store instructions are allowed lo merge into naturally a ligned 32-byle b locks. 

A stream of ascending non-overlapping, but not necessarily consecutive, quadwo rd 
store instructions are allowed to merge into naturally aligned 64-byle b locks. 

Merg ing o f quadwords can be limited lo naturally-a ligned 32-byte blocks based on 
the Cbox WRJTE_ ONCE chain 32_BYT E_ IO field . 

Issued MB, WM 8 , and 1/0 load inslruclions close the 1/0 register merge window. 
To minimize latency, the merge window is also closed when a timer deleels no 1/0 
store instructi on activity for I 024 cycles. 

After U1 c IOWB merge register has closed its merge window, the Cbox sends 1/0 space 
store requests off chip in U1e order that U1ey were received from the Mbox. 
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2.9 MAF Memory Address Space Merging Rules 

Because all memory lransaclions are to 64-byte blocks, efficiency is improved by merg­
ing severa l small data lransactions into a si ngle larger data transaction. Table 2- 9 lists 
the rules the 2 1264B uses when merging memory transactions into 64-byte natura lly 
a ligned data b lock lransaclions. Rows represent tl1e merged instruction in the MAF and 
columns represent lhe new issued transaction. 

Table 2- 9 MAF Merging Rules 

MAF/New LDx STx STx_C WH64 ECB lstream 

LDx Merge 

STx Merge Merge 

STx_C Merge 

WH64 Merge 

ECB Merge 

lslrcam Merge 

In summary, Table 2- 9 shows Uial only like instruction types, wiU1 the exception o f 
load instructions merging with store instructions, are merged. 

2.10 Instruction Ordering 

l.n the absence of expli cit i.nstruction ordering, such as witJ1 MB o r WMB instructions, 
lhe 2 I 264B maintains a default inslruction ordering relatio nship between pairs of load 
an<l store instructions. 

Tbe 2 12648 maintains lhe default memory data instruction ordering as s hown in 
Tab le 2- 10 (assume address X and address Y are dilTerenl). 

Table 2-10 Memory Reference Ordering 

First Instruction in Pair Second Ins truction in Pair Reference Order 

Load memory to address X Load memory lo address X Maintained (liunus tes t I) 

Load memory lo address X Load memory Lo address Y Nol rnainLained 

Store memory to address X Store memory to address X Maintained 

Store memory to address X Store memory to address Y Mai.ntaincd 

Load memory Lo address X Store memory Lo address X Mai.ntained 

Load memory to address X Store memory Lo address Y Not mainta ined 

Store memory to address X Load memory to address X Maintai11ed 

Store memory to address X Load memory to address Y Not mainLained 
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The 21264B maintains the default 1/0 instruction ordering as shown in Table 2- 11 
(assume address X and address Y are different). 

Table 2-11 110 Reference Ordering 

First Instruction in Pair Second Instruction in Pair Reference Order 

Load 1/0 lo address X Load 1/0 lo address X Mainlained 

Load 1/0 lo address X Load 1/0 lo address Y Mainlained 

Store 1/0 to address X Store 1/0 lo address X Maintained 

Store 1/0 lo address X Store 1/0 lo address Y Maintained 

Load 1/0 lo address X Store 1/0 lo address X Maintained 

Load 1/0 lo address X Store 1/0 lo address Y Nol maintained 

Store 1/0 lo address X Load 1/0 lo address X Maintained 

Store 1/0 lo address X Load 1/0 lo address Y Not maintained 

2.11 Replay Traps 

There are some situations in which a load or store instruction cannot be executed due to 
a condition that occurs after Iha! instruction issues from the IQ or FQ. The instruction is 
aborted (along with all newer instructions) and restarted from the fetch stage of the 
pipeline. This mechanism is called a replay trap. 

2.11.1 Mbox Order Traps 

Load and store instructions may be issued from the IQ in a different order than they 
were fetched from the lcache, while the architecture dictates that Dstream memory 
transactions to the same physical bytes must be completed in order. Usually, the Mbox 
manages the memory reference stream by itself lo achieve architecturally correct 
behavior, but the two cases in which the Mbox uses replay traps to manage the memory 
stream are load-load and store-load order traps. 

2.11.1.1 Load-Load Order Trap 

The Mbox ensures that load instructions Iha! read the same physical byle(s) ullimalely 
issue in correct order by using the load-load order trap. The Mbox compares the 
address of each load instruction, as il is i&sued, lo the address of all load instructions in 
the load queue. lflhe Mbox finds a newer load instruction in the load queue, it invokes 
a load-load order trap on the newer instruction. This is a replay trap that aborts the tar­
gel of the trap and all newer instructions from the machine and refelches instructions 
starting at the target of the trap. 

2.11.1 .2 Store-Load Order Trap 

The Mbox ensures that a load instruction ultimately issues aft.er an older store instruc­
tion Lhal writes some portion of iLs memory operand by using the store-load order trap. 
The Mbox compares the address of each store instruction, as it is issued, lo Lhe address 
of all load instructions in the load queue. If the Mbox finds a newer load instruction in 
the load queue, il invokes a store-load order trap on the load instruction . This is a replay 
trap. II functions like the load-load order trap. 
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The !box contains extra hardware lo reduce the frequency oflhe store-load trap. There 
is a 1-bil by 1024-entry VPC-indexed table in the lbox call ed the slWail table. When an 
lcache instruction is fetched, the associated slWail table entry is fetched a long with the 
lcache instruction. The st Wail table produces I bit for each instruction accessed from 
the !cache. When a load instruction gels a store-load order replay trap, its associated bit 
in the slWail table is set during the cycle Iha! the load is refelched. Hence, the trapping 
load instruction's slWail bit will be sel the next lime ii is fetched. 

The IQ will nol issue load instructions whose st Wail bit is sel while there are older unis­
sued store instructions in the queue. A load instruction whose st Wail bit is set can be 
issued the cycle immediately after lhe las! older store instruction is issued from the 
queue. All the bits in the slWail table are unconditionally cleared every 16384 cycles, or 
every 65536 cycles if I_CTL[ST _ WAIT_64K] is sel. 

2.11.2 Other Mbox Replay Traps 

The Mbox also uses replay traps lo control !he flow oflhe load queue and store queue, 
and lo ensure Iha! there are never mulliple ouLslanding misses lo different physical 
addresses that map lo the same Dcache or Bcache line. Unlike the order traps, however, 
these replay traps are invoked on the incoming instruction that triggered the condition. 

2.12 1/0 Write Buffer and the WMB Instruction 

The 1/0 write buffer (IOWB) consisLs of four 64-byle entries with the associated 
address and control logic used lo buffer 1/0 write data between the store queue (SQ) 
and the system port. 

2.12.1 Memory Barrier (MB/WMBTTB Fill Flow) 

The Cbox CSR SYSBUS_MB_ENABLE bit determines if MB instructions produce 
external system port transactions. When the SYSBUS_MB_ENABLE bit equals 0, the 
Cbox CSR MB_CNT[3:0] field contains the number of pending uncommilled transac­
tions. The counter wi ll increment for each of the following commands: 

RdBlk, RdBlkMod, RdBlkl 

RdBlkSpec (valid), RdBlkModSpec (valid), RdBlkSpecl (valid) 

RdBlkVic, RdBlkModVic, RdBlkVicl 

CleanToDirly, SharedToDirty, STChangeToDi rly, lnvalToDirly 

FetchBlk, FelchBlkSpec (valid), Evict 

RdByte, RdLw, RdQw, WrByte, WrLW, WrQW 

The counter is decremented with the C (comm ii) bit in the Probe and SysDc commands 
(see Section 4 .7.7). Systems can assert the C bit in the SysDc fill response lo the com­
mands that originally incremented the counter, or allached lo the las! probe seen by that 
command when it reached the system serialization point. lflhe number ofuncommilled 
transactions reaches 15 (saturating the counter), the Cbox w ill stall MAF and IOWB 
processing until al least one oflhe pending transactions has been commilled. Probe pro­
cessing is nol interrupted by the stale of this counter. 

2-32 Inte rna l Architecture Alpha 212648 Hardware Reference Manual 



1/0 Write Buffer and the WMB Instruction 

2.12.1.1 MB Instruction Processing 

When an MB instruction is fetched in lhc predicted instruction execution palh, ii stalls 
in the map stage of lhe pipeline. This also stalls a ll inslruclions aflcr lhe MB, and con­
trol ofinslruclion now is based upon the value in Cbox CSR SYSBUS_MB_ENABLE 
as follows : 

lf Cbox CSR SYSBUS_MB_ENABLE is clear, Lhe Cbox wails until lhe IQ is 
emply and lhen performs the fo llowing actions: 

a. Sends all pending MAF and IOWB entries lo the system port. 

b. Monitors Cbox CSR MB CNT[3:0], a 4-bil counter of outstanding commillcd 
events. When the counlcrdecrcmcnls from one lo zero, lhe Cbox marks the 
youngest probe queue entry. 

c. Wails until the MAF contains no more Dslream references and lhe SQ, LQ, and 
IOWB arc empty. 

When all of O,e above have occurred and a probe response has been seal lo the sys­
Lem for the marked probe queue entry, inslruclion execution continues with 01e 
instruction afler the MB. 

lf Cbox CSR SYSBUS MB_ENABLE is sel, the Cbox wails until the IQ is empty 
and then performs the following actions: 

a. Sends a ll pending MAF and IOWB entries lo Lhe system porl 

b. Sends Lhe MB command lo lhe sys Lem porl 

c. Wails until the MB command is acknowledged, then marks the youngest entry 
in Lhe probe queue 

d. Wai Ls until Lhe MAF contains no more Dslream references and lhe SQ, LQ, and 
IOWB are empty 

When all of the above have occurred and a probe response has been sent lo Lhe sys­
tem for Lhe marked probe queue entry, instruction execution continues wilh 01e 
instruction a Iler lhe MB. 

Because the MB instruction is executed speculatively, MB processing can begin 
and the original MB can be killed. In Lhe internal acknowledge case, O,e MB may 
have already been sent lo the system interface, and lhe system is still expected lo 
respond to the MB. 

2.12.1.2 WMB Instruction Processing 

Write memory barrier (WMB) inslruclions are issued into tbe Mbox store-queue, where 
they wail until they are retired and all prior slore inslruclions become writable. The 
Mbox then stalls the writable pointer and informs 01e Cbox. The Cbox closes tbe IOWB 
merge register and responds in one of the following two ways: 

lf Cbox CSR SYSBUS_MB_ENABLE is clear, the Cbox performs lhe fo llowing 
actions: 

a. Stalls fur01 er MAF and IOWB processing. 

b. Monitors Cbox CSR MB CNT[3 :0], a 4-bil counter of outstanding commilled 
cvenLs. When the countcrdecrcmenLs from one lo zero, the Cbox marks lhe 
youngest probe queue entry. 
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c. When a probe response has been sent lo lhe system for the marked probe queue 
entry, O,e Cbox considers the WMB lo be satisfied. 

lfCbox CSR SYSBUS_MB_ENABLE is sci, 01e Cbox performs the following 
actions: 

a. Stalls further MAF and IOWB processing. 

b. Sends lhe MB command lo lhe system port. 

c. Waits unlil the MB command is acknowledged by lhc system wiO, a SysDc 
MB Done command, then sends acknowledge and marks the youngest entry in 
lhc probe queue. 

d. When a probe response has been sent lo the system for the marked probe queue 
enlry, 01e Cbox considers lhe WMB lo be satisfied. 

2.12.1.3 TB Fill Flow 

Load instructions (HW _LDs) lo a virtual page table entry (VPTE) arc processed by the 
212648 Lo avoid lilmtLs Lesl problems associated with O,c ordering of memory lransac­
Lions from another processor against loading of a page lab le entry and lhe subsequent 
virtual-mode load from Ibis processor. 

Consider 01e sequence shown in Table 2- 12. The data could be in the Bcache. Pj should 
fetch dalai ifil is using PTEi. 

Table 2-12 TB Fill Flow Example Sequence 1 

Pi 

WritcDatai 

MB 

Write Pl"Ei 

Pj 

Load/SLorc dalai 

<rB miss> 

Load-PTE 
<write TB> 
Load/Store (restart) 

Also consider the related sequence shown in Table 2- 13. In this case, Lhc data could be 
cached in the Bcache; Pj should fetch dalai ifil is using 1r rEi . 

Table 2-13 TB Fill Flow Example Sequence 2 

Pi 

Write Datai 

MB 

Write PTEi 

Pj 

lslream read dalai 

<TB miss> 

Load-PTE 
<write TB> 
I stream read (rcslarl) - wi ll miss the lcachc 

The 2 1264B processes Dslrcam loads Lo the PTE by injecting, in hardware, some mem­
ory barri er processing between the PTE lransaclion and any subseq uent load or store 
instruction . This is accomplished by Lhe fo llow ing mechanism: 

I. The integer queue issues a MW_ LO inslruclion wilh VPTE. 
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2. The integer queue issues a HW _MTPR instruction with a OTB_PTEO, that is data­
dependent on the HW _LO instruction with a VPTE, and is required in order lo fill 
the OTBs. The HW_MTPR instruction, when queued, sels IPR scoreboard bits [4J 
and [OJ. 

3. When a HW MTPR instruction with a OTB PTEO is issued, the !box signals the 
Cbox indicating that a HW _LO instruction with a VPTE has been processed. This 
causes the Cbox lo begin processing the MB instruction. The !box prevents any 
subsequent memory operations being issued by not clearing the IPR scoreboard bit 
[OJ. IPR scoreboard bit [OJ is one of the scoreboard bits associated with the 
HW _MTPR instruction with OTB _PTEO. 

4. When the Cbox completes processing the MB instruction (using one of the above 
sequences, depending upon the stale ofSYSBUS_MB_ENABLE), the Cbox sig­
nals the !box lo clear IPR scoreboard bit [OJ . 

The 2 1264B uses a simi lar mechanism to process I stream TB misses and fills lo the 
PTE for the (stream. 

I. The integer queue issues a 1-IW _LO instruction with VPTE. 

2. The IQ issues a HW _MTPR instruction with an ITB_PTE that is data-dependent 
upon the HW _LO instruction with VPTE. This is required in order to fill the 1TB. 
The HW_MTPR instruction, when queued, sets IPR scoreboard biLs [4J and [OJ . 

3. The Cbox issues a HW _MTPR instruction fo r the ITB_PTE and signals the (box 
that a HW LONPTE instruction has been processed, causing the Cbox to start pro­
cessing lh;;-MB instruction . The Mbox stalls !box fetching from when the HW_LO/ 
VPTE instruction finishes until the probe queue is drained. 

4 . When the 21264B is finished (SYS_MB selects one of the above sequences), the 
Cbox directs the !box to clear IPR scoreboard bit [OJ. Also, the Mbox directs the 
!box lo start prefetchi ng. 

Inserting MB instruction processing within the TB fill fl ow is only required for multi­
processor systems. Uniprocessor systems can disable MB instruction processing by 
deassert ing lbox CSR I_CTL[TB_MB_EN]. 

2.13 Performance Measurement Support-Performance Counters 

The 21264B provides hardware support for two methods of obtaining program perfor­
mance feedback information . The two methods do not require program modification. 
The first method offers simi lar capabilities to earlier microprocessor performance 
counters. The second method supports the new Profi leMe way of statistically sampling 
individual instructions during program execution lo develop a model of program execu­
tion. Both methods use the same hardware registers. 

See Section 6.10 for in formation about counter control. 

2.14 Floating-Point Control Register 

The floating-point control register (FPCR) is shown in Figure 2- 11 . 
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Figure 2-11 Floating-Point Control Register 
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The floating-point control register fie lds are described in Table 2- 14. 

Table 2-14 Floating-Point Control Register Fields 

Name Extent Type Description 

SUM 

!NED 

UNFD 

UNDZ 

[63] 

[62] 

[61] 

[60] 

RW 

RW 

RW 

RW 
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Summary bit. Records bit-wise OR ofFPCR exception bits. 

Inexact Disable. lfthis bit is set and a floating-point instruction that enables 
trapping on inexact results generates an inexact value, the result is placed in the 
destination register and the trap is suppressed. 

Underflow Disable. The 21264B hardware cannot generate IEEE compliant 
denormal resulls. UNFD is used in conjunction with UNDZ as fo ll ows: 

UNFD UNDZ Result 

X 

0 

Underflow trap. 

Trap to supply a possible denormal result. 

Underflow trap suppressed. Destination is wri tten with a 
true zero (+0.0). 

Underfl ow lo 7,:ro. When UNDZ is sel logelher with UNFD, underflow traps 
are disabled and the 212648 places a true zero in the destination register. See 
IJNFD, above. 
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Table 2-14 Floating-Point Control Register Fields (Continued) 

Name 

DYN 

IOV 

INE 

UNF 

OVF 

DZE 

TNV 

OVFD 

DZED 

INVD 

DNZ 

Extent Type Description 

[59:58] RW Dynamic row1iling mode. lndicalcs lhc rounding mode to be used by an IEEE 
floating-point inslruclion when the instruction specifies dynamic rounding 
mode: 

(57] RW 

(56] RW 

(55] RW 

(54] RW 

[53] RW 

[52] RW 

(51] RW 

[50] RW 

[49] RW 

[48] RW 

Bits Meaning 

00 Chopped 

0 1 Minus inl.inity 

10 Norma l 

II Plus infinity 

Integer overflow. An integer ariUunctic operation or a conversion from float­
ing-point to in teger overflowed the destination precision. 

Inexact result. A floating-point arithmetic or conversion operation gave a resu lt 
that diffored from the rnalhematically exact result. 

Underflow. A tloaling-point ar ilhmetic or conversion opcralion gave a result 
thal underflowed Lhe destination exponent 

Overflow. A floating-point arithmetic or conversion operation gave a resu lL Lhal 
overflowed the deslination exponent. 

Divide by zero. An aLLempt was made to perform a floating-point divide with a 
divisor of zero. 

lnvalid operation. An atlempt was made Lo perform a floating-point arithmetic 
operation and one or more of ils operand values were illegal. 

Overfl ow disable. If this bit is set and a aoating-point arithmetic operation gen­
erates an overflow condjtion, then the appropriate IEEE nontrapping resu lt is 
placed in the des tination register and the trap is suppressed. 

Division by zero disab le. IftJ1 is bit is sel and a floaling-point divide by zero is 
detected, the appropriate IEEE nonlrapping result is placed in tJ1e destination 
register and the trap is suppressed. 

Invalid operation disab le. If tJ.1is bit is set and a tloating-poin t operate generates 
an invalid operation condition and 212648 is capable of producing the correct 
LEEE nontrapping result, that result is placed in the destination register and tJ1e 
Lrap is suppressed. 

Denormal operands to zero. If this bit is set, treat all Oenorrnal operands as a 
s igned zero value wilh Lhe same sign as U1e Denormal operand. 

Reserved [ 47:0] 1 

1 Alpha arch itecture FPCR bit 47 (DNOD) is not iruplernenu:d by Ll1e 2 12648. 

2.15 AMASK and IMPLVER Instruction Values 

The AM.ASK and IMPLVER instructions relurn processor lype and supported architec­
ture extensions, respectively. 
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2.15.1 AMASK 

The 21264B returns lhe AMA SK instruction values provided in Tab le 2- 15. The I_CTL 
register reports the 21264B pass level (sec I_CTL[CHJP _ID], Section 5.2.15) . 

Table 2- 15 212648 AMASK Values 

21264B Pass Level AMASK Feature Mask Value 

See I_CTL[CMIJ'_ ID], Table 5- 11 

The AM ASK bit definilioos provided in Table 2- 15 arc defined in Table 2- 16. 

Table 2- 16 AMASK Bit Assignments 

Bit Meaning 

12 

2.15.2 IMPLVER 

Support for the byte/word extension (BWX) 
1l1e inslructions tJrnt comprise Lhc BWX extension arc LDBU, LDWU, SEXTB, 
SEXTW, ST8, and STW. 

Support fur the square-root and floating-point convert extension (FIX) 
l1.1e instructions Umt comprise the FIX extension are FTOIS, FTOIT, ITOFF, ITOFS, 
ITOFr, SQRTF, SQRTG, SQRTS, and SQRTI. 

Support for the cow1t extension (CJX) 
The instructions that comprise the CIX extension arc CTLZ, CTrOP, and CTTZ. 

Support for lhe multimedia extension (MVI) 
The instructions that comprise the MVI extension arc MAXSB8, MAXSW4, 
MAXUB8, MAXUW4, MINS88, MLNSW4, MINUB8, MINUW4, PERR, PKL8, 
PKW8, UNl'KBL, and UNPKBW. 

Support for precise arithmetic lrap rcporti.ng in hardware. The trap PC is Lhe same as 
Ll.1e inslruction PC after the Lrapping instruction is executed. 

Support for us iug a prcfolch with modify in lent to improve the performance oftJ.1c 
fi.rst allernpt to acquire a lock . When clear, indicates possible pre fetch error with 
locks, described in waiver IO to the Alpha Architecture and in the prcfotch section of 
the appropriate processor (2 1264 and 21264A) specifications. 

For lhe 21264B, the IM.PLVER i.nslruction returns the value 2. 

2.16 Design Examples 

The 212648 can be designed inlo many different uniprocessor and multiprocessor sys­
tem configurations. Figures 2- 12 and 2- 13 illustrate lwo possible configurations. 
These configurations employ additional system/memory controller chipsels. 

Figure 2- 12 shows a typica l uniprocessor system wiLl1 a second-level cache. This sys­
Lem configuration could be used in standalone or networked workslalions. 
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Figure 2- 12 Typical Uniprocessor Configuration 
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Figure 2- 13 shows a typical multiprocessor system, each processor with a second-level 
cache. Each interface controller must employ a duplicate tag store lo maintain cache 
coherency. This system configuration could be used in a networked database server 
application. 

Figure 2-13 Typical Multlprocessor Configuration 
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3 
Hardware Interface 

This chapter contains the 21264B microprocessor logic symbol and provides informa­
tion about signal names, their functio n, and their location. This chapter also describes 
U1e mechanical specifications of U1e 21264B. II is organized as fo llows: 

The 21264B logic symbol 

The 2 I 264B signal names and functions 

Lists oflhe signal pins, sorted by name and PGA location 

The specifications for the 2 I 264B mechanical package 

The lop and bollom views of the 2 1264B pinouls 

3.1 212648 Microprocessor Logic Symbol 

Figure 3- 1 show the logic symbol for the 2 ! 264B chip. 
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Figure 3- 1 212648 Microprocessor Logic Symbol 
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3.2 21264B Signal Names and Functions 

Table 3- 1 defines the 21264B sib'l1al types referred to in this section. 

Table 3--1 Signal Pin Types Definitions 

Signal Type 

lnpuls 

I_DC_REF 

I_DA 

I_DA_CLK 

Outpuls 

O_OD 

O_OD_TP 

O_PP 

0 PP CLK 

Bidirectional 

B_DA_OD 

B DA PP 

Other 

Spare 

NoConnect 

Definition 

Input DC reference pin 

Input differentia l amplifier receiver 

Input clock pin 

Open drain output driver 

Open drain driver for test pins 

Push/pul l output drive r 

Push/pull oulpul clock driver 

Bidirectional differential amplifier receiver with open drain output 

Bidirectional differential amplifier receiver with push/pull output 

Reserved lo COMPAQ1 

No connection - Do not connect to these pins for any revision of the 
2 12648. These pins must float 

1 All Spare connections are Reserved lo COMPAQ to maintain compatibi lity between 
passes of the chip. Designers should not use these pins. 

Table 3- 2 lists all signal pins in alphabetic order and provides a fu ll functiona l descrip­
tion of the pins. Table 3-4 lists the signal pins and their corresponding pi n grid array 
(PGA) locations in alphabetic order for the signal type. Table 3- 5 lists the pin grid array 
locations in alphabetical order. 

Table 3--2 212648 Signal Descriptions 

Signal 

RcAdd_ Hl23:41 

BcCheck_ H(I S:0] 

BcData_ H(l 27:01 

Type Count 

O_PP 20 

B_DA_PP 16 

B_DA_PP 128 

RcDatalnClk_Hf7:0] i_DA 

BcDataOE_L O_PP 
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Description 

These signals provide the index to the Bcache. 

ECC check bils for BcData_Hfl 27:01. 

Bcache data signals. 

Bcache data input c locks. These clocks are used with high 
speed SDRAMs, such as DDRs, lhal provide a clock-out with 
data-output pins lo optimize Bcache read bandwidths. The 
2 12648 internally synchroniz es the data lo its logic with clock 
forward receive c ircuits simi lar to the system interface. 

Bcache data output enable. The 2 1264B asserts this signal dur­
ing Bcache read operations. 
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21 264B Signal Names and Functions 

Table 3--2 212&4B Signal Descriptions (Continued) 

Signal Type 

DcDataOutClk ffl 3:0] O_PP 
DcData0utClk=Ll3:0] 

DcDataWr_L O_PP 

BcLoad_ L O_PP 

BcTag_ffl42:20] B_DA_PP 

BcTagDirty_ H B_DA_PP 

DcTaglnClk_ H I_DA 

BcTagOE_L O_PP 

DcTagOutClk _ ff O_PP 
DcTagOutClk_L 

BcTagParity_ H B_DA_PP 

DcTagShared_ H B_ DA_ PP 

DcTagValid_ H B_DA_PP 

DcTagWr_L O_PP 

DcVref I_DC_REF 

ClkFwd Rst_ ff !_DA 

Clkln_ H i_DA_CLK 
Clkln_L 

DCOK_ H i_DA 

EV6Clk_ ll O_PP_CLK 
EV6Clk_L 

3-4 Hardware Interface 

Count Description 

23 

2 

2 

2 

Bcache data output clocks. l11ese free-running clocks are dif­
fcrenlia l copies of the 8cache clock and are derived from the 
2 1264B GCLK. Their period is a multiple of the GCLK and is 
fixed for a ll operations. They can be configured so Lhal their 
rising edge lags BcAdd_ Hl23:4] by Oto 2 GCLK cycles. The 
212648 synchronizes tag output information with these clocks. 

8cache data write enable. The 212648 asserts Lhis signal when 
writing data lo the 8cache data arrays. 

Bcache bursl enable. 

Bcache lag bils . 

Tag dirty slate bit. During cache write operations, the 212648 
will assert this signa l if the Bcache data has been modified. 

8cache tag input clock. The 2 12648 uses this input clock to 
latch the tag information on Bcache read operations. This clock 
is used with high-speed SORA Ms, such as DDRs, that provide 
a clock-out w ith data-output pins to optimize Bcache read 
bandwidths. The 2 12648 interna lly synchronizes the data to its 
logic with clock forward receive circuits simi lar to the system 
interface. 

8cache tag output enable. This sib'lla l is asserted by the 
212648 for 8cache read operations. 

8cachc tag output clock. These clocks .. echo" the clock-for­
warded RcDataOutClk_x l3:01 clocks. 

Tag parity state bit. 

Tag shared slate bit. The 2 I 264B will write a I on this signal 
line if another agent has a copy of the cache line. 

Tag va lid slate bit. If set, this line indicates that the cache line 
is valid. 

Tag RAM write enable. The 2 1264B asserts this signal when 
writ ing a tag to the 8cache tag arrays. 

Bcache tag reference voltage. 

Systems assert this synchronous signal to wake up a powered­
down 2 I 264B. The ClkFwd Rst_ll signal is clocked into a 
2 1264B register by the captured FrameOk_x signals. Sys­
tems must ensure that the timing of th is signal meets 21264B 
requirements (sec Section 4.7.2). 

Differential input signals provided by the system. 

de voltage OK. Must be dcasscrted unti l de voltage reaches 
proper operating level. After that, DCOK_H is asserted . 

Provides an external test point to measure phase alignment of 
the PLL. 
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21264B Signal Names and Functions 

Table 3-2 21264B S ignal Descriptions (Continued) 

Signal Type Count 

FramcClk_ll i_DA_CLK 2 
FramcClk_L 

IRQ_HI S:01 i_DA 6 

MiscVrcf I_DC_REF 

PIIBypass_ ll !_DA 

PLL_YDD 2.5 Y 

Rcsct_ L I_DA 

SromClk_H O_OD_TP 

SromData_H I_ DA 

SromOE_L O_OD_TP 

SysAddln_Ll14 :0I !_DA 15 

SysAddlnClk_L !_DA 

SysAddOut_ LI 14:01 O_OD 15 

SysAddOutClk_ L O_OD 

SysChcck_Ll7:01 B_DA_OD 8 

SysData_Ll63:0I B_DA_OD 64 

SysDatainClk_H 17:01 !_DA 8 

SysDatalnYalid_L i_ DA 

SysDalaOutClk_Ll7: 0I O_OD 8 

SysDataOutYalid_ L i_DA 

SysFillYalid_ L I_DA 

SysYrcf i_DC_REF 

Alpha 2 12648 Hardwa re Refere nce Manua l 

Description 

A skew-conlro llcd ditlCrcnlia l 50% duty cyc le copy oflhc sys­
tem clock. It is used by the 2 12648 as a reference, or framing, 
clock. 

111csc s ix interrupt signal lines may be asserted by the system. 
The response oft.he 21264B is determined by the system sofi­
ware. 

Voltage reference for the miscellaneous pins 
(sec Table 3-3). 

When asserted, this signal will cause the two input clocks 
(Clkln_x) Lo be applied lo the 212648 internal circuits, instead 
of Lhc 21264B global clock (GCLK). 

2.5-Y dedicated power supply for ~,e 2 1264B PLL. 

System rescl. This signal protects the 2 1264B from damage 
d uring initia l power-up. It must be asserted unti l DCOK_ H is 
asserted. Afier th at, it is deasserled and the 2 12648 begins its 
reset seq uencc. 

Serial ROM clock. Supplies Lhe clock thal causes U1e SROM Lo 
advance to the next bit. 1l1e cycle Lime for this c lock is 256 
times the cycle time of Lhe GCLK (in terna l 21264B c lock). 

Serial ROM data. Input data line from U1c SROM. 

Serial ROM enable. Supplies the output enable Lo the SROM. 

Time-multiplexed command/address/I D/Ack from system lo 
the 21264B. 

Single-ended forwarded clock from sys tem for 
SysAddln_LI 14:01 and SysFillValid_L. 

Time-multiplexed command/addrcssnD/mask from the 
21264B lo Lh c system bus. 

Single-ended forwarded clock output fo r 
SysAddOul_LI 14:01 . 

Quadword ECC check bits for SysData_Ll63:01. 

Data bus for memory and 1/0 data. 

Sing le-ended system-generated clocks for clock forwarded 
in1>ut system data. 

When asserted, marks a va lid data cycle for data Lransfcrs lo 
Lhe 2 1264B. 

Single-ended 2 1264B-gencralcd clocks for clock forwarded 
output system data . 

When asserted, marks a valid data cycle for data Lransfers from 
the 2 1264B. 

When asserted, this bi t ind icates va lidation for Ll1e cache fi ll 
de livered in the prev ious system SysDc command. 

System interface reference vo ltage. 
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21264B Signal Names and Functions 

Table 3-2 21264B Signa l Descriptions (C o ntinued) 

Signal 

Tck_H 

Tdi_H 

Tdo_H 

TestSlal_H 

Tms_H 

Trsl_L 

Type 

I DA -
I DA -
O_OD_T P 

O_OD_T P 

I_DA 

I_DA 

Count Description 

IEEE 11 49. 1 lcsl clock . 

IEEE I 149.1 Lcsl data- in s ignal. 

IEEE I 149. 1 Lcsl data-out signal. 

Test status pin. System reset drives the tes t status pin low. 
111c 1CstSta l_ ll pin is forced high al Ll1e start of ll1e lcachc 
BiST. If the lcachc BiST passes, the pin is dcasscrted al Lh c end 
of ll1e 8iST operation; 0Ll1crwise, it remains high. 
111c 212648 generates a timeout reset signal if an instruction is 
not retired within one billion cycles. 
The 2 12648 s ignals the timeout reset event by outputting a 256 
GCLK cycle wide pulse on TestStat_H. 

IEEE 1149.1 lestmode select signal. 

IEEE I 149.1 lcsl access porl (TAP) rcscl s igna l. 

Table 3- 3 lis ls s ignals by function a nd provides an abbrev iated descrip tion. 

Table 3-3 21264B Signal Description s by F u nction 

Signal Type 

BcVref Domain 

BcAdd_Hl 23:41 o_rr 
BcC hcck_ HI 15:01 B_ DA_PP 

DcDala_Hll27:0I B_ DA_PP 

DcDatalnClk_Hl7:01 I_ DA 

BcDataOE_L o_rr 
BcDataOutClk_Hl3:0I o_rr 
BcDataOutClk_Ll3:UI 

BcDataWr_L o_rr 
BcLoad_ L o_rr 
BcTag_ll l42:20I B_ DA_l'P 

BcTagDirty_ H B_ DA_PP 

DcTaglnClk_H i_ DA 

BcTagOE_L O_PP 

BcTagOutClk_ H O_ PP 
DcTagOulClk_L 

DcTagParity_ H B_ DA_ PP 

DclagShared_H B_ DA_ PP 

Bcl'agValid_ l-l B_ DA_i' P 

Bcl 'agWr_L O_PP 

DcYrcf I_DC_ REF 

~6 Ha rdwa re Inte rface 

Count Description 

20 

16 

128 

8 

23 

Bcachc index . 

ECC check bits for DcData_Hll27:0I . 

8cache data . 

8cache data input clocks. 

Bcache data oulpul enable. 

Bcache data output clocks. 

Bcache da ta wri te enable. 

Bcache burst enable. 

Bcache tag bits. 

Tag dirty stale bil. 

8cache lag input clock. 

Bcache tag output enable. 

8cachc tag output clocks. 

Tag parity sta le bit. 

Tag shared slate bit. 

Tag va lid s tale bit. 

Tag RAM write enable. 

Tag data input reforence vo ltage. 
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21264B Signal Names and Functions 

Table 3-3 21264B Signa l Descriptions by Function (Contin ued) 

Signal 

SysVrd Domain 

SysAddln_Lll 4:0I 

SysAddlnClk_L 

SysAddOut_Lll4:01 

SysAddOutCJk_L 

SysCheck_Ll7:0J 

SysData_Ll63:0J 

SysOatalnClk_Hl7:0J 

SysOatalnValid_L 

SysOataOutClk_Ll7:0J 

SysDataOutValid_L 

SysFillValid_L 

SysVref 

Clocks and PLL 

Clkfn_H 
Clkfn_L 

EV6Clk H 
EV6Clk=L 

FrameClk H 
FrameClk=L 

PLL_VDD 

MiscVref Domain 

ClkFwdRsl_H 

DCOK_H 

IRQ_ HIS:0J 

MiscVref 

PII Bypass_ H 

Type 

I_DA 

!_DA 

O_OD 

O_OD 

B_DA_OD 

B_DA_OD 

T_DA 

I_DA 

O_OD 

I_DA 

!_DA 

J_DC_REF 

J_DA_CLK 

O_PP_CLK 

J_DA_CLK 

2.5V 

l_DA 

!_DA 

!_DA 

J_DC_REF 

!_DA 

Count Description 

15 

15 

8 

64 

8 

2 

2 

2 

6 

Time-multiplexed SysAddln, system-to-2 1264B. 

Single-ended forwarded clock from system for 
SysAddln_Lll4:0J and SysFillValid_L. 

Time-multiplexed SysAddOut, 21264B-to-system. 

Single-ended forwarded-clock. 

Quadword ECC check bits for SysOala_Ll63:0J. 

Data bus for memory and 1/0 data. 

Single-ended sys tem-generated clocks for clock forwarded 
input system data. 

When asserted, marks a valid data cycle for data transfers to 
the 212648. 

Single-ended 21264B-generated clocks for clock forwarded 
output system data . 

When asserted, marks a va lid data cycle for data transfers 
from the 2 I 264B. 

Validation for fi ll given in previous SysDC command. 

System interface reference voltage. 

Differenlial input signals provided by the syslem. 

Provides an ext.emal Lest point to measure phase alignment of 
the PLL. 

A skew-controlled differential 50¾ duty cycle copy of the 
system clock. TL is used by the 212648 as a reference, or fram­
ing, clock. 

2.5-V dedicated power supply for the 21264B PLL. 

Systems asserl this synchronous signal to wake up a powered­
down 212648. The ClkFwd Rst_ H signal is clocked into a 
21264B register by the captured FrameOk_x signals. 

de voltage OK. Must be deasserted until de voltage reaches 
proper operating level . Afler that, DCOK_H is asserted. 

These six interrupt signal lines may be asserted by Lhe system. 

Reference voltage for misce llaneous pins. 

When asserted, th is signal wi ll cause the input clocks 
(Clkfn_x) to be applied to the 2 1264B internal circuits, 
instead of the 21264B's global clock (GCLK). 

Alpha 21264B Hardware Refere nce Manual Hardware Interface 3-7 

Pin Assignments 

Table 3-3 21264B S ignal Descri p tions by Functi on (Continue d) 

Signal 

Reset_L 

SromClk_ H 

Srorn Data_ H 

SromOE_L 

Tck_ H 

Tdi_ H 

Tdo_ H 

TestStat_ H 

Tms_ H 

Trst_L 

Type 

!_DA 

O_OD_TP 

!_DA 

O_OD_TP 

T_DA 

!_DA 

O_OD_TP 

O_OD_TP 

!_DA 

!_DA 

Count Description 

System reset. l11is signal protects the 212648 from damage 
during in itia l power-up. It must be asserted until DCOK H is 
asserted. A fler that, it is deasserted and the 212648 begi;;s its 
reset sequence. 

Serial ROM clock. 

Serial ROM data . 

Serial ROM enable. 

IEEE 1149. 1 tes t clock . 

IEEE 1149.1 test data-in signal. 

IEEE 11 49.1 test data-ou t signal. 

Test status pin. 

IEEE 11 49.1 lest mode select signal. 

IEEE 11 49.1 lest access port (TAP) reset si1,'llal. 

3.3 Pin Assignments 

The 21264B package has 587 pins aligned in a pin grid array (PGA) design. T here are 

380 functio na l s ignal pins, I ded icated 2.5-V p in for the PLL, 1121,>Tound VSS pins, 

and 94 VDD pins. Table 3-4 lists the signal pins and thei r corresponding pin grid a rray 
(PGA) locations in a lphabetical o rder for the signal type. Table 3- 5 lists the pin g rid 
array locat ions in alphabetical order 

Table 3-4 Pin List Sorted by S ignal Name 

Signal Name PGA Location Signal Name PGALocatlon Signal Name PGALocation 

BcAdd_ll_ lO B30 RcAdd_H_ ll 030 RcAdd_H_ 12 C31 

BcAdd_l1_ 13 1128 RcAdd_H_ 14 G29 RcAdd_H_ IS A33 

RcAdd_l1_ 16 E3 1 RcAdd_ H_ l7 032 BcAdd_H_18 834 

BcAdd_H_ 19 A35 RcAdd_ l1_20 B36 RcAdd_H_21 1-130 

RcAdd_H_22 C35 RcAdd_ ll_23 F..33 RcAdd_ll_4 828 

RcAdd_ll_S E27 RcAdd_ H_6 A29 RcAdd_H_7 G27 

RcAdd_ H_8 C29 RcAdd_H_9 F28 RcCheck_ll_O F2 

RcCheck_H_ I AB4 RcCheck_ll_ lO AWi RcCheck_ll_ ll ADIO 

RcCheck_H_ 12 E45 RcCheck_ll_ LJ AC45 RcCheck_H_14 AT44 

RcCheck_H_ IS BR36 RcCheck_H_2 AT2 BcCheck_H_J BCII 

RcCheck _ H _ 4 M38 RcCheck_H_S AA42 RcCheck_l1_6 AU43 

BcCheck_H_7 BC37 RcCheck_ l1_8 M8 HcCheck_H_9 AAJ 

RcDala_H_0 BIO Rc Data_H_ I DJO RcO:da_ H_IO L3 

Rcll:lla_ H_ l00 042 RcDaha_H_ IOI 044 BcOala_ H_ l02 1140 

HcData_H_I0J 1142 RcData_H_ l04 G4S RcDala_ll_ l 0S L43 
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Pin Assignments Pin Assignments 

Table 3-4 Pin List Sorted by Signal Name (Continued) Table 3-4 Pin List Sorted by Signal Name (Continued) 

Signal Name PGA Location Signal Name PGA Location Signal Name PGALocation Signal Name PGALocation Signal Name PGA Location Signal Name PGALocation 

BcData_ l-1 - IU6 L45 Bclla la_ H - IU7 N45 BcD:it111_ H - IU8 T44 BcData_ l-l_9 K2 BcD:ua_ H_90 BAJ BcDat:t_ ll_9 1 8CJ 

BcData_ H - IU9 U45 BcD:ua_ H - II M2 BcD:u:,_ 11 - II U W45 BcDala_ J-1_92 806 BcDala_ H_93 8A9 BcData_ H_ 94 BC9 

Bclhta_ ll - Ill AA4J BcD:da_H - 112 AC4J RcDala_ H - 11 3 A044 BcD:d a_H_9S AY l 2 Bc0ala_H_96 AJ9 BcData_H_97 036 

BcData_ ll - 114 AE4 1 BclJ:da_H - 11 5 AG45 BcO:da_ l-l - 116 AK44 BcData_ H_98 A4 1 BcD,ua_ H_99 B42 BcDatalnC lk_ H_ U E7 

BcDala_ ll - 11 7 AL4J Hcl>:da_H - 11 8 AM42 BcD:da_l-l - 11 9 AR45 BclhtalnC lk_ l l - I RJ BcData l nCl k_ H_2 A 112 BcData lnC lk_ H_J 8C5 

BcData_ l-l -12 T2 BcDala_ ll -12U AP40 BcD;,.ta_ ll -121 8A45 BcD:dalnClk_ H_4 FJ8 Bcllala l nClk_ H_S UJ9 Hclla la lnC lk_ H_6 A ll44 

Bcll:da_ H -122 AV42 BcData_ J-1 - 123 8 844 BcD:tla_ H -124 B842 BcD:dal nClk_ H_7 AY40 BcD:tlaOE_ L A27 BcDalaOulClk_ H_ U J5 

BcData_ ll -125 BC41 Bcllala_ H - 126 8 AJ7 BcDala_ H - 127 8 040 BcDataOutClk_ ll - I AUJ Bcl>ataOutClk_ H_2 J4J BcDataOutClk_ l-l_J AR4J 

Bcllata_ H -13 U l Bcllata_ H -14 V 2 Bcl>ata_ H - IS Y4 BcDataOutClk _ l ,_U K4 BcDataOutClk_ l_,_ I AV4 BcOataOutClk_ L_2 K42 

Bcllata_ l-1 -16 AC I BcData_ H -17 A02 BcData_ ll -18 A EJ BcDataOu lClk_ L,_3 AT42 Bcllata\ Vr_ L D26 BcLo,d_ L F26 

Bcllata_ ll -19 AGI BcOata_ H_ 2 A5 BcOat a_ H_ 20 AK2 BcTag_H_2U E IJ BcTag_l-l_ 21 1116 BcT,g_H_22 A ll 

Bcllata_ l-1_ 21 ALJ BcOata_ H_22 ARI BcData_ H_ 23 AP2 BcTag_l-l_ 23 8 12 BcTag_H_ 24 0 14 BcTag_H_ 25 E15 

RcData _ H _ 24 AY2 BcData_ H_ 25 882 RcData_ H_ 26 AW5 RcTag_H_ 26 AIJ BcTag_H_27 G l 7 llchg_H_ Z8 C l 5 

BcData_ H_ 27 884 BcData_ H_ 28 1388 BcData_ H_ 29 IJE5 BcT,g_ll_29 111 8 BcT,g_H_3U 0 16 RcTag_l-l_J I 816 

BcData_ H_J C5 BcData_ H_J 0 8 8 10 RcData_ H_JI 8E7 RcTag_H_32 C l 7 BcTag_H_33 A l 7 UcTag_11_34 E19 

RcOata_ H_32 GJJ BcData_ H_JJ CJ7 Bcllala_ ll_34 840 BcTag_H_35 8 18 BcTag_H_J6 Al 9 llcTag_H_37 1'20 

BcOata_ H_JS C41 BcData_ H_36 C4J BcOala_ H_37 E4J BcTag_H_38 D20 RcTag_H_39 E2 1 BcTag__H_40 C21 

BcOata_ H_38 G41 Bcllata_ l-f_39 F44 BcOata_ H_4 CJ BcTag_11_41 1)22 BcTag__l-1_42 1122 BcTagDirty_ l-l C2J 

RcOata_ H_40 K44 Bcllata_ H_ 41 N4 1 BcOata_ 1-1_42 M44 BcTagl nC lk _ 1-1 G l 9 BcTagOE_ L 1124 BcT.g0u1Clk_ H C25 

BcOata._11_43 1'42 BcData_ l-l_ 44 U4J Bcl>ata_ f-1 _45 V44 BcTagOu tClk_ L D24 BcTagr arily_ ll 822 BcTagShared_ H G2J 

RcOa.ta._ 1-1_46 Y42 RcData_ H_47 A844 BcOata_ 1-1_48 A042 BcTagValid_ H B24 BcTagWr_ l_, E25 BcVrd 1'1 8 

RcOat.a._ 1-1_49 AE4J BcData_ H_S EJ BcData_ l-l_S0 AF42 CikFwd R,1_ 11 BEIi Clkln_ H AM8 Clkln_ L AN7 

Rcl)ata_ H_S l AJ45 Bcl>ata_ l-1_52 AK42 BcData_ l-l_SJ A N45 DC0K_ H AYl 8 EV6Clk_H A M6 EV6Clk_ l. AL7 

Bcllala_ H_ 54 AP44 BcOata_l-l_SS AN41 RcOala_ l-l_S6 AW45 Fram eClk_ H AV l 6 Fram eClk_ l., AWl 5 IIIQ_H_U 8A l 5 

BcData_ l-1_ 57 AU41 BcData_l-l_S8 AY44 BcDala_ l-l_S9 BA4J IRQ_H_ l 8 EIJ IRQ_11_2 AWl 7 IRQ_ll_3 AVl8 

Rcllata_ 1-1 _6 116 RcOata _ 1-1 _ 60 8C4J RcData_ l-l_ 61 8042 IRQ_11_4 BC l 5 IRQ_H_S 8B l 6 MiscVr-d AV22 

Bclla ta_ ll_ 62 8BJ8 RcData_ l-l_63 BE4 1 RcData_ H_ 64 C II NoConnect B814 NoConnecl BD2 l'LL_V00 AV8 

BcOat·a_ 11_ 65 A7 BcData _ 1-1 _ 66 C9 RcData_ H_ 67 86 r nRypass_ H BOl 2 Resel_ L. 8 01 6 Spare All 

Bclhla_ll _68 ll4 Rcl>a ta_ l-l_69 04 BcData_ H_ 7 El Spare VJ8 Spare AT4 Spare BE9 

RcOata_ 1-1 _70 G5 BcOata_ l-1_ 71 0 2 RcOat;a_ H_ 72 114 Spare F8 Spare 8 04 Spare AJ4J 

RcData_ H_73 GI RcData_ H_74 N5 BcOata_ H_ 75 LI Spare ARJ Spare T4 Spare EJ9 

RcData_ H_ 76 N I UcOata_ l-1_77 UJ Rcllat a_ H_ 78 W5 Spare 8 AJ9 Spare 8C2 1 SromClk_l-l AW l9 

Rcllata_ H_79 W I BcOata_ l-1_8 JJ BcData_ H_S0 A82 Sromllat a_ H BC l 7 Sr-omOE_ L BE17 SysAdd l n_ L_ 0 8 0 30 

Bcllata_ l-1_81 ACJ UcData_ H_82 A O4 BcOala_ H_83 AF4 SysAdd ln_L_ I BC29 SysAdd ln_ L_ I0 8 824 SysAddln_L_ II AV24 

Bcllala _ 1-1 _ 84 AJJ Ucllata_ l-l_85 A K4 BcDala_ H_86 AN I Sy,Add ln_L_ 12 8 024 SysAddln_ L_ IJ 8 E2J SysAddln_L_ 14 AW2J 

BcData_ l-l_87 AM4 RcData_ l-1_88 AUS RcDala_ H_89 BAI SysAdd ln_L_2 AY28 Sy,Addln_ L_3 BE29 Sy,Addln_L_4 AW27 
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Pin Assignments 

Table 3-4 Pin List Sorted by Signal Name (Continued) 

Signal Name PGA Location Signal Name 

SysAdd ln_L_S 

SysAdd ln_L_8 

SysAddO ut_L_O 

SysAddO ut_L_II 

SysAdd0ut_L_ l4 

SysAdd0ut_L_4 

SysAdd0 ut_L_7 

8A27 SysAddln_l._6 

AY26 SysAddln_L_9 

AW33 SysAddOut_L_ I 

AW29 

8830 

RA33 

AVJO 

SysAddOutClk_L 8D34 

SysCheck_L_2 AK8 

SysCheck_L_S AA4 1 

SysOata_L_O Fl4 

SysDala_L_ II T8 

SysData_I._ 14 W7 

SysOahi_l._ 17 AC7 

SysD:ua_L_2 Fl 2 

Sy,n ata_ l ,_22 AJ7 

SysData_ l ._25 AR7 

SysDala_L_28 

Syd )ata_ L_30 

Sysn ata_ l ,_33 

SysData_ l ,_36 

SysDala_ l.,_39 

SysData_ L_ 41 

Sysl>ata_ l ... _ 44 

SysOala _ I.,_ 47 

SysOata_l.,_S 

SysData_t._52 

SysOata_L_SS 

Sys0 ata_L_58 

SysOata_ l_,_60 

Sys0 ata_L_63 

SysO:.ala_ L_9 

SysDala lnClk_H_2 

AV IO 

AV l2 

F34 

F40 

)41 

N39 

V40 

Y40 

G7 

All38 

AK38 

AR39 

AY38 

AV34 

N7 

AF6 

SysAddOut_L._ 12 

SysAddOut_L._2 

SysAddOut_L_S 

SysAddOut_ L _ 8 

SysCheck_ l_,_ 0 

SysCheck_L_3 

SysCheck_L_6 

SysOala_ l_,_1 

SysOala_ I_,_ 12 

SysD:ala_ l_,_15 

SysDa la_ l_,_18 

Sys0 ala_L_20 

SysDala_L_23 

SysOala_l._26 

SysD:ua_l .• _29 

Sysllala_l ._31 

SysD:lla_l_,_34 

Sys0 ala_L_37 

SysDala_l_,_ 4 

SysOala_L_ 42 

SysDala_l.,_ 45 

SysDala_l_,_ 48 

SysOiua_L_SO 

SysDala_l_,_53 

SysDala_l_,_56 

SysData_L_59 

SysDa1a_L_6I 

SysDala_L_7 

SysDatalnClk_H_O 

SysData lnClk_ll_J 

PGA Location Signal Name 

8028 SysAddln_L_7 

BC2S SysAddlnClk_l., 

BF.39 SysAddOut_l.,_ 10 

RCJI 

RD36 

AY32 

8B32 

L7 

BA IJ 

AM40 

GIJ 

VB 

Y6 

ADS 

All6 

ALS 

AT8 

AWI I 

AWIJ 

1134 

G39 

11 10 

P40 

W4 1 

AR38 

AD38 

AJ39 

AN39 

AT38 

AV36 

KB 

D8 

AY6 

SysAddOut_L_ l3 

SysAddOut_L _3 

SysAdd0 ut_L_6 

SysAddOut_L._9 

SysCheck_L_ I 

SysCheck_l ... _ 4 

SysCheck_L_7 

SysData_ l .. _10 

SysData_ l ._13 

SysData_L_16 

SysData_ l_,_ 19 

SysData_l.._21 

Sys0 ata_L_24 

SysData_l._27 

SysData_L_J 

SysData_l.._32 

SysOata_l._35 

SysDala_l._38 

SysData_l.._40 

SysData_L_43 

SysDala_t._46 

SysData_l._49 

SysData_L_SI 

SysData _I.._ 54 

SysData_L_57 

Sys0ata_L_6 

SysData_L_62 

SysData_L_8 

SysData lnClk_H_ l 

SysData lnClk_H_4 

PGALocation 

BE27 

8826 

8 E33 

AV28 

BCJS 

8EJS 

8A31 

AAS 

L39 

AY34 

r6 

V6 

ABS 

AES 

AH8 

AP8 

AV6 

111 2 

F32 

GJS 

KJ8 

M40 

T38 

W39 

AC39 

AF40 

AUi 

AP38 

F6 

AW3S 

M6 

P4 

E37 

SysOata lnOk_H_S R43 SysData lnClk_H_6 AG4 l Sys0 ata lnClk_ll_7 AV40 

SysData lnValid_L BD22 

SysOataOutClk_ l._2 AG7 

SysDataOulClk_ l ,_O Gi l 

SysDataOu1Clk_ L_J AY8 
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Pin Assignments 

Table 3-4 Pin List Sorted by Signal Name (Continued) 

Signal Name PGA Location Signal Name PGA Location Signal Name PGA Location 

SysDataOutClk_l_,_S R4 1 SysDataOutClk_L_6 Al-140 SysDataOutClk_l._7 AWJ9 

SysDa taOutValid_L 8822 SysFillValid_L BC2J SysV.-ef BA25 

Tck_ll BEl9 Tdi_H BA2 1 Tdo_ ll 8820 

TestSta1_H 8A l9 Tms_ H BDl8 

Table 3-5 Pin List Sorted by PGA Location 

PGA Location Signal Name PGA Location Signal Name 

A l I RcTag_11_22 A 13 RcTag_11_26 

A 19 RcTag_H_36 A27 RcOataOE_L 

A33 RcAdd_ll_ l S AJS RcAdd_H_19 

A4 I Bc0 ata_H_98 A5 RcDala_H_2 

AA3 RcCheck_H_9 AA4 1 SysCheck_L_S 

AAS SysCheck_L_ I AB2 RcData_H_80 

AB4 BcCheck_H_ I A842 RcCheck_H_S 

A88 Sys0 ata_L_ 16 AC ! RcData_H_ l6 

AC39 SysData_ L_ 49 AC43 RcOata_ll_ ll2 

AC7 

AD4 

AD8 

AE43 

AF40 

AGI 

AG7 

AH40 

AH8 

AJ39 

AJ7 

AK4 

AK8 

AU3 

AM4 

AM6 

AN39 

AN7 

AP40 

SysDala_ J_._17 

RcData_A_82 

SysDah1_L_18 

BcData _ H _ 49 

AD2 

AD42 

AE3 

AES 

SysData_L_S I AF42 

RcOata_l1_ 19 AG4 1 

SysDataOu1Clk_ L_2 All2 

SysOataOutClk_ L_6 All44 

Sysn ata _ L_ 21 All 

Sys0 ata_L_53 AJ43 

Sys0 ata_L_22 AK2 

Rc0 ata_H_85 AK42 

SysCheck_l._2 ALJ 

RcOata_ll_ ll 7 Al.5 

Rc0 ata_ll_87 AM40 

F.V6Clk_H AMS 

SysData_l ._56 

Clkln_L 

RcDala_H_ l20 

AN41 

AP2 

AP44 

Rc0ata_H_17 

RcData _ H _ 48 

BcDala_H_18 

SysData_l.._19 

BcData_H_SO 

SysDalalnClk_H_6 

RcDalalnClk_ H_? 

RcDalalnClk_ H_6 

Spare 

Spare 

Bd>ata_H_?O 

Rc0ata_H_52 

RcDala_H_21 

SysData_l.._23 

SysCheck_L_6 

Clkln_H 

RcDala_ l-f_SS 

BcData_ l-f_?J 

RcDala_H_S4 

Tut L AY20 

PGA Location Signal Name 

A 17 RcTag_H_33 

A29 RcAdd_H_6 

A39 Rc0ata_H_96 

A 7 Rc0ata_H_65 

AA43 RcData_H_III 

AR38 Sys0 ata_L_48 

AR44 Bc0ata_ll_47 

ACJ RcData_H_81 

AC4S BcCheck_ll_ l3 

AD38 

AD44 

AE4 1 

AF4 

AF6 

AG4S 

All38 

AH6 

AJJ 

AJ4S 

AK38 

AK44 

AU i 

AL7 

AM42 

AN I 

AN4S 

AP38 

Ars 

SysDala_L_SO 

RcDala_ H_ l13 

BcData_H_114 

RcData _ H _ 83 

SysDalalnClk_ H_l 

BcData_H_ tlS 

SysDala _I ... _ 52 

SysData_l.._20 

RcDala_H_84 

BcData_H_Sl 

SysData_L_SS 

BcDala_H_ I 16 

SysOa ta_l.._S4 

F.V6Clk_ L 

BcData_H_ ll8 

BcData_H_86 

BcOata_H_SJ 

SysOala_l_,_57 

SysOata_l._24 
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Pin Assignments Pin Assignments 

Table 3---5 Pin List Sorted by PGA Location (Continued) Table 3---5 Pin List Sorted by PGA Location (Continued) 

PGALocation Signal Name PGALocation Signal Name PGA Locat ion S igna l Name PGA Location Signal Name PGALocation Signal Name PGA Location Signa l Name 

AR I BcData_H_22 ARJ Spare ARJ9 SysD;Ua _ l ,_ 58 BC2S SysAddln_ L _ 9 BC29 Sy,Addln_ L_I BCJ BcData_H_91 

AR4J BcDataO utC lk_H_J AR4S BcData_ ll_ 11 9 AR7 SysDa t:a_ l.._ 25 BCJI Sy,AddOut_ L_ l2 BCJS SysAddOut_ l.,_3 BCJ7 BcChcck_ H_7 

AT2 BcCheck_ l-l_ l ATJ8 SysDala_ L.._59 AT4 Spare BC4 1 BcData_H_ 125 BC4J 8cData_l l_60 BCS Hclbta lnClk_ H_3 

AT42 BcD:da0utClk_L_3 AT44 BcCheck_H_ 14 AT8 SyslJa ta_ L.._26 BC9 BcData_ll_94 8D 10 BcChed_ H_ II BDl 2 r llHypass_ll 

AUJ BcD:daOutClk_H_ I AU41 BcData_ ll_ 57 AU4J BcC ht.-ck_ 11_6 BDl6 Rcsct_ l_, 8D 18 T rus_H BD2 NoConnccl 

AUS BcD:11a_H_88 AVI0 SysData_ L.._28 AV l 2 SysData_ L_ J0 81)22 SysDah, lnValid_ l , BD24 SysAddln_ l ,_12 BD28 SysAdd ln_ l.._6 

AVl6 FrameClk_ H AV l 8 IR Q__H_J AV22 MiscVrer BDJ0 SysAdd ln_ l.,_O BDJ4 SysAddOutClk_ L BDJ 6 SysAddOut_ I.,_ 2 

AV24 SysAdd ln_ L_ II AV28 SysAddO ut_ L_ IJ AVJ0 SysAddOut_ l.,_7 BD4 Spare BD40 BcData_ l-l_ 127 BD42 BcOata_ H_6 I 

AVJ4 Sysl>a ta_l.._63 AVJ6 SysData_L_61 AV4 BcD,uaOutClk_L_ I BD6 BcO;tla_H_92 BE Ii C lkFwd Rst_H BEIJ IRQ__ll_ l 

AV40 SysData lnClk_ H_7 AV42 Bcl>ata_ H_ l22 AV6 SysData_ l.._27 BE17 SromO[_ L BE 19 Tck_ll BE2J SysAddln_ l.._ 13 

AV8 r LL_VDD AW i BcCheck_H_ IU AWII SysData_ l_,_29 BE27 SysAddln_ L_ 7 BE29 SysAddln_L_J BEJJ SysAddOut_ L_ IU 

AWIJ Sysllata_L_3 1 AW IS Fr-ameClk_L AWl7 IRQ__ll_2 BEJS SysAddOut_ L_6 BEJ9 SysAddOut_ L_ I BE41 BcOala_ll_63 

AW l9 SromClk_H AW2J Sy,Addl n_ L_ l4 AW27 SysAdd l n_ L_4 BES BcData_ll_29 BE7 KcData_H_J I BE9 Spare 

AW29 SysAddOut_ L_ U AWJJ SysAddOul_L_U AWJS SysData_ l ... _62 C II BcDala_H_64 C IS KcTag__H_28 C l7 BcTag___ll_32 

AWJ9 SysDataOutC lk_ l_,_7 AW4S KcDala_H_56 AWS BcD:Ua _ 11 _ 26 C2 1 KcTag__1-1_4U C2J BcTagDirly_ ll C2S KcTagOutClk_ H 

AYl2 BcData_ll_95 AY l 8 DCO K_H AY2 BcData_ ll_24 C29 BcAdd_ ll_8 CJ Kcllata_ H_4 CJ I BcAdd_ ll_ l2 

AY20 Trsl_L AY26 SysAddln_l ,_8 AY28 SysAddl n_ L_2 CJS BcAdd_ 11_ 22 CJ7 BcOala_ H_J3 C4 1 Bcllata_ 1-1_35 

AYJ2 SysAddOut_ L_S AYJ4 SysChcck_l ... _7 AYJ8 SysData_ L_6U C4J BcDa ta_ l1_36 cs Bcllata_ H_J C9 Kcl>ata_ H_66 

AY40 BcDalalnClk_ H_7 AY44 BcData_H_58 AY6 SysData lnClk_ l-l_3 DI0 KcData_ H_ I 1)14 BcT•g___ll_2 4 Dl6 BcTag___H_JU 

AY8 SysDalaOutClk _ I_._J BIO Ucll:lta_ll_U B12 KcTag_H_23 D2 BcData_H_71 D20 BcTag_H_38 1)22 BcTag_H_4 1 

816 BcT•g___ll_J I 818 BcTag___ll_JS B22 KcTagr ar ily_H D24 BcTagOutClk_ L D26 BcDataWr_L DJ 0 BcAdd_ ll_ II 

8 24 BcTagValid_ H 828 BcAdd_ H_4 BJ0 BcAd d_ H_ 10 DJ2 BcAdd_ll_ 17 DJ6 BcData_ H_97 D4 KcData_H_69 

BJ4 BcAdd_ll_ l 8 RJ6 RcAdd_ ll_2U B4 KcData_H_68 D42 KcData_H_ IUU D44 BcData_H_ t 0I D8 SysDatalnClk_ l-l_0 

840 BcD:&ta_ ll_J4 842 Bcl>ata_1-1_99 B6 KcOata_H_67 E l KcData_H_7 EIJ KcTag_H_2U EIS lkTag___11_25 

BAI KcOata_H_89 BAIJ SysCheck_L_3 BAIS IRQ__H_U E 19 BcTag__ll_34 E2 1 Bclag___H_J9 E2S BcTagWr_L 

BAl9 Tes tStat_H BA21 Tdi_ H BA25 SysVref E27 BcAdd_ H_S EJ BcData_H_S EJ I llcAdd_ H_ l 6 

BA27 SysAdd ln_ L_ S BAJ BcData_ ll_9U BAJ I SysAddOut_ L_9 EJJ BcAdd_ ll_ 23 EJ7 SysDatalnClk_H_4 EJ9 Spare 

BAJJ SysAddO ut_ L_ 4 BAJ7 BcOata_ H_ t 26 BAJ9 Spare E4J KcData_H_37 E4S BcC heck_ ll_ l2 E7 KcData l nClk_ l-l_0 

BA4J BcData_ll_S9 BA4S BcData_ ll_ 121 8A9 Bcllata_ ll_9J F 12 SysDala_ L._2 F14 SysData_ l.,_0 F 18 lkVref 

BBI0 KcDala_H_JU B814 NoConnect 8B 16 IRQ__ll_S F2 BcCheck_H_0 F20 Bc1ag___ll_J7 F26 lkLoad_L 

RB2 BcD:ata_H_25 8B20 Tdo_ ll 8822 SysDataOutValid_L F28 BcAdd_ H_9 FJ2 SysD;lla_ L._32 FJ 4 SysData_L_33 

13B24 SysAddln_L_ IO Bll26 SysAdd lnClk_ L BBJ0 SysAddOut_ L_ l4 FJ8 BclhtalnClk_ H_4 F40 SysOata_ L_36 F44 BcData_ l-l_J9 

8B32 SysAddOut_ L_8 BBJ6 BcC heck_ ll_ l S BBJ8 BcDala_H_62 F6 SysD:ata_L_6 F8 Spare GI BcOata_ l-l_73 

BB4 KcD:ala_H_27 BB42 Bcllala_ 1-1_ 124 8B44 BcOata_ 1-1_ 12J G Ii SysDataOu1Clk_ L_0 GIJ Sysllala_l._ l Gl7 BcTag_H_27 

B88 KcData _ H _ 28 BC II BcCheck_ ll_J BCIS IRQ__ll_4 Gl9 KcTaglnC lk_ ll G2J BcTagSharcd_ l-l G27 BcAd d_ H_7 

BC l7 SromD:ata_l-l BC21 Spare BC2J SysFill V:,l id_L G29 BcAdd_ H_ l4 GJJ BcD:ata_H_32 GJS SysDal:,_L_35 
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Pin Assignments Pin Assignments 

Table 3-5 Pin Lisi Sorted by PGA Location (Continued) Table 3-6 lists lhe 21264B ground and power (VSS and VDD, respectively) pin list. 

PGA Location Signal Name PGA Location Signal Name PGALocatlon Signal Name 
Table 3-6 Ground and Power (VSS and VDD) Pin Lisi 

G39 SysOata_ l.,_37 G41 Rc0ata_ll_38 G45 Rc 0 ata_H_ t04 

GS Rc0 afa_H_70 G7 Sys0ata_L_5 11 10 SysData_ L_4 Signal PGA Location 

1112 SysD:da_l.,_3 1116 RcTag_H_2I 111 8 RcTag__ll_29 VSS AIS A21 A25 AJ AJI A37 A43 A9 AA I AA39 

H22 RcTag__H_42 1124 RcTagOF._L 1128 RcAdd_ ll_lJ AA45 AA7 AC4 1 ACS AEI AE39 AE45 AE7 AGJ AG39 

1130 RcAdd_11_2 1 1134 Sys0ata_L_34 1136 SysDataOutClk _ L _ 4 
AG43 AGS AJ4 1 AJ5 ALI AL39 AL45 ANJ AN43 ANS 

AR41 ARS AUi AU39 AU45 AU7 AW21 AW25 AWJ AWJI 
114 Rchata_H_72 1140 RcOat:1_11_102 1-142 Bc0ata_H_l03 

AW37 AW41 AW43 AW7 AW9 AYl4 BAIi BAl7 BA23 BA29 
116 RcDat;a_H_6 J3 RcData_ ll_8 )41 SysData_L_39 

BA35 BA4I BAS BA7 BC I RCIJ BCl9 RC27 BCJJ BC39 

143 RcDataOutClk_ l-l_l 15 Rch ataOutClk_H_O K2 RcData_ H_9 BC45 BC7 REIS BE21 BE25 BEJ REJI BE37 BE43 C l 

K38 SysData_l._38 K4 Rdht:aOutClk_L_0 K42 RcDataOutClk_L_2 CIJ Cl9 C27 CJJ C39 C45 C7 DS8 E ll E l 7 

K44 RcData_ll_40 KS SysData_L_7 LI Bc0ata_H_75 E23 E29 E35 E41 E5 E9 GIS G2 I G25 GJ 

LJ Rd)ata_H_ tO L39 SysCheck_ I_,_ 4 L43 RcData_H_ IOS GJI G37 G43 G9 JI J39 )45 J7 L4I LS 

L45 RcData_ll_l06 L7 SysCheck_ L_O M2 RcDala_H_ ll NJ N43 R I R39 R45 RS R7 T42 U41 us 
WJ W43 

M38 RcCheck_ ll_4 M40 SysData_L_ 40 M44 Rc0ata_H_42 

M6 SysDala_l.._8 MS RcChcck_ll_ 8 NI RcDala_H_76 
vnn A23 AB40 AB6 AD40 AD6 AF2 AF38 AF44 AFS All4 

N39 Sysllala_L_ 4 1 N4I Rcllala_H_4 I N45 Bcllala _ H _ I 07 
AH42 AK40 AK6 AM2 AM38 AM44 AP4 AP42 AP6 AT40 

N5 Bcllala_H_74 N7 Sys0 ala_L_9 P4 SysOatalnClk_ ll_ l AT6 AVl4 AV2 AV20 AV26 AV32 AV38 AV44 AYIO AYl6 

NO Sysllala_L_ 42 P42 BcOala_ll_ 43 P6 Sysllata_ L_ IO AY22 AY24 AYJO AV36 AY4 AY42 B14 B2 B20 826 

RJ Rcllala lnClk_l-l_ l R4I Sysn a1aOu1Clk _ l ,_S R43 SysDalalnClk_ H_S 832 B38 844 B8 8B12 88 18 RB28 B834 8B40 8B6 

T2 Rcllata_l-l_ t2 T38 Sysna1a_L_4J T4 Spare BDl4 BD20 BD26 BD32 BD38 BD44 BDS D l 2 DIS D28 

T44 Rc0ata_H_ t08 TS SysDala_l_,_ tl U l Rcllala_H 13 
D34 D40 D6 F IO Fl6 F22 F24 FJO F36 F4 

-
F42 1114 H2 1120 1126 1132 1138 1144 K40 K6 

UJ RcDala_ll_ 77 U39 RcOatalnClk_ H_S U43 Rc0 ala_H_44 
M4 M42 P2 P38 P44 PS T40 T6 V4 V42 

U45 Rcllata_H_109 U7 SysDa1:10u1Clk_ L_ I V2 RcDala_ ll_ l4 
Y2 Y38 Y44 YS 

VJS Spare V40 SysData_L_44 V44 Rc0ala_H_4S 

V6 Sysll:1ta_L_ IJ V8 Sys0ata_L_ 12 WI Rc0ala_H_79 

W39 Sysllata_L_ 46 W4I Sys0ata_L_4S W45 RcOata_H_ llO 

WS Rcllala_H_78 W7 SysOata_ l_,_14 Y4 RcDala_H_ lS 

Y40 Sysllata L 47 Y42 RcD:11a_H_46 Y6 SysD:11a_ l ... _ lS 
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Mechanical Specifications 

3.4 Mechanical Specifications 

This section shows O, e 212648 mechanical package dimensions without a heal sink. 
For heal sink information and dimensions, re for lo Chapter I 0. 

Figure 3- 2 shows the package physica l dimensions wi01oul a heal sink . 

Figure 3- 2 Package Dimensions 

2.54mm (.100 In) Typ 

,, 587x 1.40 mm (.055 in ) Typ 

1/-4-2 0 Stud (2x) 

.13 mm _.../ 

(.OOSin)R 1 1 

-► r-1.905 mm (.075 in) Typ 

59.94 mm (2.360 in) Typ--1 
2 mm I BOin)Typ-

53.85 mm 
{2.120 in) Typ __ _ 
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21264B Packaging 

3.5 21264B Packaging 

Figure 3- 3 shows the 2 12648 pinoul from 01e lop view wi th pins fac ing down. 

Figure 3- 3 21264B Top View (Pin Down) 

FM-0564-4 
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212648 Packaging 

Figure 3--4 shows the 2 1264B pinout from the bottom view with pins fac ing up. 

Figure 3--4 21264B Bottom View (Pin Up) 

FM-05645 
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4 
Cache and External Interfaces 

This chapter describes the 21264B cache and external interface, which includes the sec­
ond-level cache (Bcache) interface and lhe system interface. fl also describes locks, 
interrupt signals, and ECC/parily generation. II is organized as follows: 

Introduction lo lhe external interfaces 

Physical address considerations 

Bcache structure 

Victim data buffer 

Cache coherency 

Lock mechanism 

System porl 

Bcache port 

Interrupts 

Chapter 3 lists and defin es all 2 1264B hardware interface signal pins. Chapter 9 
describes the 2 1264B hardware interface electrical requirements. 

4.1 Introduction to the External Interfaces 

A 21264B-based system can be divided inlo three major sections: 

21264B microprocessor 

Second-level Bcache 

System interface logic 

- Optional duplicate tag store 
Optional lock register 

- Optional victim buffers 

The 2 1264B external interface is fl exible and mandates few design rules, allowing a 
wide range o f prospective systems. The external interface is composed of the Bcache 
interface and the system interface. 

Input clocks must have the same freq uency as their corresponding output clock. For 
example, the frequency ofSysAddlnClk_L musl be tl1e same as 
SysAddOutClk_L. 
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Introduction to the External Interfaces 

The Bcache interface includes a 128-bit bidirectional data bus, a 20-bit unidirec­
lional address bus, and several conlrol signals. 

- The BcDataOutClk_x(3:0( clocks arc free-running and are derived from tl1c 
internal GCLK. The period ofBcDataOutClk_x(3:0( is a programmable mul­
tiple of GCLK. 

- The Bcache turns the BcDataOutClk_x(3:0( clocks around and returns tl1em 
to tl1c 2 1264B as BcDatal11Clk_Hl7:0( . Likewise, BcTagOutClk_x returns as 
BcTaglnClk_H . 

The Bcache interface supports a 64-byte block size. 

The system interface includes a 64-bil bidirectional data bus, lwo 15-bit 
unidirectiona l address buses, and several control signals. 

The SysAddOutClk_L clock is free-running and is derived from the internal 
GCLK. The period ofSysAddOutClk_L is a programmable multiple of 
GCLK. 

- The SysAddlnClk_L clock is a turned-around copy ofSysAddOutClk_L. 

Figure 4--1 shows a simplified view of tl1e external interface. The function and purpose 
of each signal is described in Chapter 3. 
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Figure 4---1 21264B System and Bcache Interfaces 

SysAddln_Ll14:0J 

SysAmjlnClk_L 

SysAddOut_Ll14:0J 

SysAddOutClk_L 

SysVref 

SysOata_L(63: 0J 

SysCheck_L[7:0J 

SysDatalnClk_H(7:0J 

SysData0 utClk_L[7:0J 

SysDatalnValid_L 

SysDataOutValid_L 

SysFillValid_L 

BcAdd_Hl23:4) 

21264B 

BcLoad_L 

B cOata_Hl127:0J 

BcCheck_H[1 5:0J 

BcDatalnClk_H(7:0] 

BcDataOutClk_x[3:0] 

BcOataOE_L 

BcOataWr_L 

BcTag_Hl42:20J 

BcTaglnClk_H 

BcTagOutClk_ x 

BcVref 

BcTagWr_L 

BcTagOE_L 

BcTagValid_H 

BcTagOirty_H 

BcTagShared_H 

BcTagParity_H 

IRQ_HIS:0J 

~ 

~ 

-

123:4) f 
I Data 

:=U 

-

4.1.1 System Interface 

123:6) f 
II Tag 

Introduction to the External Interfaces 

123:6) f 
II Status I System 

~ · 

FM-058188-EV67 

This section introduces the system (external) bus interface. The system interface is 
made up oflwo unidirectional 15-bil address buses, 64 bidirectional data lines, eight 
bidirectional check bits, two single-ended unidirectional clocks, and a few control pins. 
The 15-bil address buses provide time-shared address/command/TD in two or four 
GCLK cycles. The Cbox controls the system interface. 
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Physical Address Considerations 

4.1.1.1 Commands and Addresses 

The system sends probe and data movement commands lo the 2 12648. The 212648 can 
hold up lo eight probe commands from the system. The system controls the number of 
outstandi ng probe commands and must ensure that the 2 12648 8-entry probe queue 
does nol overflow. 

The Cbox contains an 8-entry miss buffer (MAF) and an 8-enlry victim buffer (VAF). 

A miss occurs when the 212648 probes the Bcache but does not find the addressed 
block. The 212648 can queue eight cache misses lo the system in ils MAF. 

4.1.2 Second-Level Cache (Bcache) Interface 

The 2 12648 Cbox provides control signals and an interface for a second-level cache, 
the Bcache. The 212648 supports a Bcache from I MB lo 16MB, with 64-byte blocks. 
A 128-bit data bus is used for lransfers between the 212648 and the Bcache. The 
Bcache must be comprised of synchronous static RAMs (SSRAMs) and must contain 
either one, two, or three internal registers. All Bcache control and address pins are 
clocked synchronously on Bcache cycle boundaries. The Bcache clock rate varies as a 
multiple of the CPU clock cycle in half-cycle increments from 1.5 to 4.0, and in full­
cycle increments of 5, 6, 7, and 8 limes the CPU clock cycle. The 1.5 mul tiple is only 
available in dual-data mode. 

4.2 Physical Address Considerations 

The 212648 supports a 44-bit physical address space that is divided equa lly between 
memory space and 1/0 space. Memory space resides in the lower half oflhe physical 
address space (PA[43) = 0) and 1/0 space resides in the upper half of the physical 
address space (PA[43) = I). The 2 12648 recognizes these spaces internally. 

The 212648-generaled external references lo memory space are always ofa fixed 
64-byte size, though the internal access granularity is byte, word, longword, or quad­
word. All 212648-generated external references lo memory or 1/0 space are physical 
addresses that are either successfully translated from a virtual address or produced by 
PA Lcode. Speculative execution may cause a reference lo nonexistent memory. Sys­
tems must check the range of all addresses and report nonexistent addresses lo the 
212648. 

Table ~I describes the translat ion of internal references lo external interface refer­
ences. The first column lists the instructions used by the programmer, including load 
(LDx) and store (STx) instructions of several sizes. The column headings are described 
here: 

DcHil (block was found in the Dcache) 

DcW (block was fo und in a wri table stale in the Dcache) 

BcHil (block was found in the Bcache) 

BcW (block was found in a writable stale in the Bcache) 

Status and Action (status al end of instruction and action performed by the 212648) 
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Prcfelches (LDL, LDF, LOG, LDT, LDBU, LDWU) to R3 I use the LDx now, and 
prcfclch with modify inlenl (LOS) uses the STx now. lflhe prefelch largel is addressed 
lo 1/0 space, the upper address bil is cleared, converting Uie address lo memory space 
(PA( 42:6] ). Noles follow U1e table. 

Table 4-1 Translation of Internal References to External Interface Reference 

Instruction DcHit DcW BcHit BcW Status and Action 

LDx Memory X X X Dcache bil, done. 

LDx Memory 0 X X Bcache hit, done. 

LDx Memory 0 X 0 X Miss , generate RdB l.k command. 

LDx 1/0 X X X X Rd8ytes, RdLWs, or RdQWs based on size. 

lslrcam Memory X X X Dcachc hit, [stream serviced from Dcache. 

)stream Memory 0 X X Bcachc hit, [stream serviced from Bcache. 

Islream Memory 0 X 0 X Miss, generate RdB lkl command. 

STx Memory X X Store Dcache hit and writable, done. 

STx Memory 0 X X Store hit and not wri tab le, set dirty flow (note I). 

STx Memory 0 X Store Bcache hit and wri table, done. 

STx Memory 0 X 0 Store hit and not wrilab le, set-dirty flow (note 1). 

STx Memory 0 X 0 X Miss, generate RdBlkMod command. 

STx 1/0 X X X X WrBytes, WrLWs, or WrQWs based on si:;,..c. 

STx _ C Memory 0 X X X Fai l STx_C. 

STx_C Memory 0 X X STx _C hi l and not wriLablc, set dirty !low (note I). 

STx_C 1/0 X X X X Always succeed and WrQws or WrLws are generated, 
based on lhc size. 

WH64 Memory X X Hil, done. 

Wl-164 Memory 0 X X WH64 hi t not writab le, set dirty flow (note I). 

WH64 Memory 0 X WH64 bit d.irty, done. 

WH64 Memory 0 X 0 WH64 hit not writab le, se t dirty flow (note I). 

WH64 Memory 0 X 0 X Miss, generate Inva lToDirty command (note 2). 

Wl-1641/O X X X X NOP the instruction. WH64 is UNDEFTNED for 1/0 
space. 

EC8 Memory X X X X Generate evict command (note 3). 

EC8 1/0 X X X X NOP the instruction. ECB instruction is UNDEFINED 
for 1/0 space. 

M8/WM8 X X X X Generate MB command (note 4). Also see Section 3.2.5. 
TBFill Flows 
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Table 4-1 notes: 

I. Set Dirty Flow: Based on the Cbox CSR SET_DIRTY _ ENABLE(2:0], SelDirly 
requests can be either internally acknowledged (call ed a SelModify) or sent lo the 
system environment for processing. When externally acknowledged, the shared sta­
tus information for the cache block is also broadcast. The commands sent exter­
nally arc SharedToDirly or CleanToDirty. Based on the Cbox CSR 
ENABLE_STC_COMMAND[0], U1e external system can be informed ofa STx_C 
gcnernling a SetDirly using the STCChangeToDirly command. See Table 4-16 for 
more informalion. 

2. lnvalToDirly: Based on the Cbox CSR lNVAL_TO_ DIRTY _ ENABLE[ I :OJ, lnval­
ToDirty requesLs can be either i11tcrnally acknowledged or sent lo the system envi­
ronment as lnvalToDirly commands. This Cbox CSR provides the abil ity lo convert 
WH64 instructions lo RdModx opernlions. Sec Tab le 4-15 for more information. 

3. Evict: There are two aspects lo the commands that are generated by an ECB 
inslruclion : fi rst, lhose commands lhal arc generated lo notify lbc system of an evict 
being performed; second, those commands lhal are generated by any victim Uial is 
created by servicing the ECB. 

- lfCbox CSR ENABLE_ EV ICT[0] is clear, no command is issued by the 
212648 on the external interface to notify the system o f an evict bei11g per­
formed. lfCbox CSR ENABLE_ EVIC f( 0] is set, U1e 2 12648 issues an Evict 
command oo the system interface on ly ifa Bcache index match lo lhe ECB 
address is found in the 2 12648 cache system. 

Nole that whenever ENABLE_ EV IC l"[0] is true (in the write-many chain), 
8C_CLEAN_ VICTIM must also be true (in the wrile-once chain). Otherwise, 
lhc 212648 could respond miss lo a probe, rather than hi l, before an Evict 
command has been scni off chip, but a Iler U1e Evict command has removed a 
(clean) block from the internal caches and U1e Bcache. Thal behavior might 
cause systems Uial maintain an exlemal duplicate copy oflhe 8cache lags to 
become confused, becatLse the system could receive the probe response indicat­
ing U1e miss before il receives the Evict command. 

The 2 12648 can issue the commands Clean Victim81k and WrVictimBlk for a 
v ictim lhal is created by an ECB. CleanViclimB lk is issued only ifCbox CSR 
BC CLEAN V ICTIM is set and there is a Bcache index match valid but not 
dirty in Uie 212648 cache system. WrViclimBlk is issued for any 8cache match 
o f the ECB address Uial is d irty i □ U1e 2 12648 cache system. 

4. MB: Based on the Cbox CSR SYSBUS_MB_ ENABLE, the MB command can be 
sent lo the pins. 

Each of Uiese CS Rs is programmed appropriately, based on the cache coherence prolo­
col tLsed by the system environment. For example, uniprocessor systems would prefer 
to internally acknowledge mosl of these transactions. ln contrast, muJliprocessor sys­
tems may require notification and control of any change in cache slale. The 212648 and 
lhe external system must cooperate to maintain cache coherence. Section 4.5 explains 
U1c 2 12648 part of the cache coherency protocol. 

4.3 Bcache Structure 

The 2 12648 Cbox provides control signals and an interface for a second-level cache 
(Bcacbe). 
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The 21264B supports a Bcache from I MB to 16MB, with 64-byte blocks. A 128-bit 
bidirectional data bus is used for transfers between the 21264B and the Bcache. The 
Bcache is fully synchronous and the synchronous static RAMs (SSRAMs) must contain 
either one, two, or three internal registers. All Bcache conlrol and address pins are 
clocked synchronously on Bcache cycle boundaries. The Bcache clock rate varies as a 
multiple of the CPU clock cycle in half-cycle incremenls from 1.5 to 4.0, and in full­
cycle increments of 5, 6, 7, and 8 times the CPU clock cycle. The 1.5 multiple is only 
available in dual-data mode. 

4.3.1 Bcache Interface Signals 

Figure 4-2 shows the 21264B system interface signals. 

Figure 4--2 21264B Bcache Interface Signals 

--- BcData_H[127:0J 

21264B BcCheck_H[15:0J 
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BcTagOutClk X 

BcVref 

BcTagDirty H - -
BcTagParity_H -
BcTagShared_H 

BcTagValid_H 

BcTagOE L 

BcTagWr L 

Bcload L 
~ 
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4.3.2 System Duplicate Tag Stores 

The 21264B provides Bcache state support for systems with and without duplicate tag 
stores, and will take different actions on this basis. The system sets the Cbox CSR 
DUP _ TAG_ENA[0], indicating that ii has a duplicate tag store for the Bcache. Systems 
using the DUP _TAG_ENA[0] bit must also use the Cbox CSR 
BC_CLEAN _ VICTIM[0] bit to avoid deadlock situations. 

Systems us ing a Bcache duplicate tag store can accelerate system performance by: 

Issuing probes and SysDc fill commands lo the 21264B out-of-order with respect lo 
their order at the system serialization point 

Filtering out all probe misses from the 212648 cache system 
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If a probe misses in the 21264B cache system (Bcache miss and VAF miss), the 21264B 
stalls probe processing with the expectation that a SysDc fill will allocate this block. 
Because of this, in duplicate tag mode, the 21264B can never generate a probe miss 
response. 

When Cbox CSR DUP _TAG_ ENA[0] equals 0, the 21264B delivers a miss response 
for probes that <lo not hit in its cache system. 

4.4 Victim Data Buffer 

The 21264B has eight victim data buffers (VDBs). They have the following properties: 

The VDBs are used for both victims (fills that are replacing di rty cache blocks) and 
for system probes that requi re data movement. The CleanViclimBlk command 
(optional) assigns and uses a VDB. 

Each VDB has two valid bits that indicate the buffer is valid for a victim or valid 
for a probe or valid for both a victim and a probe. Probe commands that match the 
address ofa victim address file (VAF) entry with an asserted probe-valid bit (P) 
will stall the 21264B probe queue. No Probe Responses will be returned until the P 
bit is clear. 

The release victim buffer (RVB) bit, when asserted, causes the victim valid bit, on 
the victim data buffer (VDB) specified in the ID field, lo be cleared. The RVB bit 
will also clear the IOWB when systems move data on 1/0 write transactions. In this 
case, 10[3] equals one. 

The release probe buffer (RPB) bit, when asserted (with a WrileData or Release­
Buffer SysDc command), clears the P bit in the victim buffer enlry specified in the 
ID field. 

Read data commands and victim write commands use IDs 0-7, while IDs 8-11 are 
used lo address the four 1/0 write buffers. 

4.5 Cache Coherency 

This section describes the basics and protocols oflhe 2 1264B cache coherency scheme. 

4.5.1 Cache Coherency Basics 

The 21264B systems maintain the cache hierarchy shown in Figure 4-3 . 
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Figure 4-3 Cache Subset Hierarchy 
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The following tasks must be performed to maintain cache coherency: 

I stream data from memory spaces may be cached in the lcache and Bcache. I cache 
coherence is not maintained by hardwarir-il must be maintained by sollware using 
tl1e CALL_PAL 1MB instruction. 

The 21264B maintains tl1e Dcache as a subset of the Bcache. The Dcache is set­
associative but is kept a subset oftl1e larger externally implemented direct-mapped 
Bcache. 

System logic must belp the 2 1264B lo keep the Bcache coherent with main memory 
and other caches in the system. 

The 21264B requires the system to allow only one change lo a block al a time. This 
means that if tl1e 2 1264B gains tl1e bus lo read or write a block, no otl1er node on 
the bus should be allowed lo access that block until the data has been moved. 

The 2 1264B provides hardware mechanisms to support several cache coherency 
protocols. The protocols can be separated into two classes: write invalidate cache 
coherency protocol and flush cache coherency protocol. 

4.5.2 Cache Block States 

Table 4-2 lists the cache block slates supported by tl1e 2 I 264B. 

Table 4-2 21264B-Supported Cache Block States 

State Name 

Invalid 

Clean 

Clean/Shared 

Dirty 

Dirty/Shared 

Description 

The 21264B docs not have a copy of the block. 

This 212648 holds a read-on ly copy of the block, aud no other agent in the syslem holds a 
copy. Upon eviction, the block is not written to memory. 

This 2 1264B holds a read-only copy of Lhe block, and at least one other agent in U1e system 
may hold a copy oftl1e block. Upon eviction, the block is not wrillen lo memory. 

This 2 I 264B holds a read-write copy of the block, and must write it to memory afler il is 
evicted from the cache. No other agent in Lhe system holds a copy of the block . 

This 21264B holds a read-only copy oflhc dirty block, which may be shared wilh anolher 
agent. Tbe block must be written back lo memory when it is evicted. 
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4.5.3 Cache Block State Transitions 

Cache block stale transitions are reflected by 2 1264B-generated commands to the sys­
tem. Cache block stale transitions can also be caused by system-generated commands to 
tl1e 2 I 264B (probes). Probes control tl1e next state for the cache block. The next stale 
can be based on the previous stale of the cache block. Table 4-3 I isls the next stale for 
the cache block. 

Table 4-3 Cache Block State Transitions 

Next State 

No change 

Clean 

Clean/Shared 

Tl: 

Action Based on Probe Hit 

Do not update cache slate. Useful for DMA Lransaclions Lhal sample data but 
do not want to update lag stale. 

Independent of previous stale, update ucxt stale to Clean. 

Independent of previous stale, update next slate lo Clean/Shared. This transac­
tion is useful for systems that update memory on probe hits . 

Clean ⇒ Clean/Shared 
Dirty=> Dirty/Shared 

Based on Lhe dirly bit, make U1e block c lean or dirty shared. This Lransaclion 
is useful for syslems that do nol u1>dalc memory on probe hits. 

T3: 
Clean => Clean/Shared 
Dirty ⇒ Inva lid 

JfU1c block is Clean or Dirly/Shared, change Lo Clean/Shared. lflhe block is 
Dirty, change lo l,n valid. Tbis Lransaclion is useful for systems Lhal use Lhc 
Dirty/Shared slate as an exclusive state. 

Dirty/Shared => Clean/Shared 

The cache stale transitions caused by 21264B-gencraled commands arc under the full 
control of the system environment using the SysDc (system data control) commands. 
Table 4-4 lists these commands. 

Table 4-4 System Responses to 21264B Commands 

Response Type 21264B Action 

SysDc RcadData Fill block with U1e associated data and update tag with clean cache status. 

SysDc ReadDataDiny Fi ll block with U1e associated dala and update tag w ith dirty cache status. 

SysDc ReadDataShared Fi ll block with tlie associated dala and update lag with shared cache staLUs . 

SysDc ReadDataShared/Dirty Fill b lock with the associated data and update tag with dirty/shared slaLUs. 

SysDc ReadDataError Fill block wilh all -ones reforence pallcrn and update lag with invalid status. 

SysDc ChangcToDirtySuccess Unconditionally updalc block wilh dirty cache sta tus . 

SysDc ChangcToDirtyFail Do not update cache stalus and fai l any associated STx_C insLrucLions. 

4.5.4 Using SysDc Commands 

Note the fo llowing: 

The conventional response for RdBlk commands is SysDc ReadDala or ReadD­
ataShared. 

The conventional response for a RdBlkMod command is SysDc ReadDataDirty. 

The conventional response for ChangeToDirty commands is 
ChangeToDirtySuccess or ChangeToDirtyFail. 
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However, the system environmenl is nol limiled lo lhese responses. Table 4-5 shows all 
2 1264B commands, syslem responses, and the 2 1264B reaction . The 2 1264B com­
mands are described in the following list: 

Rdx commands are generaled by load or lslream references. 

RdBlkModx commands are generated by store references. 

The ChxToDirty command group includes CleanToDirly, SharedToDirly, and STC­
ChangeToDirty commands, which are generated by store references thal hi l in the 
21264B cache system. 

lnvalToDirty commands are generated by WH64 inslruclions thal miss in lhe 
2 1264B cache system. 

FelchBlk and FelchBlkSpec are noncached references lo memory space that have 
missed in the 2 1264B cache system. 

Rdiox commands are noncached references lo 1/0 address space. 

Evicl and STCChangeToDirty commands are generated by ECB and STx _ C 
instructions, respectively. 

Table 4-5 shows the system responses to 21264B commands and 21264B reactions. 

Table 4---5 System Responses to 21264B Commands and 21264B Reactions 

21264B CMD SysDc 

Rdx ReadData 
RcadDalaShared 

Rdx ReadDataShared/Dirly 

Rdx ReadDalaDirty 

Rdx ReadDataError 

Rdx ChangeToDirtySuccess 
ChangeToDirtyFail 

RdBlkModx ReadData 
ReadDataSharcd 
ReadDalaShared/Di rty 

RdBlkModx ReadDataDirty 

RdBlkModx ChangeToDirtySuccess 
ChangeToDirtyFai l 

RdBlkModx ReadDataError 

21264B Action 

This is a normal fill. The cache block is filled and marked clean or 
shared based on SysDc. 

The cache block is filled and marked dirty/shared. Succeeding store 
commands cannot update the block without external reference. 

The cache block is filled and marked dirty. 

The cache block access was to NXM address space. The 2 1264B 
delivers an all-ones pallem to any load command and evicts the block 
from the cache (with associaled victim processing). The cache block 
is marked invalid. 

Both SysDc responses are illegal for read commands. 

The cache b lock is filled and marked with a nonwritable status. Jfthe 
store instruction that generated the RdBlkModx command is still 
active (not ki lled), the 212648 will retry the instruction, generating 
the appropriate ChangeToOirty command. Succeeding store com­
mands can not update the block without external reference. 

The 212648 performs a normal fill response, and lhe cache block 
becomes writable. 

Both SysDc responses are illegal for read/modify commands. 

The cache block command was lo NXM address space. The 2 1264B 
delivers an a ll -ones pattern to any dependent load command, forces a 
fai l action on any pending store commands lo this block, and any 
store to this block is not retried. TI1e Cbox evicts the cache b lock from 
the cache system (with associated victim processing). The cache 
block is marked invalid. 
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Table 4-5 System Responses to 21264B Commands and 21264B Reactions (Continued) 

21264B CMD SysDc 21264B Action 

ChxToDirty ReadOata The original data in the Dcache is replaced with the filled data. The 
ReadDataShared block is not writable, so the 212648 will retry the store instruction 
ReadOataShared/Dirty and generate another ChxToOirty class command. To avoid a poten­

tial livelock situation, U1e STC_ENABLE CSR bit musl be set. Any 
STx C instruction lo th is block is forced to fail. In add ition, a Shared/ 
OirtY response causes the 212648 to generate a victim fo r this block 
upon eviction. 

ChxToDirty ReadDalaDirty The data in the Dcache is replaced with the filled data. The block is 
writable, so the store instruction that generated the original command 
can update this block. Any STx_C instruction lo this block is forced 
to fail. In addition, the 212648 generates a victim for this block upon 
eviction. 

ChxToDirty ReadDataError Impossible situation. The block must be cached to generate a ChxTo­
Oirty command. Caching the block is not possible because a ll NXM 
fills are filled noncached. 

ChToDirly ChangcToDirtySuccess Normal response. ChangeToOirtySuccess makes tJ1e block writable. 

ChxToDirty 

lnva lToDirty 

lnva lToDirty 

lnvalToDirty 

lnva lToDirty 

Felchx 
Rd iox 

Felchx 

Rdiox 

Evict 

ChangeToDirtyFai l 

ReadDala 
ReadDataShared 
ReadDalaShared/Dirty 

ReadDataError 

ReadDalaDirty 
ChangeToDirtySuceess 

ChangeToDirtyFail 

ReadData 
ReadDataShared 
ReadDataShared/Dirty 
ReadDataDirty 

ReadDataError 

ReadDalaError 

ChangeToDirtyFai l 

4-12 Cache and External Interfaces 

The 212648 retries the store inslruclion and updales the Dcache. Any 
STx _ C instruction associated w ith th is block is a llowed to succeed. 

The MAF entry is retired . Any STx_C instruction associated with the 
block is forced lo fa il. Jfa STx instruction generated this block, lhe 
212648 retries and generates either a RdBlkModx (because the refer­
ence that fai led the ChangcToDirty also invalidated the cache by way 
ofan invalidating probe) or another ChxToDirty command. 

The block is not writable, so the 2 1264B will relry the WH64 instruc­
tion and generate a ChxToDirty command. 

The 212648 doesn 't send lnvalToOirty commands off chip specula­
tively. This NXM condition is a hard error. Systems should perform a 
machine check. 

The block is writable. Done. 

Illegal. lnvalToOirty instructions must provide a cache block. 

The 21264B delivers the data block, independent of its 
status, lo waiting load instructions and docs not cache the block in the 
2 1264B cache system. 

The cache block address was to an NXM address space. The 212648 
delivers Lhe al l-ones patterns to any dependent load instructions and 
does not cache the block in the 212648 cache system. 

The cache block access was lo NXM address space. The 2 1264B 
delivers an all-ones pattern lo any load command and does not cache 
the block in the 212648 cache system. 

Retiring the MAF entry is the only legal response. 
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Table 4--5 System Responses to 21264B Commands and 21264B Reactions (Continued) 

21264B CMD SysDc 21264B Action 

STCChangcTo RcadDataX All fill and ChangcToD irtyFa il responses will fai l the STx_ C rcquirc­
mcnls. Dirty ChangcToDirty Fail 

STCChangcTo ChangcToDir tySucccss The STx_C insLruction succeeds. 
Dirty 

MB MBDone Acknow ledgment for MB. 

The 2 1264B sends a WrViclimBlk command lo the system when il evicts a Di rty or 
Dirty/Shared cache block. The 2 1264B may be configured lo send a CleanVictimB lk lo 
the system (by way oflh c Cbox CSR BC_CLEAN_ VICTIM [0]) when evicting a clean 
or shared block. Both commands allocate buffers in the VAF (victim address fi le). This 
buffer is a coherent part of lbe 2 1264B cache system. Write daui control and dealloca­
tion of the VAF can be di rectly contro ll ed by using the SysDc WriteDaui and Release­
Buffer commands. 

4.5.5 Dcache States and Duplicate Tags 

Each Dcache block contains an extra slate bit (modified bil), beyond Umse requi red lo 
support U,e cache protocol. If scl, this bit indicates that the associated block should be 
written lo the Bcache when il is evicted from the Dcache. The modified bit is scl in two 
cases: 

I. When a block is fi lled into the Dcache from memory its modified bit is set, ensur­
ing lhal il also gels written back into the Bcache al some future lime. 

2. When the processorwri lcs lo a dirty Dcache block the modified bi l is set, indicating 
il should be written lo the Bcache when evicted. 

The conlcnLs of the modified bit are functionally invisible lo the external cache environ­
ment, but knowledge o f the bits function is useful lo programmers optimizing U,e 
scheduling of the Bcache daui bus. 

The Cbox conui ins a duplicate copy of the Dcache uig array. ln contrast to the Dcache 
uig array (DTAG), which is virtually indexed, the Cbox copy of the Dcache uig array 
(CTAG) is physically- indexed. The Cbox uses the CTAG array entries in U,e fo llowing 
siluations. 

I. When the Mbox requests a Dcache fi ll , the Cbox uses U,e CTAG array entry lo find 
if the Dcache already conui ins the requested physical address in anoU,er virtually­
indexed Dcache line. If it does, the Cbox invalidates that cache line after first writ­
ing the data back to the Bcache if il was in the modified suite. The Cbox a lso checks 
to see ifU,e Dcache contains an address different from the requested address, but 
maps to the same Bcache li ne. lfil does, the Dcache line is evicted in order lo keep 
the Dcache a subset of the Bcache. 

2. When the lbox rcq uesLs an I cache fi ll , U,e Cbox uses the CTA G array entries to fi nd 
if U1e Dcachc conui ins the requested physical address in U1e modifi ed slate. If il 
docs, the Cbox fo rces U,c line to be w riUen back to the Bcache before servicing the 
lcache fi ll request. The Cbox also checks to see if lhe Dcache conuiins an address 
different from the requested address but w hich maps lo the same Bcache line. In 
this case the I stream request wi ll miss the Bcache, and the Cbox wi ll 
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service lhe request by launching a noncached Fetch command to the system port 
and wi ll not pul the !stream block into U,e Bcache. This mechanism allows the 
2 1264B to use a cache resident lock flag for LDx_L/STx_C instructions. 

3. The Cbox uses U,c C l'AG array entries lo find whether probe addresses are held in 
the Dcache wi thout interrupti ng loa<l/store instruction processing in the processor 
core. 

4.6 Lock Mechanism 

Th e 2 12648 does not contain a dedicated lock register, nor arc system components 
required to do so. 

When a load-lock (LDx _ L) instruction executes, data is accessed from the Dcache or 
Bcache. If there is a cache miss, data is accessed from memory with a RdBlk command. 
Its associated cache Linc is fill ed into the Dcachc in the clean stale, if it is not already 
there. 

When the store-conditional (STx_C) instruction executes, it is allowed lo succeed ifils 
associated cache line is sti ll present in the Dcachc and can be made wriuible; oU,crwise, 
it fai ls. 

This a lgorithm is successful bccau....,c another agent in the system writing to the cache 
li ne between lhe load-lock and U1e store-conditional cache line would make the cache 
li ne invalid. This mechanism's coherence is based on the following four items: 

I . LDx_L instructions are processed in-order in relation to the associated STx _ C. 

2. Once a block is locked by way of an LDx _ L instruction, no internal agent can evict 
the block from the Dcachc as a s ide-effect of ils processi ng. 

3. Any externa l agent that in tends to update the contenLs of the stored block must use 
an invalidating probe command lo inform the 2 12648 . 

4 . The system is U1e only agent w iU1 sufficient info rmation to manage the uisks of fair­
ness and 1.iveness. However, lo enab le these uisks, the 2 12648 only generates exter­
nal commands for nonspcculative STx_C instructions, and once given a success 
indication from the system, must fa ithfully update the Dcachc with the STx_C 
value. 

The system is entirely responsible for ilem number three. The 2 1264B plays an active 
role in items one, two, and four. 

4.6.1 In-Order Processing of LDx_USTx_C Instructions 

The 2 1264B uses the stWait logic in the IQ lo ensure that LDx_L/STx_C pairs arc 
issued in order. The st Wait logic treats an Ldx _ L instruction like Stx instructions. 
STx _ C instructions are always loaded into the IQ with their associate slWait bit scl. 
Thus, a STx_C instruction is not issued unti l the older LDx_L is out ofU1 e IQ. 

4.6.2 Internal Eviction of LDx_L Blocks 

The 2 1264B prcvenLs the eviction of cache blocks in the Dcache due lo ciU,cr of the fo l­
lowing references: 

!stream references wiU1 a Bcache index that matches the Dcachc block and a 
Bcache lag that mismatches the Dcache block. 
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To avoid evictions of LDx L blocks, I stream references that match the index of a 
block in the Dcache are converted to noncached references. 

Ldx or Stx references with a Dcache index that matches the block. 

In the Alpha architecture, Dstream references between a LDx_USTx_C pair force 
the value of the STx_C success nag to be UNPREDICTABLE. The 21264B forces 
all STx_C instructions that interrupt an LDx_L/STx_C pair to fail in program order. 

There should be no Dslream references between LDx _ L/STx _ C pairs; however, the 
out-of-order nature of the 21264B can introduce Dstream references between 
LDx_ L/STx_C pairs. To prevent load or store instructions older than the LDx_L 
from evicting the LDx_L cache block, the Mbox invokes a replay trap on the 
incom ing load or store instruction, which also aborts the LDx_L. These instructions 
are issued in program order in the next iterat ion of the trap retry down the pipeline. 
To prevent newer load or store instructions from evicting the locked cache line, the 
!box ensures that a STx_C is issued before any newer load or store instruction by 
placing the STx_C into the IQ and stalling all subsequent instructions in the map 
stage of the pipe until the IQ is empty. 

Branch instructions between the LDx_L/STx_C pair may be mispredicted, intro­
ducing load and store instructions that evict the locked cache block. To prevent that 
from happening, there is a bit in the instruction fetcher that is set for a LDx_ L refer­
ence and cleared on any other memory reference. When this bit is set, the branch 
predictor predicts all branches to fa ll through. 

4.6.3 Liveness and Fairness 

To prevent a livelock condition, the 2 1264B processes the STx _ C as fo llows: 

I. If a STx _ C misses the Dcache, then no system port transaction is started and the 
STx _ C fails. 

2. If a STx Chits a block tha t is not dirty, then a ChangeToDirty (Shared or Clean) is 
launched a fler the STx _ C retires and all older store queue entries are in the writabl e 
state. This ensures that once the ChangeToDirty command is launched on behalf of 
the STx_C, the STx_C wi ll be executed to completion if the ChangeToDirty com­
mand succeeds. 

If the ChangeToDirty command succeeds, the STx _ C enters the writable stale, and the 
Mbox locks the Dcache line. The Mbox does not release the Dcache line until the 
STx_C data is transferred to the Dcache. This ensures that no other agent, by way of a 
probe, can take the block before the STx_C can update the locked block. 

4.6.4 Managing Speculative Store Issues with Multiprocessor Systems 

The 2 1264B provides two mechanisms to manage an inherent potential side effect of 
speculative execution w ith multiprocessor systems - a livelock condition catLsed by a 
speculative store that misses in one processor affecting the execution ofa LDx_L/ 
STx_C pair in another processor. The potential livelock condition in multiprocessor 
systems can be effectively controlled by placing processors in a conservative mode, 
where speculative store MAFs are blocked. The 2 1264B manages conservative mode 
with the M box IPR, M_CTL[SMC], described in Table 5- 19. 

M_CTL[SMC] can be set to place the 212648 in full-time conservative mode. 
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M _ CTL[SMC] can be set to place the 2 1264B in periodic conservative mode, 
timed by two counters: an 8-bit primary counter that tracks branch mispredicts and 
conditional branch reti res, and a backup counter that places the 2 1264B in conser­
vative mode for a period of 16K cycles every 2 million cycles. 

The 8-bit counter is enabled by placing M_ CTL[SMC] in periodic conservative 
mode. The backup counter takes effect whenever the 8-bit counter is enabled. Fur­
ther, the backup counter can be reset to Oby cl earing a previously set 
M_CTL[SMC], allowing synchronization between processors. 

4.7 System Port 

The system port is the 2 I 264B's connection to either a memory or 1/0 controller or to a 
shared multiprocessor system controller. System port interface signals are shown in 
Figure4-4. 

The system port supports transactions between the 2 1264B and the system. Systems 
musl receive and drive signals that are asserted low. Transaction commands are com­
municated on signal lines SysAddOut_L[l4 :0J (21264B-to-system) and 
SysAddln_L[ 14:0[ (system-to-2 I 264B). Transaction data is transferred on a bidirec­
tional data btLs over pins SysData_L[63:0[ with ECC on pins SysCheck_L[7:0J. 

Figure 4--4 System Interface Signals 

--- SysAddln L[U:0] -
21264B SysAddlnClk_L - SysAddOut L[14:0] 

SysAddOutClk_L 

SysVref 

SysData L[63:0] 

~ SysCheck_L[7:0] -
SysDatalnClk_H[7:0] 

SysDataDutClk L[7:0] 

SysDatalnValid L 

SysOataOutValid L 

SysfillValid_L 

IRQ_H[S:0] 

-
FM-05652-EVfi7 
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4.7.1 System Port Pins 

Tab le 3- 1 defines lhe 21264B signal types referred lo in this section. Table 4-6 lists the 
system porl pin groups along with their lype, number, and functional description. 

Table 4-6 System Port Pins 

Pin Name Type 

IRQ_H(S: 01 I_DA 

SysAddln_Lll 4:0I I_DA 

SysAdd lnClk_ L I_DA 

SysAddOut_LI 14 :01 O_OD 

SysAddOutClk_L O_OD 

SysVref I_DC_REF 

SysCheck _ Ll7:0I B_DA_OD 

SysData_L l63:0I B_DA_OD 

SysDalalnClk_Hl7:0I I_DA 

SysDalal nValid_L I_DA 

SysDalaOu1Clk_Ll7: 0I O_OD 

SysDalaOulValid_L I_DA 

SysFillValid_L I_DA 

Count Description 

6 These six: inlerrupl signa l lines may be asserted by Lhe sys­
Lern. 

15 Time-multiplexed SysAddln, systcm-to-212648. 

Single-ended forwarded clock from system for 
SysAddJn_Lll 4:01 and SysFillValid_ L. 

15 Time-multiplexed SysAddOut, 212648-to-system. 

64 

Single-ended forwarded clock. 

System interface reference voltage. 

Quadword ECC check bits for SysDala_Ll63:0( . 

Data bus for memory and 1/0 data . 

Single-ended system-generated clocks for clock forwarded 
input system dala. 

When asserted, marks a valid data cycle for data Lransfers to 
tl,e 2 12648. 

Single-ended 21264B-generated clocks for clock forwarded 
output system data. 

When asserted, marks a va lid data cycle for data Lransfors 
from tl,e 2 12648. 

Val.idation for fi.11 given in previous SysDc command. 

4.7.2 Programming the System Interface Clocks 

T he system forwarded clocks are free running and derived from lhe 2 1264B GCLK . 
The period oflhe system forwarded clocks is controlled by three Cbox CS Rs, based on 
the bil-rale ratio (simi lar lo the Bcacbe bil-ralc ratio) except tlial a ll transfers are dual­

dala. 

SYS_CLK_LD_VECTOR[15:0] 

SYS~ BPHASE_ LD_ VECTOR[3 :0] 

SYS_ FDBK_EN[7:0] 
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Tab le 4-7 lists the programming values used lo program the system interface clocks. 

Table 4-7 Programming Values for System Interface Clocks 

System Transfer SYS_CLK_LD_VECTOR1 SYS_BPHASE_LD_VECTOR1 SYS_FDBK_EN1 

l.5X-DD 9249 02 

2.0X-DD 3333 0 01 

2.5X-DD 8C63 02 

3.0X-DD 71C7 0 10 

3.5X-DD C387 A 04 

4.0X-DD 0F0F 0 01 

5.0X-DD 7CIF 0 40 

6.0X-DD F03F 0 10 

7.0X-DD C07F 0 04 

8.0X-DD 00FF 0 0 1 

1 These are hc)(adccimal values. 

In add.ition lo programming of the clock CS Rs, tl1e data-sampl e/drive Cbox CS Rs al lhe 
pads have lo be scl appropriately. Table 4-8 shows lhc programmed values for these 
system CS Rs. In Tab le 4-8, each system forwarded clock is tl1c inversion of the low­
asscrlion signal al the corresponding pin. 

Table 4-8 P rogram Values for Data-Sample/Drive CSRs 

CBOXCSR Description 

SYS_ DDM _FALL_ EN[0] Enab les tJ1e update of21264B system outputs based on the fa ll ing edge of I.he 
system forwarded clock . (A lways asserted) 

SYS_DDM_RISE_EN[0] Enables the update of2 1264B system outputs based on Lhe rising edge of the 
system forwarded c lock. (AJways asserted) 

SYS_DDM_RD_FALL_EN[0] Enables the sampling of incoming data on the fal ling edge oflhc incoming 
forwarded clock. (Always asserlcd) 

SYS_DDM_RD_ RISE_ EN[O] Enables the sampling of incoming data on the rising edge oftJ1e incoming 
forwarded clock . (Always asserted) 

SYS_DDMF _ENABLE Enables the falling edge oftl1e system forwarded clock. (Always asserted) 

SYS_DDMR_ENABLE Enables lhe rising edge oftl1e system forwarded clock. (A lways asserted) 

Tab le 4-9 lists the program values for CSR SYS_ FRAME_LD_ VECTOR[4:0] tlial sci 
lhe ratio between the forwarded clocks and lhc frame c lock. 

Table 4-9 Forwarded Clocks and Frame Clock Ratio 

Clock Ratio 

1:1 

2:1 

2:1 

Transfer Mode 

All 

3.0X, 3.5X, 8.0X 

I .5X, 2.0X, 2. 5X 4.0X, 5.0X, 6.0X 7.0X 

Value1 

00 

IE 

IF 
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Table 4--9 Foiwarded Clocks and Frame Clock Ratio 

Clock Ratio 

4:1 

4:1 

4 :1 

4:1 

Transfer Mode 

8X 

1.5X, 4.0X, 5.0X, 6.0X, 7.0X 

3.0X, 3.5X 

2.0X, 2.5X 

1 These are hexadecimal values. 

System Port 

Value1 

15 

OB 

14 

OA 

4.7.3 21264B-to-System Commands 

This section describes the 2 I 264B-to-system commands formal and operation. The 

command, address, TD, and mask bits a re transmiUed in four consecutive cycles on 
SysAddOut_L(14:0( . The 21264B sends the command information in one of the lwo 
fo llowing modes as selected by Lhe Cbox CSR bil. 

Bank in terleave on cache block boundary mode--SYSBUS_FORMAT[O] = 0 

Page hit mode-SYSBUS_ FORMAT[O] = I 

The physical address (PA) bits arrangements for the two modes is shown in Tables 4-10 

and 4-11 . The purpose of the two modes is Lo give Lhe system Lhe PA bi Ls lhal a llow ii lo 

select Lhe m emory bank and drive the RAS address as soon as possible. 

4.7.3.1 Bank Interleave on Cache Block Boundary Mode 

Table 4-10 shows the command formal for the bank interleave on cache b lock bound­
ary mode of operation (21264B-to-system). 

Table 4--10 Bank Interleave on Cache Block Boundary Mode of Operation 

SysAddOut_L(14:2] SysAddOut_L(1] SysAddOut_L(0] 

Cycle I Mi I Command(4 :0] I PA(34:28] PA[36] PA[38] 

Cycle 2 PA[27:22], PA(l 2:6] PA[35] PA[37] 

Cycle 3 M2 I Mask[7:0] Im I ro[2 ,01 PA(40] PA[42] 

Cycle 4 RV I PA[2 I: 13]. PA[5:3] PA[39] PA[41] 

4.7.3.2 Page Hit Mode 

Table 4-11 shows the command format fo r page hit mode (21264B-lo-system). 

Table 4--11 Page Hit Mode of Operation 

SysAddOut_L(14:2] SysAddOut_L(1] SysAddOut_L[0] 

Cycle I Ml I Command[4:0] I PA[31 :25] PA(32] PA[33] 

Cycle 2 PA(24 :12] PA( li] PA[34] 

Cycle 3 M2 I Mask[7:0J Im lm[2,01 PA(35] PA[37] 

Cycle 4 RV I PA(34:32], PA[l I :3] PA(36] PA(38] 
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Table 4-12 describes Lhe field definitions for Tables 4- 10 and 4- 11. 

Table 4--12 21264B-to-System Command Fields Definitions 

SysAddOut Field Definition 

M l 

Command[4:0] 

SysAddOut[ i :OJ 

M2 

TD[2:0] 

RV 

Mask[7:0] 

CH 

When set, reports a miss to the system for the oldest probe. 
When clear, has no meaning. 

The 5-bit command field is defined in Table 4--14. 

This fie ld is needed for systems with greater than 32GB of memory, up to a maximum of8 
Terabyte (8TB). Cost-focused systems can tie these bits high and use a 13-bit command/ 
address field . 

When set, reports that the oldest probe has missed in cache. Also, this bit is set for system­
to-21 264B probe commands that hit but have no data movement (see the CH bit, below). 
When clear, has no meaning. 
MI and M2 are not asserted simultaneously. Reporting probe results as soon as possible is 
critical lo high-speed operation, so when a result is known the 21264B uses the earliest 
opportunity to send an M signal to the system . M bit assertion can occur either in a va lid 
command or a NZNOP. 

The TD number for the MAF, VDB, or WTOB associated with the command. 

lfset, validates this command. 
ln speculative read mode (optional), RV = I validates the command and RV = 0 indicates 
a NOP. 
For all nonspeculative commands RV = 1. 

The byte, LW, or QW mask fie ld for the corresponding 1/0 commands. 

The cache hit bit is asserted, along with M2, when probes with no data movement hit in 
the Ocache or Bcache. TI1is response can be generated by a probe that explicitly indicates 
no data movement or a ReadlfDi rty command that hits on a va lid but clean or shared 
block. 

System designers can minimize pin count for systems with a small memory by config­
uring both Lhe bank interleave on cache block boundary mode and the page hit mode 
formals into a short bus formal. The pin SysAddOut_L(I( and/or SysAddOut_L(0J 
a re nol used (selected by Cbox CSR SYS_ BUS_ SIZE[ I :OJ). Table 4-13 li sLs the values 
for SYSBUS_ FORMAT and SYS_ BUS_SIZE[ I :OJ and shows the maximum physical 
memory size. 

Table 4--13 Maximum Physical Address for Short Bus Format 

SYSBUS_ SYSBUS_ 
FORMAT SIZE(1 :0] Maximum PA Comment 

0 00 42 Bank interleave + full address 

0 01 36 Bank interleave + SysAddOut_LI0I unused 

0 10 Illegal Illegal combination 

0 ii 34 Bank interleave + both SysAddOut_LI I :01 are used for 1/0 

00 38 Page hiL mode + fu ll address 
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Table 4--13 Maximum Physical Address for Short Bus Format 

SYSBUS_ SYSBUS_ 
FORMAT SIZE[1:0) Maximum PA Comment 

01 

10 

II 

36 

Ill egal 

34 

Page hit mode + SysAddOut_ L(0I unused 

Illegal cornbinalion 

Page hit mode + both SysAddOut_ LI I :0( are unused 

Because addresses above the maximwn PA arc not visible lo the external system, any 
memory transaction generated to addresses above Uie max imum PA are detected and 
converted to transactions lo NXM (nonexistent memory) and processed internally by 
the 212648. 

4.7.4 21264B-to-System Commands Descriptions 

Table 4-- 14 describes the 2 I 264B-to-system commands. 

Table 4--14 21264B-to-System Commands Descriptions 

Command 

NOP 

Probe Response 

NZNOP 

VDBFlushRequest 

MB 1 

ReadBlk 

ReadBlkMod 

Read81kl 

FetchBlk 

ReadBlkSpec2 

Rcad81kModSpcc2 

RcadBlkSpec12 

FetchBlkSpec2 

RcadBlk Vic3 

ReadBlkMod Vic3 

ReadBlkVic l3 

Command 
[4:0) 

00000 

0000 1 

00010 

000 11 

001 11 

10000 

1000 1 

10010 

100 11 

10 100 

1010 1 

10110 

10111 

11000 

11001 

11010 

Function 

The 2 12648 drives this command on idJc cycles during reset. Aller the 
c lock forward reset period, lhe first NZNOP is gcucraled and this 
command is no longer generated. 

Returns probe status and ID number ofll1c VDB entry holding the 
requested cache block. 

This nonz ero NOP he lps lo parse the command packet. 

VDB flush request. The 2 I 264B sends this command to Lhe system when 
an interna lly generated Lransaclion Bcache index matches a Bcache victim 
or probe in Lh e VDB. The system should I.lush VDB entries associated 
wilh all probe and WrVictimB lk transactions that occurred before this 
command. 

lndicates an MB was issued, optional when Cbox CSR 
SYS8US_M8_ENA[0] is sel. 

Memory read. 

Memory read with modif)' intent. 

Memory read for (stream. 

Noncached memory read. 

Speculative memory read (opliona l). 

Speculative memory read with modilY intent (01>tional). 

Memory read for lslream (optional). 

Speculative memory noncached ReadBlk (optional). 

Memory read with a victim (optional). 

Memory read with modi f'y inlcnL, wilh a victim (optional). 

Memory read for (stream wilh a victim (optional). 
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Table 4--14 21264B-to-System Commands Descriptions (Continued) 

Command 

WrVicLimB lk 

C leanVictimBlk 

EvicL4 

Read Bytes 

RcadLWs 

RcadQWs 

WrBytes 

WrLWs 

WrQWs 

CleanToDirty6 

SharedToDirty6 

STCChangeToDirty6 

l.rwa 1ToDirtyVic3·5 

l.nva1ToDirty5 

Command 
(4:0) 

00 100 

00101 

00 11 0 

01000 

01001 

01010 

01100 

01101 

01110 

11100 

11101 

1111 0 

11 0 11 

11111 

Function 

Write-back of dirty block. 

Address ofa clean vic tim (optional) . 

Inva lidate evicted block at the given Bcache index (optional). 

1/0 read, byte mask . 

l/0 read, lonbrword mask. 

l/0 read, quadword mask. 

1/0 write, byte mask. 

1/0 write, lonbrword mask. 

1/0 write, quadword mask. 

Sets a block dirty that was previous ly clean (opt ional for duplicate Lags). 

Sets a block dirty that was previously shared (optiona l for multiprocessor 
systems). 

Sets a block dirty that was previously clean or shared for a STx C 
instruct ion (optiona l for mulliprocessor systems). -

Invalid to dirty wi U1 a victim (optional). 

WH64 Acts like a RcadBlkMod withoul the li U cycles (optional). 
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Table 4-14 footnotes: 

I. Systems can optionally enable MB instructions lo the external system by asserti ng 
Cbox CSR SYSBUS_MB_ENABLE. This mode is described in Section 2. 12.1. . 

2. To minimize load-lo-use memory latency, systems can optionally enable specula­
tive transactions lo memory space by asserting the Cbox CSR 
SPEC_READ_ENABLE[0). If the Cbox system command queue is empty, a 
bypass between the Bcache interface and the system interface is enabled (in combi­
nation with this mode). When the next new transaction is delivered by the Mbox, 
the Cbox starts MA F memory references to the system interface before the results 
ofBcache hit is known. The RV bit is deasserted on a Bcache hi t, or in 
BC_RDVICTIM[0) mode (see footnote 3, below), and for Bcache miss transactions 
that generate a victim (clean or di rty). Otherwise, the RV bit is asserted. 

3. Systems can optionally enable RdBlkVic, RdBlkModVic, and lnvalToDirtyVic 
commands using Cbox CSR BC_RDVICTIM[0). In this mode of operation 
RdBlkxVic command cycles are always followed immediately by the WrViclimBlk 
commands. Also, when CleanVictimBlk commands are enabled, they 
immediately fo llow RdB lkVic, RdB lkModVic, and lnvalToDirtyVic commands. 

4. Systems can optionally enable Evict commands by assert ing the Cbox CSR 
ENABLE EVICT. In this mode, all ECB instructions wi ll generate an Evict com­
mand, anlin combination with BC RDVTCTIM[0) mode, the Wri teVictim or 
CleanVictim (when Cbox CSR Bc_::-cLEAN_ VlCTIM[0) is asserted) is associated 
with the Evict command is atomically sent after the Evict command. 

5. Optionally, systems can enable lnvalToDirty commands by programming Cbox 
CSR INVAL_TO_DIRTY _ENABLE[l :0) . Table 4-15 shows how to program 
INVAL_TO_DIRTY _ENABLE[! :OJ. 

6. Optionally, systems can enable CleanToDirty or SharedToDirty commancis by 
using Cbox CSR SET_ DIRTY_ ENABLE[2:0). These three bits control the Cbox 
action upon a block that was hit in the Dcache with a status of dirty/shared, clean/ 
shared, or clean respectively. 

Table 4-15 Programming INVAL_TO_DIRTY_ENABLE[1 :0] 

INVAL_TO_DIRTY_ENABLE[1 :0] Cbox Action 

XO 

01 

I I 

WH64 instructions are converted to RdModx commands at the interface. 
Beyond this point, no other agent sees the WH64 instruction. This mode is 
useful for microprocessors that do not want to support TnvalToDirty transac­
tions. 

WH64 instructions are enabled, but they are acknowledged within the 
21264B. 

WH64 instructions are enabled, and generate lnvalToDirty transactions at 
the 21264B pins. 
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Table 4-16 Programming SET_DIRTY_ENABLE[2:0] 

SET_DIRTY_ENABLE 
[2,0] (DS,CS,C) Cbox Action 

000 Everything acknowledged internally (uniprocessor). 

001 Only clean blocks generate external acknowledge (CleanToOirty commands only). 

0 10 Only clean/shared blocks generale external acknowledge (SharedToDirty command 
on ly). 

011 Clean and clean/shared blocks generate external acknowledge. 

100 Only dirty/shared blocks generate external acknowledge (SharedToDirty commands 
on ly). 

IOI 

11 0 

Il l 

Only dirty/shared and clean blocks generate external acknowledge. 

Only dirty/shared and clean/shared blocks generate external acknowledge. 

All transactions generate external acknowledge. 

Systems that requi re an explicit indication of ChangeToDirly status changes ini ti­
aled by STx_C instructions can assert Cbox CSR STC_ENABLE[0). When this 
register field= 000, CleanToDirty and SharedToDirly commands are <1sed. The dis­
ti nction between a ChangeToDirty command generated by a STx_C instruction and 
one generated by a STx instruction is important lo systems that want lo service 
ChangeToD irly commands with dirty data from a source processor. In this case, the 
distinction between a locked exclusive instruction and a normal instruction is cri ti­
cal lo avoid livelock fo r a LDx_L/STx_C sequence. 

4.7.5 ProbeResponse Commands (Command[4:0] = 00001) 

The 2 1264B responds lo system probes lhal did not miss with a 4-cycle transfer on 
SysAddOut_Lf 14:0] . As shown in Table 4-14, the Command[4:0) fi eld for a ProbeRe­
sponse command equals 00001. Table 4-17 shows the formal of the 2 1264B ProbeRe­
sponse command. 

Table 4-17 21264B ProbeResponse Command 

SysAddOut_L[14:2] SysAddOut_L[1] SysAddOut_L[O] 

Cycle I 0 100001 I Status[! :OJ IDM VS VDB X X 
[2:0) 

Cycle 2 0 MS MAF X X 
[2:0) 

Cycle 3 0 I X X X 

Cycle4 X X X 

4-24 Cache and External lnlerfaces Alpha 21264B Hardware Reference Manual 



System Port 

Table 4--18 describes the ProbeResponse command fields. 

Table 4-18 ProbeResponse Fields Descri ptions 

ProbeResponse Field Description 

Command[4:0] 

DM 

VS 

VD8[2 :0] 

MS 

MAF[2:0] 

Slatus[I :OJ 

The value 00001 idcntil:ics the command as a ProbeRcsponse. 

lndicalcs thal dala movement should occur (copy of1>robc val.id bit) . Sec Section 4.4 . 

Write victim sent bil. 

ID number of the VDB entry con taining the requested cache block. This field is valid 
when cilhcr the OM bit or the VS bit equals I. 

MAF address sen l. 

This field indicates the SbarcdToDirty, ClcanToDi.rty, or 
STCChangctoDi.rly MAF entry that matched the full probe address. 

Resu lt of probe: 
Status I I :DI Probe slate 

00 HitClcan 
0 1 HitSharcd 
10 HitDirly 
11 HitSharedDirty 

The system uses the SysDc signal lines lo retrieve data for probes that requested a cache 
block from the 2 1264B. See Section 4. 7. 7.2 for more information about 2-cycle <lala 
transfer commands. Probes that respond with MI, M2, or CH= I will not be reported lo 
the system in a probe response command. 

4.7.6 SysAck and 21264B-to-System Commands Flow Control 

Controll ing 01e 0ow of 2 1264B-lo-syslem commands is a joint lask of the 2 1264B and 
tbe system. The 0ow is controll ed using the A bit, which is asserted by tbe system, and 
the Cbox CSR SYSBUS_ACK~ LIM IT[4 :0] counter. Tbe counter has the fo llowing 
properties: 

The 2 1264B increments its comman<l-oulsian<ling counter when it sends a com­
mand to the system. The 212648 decrements the counter by one each lime the A bit 
(SysAddln_L I 141) is asserted in a syslcm-lo-21264B command. The A bit is trans­
mitted <luri ng cycle four of a probe mode command or during cycle two of a SysDc 
command. 

The 2 1264B slops sending new commands when 01e counter hits the maximum 
counlspecifie<l by Cbox CSR SYSBUS_ACK_LIM IT[4 :0]. When this counter is 
programmed to zero, the CM D_ACK count is ignored (unlimited commands are 
allowed in-Oight). 

Because R<lBlkxVic and WrVictimBlk commands are atomic when lhe CSR 
BC_ RDVICTIM[0] is sel, the 2 1264B does nol send a RdB lkxVic command iflhe 
SYSBUS_ACK_LIMIT[4 :0] is equal lo one less than the maximum outstanding 
count. Tbe limit cannot be programmed with a value o f one when R<lBlkxVic com­
mands are enabled unless the Cbox CSR RDVIC_ACK_INHIB IT command is also 
asserted (see Table 5-24). 

Alpha 21264B Hardware Reference Manual Cache and External Interlaces 4-25 

System Port 

There is no mechan.ism for the system to reject a 2 1264B-to-syslem command. 
ProbeResponse, VDBFlushReq, NOP, NZNOP, and RdBlkxSpec (with a clear RV 
bit) commands <lo not require a response from 01e system. Systems must provide 
adequate resources for responses lo all probes sent lo the 21264B. 

Systems that program the Cbox CSR BC_RDV ICTIM[0] lo immediately fo llow 
victim wrilc lransactioos with rca<l trnusactions an<l allocate combined resources 
for the pair, may find it useful lo increment the SYSBUS_ACK_LIM IT[4:0] 
counter only once for the pair. These systems may assert Cbox CSR 
RDVIC_ACK_ INHIBIT, which does not increment the 
SYSBUS_ACK_LI.MIT[4 :0] count for R<lB lkVic, RdB lkMo<lVic, and R<lBlkVicl 
commands. 

Systems that maintain victim data buffers may find il useful lo limit the number of 
outslan<ling WrViclimB lk commands. This can be accomplished by tLsing the Cbox 
CSR SYSBUS_ V IC_LIM IT[2 :0]. When the number of ouLsian<l ing WrVictim 
commands or Clean Victim commands reaches this programmed limit, the Cbox 
stops generating victim commands on the system porl. Because victim and read 
commands are atomic when BC_RDV IC rl M[0] = I, the R<lB Ua:Vic commands are 
sialled when the victim Ii mil is reached. Programming the 
SYS BUS_ VIC_LI MIT[2:0] lo zero disables this limit. 

4.7.7 System-to-21264B Commands 

Tbc system can send either probes (4-cycle) or <lala movement (2-cycle) commands lo 
the 2 1264B. Signal pin SysA ddl n_ LI 141 in the first command cycle indicates the type 
of command being sent ( I = probe, 0 = data transfer). Sections 4. 7. 7.1 an<l 4.7.7 .2 
describe the formals of the lwo ty pes of commands. 

4.7.7.1 Probe Commands (Four Cycles) 

Probes are always 4-cycle commands 01al conlain a field lo indicate a valid SysDc com­
mand. The formal of the 4-cycle command is shown below. 

Note: The SysAddJn_ LI I :01 signal lines arc optional and are used for memory 
designs greater than 32GB. The position of the address bits matches the 
selected formal of 0,e SysA<l<lOut bus. The example below shows the bank 
interleave formal. 

Tab le 4-- 19 shows the formal of the syslem-to-2 1264B probe commands. 

Table 4-19 System-to-21264B Probe Commands 

SysAddln_L[14:2) SysAddln_L(1 ) SysAddln_L[OJ 

Cycle I L I Probc[4:0] I PA[34:28] PA[36J PA[38] 

Cycle 2 PA[27 :22], PA[12:6] PA[35] PA[37] 

Cycle 3 0 I SysDc(4 :0] IRvB IRPB IA I m[J:01 PA[40] PA[42] 

Cycle 4 C I PA[2 1: 13], PA[5:3] PA[39] PA[41] 
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Table 4--20 describes the system-to-212648 probe commands fields descriptions. 

Table 4-20 System-to-21264B Probe Commands Fields Descriptions 

SysAddln_L[14:0J 
Field Description 

Probe[4:0] Probe type and next lag slate (see Tables 4-2 1 and 4-22). 

SysDc[4:0] Controls data movement in and out oflhe 21264B. See Table 4-24 for a list of data move­
ment Lypes. 

RVB 

RPB 

A 

ID[3:0] 

C 

Clears the victim or 1/0 write buffer (JOWB) valid bit specified in JD[3:0] . 

Clears probe valid bit specified in JD[2:0] . 

Command acknowledge. When set, the 21264B decrements iLS command outstanding 
counter (SYSBUS _ACK_ LIM IT[4:0]). 

Identities the victim data buffer (VDB) number or the 1/0 write buffer (JOWB) number. 
Bil [3] is only asserted for the IOWB. 

Commit bit. l11is bit decrements the uncommilled event counter (MB_CNTR) used for 
MB acknowledge. 

The probe command field Probe[4:0] has two sections, Probe(4:3] and Probe(2:0]. 

Table 4--21 lists the data movement selected by Probe(4 :3]. 

Table 4-21 Data Movement Selection by Probe[4:3] 

Probe[4:JJ 

00 

01 

10 

II 

Data Movement Function 

NOP 

Read ifhil, supply data to system if block is va lid. 

Read if dirty, supply data lo system if block is valid/dirty. 

Read anyway, supply dala to the system al index of probe. 

Table 4--22 lists the next cache block state selected by Probe(2:0]. 

Table 4-22 Next Cache Block State Selection by Probe(2:0] 

Probe[2:0J Next Tag State 

000 NOP 

00 1 Clean 

010 Clean/Shared 

011 Transition3 1: Clean ⇒ Clean/Shared 
Dirty ⇒ Inval id 
Dirty/Shared ⇒ Clean/Shared 

100 Dirty/Shared 
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Table 4-22 Next Cache Block State Selection by Probe[2:0] (Continued) 

Probe[2:0J Next Tag State 

101 

11 0 

Ill 

Invalid 

Transition 12: Clean ~ Clean/Shared 
Dirty ⇒ Dirty/Shared 

Reserved 

1 Transition3 is useful in nonduplicale tag systems that want to give writab le status to the reader and do 
not know iflhe block is clean or dirty. 

2 Transition 1 is usefu l in nonduplicate lag systems that do not update memory on ReadBlk hits to a 
dirty b lock in another processor. 

The 212648 holds pending probe commands in a 8-entry deep probe queue. The system 
must count the number of probes that have been sent and ensure that the probes do not 
overrun the 21264B queue. The 21264B removes probes from the internal probe queue 
when the probe response is sent 

The 21264B expects to hit in cache on a probe response, so it always fetches a cache 
block from the Bcache on system probes. This can become a performance problem for 
systems that do not monitor the Bcache tags, so the 2 1264B provides Cbox CSR 
PRB_TAG_ONLY[O], which only accesses Bcache lags for system probes. For a 
Bcache hit, the 21264B retries the probe reference lo get the associated data. In th is 
mode, the 21264B has a cache-hit counter that ma intains some history of past cache hiLs 
in order lo fe tch the da ta with the tag in the cases where streamed transac tions are being 
perfonned lo the host processor. 

4.7.7.2 Data Transfer Commands (Two Cycles) 

Data transfer commands use a 2-cycle formal on SysAddin_L[14:0f . The SysDc[4:0] 
fie ld indicates success or failure for ChangeToDirly and MB commands, and error con­
ditions as shown in Table 4--24. 

The pattern of data is controlled by the SysDatalnValid_L and SysDataOutValid_L 
signals. These signals are valid each cycle of data transfer, indicating any gaps in the 
data cycle pattern. The SysDatalnValid_L and SysDataOutValid_L signals are 
described in Section 4 . 7.8.4. Table 4--23 shows the format of the data transfer com­
mand. 

Table 4-23 Data Transfer Command Format 

SysAddln_L[14:2] SysAddln_L[1] SysAddln_L[OJ 

Cycle I 0 I SysDc[4:0] IRVB IRPB IA im[3:01 X X 

Cycle 2 C I X X X 
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Table 4--24 describes the SysDc[4 :0] fi eld. 

Table 4-24 SysDc[4:0) Field Description 

SysDc[4:0J Command SysDc(4:0) Description 

NOP 00000 

Rcad.DaLaError 0000 1 

NOP, SysData is ignored by the 212648. 

Data is rclumcd for read commands. The sys tem dri ves the SysDala 
bus, 1/0, or memory NX M. 

ChangcToDi rtySucccss 00 100 No data . SysOata is ignored by the 2 12648. This command is also 
used for the l.nvalTo Dirty response. 

ChangcToDi.rtyFa il 00 101 No data. SysData is ignored by the 2 12648 . T his command is also 
used for the Evict response. 

MBDonc 

RcleascBu11Cr 

ReadData 
(System Wrap) 

ReadDataDirty 
(System Wrap) 

Read.Data Shared 
(System Wrap) 

00 11 0 

00 111 

I00xx 

IOI xx 

1 I0xx 

Memory barrier operation completed. 

Command to alert the 21264B that the RVB, RPB, and ID fie ld are 
valid. 

Dala returned for read commands. The sys tem drives SysData. The 
system uses SysDc[ l :0] to control the wrap order. See Section 
4.7.8.6 for a description of the data wrappi11g scheme. 

Data is returned for Rdx and RdModr commands. The ending tag 
s tatus is dirty. The system uses SysDc[ I :O] lo define the wrap order. 

Data is returned for read commands. The system drives the data. TI1e 
lag is marked shared. The sys lcm uses SysDc[ l :OJ lo contro l the 
wra1J order. 

RcadDataSha rcd/DirLy 11 lxx Dala is reLUrncd for the RdBlk command. The ending tag sta tus is 
Shared/Dirty. The system uses SysDc( l :O] lo control the wrap order. (System Wrap) 

WritcDala 0I0xx Data is sent for 2 12648 write commands or sys tem probes. The 
2 12648 drives during the SysData cycles. The lower lwo bi ts o f the 
command spec if)' the octaword address around which the 2 12648 
wraps the data. 

The A bit in U1e first cycle indicates thal the command is acknowledged. When A = I, lhe 
2 1264B decrements its command outstanding counter, but lhc A bil is nol necessarily 
related lo lhe current SysDc command. 

Probe command,;; can combine a SysDc command along with MB Done. In that event, 
the probe is considered ahead of tl1c SysDc command. If lhe SysDc command allows 
lhc 21 264B lo retire an instruction before an MB, or allows the 2 1264B itself lo retire 
an MB (SysDc is MB Done), thal MB wi ll nol complete until the probe is executed. 

The system can select the ending cache slalus for a cache fi ll operation by specify ing 
the slalus in one oflhe following SysDc commands: 

ReadDala (Clean) 

ReadDalaDirty (Dirty) 

ReadDalaShared (Clean/Shared) 

ReadDalaS harcd/Dirly (Shared/D irty) 

The system returns ReadDalaS hared or ReadDala for RcadBlk commands, and ReadD­
alaDir ly for a ReadMod command. However, other combinations are possible, but 
should be used only afler a careful study of lhc s ituation. 
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The Changcl b DirtyS ucccss and ChangeToDirlyFail commands cannot be issued in the 
shadow of SysDc cache fi ll commands (ReadDalaError, ReadDala, ReadDataDirly, 
ReadDalaShared, and RcadDalaShared/Dirly). Each cache fi ll command allocates cighl 
cycles on the SysDala bus. Systems are required to ensure that any future SysDc com­
mands do not cause conOicls wilh those eight SysDala bus cycles. In addition, the sys­
tem musl nol issue ChangeToDir lySuccess or ChangeToDirlyFa il commands in the six 
SysAddrln cycles a fler any o f the ReadDatax commands because doing so wi ll over­
load internal MAF resources in the 2 1264 B. 

Because of an internal 2 1264 B constra int, a min imum memory latency o f 
4 x BCACHE_CLK_PERJOD is imposed. This latency is measured from A3 oflhe out­
going command (tl1e last cycle) lo lhe delivery of the SysDc command lo lhe processor. 

4.7.8 Data Movement In and Out of the 21264B 

T here are lwo modes of operation fo r dala movement in and out of tbe 2 1264B : fasl 
mode and fasl mode disable. Tbc data movement mode is selected using Cbox CSR 
FAST _ MOD E_ DISABLE[O]. Fast data mode allows movement of data from the 
21 264B lo bypass protocol and achieve lhe lowest possible latency for probc's dala, 
write v ictim data, and 1/0 write dala. Rul es and conditions fo r the lwo modes are I isled 
and described in Sections 4.7.8.2 and 4 .7.8.3. Before discussing dala movement opera­
tion, 2 1264B c lock basics arc described in Section 4.7.8. 1. 

4.7.8.1 21264B Clock Basics 

The 2 1264 B uses a clock forwarding technique lo achieve very high bandwidth on its 
p in interfaces. The clock forwarding technique has three ma in principles: 

I. Local poinl-lo-poin l transfers can be made sa fely, and al very high bandwidtl1, if the 
sender can provide lhe receiver with a fmward clock (FWD_C LK) lo latch U, c 
lransmillcd data al the receiver. 

The SysAddOutClk_ L and SysDataOu tClk_Ll 7:0I pins provide the forward­
ing clocks for transfers oul o f the 2 1264 B. 

The SysAddln Clk_L and SysDatal11Clk_Hl7:0I pins provide the forwarding 
clocks for transfers inlo tl1e 2 12648. 

2. If only one slale clement was llsed lo capture the lransmilted dala, and the skew 
between lhe two clock systems was greater U,en the bil-ralc oftl1 c transfer, the data 
valid lime oflhe lransmilled data would nol be suffi cient lo safely transfer U1c 
latched dala inlo lhe receivers clock domain. In order lo avoid U1is problem, the 
receiver provides a queue that is manipulated in the transmitter 's time doma in . 
Using lhis queue, the dala valid window oftl,e transmilled data is extended (lo an 
arbitrary s ize based on U1e queue size), and the transfe r lo lhe receiver 's clock 
domain can be safel y made by delaying lhc unloading of this que ue clement beyond 
lhe skew between lhe two clock domains. The internal clock lhal unl oads U1 is queue 
is labelled INT_ FWD_CLK. IN T_ FWD_CLK is timed al both tl1e rising and fa ll ­
ing edges o f lhc external clock, Urns appearing lo run al twice tl1 e external clock's 
frequency. 

3. The fi rst lwo points provide lhc steady stale basis fo r clock forwa rded transfers; 
however, both lhc sender and receiver musl be correctly initialized lo enab le coher­
ent and predictabl e transfers. Thi s clock init ialization is performed during system 
ini tialization llsing U,e ClkFwdllst_ H and FramcClk_ I-1 s ignals. 
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ff both the sender and the receiver are sampling al the same rate, lhese three principles 
are sufficient lo safely make point-lo-point transfers using clock forwardi ng. However, 
ii is oflen desirable for systems lo align clock-forwarded transactions on a slower 
SYSCLK that is the basis of all non-processor system transactions. 

The 2 1264B supports three ratios for SYSCLK to INT _FWD_ CLK: 
one-lo-one ( 1-1 ), two-lo-one (2-1), and four-lo-one (4-1 ). Using one of these ratios, lhe 
2 1264B starts transactions on SYSCLK boundaries. This ratio is programmed into the 
2 1264B using the Cbox CSR SYS_FRAME_LD_ VECTOR[4:0]. This ratio is indepen­
dent of the frequency of FramcClk_H. 

For data movemen~ the 2 1264B reacts lo SysDc commands when they are resolved into 
lhe 2 1264B's clock domain. This occurs when the 2 I 264B's INT _FWD_CLK unloads 
the SysDc command from the clock forwarding queue. This moment is determined by 
the amount of delay programmed into the clock forwarding silo (by way of Cbox CSR 
SVS_RCV _MUX_CNT _pRESET[ I :OJ). Thus, all the timing relationships are relative 
lo this unload point in lime, which wi ll be referred lo as the point the command is per­
ceived by 21264B. 

4.7.8.2 Fast Data Mode 

The 21264B is the default driver of the bidirectional SysDala bus1• As the 21264B is 
processing WrVictim, ProbeResponse (only the hit case), and IOWB commands lo lhe 
system, accompanying data is made avai lable al lhe clock-forwarded bus. 

Because there is a bandwidth difference between address (4 cycles) and data (8 cycles) 
transfers, the 2 1264B tries lo fully use fast data mode by delaying the next SysAddOut 
write command until a fast data mode slot is avai lable on lhe SysDataOut bus. 

SysDc commands (cache fill or explicit write commands) lhal collide with the fast data 
on the SysData bus have higher priori ty, and so may interrupt the successful completion 
of the fast transfer. Systems are responsible for detecting and replaying all interrupted 
fast transfers. There are no gaps in a fast transfer and no data wrapping (the first cycle 
contains QW0, addressed by PA[5:3] = 000). 

The system must release victim buffers, and probe buffers and IOWB entries by send­
ing a SysDc command wilh the appropriate RVB/RPB bit fo r both successful fast data 
transfers and for transfers that have been replayed. Fast data transfers have two parLs: 

I. SysAddOul command with the probe response, WrViclim, or Wr(l/O) 

2. Data 

The command precedes data by al least one SYSCLK period. Table 4--25 shows the 
number of SYSCLK cycles between SysAddOul and SysData for all system clock 
ratios (clock forwarded bit limes) and system framing clock multiples. 

I The SysData bus contains SysD:al:a_Ll63:0J and SysCheck_Lf7:0J . 
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Table 4--25 SYSCLK Cycles Between SysAddOut and SysData 

GCLK/lNT_FWD_CLK (Data Rate Ratio) 

System framing clock ratio I.SX 2.0X 2.SX 3.0X 3.SX 4.0X 5.0X 6.0X 7.0X 8.0X 

4 2 2 2 

2 2 2 

4 

Figure 4--5 show a simple example of a fast transfer. The data rate ratio is I .5X with a 
4: I SVSCLK to INT _FWD_ CLK ratio. 

Figure 4--5 Fast Transfer Timing Example 

SysAddOut_4:14:0] 

Sys[)ata_lf63,0J DO 01 02 

SYSCLK 

SY5AddOulClk_ L 

INT_PND_CLK 

GCLK 

FM058228.Al4 

In fast data mode, movement of data into the 21264B requires turning around the Sys­
Data bus lhal is being actively driven by the 2 1264B. Given a SysDc fill command 
(ReadDalaError, ReadData, ReadDalaShared, ReadDalaShared/Dirly, ReadDataDirty), 
the 2 1264B responds as follows: 

I . Three GCLK cycles a Iler perceiving the SysDc fill command, the 2 1264B turns off 
its drivers, interrupting any ongoi ng fast data write transactions. 

2. The 2 1264B drivers slay off until the last piece of fi ll data is received, or a new 
SysDc write command overrides the current SysDc fill command. II is the responsi­
bility of the external system lo schedule SysDc fill or write commands so lhal !here 
is no con0 icl on the SysDala bus. 

3. The 2 1264B samples fill data in the GCLK clock domain, 10 + SYSDC DELAY 
GCLK cycles a Iler perceiving the SysDc fi ll command. The Cbox CSR -
SVSDC_DELAY[4:0] provides GCLK granularity for precisely placing fills into 
the processor pipeline discussed in Section 2.2. 
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Table 4--26 shows four example configurations and shows their use of the 
SYSDC_ DELAY[4:0J. 

Table 4-26 Cbox CSR SYSDC_DELAY[4:0] Examples 

System Bit Rate System Framing Clock Ratio 1 SYSDC_DELAY 

System I l.5X 4:1 5 (3 SYSCLK cycles) 

System 2 2.0X 2:1 2 (3 SYSCLK cycles) 

System 3 2.5X 2:1 0 (2 SYSCLK cycles) 

System 4 4X 2:1 6 (2 SYSCLK cycles) 

1 The system framing clock ratio is the number ofINT_FWD_CLK cycles per 
SYSCLK cycles. 

System I has six GCLKs lo every SYSCLK and only sends 4-cycle commands lo U1e 
21264B. Thus, a period of three SYSCLKs between the SysDc command and data 
leaves a period of 15 GCLKs between SysDc and data (SysDc is in the middle of the 4-
cycle command). A SYSDC_DELAY[4:0J of five would align sampling and receipt of 
SysData. 

System 2 has four GCLKs in every SYSCLK, so leading data by three SYSCLK cycles, 
a□d programming the SYSDC_DELAY[4:0] lo two, aligns sampling and receiving. 

Timing for systems 3 and 4 is derived in a simi lar manner. 

Note: The maximwn valid value for SYSDC_DELAY must be less than the min­
imum number o f GCLK cycles between two consecutive SYS DC com­
mands lo the 2 1264B. 

If a fast data \ransfcr is interrupted and fai ls lo complete, the system must use the con­
ventional protocol lo send a SysDc WrileDala command lo U1e 212648, removing the 
desired data buffer. Section 4. 7.8.3 describes the liming events for transferring data 
from the 2 12648 lo the system. 

4.7.8.3 Fast Data Disable Mode 

The system controls all data movement lo and from the 212648. Movement of data into 
and out of the 212648 is preceded by a SysDc command. The 2 12648 drivers are only 
enab led fo r the duration of an 8-cycle transfer of data from U1e 2 12648 to the system. 
Systems must ensure that there is no overlap of enabled drivers and that there is ade­
quate sellle time on the SysData bus. 

G iven a SysDc fil l command, the 2 12648 samples data 10 + SYSDC_DELAY GCLK 
cycles afler the command is perceived within the 2 12648 clock domain . Because there 
is no linkage with the output driver, fi lls into the 212648 arc not affected by the 
SYS_RCV _MUX_PRESET[I :OJ value. 

In both modes, given a SysDc write command, the 212648 looks for the next SYSCLK 
edge 8.5 cyc les afler perceiving the SysDc write command in iLs clock domain. Because 
the SysDc write command must be perceived before its use, SysDc write commands are 
dependent upon U1e amount of delay in!roduced by Cbox CSR 
SYS_RCV _MUX_CNT_pRESET[I :OJ . 
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Table 4--27 lists information for the four liming examples. In Table 4--27, note U1e fol ­
lowing: 

SysDc write commands are not affected by U1e SYSDC _DELAY parameter. 

The SYS_RCV _MUX_PRESET adds delay al the rate of one INT_FWD_CLK al a 
time. For example, adding the delay of one bit time lo system I adds 1.5 GCLK 
cycles lo U1c delay and drives the SysDc write cornrnand-lo-<lata re lationship from 
one lo two SYSCLKs. 

For write \ransfcrs, the 2 1264B drivers are enabled on the preceding GCLK 
BPl·IASE, before U1e start of a write transfer, and disabled on the succeeding GCLK 
BPHASE al the end of the write transfer. The write data is enveloped by the 
212648 drivers to guarantee lhal every data transfer has the same data valid win­
dow. 

Table 4-27 Four Timing Examples 

System Bit Rate System Framing Clock Ratio 1 Write Data 

System I l.5X 4:1 2 SYSCLKs 

System 2 2.0X 2: 1 3 SYSCLKs 

System 3 2.5X 2: 1 2 SYSCLKs 

System 4 4X 2:1 2 SYSCLKs 

1 The syslem framing clock ratio is lhe number of lNT_FWD_CLK cycles per 
SYSCLK cycles. 

The four examples describe<l here assume no skew for the 2.0X and 4.0X cases and one 
bit lime of skew for the 1.5X and 2.5X cases. 

For system I, the distance between SysDc and U1e (irsl SYSCLK is nine GCLK cycles 
but the additional delay of one bi t time (1.5 GCLKs) puts the ac tual delay afler perceiv­
ing the SysDc command lo 7.5 GCLKS, which misses the 8.5 cycle constraint. There­
fore, the 2 1264B drives data two SYSCLKs afler receiving the SysDc write command. 

For system two, the distance between SysDc and U1e second SYSCLK is eight GCLK 
cycles, which also misses the 8.5 cycle constraint, so U1e 21264B drives data three 
SYSCLK cycles after receiving the SysDc write command ( 12 cycles). 

The other two cases a re derived in a simi lar manner. 

4.7.8.4 SysDatalnValid_L and SysDataOutValid_L 

The SysDataValid signals (SysDatalnVa lid_L and SysDataOutValid_ L) are driven by 
the system and contro l U1e rate of data de livery lo and from the 2 12648. 

SysDatalnValid _ L 

The SysDatalnValid_L signal controls the now of data into the 212648, and may be 
used lo introduce an arbitrary number of cycles between oclaword lransfers into the 
212648. The rules for using SysData lnValid_L follow: 

4-34 Cache and External Interfaces Alpha 212648 Hardware Reference Manual 



System Port 

I. The SysDatalnValid_L signal must be asserted fo r both cycles ora SysDc fill 
command, and lwo quadwords or data must be delivered lo the 21264B in succeed­
ing bit-clock cycles with the appropriate liming in reference lo the SysDc fi ll com­
mand (SYSDC_DELAY + 10 CPU cycles). 

2. Any number or bubble cycles can be introduced within the fi ll by deasserting 
SysDatalnValid_L between oclaword transfers. 

3. The transfer or fi ll data can continue by asserting SysDatalnValid_L for al least 
two bit-clock cycles, and delivering data SYSDC_DELAY + 10 CPU cycles after 
the assertion orSysDatalnValid_L. 

4. The 21264B must see SysDatalnValid_L asserted for eight data cycles in order lo 
complete a fi ll. When the eighth cycle oran asserted SysDatalnValid_L is per­
ceived by the 2 1264B, the transfer is compl ete. 

5. Systems that do nol use SysDatalnValid_L may lie the pin lo the asserted stale. 

lr SYSDC_DELAY is greater than the bi H ime or a transfer, the SysDatalnValid_L 
signal must be internally pipelined. To enable the correct sampling or 
SysDatalnValid_L, the 21264B provides a delay, with Cbox CSR 
DATA_ VA LID_ DELAY[ I :OJ, that is equal to SYS DC_ DELAY[ 4:0]/bil-lime. For 
example, consider system I in Table 4-26, which has a SYSDC_DELAY orfive 
GCLK.s. Running at a bit-li me or l.5X, the DATA_ VALID_DELAY[ l ,O] is pro­
grammed with a value orthree. 

SysDataOutValid_L 

Systems that use a ratio or I: I for SYSCLK: INT _FWD_ CLK may control the fl ow or 
data out orthe 21264B by using SysData0utValid_L as fo llows: 

I. The SysData0utValid_L pin must be asserted for al least the first cycle orthe 
SysDc write command that initiates a write transfer. 

2. Any number or bubble cycles may be introduced between quadword transfers by 
deasserting SysData0 utValid_L. 

3. The 21264B must see the SysData0utValid_L signal asserted fo r eight data cycles 
lo complete a w ri te transaction, and when the eighth cycle or an asserted 
SysData0utValid_L is perceived by the 21264B, the transfer is complete. 

4.7.8.5 SysFillValid_L 

The SysFillValid_L pin, when asserted, validates the current memory and 1/0 data 
transfer into the 2 1264B. The system designer may tie this pin lo the asserted stale (val­
idati ng all fi lls), or use it lo enable or cancel fi ll s as they progress. The 2 1264B samples 
SysFillValid_L al D I Lime (when the 2 1264B samples the second data cycle). 
lrSysFillValid_L is asserted al DI lime, the till will continue uninterrupted. Ir il is not 
asserted, the 2 1264B cancels the ti ll , but expects all eight QWs or data lo arrive al its 
system bus before continuing lo the next fi ll . Also, the 2 1264B maintains the stale or 
the MAF, expecting another valid fi ll lo the same MAF entry. Fi gure 4-6 ill uslrales 
SysFillValid_L liming. 
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Figure 4-6 SysFillVal id_l Timing 
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4.7.8.6 Data Wrapping 

All data movement between the 2 1264B and the system is composed or 64 bytes in 
eight cycles on the data btLs. All 64 bytes or memory data are valid. Th is applies lo 
memory read transactions, memory w ri te transactions, and system probe read lransac­
tions. The wrap order is interl eaved. The internal data bus, wh ich del ivers data lo the 
functional uni Ls and the Dcache, is 16 bytes w ide, and so, no transfers happen un ti l two 
data cycles occur on the interface. 

Table 4-28 lists the rules for data wrapping. 1/0 read and write addresses on the 
SysAddOul bus point lo the desired byte, word, LW, or QW, with a combination or 
SysAdd0 ut_L(S:3( and the mask field [7:0]. 

Table 4-28 Data Wrapping Rules 

Command 

ReadQW and 
WrQW 

ReadLWand 
WrLW 

LO Byte/Word 
and 
STByle/Word 

Significant Address Mask 
Bits Type 

SysAddOut_ LIS:3] QW 

SysAddOut_ LIS :3] LW 

SysAddOut_ LIS:3] Byte 

Rules 

SysAddOut_LIS:31 contains the exact PA bils oflhe first 
LDQ or STQ lo lhe block. The mask bils point lo the va lid 
QWs merged in ascending order. 

SysAddOut_LIS:31 contain the exact PA bits oflhe first 
LDL or STL lo the block. The mask bits point to the valid 
LWs merged in ascending order within one hexword. 

SysAddOul_LIS:31 contain the exact QW PA bils oflhe 
LDByle/Word or STByle/Word instruction. The mask bils 
point lo the valid byte in the QW. 

The order in which data is provided lo the 2 1264B (for a memory or 1/0 fill) or moved 
from the 2 1264B (write victims or probe reads) can be determined by the system. The 
system chooses lo refl ect back the same low-order address bits and the corresponding 
oclaword found in the SysAddOul field or the system chooses any other starting point 
w ithin the block. 

SysDc commands for the ReadDala, ReadDataShared, and WrileDala groups req uire 
that systems defin e the position or the first QW by inserting the appropriate value or 
SysAdd0 ut_L(S:3( into bits [1 :0] orthe command field. The recommended starti ng 
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point is the QW pointed to by the 21264B; however, some systems may find il more 
beneficial lo begin Ilic transfer elsewhere. The system must always indicate Ilic starting 
point to the 2 1264B. The wrap order for subsequent QWs is interleaved. 

Table 4-29 defines the method for systems lo specify wrap and deliver data. 

Table 4-29 System Wrap and Deliver Data 

Source/ 
Destination 

Memory 

Memory 

Memory 

Memory 

Memory 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

SysDc[4:2] SysDc[1 :0J Size Rules 

100 (RcadDala) SysAddOul_ L(S:4( Block (64 Bytes) Sec Nole I 

I 01 (RcadDataDirty) SysAddOul_ L(S:4( Block (64 Bytes) Sec Nole I 

110 (RcadDalaSharcd) SysAddOut_ L(S:4) Block (64 Bytes) See Nole I 

111 (Read DalaSharcd/Dirly) SysAddOul_ L(S:4( Block (64 Bytes) Sec Note 1 

010 (Wri leDala) SysAddOut_ L(S:4( Block (64 Byles) Sec Note 1 

I 00 (RcadDala) SysAddOul_ L(S:4( QW (8-64 Byles) See Nole I 

I 00 (ReadData) SysAddOul_L(4:3 ( LW(4-32 Byles) Sec Nole 2 

I 00 (ReadData) SysAddOut_ L(4:3 ( Byte/Word Sec Nole 2 

0 IO (WrilcData) SysAddOut_L(S:4( QW (8-64 Byles) Sec Nole I 

0 IO (WrilcDala) SysAddOul_L(S:4( LW(4-32 Bytes) Sec Nole I 

0 IO (WrilcDala) SysAddOul_ L(S:4( Byte/Word Sec Nole I 

Note 1: Transfers lo and from lhc 21264B have eight data cycles for a total of eight 
quadwords. The start.ing point is defined by the system. The preferred starl­
ing po int is Ilic one pointed lo by SysAddOul_L[5:4] . Systems can insert 
ll,c SysAddOul_ L[5:4] into llie SysDc[ I :OJ fi eld of the command. See 
Table 4-30 fo r the wrap order. 

Note 2: LW and byte/word read transfers dilfer from all other transfers. The system 
unloads on ly four QWs of data into eight data cycles by sending each QW 
twice (referred to as double-pumped data transfer). The fi rst QW retumcd 
is determined by SysAdd0 ut_Ll4:31. The system again may elect lo 
choose its own starting point for the transfer and insert that value into 
SysDc[l:0]. See Table 4-3 1 for the wrap order. 

Table 4-30 defines the interleaved scheme for IJ,e wrap order. 

Table 4-30 Wra p Interleave Order 

First quadword 000 

Second quadword 001 

Third quadword 010 

Fourth quadword 011 

Fillh quadword 100 

PA Bits (5:3] ofTransferred QW 

0 10 

0 11 

000 

00 1 

110 

100 

IOI 

110 

Ill 

000 

110 

111 

100 

IO I 

010 
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Table 4-30 Wrap Interleave Order (Continued) 

PA Bits (5:3] of Transferred QW 

Sixth quadword 

Seventh quadword 

Eighth quadword 

IOI 

11 0 

Ill 

Ill 

100 

10 1 

00 1 

010 

01 1 

01 1 

000 

00 1 

Tab le 4-3 1 defines the wrap order for double-pumped data transfers. 

Table 4-31 Wrap Order for Double-Pumped Data Transfers 

PA [5:3] of Transferred QW 

First quadword x00 x0 I xl0 xl I 

Second quadword x00 x0 I x l0 xi I 

Third quadword x0I x00 x ii xl0 

Fourlh quadword x0I x00 X J J xl0 

FiflJ.1 quadword X IQ X J J x00 x0I 

Sixth quadword X 10 x i I x00 x0 I 

Scvenlh quadword XI J x l0 x0 I x00 

Eighlh quadword x i I x l0 x0 I x00 

4.7.9 Nonexistent Memory Processing 

Like iLs predecessors, the 21264B can generate references lo nonexistent (NXM) mem­
ory or 1/0 space. However, unl ike the earlier Alpha microprocessor implcmcnlalions, 
the 2 1264B can generate speculative references lo memory space. To accommodate the 
speculative nature of the 2 1264B, Ilic system must not generate or lock error registers 
because of speculative references. The 21264B translates all memory references 
through the translation lookaside buffer (TLB) and, in some cases, the 2 1264B may 
generate speculative references (instruction execution down mi sprcdicled paths) lo 
NXM space. ln these cases, llie system sends a SysDc RcadDataError and tbc 21264B 
does ll,e fo llowing: 

Delivers an all-ones pattern to all load instructions lo the NXM address 

Force-fai ls all store instructions lo the NXM address (much like a STx_C 
fai lure) 

Invalidates ll1e cache block al the same index by way of an atomic Ev ict 
command 
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Table 4-32 shows each 2 1264B command, with NXM addresses, and the appropriate 
system response. 

Table 4-32 21264B Commands with NXM Addresses and System Response 

21264B Command 
NXM Address System/21264B Response 

Probe Response 

RdBlk 
RdBlkSpec 
RdBlkVic 

RdBlkl 
RdBlkSpecl 
RdBlkVicl 

RdBlkMod 
RdBlkModSpcc 
RdBlkModVic 

WrVictimBlk 

CleanVictimBlk 

Evict 

RdBytes 
RdLWs 
RdQWs 

WrBytes 
WrLWs 
WrQWs 

FetchBlk 
FctchBlkSpec 

CleanToDirty 
SharedToDirty 
STCChangcToDirty 

Probe responses for addresses lo NXM space are of UNPREDICTABLE status. Although 
the final status of a ReadDataError is Invalid, the 21264B fills the block Valid/Clean and 
uses an atomic Evict command lo invalidate the block. Systems that send probes to NXM 
space to the 2 1264B must di sregard the probe result. 

Load references to NXM space can be speculative. Tn this case, systems should respond 
with a SysDc ReadDataError fill Lhat the 212648 uses to service the original load/lstream 
command. Tf the original load command was speculative, the 21264B will remove Lhe 
load instruction that generated the NXM command, and slart processing instructions 
down the correctly predicted path . If the command was not speculative, there must be an 
error in the operating system mapping ofa virtual address to an illegal physical address, 
and the 2 12648 provides an all ones pattern as a s ignature for this bug. The NXM block 
is not cached in the Dcache or 8cache. 

I stream re ferences Lo NXM space can be speculative. Jn this case, systems should respond 
with a SysDc ReadDataError fill , which the 21264B will use to service and execute the 
orig inal I stream reference. If the origina l lslream reference was speculative, the 2 1264B 
wi ll remove the instructions started atler the mispredicted instruction that genera ted the 
NXM reference, and start instruction processing down the correctly predicted path. Jfthe 
reference was not speculative, there must be an error in the operating system mapping of 
a virtual address to an illegal physica l address, and the 2 1264B provides an a ll ones pat­
tern as a s ignature for th is bug. The NX M block is not cached in the 8cache, but can be 
cached in the Jcache. 

Store instructions to NXM space initiate Rd81kMod commands. Again, speculative store 
instructions are removed. Nonspeculative store instructions are forced to fa il , much like 
STx_ C instructions that fai l. The NXM block is not cached in the Dcache or 8cache. 

Dirty Victims to NXM space are illegal. Systems should perform a machine check, with 
the 2 12648 indicating a severe error. 

The 2 1264B can generate CleanVictim8 lk commands to NXM space if the Cbox CSR 
BC_CLEAN_ VJCTTM[O) bit is asserted and a SysDc ReadDataError has been generated. 
Systems that use clean victims must faithfully dea llocate the C lean Victim VAF entry. 

Tfthe Cbox CSR ENABLE EVICT is asserted, the 21264B wi ll generate Evict com­
mands to NXM space. SystCms may use I.his command to invalidate their duplicate tags. 
Systems must respond with SysDc ChangeToDi rtyFa il to retire the NXM MAF entry. 

Load instructions to 1/0 space are not speculative, so an 1/0 reference to NXM space is 
an error. Systems must respond with ReadDataError and should generate a machine 
check to indica te an operating system error. 

Store instruc tions to 1/0 space are not specula tive, so an 1/0 reference to NXM space is 
an error. Systems must respond by deallocating the appropriate J0WB entries, and should 
generate a machine check to indicaLe an operating system error. 

Loads to noncached memory in NXM space may be speculative. Systems must respond 
with a SysDc ReadDataError to retire the MAF entry. 

ChangeToDirty commands to NXM space are impossible in the 2 12648 because all 
NXM references to memory space are atomically filled wi th an Inva lid cache status. 
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Table 4-32 21264B Commands with NXM Addresses and System Response (Continued) 

21264B Command 
NXM Address System/21264B Response 

JnvalToDirty 
Jnva!ToDirtyVic 

lnva lToDirty commands are not specul ative, so JnvalToDirty commands to NXM space 
indicate an operating system error. Systems should respond with a SysDc ReadDataError, 
and should generate a machine check to indicate error. 

4.7.10 Ordering of System Port Transactions 

This section describes ordering of system port transactions. The two classes of transac­
tions are listed here: 

21264B commands and system probes 

System probes and SysDc transfers 

4. 7 .10.1 21264B Commands and System Probes 

This section describes the interac tion of21264B-generated commands and system-gen­
erated probes that reference the same cache block. Some definitions are presented here: 

ProbeResponses generated by the 21264B respond to all system-generated probe 
commands. System-generated data transfer commands respond to all 2 I 264B-gen­
erated data transfer commands. 

The victim address tile (VAF) and victim data buffer (YOB) entries each have inde­
pendent valid bits for both a victim and a probe. 

Probe results indicate a hit on a VAFNDB and when a WrVictim command has 
been sent to the system. Systems can decide whether lo move the buffer once or 
twice. 

ProbeResponses are issued in the order that the system-generated probes were 
received; however, there is no requiremenl for lhe system to retain order when issu­
ing release buffer commands. 

Probe processing can stall ins ide the 21264B when the probe entry index matches 
PA[ 19:6] of a previous probe entry in the VAF. 

The 2 1264B reserves one VAF entry for probe process ing, so that VAF-full condi­
tions cannot stall the processing of probes at the head of the queue. 

Table 4-33 lists all interactions between pending internal 2 1264B commands and the 
Probe[2:0] command fi eld, Next Cache Block State, described in Table 4-22. 

Table 4-33 shows the 2 1264B response to system probe and in-flight command interac­
tion. In the table, note the following: 

ReadBlkVic and ReadBlkModVic commands do not appear in Table 4-33. If there 
is interaction between the probe and the victim, it is the same as a WrVictimBlk 
command. 

Probes that invalidate locked blocks do not generate a ReadBlkMod command. The 
2 1264B fa ils the STx_ C instruction as de fined in the Alpha Architecture Handbook, 
Version 4. 
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AU read commands (RdB lk, RdB lkMod, Fetch, lnvalToDirty) do not interact 
because the 2 1264 B does not yet own U,e block. 

Table 4-33 21264B Response to System Probe and In-Flight Command Interaction 

Pending Internal 
21264B Command 21264B Response to System Probe and In-Flight Command Interaction 

RcadBlk 
RcadBlk.Mod 
FelchB lk 
lnvalToOirly 
WrVictimBlk 

CleanToDi.rty 
SharcdToDirty 

This case assumes lhaL a WrVictimB lk command has been scnl Lo the system and another 
agent has performed a load/store instruction Lo the same address. The 212648 provides 
VAF hit information with the probe response so lhat the system can manage the race con­
dition between the WrVictirnBlk command from this processor and a possible WrVictim­
Blk command from the probing processor. This race condition can be managed by either 
forcing the complclion oftllc WrVictimBlk command to memory before allowing the 
progress by the probing processor, or by kill ing the WrVicLimBlk command in Lhis proces­
sor. 

This case assumes LhaL a SetDirty command has been sent Lo the system environment 
because of a store instruction that hit in Lbe 212648 caches and that another processor has 
perfonned a load/store instruction Lo the same address. The 212648 provides MAF hiL 
iJ1formation so that the system can correctly respond Lo the Scl/Dirty command. If the 
next state oflhe probe was lnvalid (the olher processor performed a store instruction), and 
the probe reached the sysLem scrial izaLion poinL before the Set/Dirty command, the sysLem 
musL either fa il the Set/Dirty command or provide ll.1e updated data from the other proces­
sor. 

STCChangeToDirty This case is simi lar to case 2, except Lhat U1c initiating instruction for the Set/Dirty com­
mand is a STx_C. An address match with an i_nvalidating probe must fail the Set/Dirty 
command. Delivering U1e updated data from the 0U1er processor is not an option because 
of the requirements oftbe LDx_USTx_C instrucLion pair. 

4.7.10.2 System Probes and SysDc Commands 

Ordering of cache transactions al the system serialization point must be reflected in the 
2 1264B cache system. Table 4-34 shows the rules U1al a system must follow to control 
the order of cache status update within the 21264B cache structures (including the 
VAF) al the 2 I 264B pins. 

Table 4-34 Rules for System Control of Cache Status Update Order 

Firs t 

Probe 

Probe 

Probe 

Second Rule 

Probe To control the sequence of cache status updates between probes, systems 
can present the probes in order lo the 2 1264B, and the 21264B wi ll update 
the appropriate cache stale (including the VAJ' ) in order. 

SysDc MAF To ensure that a probe updates the internal cache status before a SysDc 
MAF transaction (including fil ls and ChangeToDirtySuccess commands), 
systems mLLsl wail for U1e probe response before presen ting the SysDc 
MAF command to the 2 1264B. To ensure I.hat a probe updates a VAF entry 
before a SysDc VAF (release buffer), systems must wail for the probe 
respo nse. 

SysDc VAF Sarne as Probe/SysDc MAF, above. 
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Table 4-34 Rules for System Control of Cache Status Update Order (Continued) 

First Second Rule 

SysDc MAF Probe To ensure that a SysDc MAF command updates the 21264B cache system 
before a probe to I.he same address, systems mLLsl deliver the DI (U1e sec­
ond QW of data delivered lo U1e 21264B) before or in U1e same cycle as 
the A3 of the probe (U1e last cycle of the 4-cycle probe command). This 
rule also applies to ChangcToDi.rtySucccss commands U1at have a virtual 
DO and DI transaction. 

SysDc MAF SysDc MAF 

SysDc MAF SysDc VAF 

SysDc VAF Probe 

SysDc VAF SysDc MAF 

SysDc VAF SysDc VAF 

SysDc MAF transactions can be ordered into the 21264B by ordering them 
appropriately at the 21264B interface. 

SysDc MAF transactions and SysDc VAF transactions cannot interact 
wiU1in U1e 21264B because U,e 21264B does not generate MAF transac­
tions to tJ1e same address as existing VAJ:;- transactions. 

To ensure that a SysDc VAF invalidates a VAF enl.ry before a probe to I.he 
same address, I.he SysDc VAF command must precede the first cycle of the 
4-cycle probe command. 

SysDc MAF l.ransactions and SysDc VAF transactions cannot interact 
within U1e 21264B because the 21264B does not generate MAJ' transac­
tions lo the same address as ex isting VAF transactions. 

SysDc VAF transactions can be ordered into the 2 1264B by ordering U1cm 
appropriately al U1e 21264B interface. 

4.8 Bcache Port 

The 2 1264B supports a second-level cache (Bcache) with 64-byte blocks. The Bcache 
size can be I MB, 2MB, 4MB, 8MB, or 16MB. The Bcache port has a 144-bit data bLLs 
that is used for data transfers between Uie 21264B and the Bcache. All Bcache control 
and address signal I ines are clocked synchronoLLsly on Bcache clock cycle boundaries. 

The Bcache supports the fo llowing multiples of the GCLK period: I .5X (dual-data 
mode only), 2X, 2.5X, 3X, 3.5X, 4X, 5X, 6X, 7X, and 8X. However, the 21264B 
imposes a maximum Bcache clock period based on the SYSCLK ratio. Tab le 4-35 lists 
the range of maximum Bcache clock periods. Section 4. 7.8.2 describes fast mode. 

Table 4-35 Range of Maximum Bcache Clock Ratios 

SYSCLK Ratio 

I.SX 

2.0X 

2.SX 

3.0X 

3.SX 

4.0X 

5.0X 

Bcache Clock Ratio with Fast Mode 
Enabled 

4.0X 

4.0X 

5.0X 

6.0X 

7.0X 

7.0X 

8.0X 
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Bcache Clock Ratio with Fast Mode 
Disabled 

7.0X 

7.0X 

8.0X 

8.0X 

8.0X 

8.0X 

8.0X 
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Table 4--35 Range of Maximum Bcache Clock Ratios (Continued) 

SYSCLK Ratio 
Bcache Clock Ratio with Fast Mode 
Enabled 

Bcache Clock Ratio with Fast Mode 
Disabled 

6.0X 

7.0X 

8.0X 

8.0X 

8.0X 

8.0X 

8.0X 

8.0X 

8.0X 

The 21264B provides a range of programmable Cbox CS Rs to manipulate the Bcache 
port pins so that a variety of industry-standard SSRAMs can communicate efficiently 
with the 21264B. The fo llowing SSRAMs can be used:. 

Nonburst mode Reg/Reg late-write SSRAMs 

Burst mode Reg/Reg late-write dual-data SSRAMs 

4.8.1 Bcache Port Pins 

Table 3- 1 defin es the 21264B signal types referred to in this section. Table 4-36 lists 
tl1e Bcache port pin groups a long with their type, number, reference clock, and func­
tional description. 

Table 4--36 Bcache Port Pins 

Pin Name Type Count Reference Clock Description 

BcAdd_Hl 23 :41 

BcCheck_HIIS:0] 

BcData_HI 127:0] 

BcDatalnClk_lll7:0] 

BcDataOE_L 

BcDataOutClk_Hl3:01 
BcDataOutClk_Ll3:01 

BcDataWr_L 

BcLoad_ L 

BcTag_H142:20] 

RcTagOirty_ H 

RcTaglnClk_H 

RcTagOE_L 

BcTagOutClk_ll 
BcTagOutCik_L 

BcTagParity_H 

O_PP 20 

B_DA_PP 16 

B_DA_PP 128 

I_DA 

O_PP 

O_PP 

O_PP 

O_PP 

B_DA_PP 23 

B_DA_PP 

I_DA 

O_PP 

O_PP 2 

B_DA_PP 
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lnt_lndex_BcClk Bcache index 

lnt_Dala_BcClk => output ECC check bits for BcData 
BcDatainClk_H => input 

lnt_Dala_BcClk => output Bcache data 
BcDalainClk_H => input 

NA 

lnt_lndex_BcClk 

NA 

lnt_lndcx_BcClk 

lnt_lndcx_BcClk 

Bcache data input clocks 

Bcache data output enable/chip 
select 

Bcache data clocks- high and low 
version 

Bcache data write enable 

Bcache burst enable 

Int Data BcClk => output Bcache tag data 
BcTaglnClk_H => input 

lnl Data BcClk ⇒ output Bcache lag dirty bit 
BcTaglnClk_H => input 

NA 

lnt_lndex_BcClk 

NA 

Tag input data reference clock 

Bcachc tag output enable/chip 
select 

Bcachc tag clock- high and low 
version s 

ln t_ Data_BcClk ⇒ oulput Bcacl1e tag parity bit 
BcTaglnClk_H => input 

Cache a nd External Interfaces 4--43 

Bcache Port 

Table 4--36 Bcache Port Pins (Continued) 

Pin Name Type Count Reference Clock Description 

BcTagShared_ H B_DA_PP lnt_Data_BcClk => output Bcache tag shared bit 
BcTaglnClk_H => input 

BcTagValid_ H B_DA_PP lnt_Data_BcClk => output Bcache lag val id bit 
BcTaglnClk_H => input 

BcVrcr I_DC_REF NA Input reference voltage for tag data 

BcTagWr_L O_PP Jnt_lndex_BcClk Bcache data write enable 

4.8.2 Bcache Clocking 

For clocking, the Bcache port pins can be divided into three groups. 

I. The Bcache index pins (address and control) are referenced to lnt_Add_ BcClk, an 
inlemal version of the Bcache forwarded clock. The index pins are valid for the 
whole period of the lnt_ Add_ BcClk. The index pins are: 

BcAdd_Hf23:4] 
BcDataOE_L 
BcDataWr_L 
BcLoad L 
BcTagOE_L 
BcTagWr_L 

2. The data pins, when driven as outputs, are referenced lo lnt_Data_BcClk, another 
internal version of the Bcache forwarded clock. The data pins, when used as inputs, 
can be referenced to the incom ing Bcache clocks, BcDatalnClk_ Hf7:0[ and 
BcTaglnClk_H . ln t_Data_BcClk can be delayed relative to lnt_ Add_BcClk from 
0 to 3 GCLK cycles by using Cbox CSR BC_CPU_CLK_DELAY[I :OJ. The data 
pins are: 

BcCheck_Hf I 5:0[ 
BcData_Hf 127:0[ 
BcTag_H[42:20] 
BcTagDirty_H 
BcTagParity _ H 
BcTagShared_H 
BcTagValid _ H 

3. The Bcache clock pins (BcData0utClk_x[3:0] and BcTagOutClk_x) clock the 
index and data pins at the SSRAMs. These clocks can be delayed from 
lnt_Data_BcClk from Oto 2 GCLK phases (half cycles) using Cbox CSR 
BC_ CPU_CLK_DELAY[l :O). 
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Table 4-37 provides 01c 8C_CPU_CLK_DELAY[ I :OJ values, which is the delay 
from 8C_ADDRESS lo 8C_WIUTE_DATA (and 8C_CLOCK_OUT) in GCLK 
cycles. 

Table 4-37 BC_CPU_CLK_DELAY[1 :0] Values 

BC_CPU_CLK_DELAY[1 :0) Value GCLK Cycles of Delay 

0 0 

2 2 

3 

In lhe 212648 lopolob'Y, the index pins are loaded by all lhe SSRAMs, whi le lhe clock 
and data pins see a limit load. This arrangement requires a relatively large amount of 
delay between the index pins and lhe 8cache clock pins lo meet the setup constraints al 
lhe SSRAMs. The 212648 Cbox CS Rs can provide a programmable amount of delay 
between O,e index and c lock pins by using Cbox CSRs 8C_CPU_CLK_DELAY[I :OJ 
and 8C_CLK_DELAY[ I :O] . 

Table 4-38 provides lhe 8C_CLK_DELAY[ I :O] values, which is lhe delay from 
8C_WRITE_DATA lo BC_CLOCK_OUT, in GCLK phases. 

Table 4-38 BC_CLK_DELAY[1 :0J Values 

BC_CLK_DELAY[1 :0) Value GCLK Phases 

Invalid (turns olTBC_CLOCK_OUT) 

0 

Wi01 8C_CPU_CLK_ DELAY[ l :OJ and 8C_CLK_DELAY[I :OJ, a 500-MHz 2 12648 
can provide up lo 8 ns (3 x 2 + 2) of delay between 01e index and lhc outgoing for­
warded clocks. The relative loading difference between the data and 01e clock is mini­
mal, so Cbox CSR 8C_CLK_DELAY[ I :OJ alone is suffic ient lo provide O,c delay 
needed for the setup conslrainl al 01e 8cachc data register. 

4.8.2.1 Setting the Period of the Cache Clock 

The free running Bcachc clocks are derived from lhe 212648 GCLK. The period oflhe 
8cache clocks is programmed using lhe following Oiree Cbox CSRs: 

I. 8C_CLK_LD_ VECTOR[l5 :0J 

2. 8 C_BPHASE_LD_VECl'OR[3:0J 

3. BC_FD8K_EN[7 :0J 

To program these three CS Rs, the programmer musl know 01e bit-rate oflhc Bcachc 
data, and whether on ly the rising edge or bo01 edges of 01e clock are used lo latch data. 
For example, a 200-MHz lale-wrile SSRAM has a data period of 5 ns. For a 2-ns 
GCLK, lhe READCLK_RATIO musl be sci lo 2.5X. This part is call ed a 2.5X SD (sin­
gle-data parl). 
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Tab le 4-39 shows how lhc three CSRs arc programmed for single-data devices. 

Table 4-39 Program Values to Set the Cache Clock Period (Single-Data) 

Bcache Transfer BC_CLK_LD_VECTOR1 BC_BPHASE_LD_VECTOR1 BC_FDBK_EN1 

2.0X-SD 5555 0 0 1 

2.5X-SD 94A5 3 02 

3.0X-SD 9249 A 02 

3.5X-SD 4C99 C 04 

4.0X-SD 3333 0 0 1 

5.0X-SD 8C63 02 

6.0X-SD 71C7 0 10 

7.0X-SD C387 A 04 

8.0X-SD 0F0F 0 01 

I These are hexadecimal values. 

Wi01 lhe exception of lhe 2.5X-SD and 3.5X-SD cases, 01e clock waveform generated 
by lhc 2 12648 for 01c forwarded clocks has a 50-50 duty cycle. In the 2.5X-SD case, 
lhc 212648 produces an asymmetric clock lhal is high for lwo GCLK phases and low 
for three phases. Likewise, for lhe 3.5X-SD case, lhe 21264B produces an asymmetric 
clock lhal is high for three GCLK phases and low for fo ur GCLK phases. Also, for both 
of these cases, lhc 2 12648 wi ll only slarl lransaclions on Orn ris ing edge oflhc GCLK 
and lhe Bcache clock. The I .5X-SD case is nol supported. 

A dual-dala rale (DOR) SSRAM's data rale is derived in a simi lar manner, except that 
because both edges of the clock are used, lhe SSRAM clock generated is 2X lhe period 
oflhe data. This parl is called a 2.5X DOR SSRAM. 

Table 4-40 shows how the three CS Rs arc programmed for dua l-data devices. 

Table 4-40 Program Values lo Set the Cache Clock Period (Dual-Data Rate) 

Bcache 
Transfer BC_CLK_LD_VECTOR1 BC_BPHASE_LD_ VECTOR1 BC_FDBK_EN1 

l.5X-DD 9249 A 02 

2.0X-DD 3333 0 01 

2.5X-DD 8C63 5 02 

3.0X-DD 71C7 0 10 

3.5X-DD C387 A 04 

4.0X-DD 0F0F 0 01 
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Table 4--40 Program Values to Set the Cache Clock Period (Dual-Data Rate) (Continued) 

Bcache 
Transfer BC_CLK_LD_VECTOR1 BC_BPHASE_LD_ VECTOR1 BC_FDBK_EN1 

5.0X-DD 7CIF 0 40 

6.0X-DD F03F 0 10 

7.0X-DD C07F 0 04 

8.0X-DD OOFF 0 01 

1 These arc hexadecimal values. 

In addition to programming the clock CS Rs, the data-sample/drive Cbox CS Rs, al the 
pads, must be sci appropriately. Table 4-41 lists these CSRs and provides their pro­
grammed value. 

Table 4--41 Data-Sample/Drive Cbox CSRs 

CBOXCSR Description 

BC_DDM_FALL_EN[O] Enables the update of the 21264B's Bcache outputs referenced lo the falling 
edge oflhe Bcache forwarded clock. Dua l-data RAMs assert this CSR. 

BC_TAG_DDM_FALL_EN[O] 

BC_DDM_RJSE_EN[O] 

BC_TAG_DDM_RTSE_EN[O] 

BC_DDMF _ENABLE[O] 

BC_DDMR_ENABLE[O] 

BC_FRM_CLK[O] 

BC_CLKFWD_ENABLE[O] 

Enables the update of the 21264B's Bcache tag outputs referenced to the fa ll ­
ing edge of the Bcache forwarded clock. Alway deasserled. 

Enables the update of the 21264B's Bcache outputs referenced lo the rising 
edge oftl1e Bcache forwarded clock. Always asserted. 

Enables the update of the 2 1264B's Bcache tag outputs referenced to the ris­
ing edge of the Bcache forwarded clock. Always asserted. 

Enables the rising edge of the Bcache forwarded clock. Always asserted. 

Enables Lhe fa ll ing edge of the Bcache forwarded clock. Always asserted. 

Forces the 2 12648 to only slart Bcache transactions on Lhe rising edge of 
Bcache clocks that also coincide with the rising edge ofGCLK. Musl be 
asserted for all dua l-data parts and single-data parts at 2.5X and 3.5X. 

Enables clock forward enable. Always asserted. 

4_8.3 Bcache Transactions 

The Cbox uses the programmed clock values lo start data read, tag read, data write, and 
lag write transactions on the rising edge of a Bcache clock. The Cbox can also be con­
figured lo introduce a programmable number of bubbles when changing between write 
and read commands. The following three sections describe these Bcache transactions. 

4.8.3.1 Bcache Data Read and Tag Read Transactions 

The 212648 always reads four pieces of data (64 bytes) from the Bcache during a data 
read transaction, and always interrogates the tag array on the first cycle. Once started, 
data read transactions are never cancelled. Assuming that the appropriate values have 
been programmed for the Bcache c lock period, and with satisfactory delay parameters 
fo r the SSRAM setup/hold Bcache address latch requirements, a Bcache read command 
proceeds through the 2 1264B Cbox as follows: 
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I. When the 21264B clocks out the first address value on the Bcache index pins with 
the appropriate lnt_Add_BcClk value, the Cbox loads the values ofCbox CSR 
BC_LAT_DATA_PATTERN[3 l:O] and Cbox CSR 
BC_LAT _TAG_PATTERN[23:0] into two shifl registers, which shifl during every 
GCLK cycle. 

2. The address and control pins are latched into the SSRAMs. During the next cycle, 
the SSRAMs provide data and tag information lo the 2 1264B. 

3. Using the returning forwarded clocks (BcDatalnClk_H(7:01, BcTaglnClk_H), the 
data/lag information is loaded into the 21264B clock forwa rding queue for the 
Bcache. 

4. Based on the value ofBC_RCV _MUX_pRESET_CNT[l,O] (the unload pointer), 
the result of a Bcache write command is loaded into a 212648 GCLK (BPHASE) 
register. 

5. The Cbox CSR BC_LAT_DATA_PA1TERN[31:0] and 
BC_LAT _TAG_PA1TERN[23:0] contain the GCLK frequency al which the output 
of the clock forward FIFO can be consumed by the processor. This provides GCLK 
granularity for the Bcache interface, so that the 2 12648 can minimize latency to the 
Bcache. When the values based on these Cbox CSRs are shifted down lo the bottom 
of the shifl register, the processor samples the Bcache data and delivers ii lo the 
consumers of load data in the 212648 functional units. 

For example, when a 2.SX-SD SSRA.M has a latency of eight GCLK cycles from 
BcAdd_H(23:4( to the output ofBcache FIFO, Cbox CSR 
BC_LAT_DATA_pA1TERN[31:0] is programmed to 948 16 and Cbox CSR 
BC_LAT _TAG_PATTERN[23:0] is programmed to 816. The data pattern contains the 
placement for four pieces of data and the aggregate rate of the data is 2.SX. In addition, 
bit one of the BC_LAT_DATA_PATTERN is placed ala GCLK latency of six GCLK 
cycles, which is the minimum latency supported by the 2 12648. The 
BC_LAT_ TAG_PATTERN contains the placement oflhe lag data to the 212648. 

A shifl ofone to the lefl increases the latency of the Bcache transfer to nine GCLK 
cycles, and a shifl lo the right reduces the latency oflhe Bcache transfer lo seven GCLK 
cycles. 

The Cbox performs isolated lag read transactions in response lo system probe com­
mands. In addition, when using burst-mode SSRAMs, the Cbox can combine a separate 
lag read transact ion with the ta il end ofa data read transaction, thus optimizing Bcache 
bandwidth. A Bcache lag read transaction proceeds exactly li ke a Bcache data read 
transaction, except that only the BC_LAT_TAG PAlTERN is used to update the tag 
shift register. 

4.8.3.2 Bcache Data Write Transactions 

During a data write transaction, the 212648 always writes four pieces of data (64 bytes 
of data and 8 bytes ofECC) lo the Bcache, and always WTites the lag array during the 
first cycle. Once started, data write operations are never cancelled. Given the appropri­
ate programming oflhe Bcache clock period and delay parameters lo satisfy SSRAM 
setup/hold requirements of the Bcache address latch, a Bcache wri te transaction pro­
ceeds through the Cbox as fo llows: 

I. The Cbox transmits the index and write control signals during an Int Adr BcClk 
edge. - -
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2. The dala is placed on Bcache da la, lag, and tag status pins on the appropriate 
lnt_Data_BcClk edge from Oto 7 Bcache bit-times later, based on the Cbox CSR 
BC_ LATE_ WRITE_ NU M[2:0] . The BC_ LATE_ WRJTE_NU M[2: 0] supports the 
la te-write SSRAM, wh ich optimize Bcache dala bus bandwidth by minimizing 
bubbles between read and wrile transactions. For example, sing le-data late-wrile 
SSRAMs would need this CSR programmed to a value of one, and dual-data late­
write SSRA Ms would need this CS R programmed to a value of two. 

3. The difference between the data delivery (lnt_ Data_ BcClk) and forwarded clocks 
o ut provides the setup for the data at the Bcache data nip-nop. 

4. For Bcache writes, U1e 2 12648 drivers arc enabled on the GCLK BPHASE 
preceding the start o f a write transfer, and disabled on the succeeding GCLK 
BPI-I ASE at the end of a write transfer. Thus, the write data is enveloped by the 
2 12648 drivers to guaranlee that every data transfer has the same data-valid 
window. 

4.8.3.3 Bubbles on the Bcache Data Bus 

When cbangi.ng between rea<l an<l write transactions on lhe bidirectional bus, it is often 
necessary to introduce NOP cycles (bubbles) to a llow the bus to settle and to drain the 
Bcache read pipeline. The Cbox provides two CSRS, BC_ R.D_ WR_BUBBLES(S:0] 
and BC_ WR_ RD_ BUBBLES(3:0], to help control the bubbles between read and write 
transac tions. 

The optimwn parameters for these CSRs are determined by formulas that include the 
following terms: 

Term Description 

bcfi-m 

GCLK 

Ratio 

rd_wr 

Bcachc frame clock. 
In dual-data mode, bcfrm is twice the ratio. 
In single-data mode, the value for bcfrm is determined by whether 
the ratio is even or odd: 

When the ratio is even, bcfrm is equal to the ratio. 
When the ratio is odd, bcfrm is twice U1e ratio. 

For example, in sing le-data mode: 

Ratio Bcfrm 

2 

2.5 

The processor clock. 

The number ofGCLK cycles per peak Bcache bandwidLh Lransfor. For example, a 
ra lio of 2.5 means Lhe peak Bcache bandwidLh is 16 by Les for every 2.5 GCLK 
cycles. 

The minimum spacing required between tbe read and wrile indices al the data/tag 
pins, ex1ncsscd as GCLK cycles. 

wr_rd The minimum spacing required belwccn the write and read indices al Lhe dala/Lag 
pins. expressed as GCLK cycles. 
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The Relationship Between Write-to-Read - BC_WR_RD_BUBBLES and wr_rd 

The following formulas ca lculate the re lationsh ip between the Cbox CS R 
BC_ WR_ R.D_ BUBBLES and wr_rd: 

wr_ rd ,,. (BC_ WR_RD_BUBBLF.S - 1 ) • tx::frm 

o r 

BC_ WR_ RO_BUBBLES • ( (wr_rd + l:x::f.rm - 1 ) / bcfrm) + 1 

There is never a need to use a va lue o fO or I for BC_ WR_ RD_ BUBBLES. 

lf wr _ rd = 4* ratio, then value 3 would be U.1e minimwn 
BC_ WR_ RD_ BUBBLES value when bcf rm = 2*ratio, and value 5 would be the 
minimwn BC_ WR_ RD_ BUBBLES value when bc frm = ratio. 

There is a special case for ra tio = 2. o in single-data mode. ln thi s case, the fo r­
mula is: 

wr _ rd =- (BC_ WR_RO_BUBBLES - 2) * bcfnn 

The Relationship Between Read-to-Write - BC_RD_WR_BUBBLES and rd_wr 

Use the fo llow ing formula to calculate the value for the Cbox CSR 
BC_ RD_WR_ BUBBLES that produces U1 c minimum rd_wr restriction: 

BC_RD_WR_BUBBLES • rd_ wr - 6 

Nole U1at a value for BC_ RD_ WR_ BUBBLES of zero rea lly means 64 GCLK cyc les. 
1.n that case, amend 01e fo rmula . For example, it is impossible to have rd_ wr = 6 in 
the I .Sx dual-data rate mode case. 

4.8.4 Pin Descriptions 

Thi s section describes the characteristics of the Bcache interface pins. 

4.8.4.1 BcAdd_H[23:4] 

The BcAdd_H(23:4( pins are high drive outpuls U1at provides the index for U1e Bcache. 
The 2 1264B supports Bcache sizes of I MB, 2MB, 4MB, 8MB, and 16MB. Table 4--42 
lists the values to be programmed into Cbox CS Rs BC_ ENABLE(0] and 
BC_SIZE[3:0] to support each size oftl1e Bcache. 

Table 4-42 Programming the Bcache to Support Each Size of the Bcache 

BC_ENABLE[O] BC_SIZE[J:O] 

0000 

0001 

00 11 

0111 

1111 

4-50 Cache and External Interfaces 

Bcache Size 

1MB 

2MB 

4MB 

8MB 

16MB 
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When the Cbox CSR 8 C_8ANK_ENA8LE[0] is nol sel, the unused BcAdd_Hf23:4] 
pins are lied lo zero. For example, when configured as a 4M8 cache, lhe 212648 never 
changes BcAdd_Hf23:22J from logic zero, and w hen BC_8ANK_ENA8LE[0] is 
asserted, the 212648 drives the complemenloflhe MS8 index on the nexl higher 
BcAdd_H pin. 

4 .8.4.2 Bcache Control Pins 

The Bcache control pins (BcLoad _ L, Be Data Wr _ L, BcDataOE _ L, BcTagWr _ L, 
BcTagOE_L) are controlled using Cbox CSRs 8C_8URST _MODE_ENABLE[0] and 
8C_PENTIUM_MODE[0] . 

Table 4-43 shows the four combi nations of8cache control pin behavior obtained using 
the lwo CSRs. 

Table 4-43 Programming the Bcache Control Pins 

BC_PENTIUM_MODE BC_BURST_MODE_ENABLE RAM_TYPE 

RAM_TYPEA 

RAM_TYPEB 

Unsupported 

Unsupported 

Table 4-44 lists the combination of control pin assertion for RAM_TYPE A. 

Table 4-44 Control Pin Asse rtion for RAM_TYPE A 

TYPE_A NOP RAO RA1 RA2 RAJ NOP NOP WAO WA1 WA2 

BcLoad_L H H H H H H H H H H 

BcDataOE_L H L L L L H H L L L 

BcDataWr_L H H H H H H H L L L 

BcTagOE_L H L H H H H H L H H 

BcTagWr L H H H H H H H L H H 

WAJ 

H 

L 

L 

H 

H 

Table 4-45 lists the combination of control pin assertion fo r RAM_TYPE B. 

Table 4-45 Control Pin Assertion for RAM_TYPE B 

TYPE B NOP RAO RA1 RA2 RAJ NOP NOP WAO WA1 WA2 WAJ 

BcLoad_L H L H H H H H L H H H 

BcDataOE_L H L L L L H H L L L L 

BcDataWr_L L H H H H L L L L L L 

0cTagOE_ L H L H H H H H L H H H 

0cTagWr L H H H H H H H L H H H 

NOP 

H 

H 

H 

H 

H 

NOP 

H 

H 

L 

H 

H 

Alpha 21264B Hardware Reference Manual Cache and External Interfaces 4-51 

Table 4-46 lists the combination of control pin assertion fo r RAM_ TYPE C. 

Table 4-46 Control Pin Assertion for RAM_TYPE C 

TYPE_C NOP RAO RA1 RA2 RAJ NOP NOP WAO WA1 WA2 WAJ NOP 

BcLoad_L H H H H H H H H H H H H 

BcDataOE_L H H L L L L L H H H H H 

BcDataWr_L H H H H H H H L L L L H 

BcTagOE_L H L L H H H H H H H H H 

BcTagWr L H H H H H H H L H H H H 

Table4-47 lists the combination ofconlrol pin assertion forRAM_TYPE D. 

Table4-47 Control Pin As s e rtion for RAM_ TYPE D 

TYPE_D 

BcLoad_L 

BcDataOE_L 

BcDataWr_L 

BcTagOE_L 

BcTagWr L 

NOP RAO RA1 RA2 RAJ NOP NOP WAO WA1 WA2 WAJ NOP 

H L H H H H H L H H H H 

H H L L L L L H H H H H 

H H H H H H H L L L L H 

H H L L H H H H H H H H 

H H H H H H H L H H H H 

Noles: 

I. The NOP condition for RAM_ TYPE 8 is consislenl with bursting nonPenliurn 
style SSRAMs. 

2. In both RAM_TYPE A and RAM_TYPE 8, lhe pins BcDataOE_L and BcTagOE_L 
function changes from output-enable control lo chip-select control. 

3. In bolh RAM_TYPE C and RAM_TYPE D SSRAMs, the pins BcDataOE_L and 
BcTagOE_L function as an asynchronous output enable lhal envelopes the 8cache 
read data by providing an extra cycle of oulpul enable. 

Using these Cbox CS Rs, late-write nonbursling and dual-data rale SSRAMs can be 
connected lo the 2 12648 as described in Appendix E. 

4.8.4.3 BcDatalnClk_H and BcTaglnClk_H 

The BcDatalnClk_Hf7: 0J and BcTagln Clk_H pins are used lo capture tag data and 
data from the Bcache data and tag RAMs respectively. Dual-data rate SSRAMs provide 
a clock output with the data output pins lo mi nimize skew between the data and clock, 
thus allowing maximum bandwidth. The 2 I 264B internally synchronizes the data lo its 
GCLK with clock forward receive ci rcuitry simi lar to that in the system interface. For 
non DOR SSRAMs, systems can connect lhe Bcache data and lag output clock pins to 
the Bcache data and tag input clock pins. 



Interrupts 

4.8.5 Bcache Banking 

Bcachc banking is possible by decoding lhe index MSB (as delennined by Cbox CSR 
BC_SIZE[3 :0]) and asserling Cbox CS R BC_BANK_ENABLE[0] . To facililale bank­
ing, lhe 212648 provides lhe complem enl oflhe MSB bil in tl1e nexl higher unused 
index bil. For example, when configured as an 8MB cache wilh banking enabled, lhe 
212648 drives lhe inversion of PA[22] on BcAdd_H(23( for use as a chip enable in a 
banked configurnlion. Because lhere is no higher index bil avai lable for 16MB caches, 
lhis scheme only works for cache si zes of I MB, 2MB, 4MB, and 8MB. 

Selling BC_ RD _ RD_ BUBBLE lo I introduces one Bcacbc clock cycle of delay 
belwccn coasec utivc read transactions, regardless ofwbetJ1er or not they are read lrans­
aclions lo the same bank. 

Selling BC_ WR_ WR_BUBBLE lo I inlro<luces one Bcacbe clock cycle of delay 
between consecutive write lransaclions, regardless of whether or not they are write 
transactions to the same bank. 

Selling BC_SJ_BANK_ ENABLE lo I inlroduces one Bcache clock cycle of delay 
between conscculive read transaclions lo a dilierenl bank (based on lhe MSB of tl1e 
index), even ifBC_RD_RD_BUBBLE is sel lo 0. No addilional delay is inserle<l 
between consecutive read transactions to the same bank or between consecutive write 
lransactions. 

4.8.6 Disabling the Bcache for Debugging 

The Bcache is a required componenl for a 2 12648-based system. However, for debug 
purposes, lhe 2 12648 can be operated wilh tl1e Bcache disabled. The Bcacbe can be 
disabled by clearing all oflhe BC_ENABLE bils in 1he Cbox WRITE_MANY CSR. 
When disabling lhe Bcache, tl1e fo llowing addilional slcps must be La ken: 

I . The various Bcache conlrol bils in lhe Cbox WRITE_ ONCE chain musl be pro­
grammed lo a valid combinalion (normally lhe same scllings lhal would be used if 
lhe Bcache were enabled). 

2. The Bcacbe musl slill be initialized (using BC_ IN IT mode) during lhe resel PAL 
flow, afler which u,e Bcache should be lefl disabled. 

3. Error Deleclion and Correclion should be disabled by clearing DC_DAT_ERR_EN 
(bil 7 oflhe DC_CTL lPR), or lhe following bils in lhe Cbox WRJTE_ONCE cbai n 
musl be programmed lo tl1e indicaled values: 

BC_CIJ<_DELAY [l, OJ • Oxl 

BC_ CPO_O...K_ DfilJ\Y[l : O] "" Oxl 

BC_CPU_LI\TE_WRITE_Ntl'<[l,O] • Oxl 

BC_LI\TE_WRITE_Ntl'< [2,0] • OxO 

BC_ Ll\TE_WRITE_UPPER = 0 
ruP _ Tl\G _ ENllBLE • 0 

4.9 Interrupts 

Th e syslem may requesl inlerrupls by way of the IRQ_ H( S:0( pins. These six inlerrupl 
sources arc identical. They may be asynchronou.,;; , are level sensitive, an<l can be indi­
vidually masked by way of lh e EIE field oflhe CM_IER IPR. The syslem designer 
determines bow these signals are used and selects the ir relative priority. 
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5 
Internal Processor Registers 

This chapter describes 21264B internal processor registers (TPRs). They are separated 
into the following circuit logic groups: Ebox, lbox, Mbox, and Cbox. 

The gray areas in register figures indicate reserved fields. Bit ranges that are coupled 
with the field name specify those bits in that named field that are included in the IPR. 
For example, in Figure 5- 2, the field named COUNTER[31 :4) contains bits 31 through 
4 of the COUNTER fi eld from Section 5.1.1. The bit range of COUNTER[3 I :4] in the 
IPR is also listed in the column Extent in Table 5- 2. In many cases, such as this one, the 
bit ranges correspond. However, the bit range of the named fie ld need not always corre­
spond Lo the Extent in the IPR. For example, in Figure 5- 14, the fi eld VA[47: 13) resides 
in IPR IVA_FORM[37:3) under the staled conditions. 

The register contents after initialization are listed in Section 7.8. 

Table 5- 1 lists the 21264B internal processor registers. 

Table 5-1 Internal Processor Registers 

MT/MF Latency 
Score- Issued for 

Index Board from Ebox MFPR 
Register Name Mnemonic (Binary) Bit Access Pipe (Cycles) 

Ehnx IPRs 

Cycle cow1ter cc 1100 0000 RW IL 

Cycle counter control CC_CTL 11000001 WO IL 

Virtual address VA 1100 0010 4, 5, 6, 7 RO IL 

Virtual address control VA_CTL 11 000100 WO IL 

Virtual address fonnat VA FORM I 100 001 I 4, 5, 6, 7 RO IL 

lhox I PRs 

1TB tag array write ITR_TAG 0000 0000 WO 0L 

1TB PTE army write ITB_ JYIB 0000 000 1 4, 0 WO 0L 

1TB invalidate all process (ASM=0) ITR_ IAP 0000 0010 WO 0L 

1TB invalidate all ITB_ IA 0000 001 1 WO 0L 

1TB inval idate single ITB_ IS 0000 0100 4, 6 WO 0L 

ProfileMePC PMT'C 0000 010 1 RO 

Exception address EXC_ADDR 0000 0110 RO 0L 

Alpha 2 12648 H a rd ware Reference Manual Internal Processor Registers S-1 

Table 5-1 Internal Processor Registers (Continued) 

MT/MF Latency 
Score- Issued for 

Index Board from Ebox MFPR 
Register Name Mnemonic (Binary) Bit Access Pipe (Cycles) 

Instruction VA format IVA_ FORM 000001 11 RO 0L 

Current mode CM 0000 100 1 RW 0L 

Interrupt enable IER 0000 1010 4 RW 0L 

Interrupt enable and current mode IER_CM 0000 I0xx 4 RW 0L 

Software interrupt request SIRR 0000 1100 RW 0L 

Interrupt swnmary ISUM 00001101 RO 

Hardware interrupt clear 1-IW _INT_ CL R 00001 110 WO 0L 

Exception summary EXC_SUM 0000 1111 RO 0L 

PAL base address PAL_ BASE 0001 0000 4 RW 0L 

lbox control I_CTL 0001 0001 4 RW OL 

lbox status I_STAT 0001 01 10 4 RW 0L 

lcache flush IC_ FLUSII 00010011 4 w 0L 

lcache flush ASM IC_ FLUSH_ASM 000 1 00 10 WO 0L 

Clear virtual-to-physical map CLR_ MAP 000 1 0IOI 4, 5, 6, 7 WO 0L 

Sleep mode SLEEP 0001 011 1 4, 5, 6, 7 WO 0L 

Process context register PCTX ~ Olxnnnnn1 4 w 0L 

Process context register PCTX 0lxx xxxx 4 R OL 

Perfonnance counter contro l PCTR CTL \ 0001 0100 4 RW 0L 

Mhox IPRs 

DTR tag array write 0 DTB_TAG0 0010 0000 2, 6 WO 0L 

OTB tag army write I DTB_TAGI 1010 0000 I, 5 WO IL 

OTR PTE array write 0 DTB_JYIB0 0010 0001 0, 4 WO 0L 

OTR M"E array write I DTB_JYIB I 1010 0001 3, 7 WO OL 

OTB alternate processor mode DTB_ ALTMODE 0010 0110 6 WO IL 

OTB invalidate all process (ASM = 0) DTB_IAP 1010 0010 7 WO IL 

OTR invalidate all DTB_IA 10 10 0011 7 WO IL 

OTA in validate s ing le (array 0) DTR_IS0 0010 0100 WO 0L 

OTA in val idate single (array I) DTB_IS I 1010 0100 WO IL 

OTA address space number 0 DTB_ASN0 00 10 0IOI WO 0L 

OTA address space number I DTB_ASN I 10 100101 WO IL 

Memory management status MM_STAT 0010 0111 RO 0L 

Mbox contro l M_CTL 0010 1000 6 WO 0L 

Dcache control DC_C rL 00IO 1001 6 WO 0L 

Dcache status DC_STAT 0010 1010 RW 0L 
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Table 5--1 Internal Processor Reg isters (Continued) 

MT/MF Latency 
Score- Issued for 

Index Board from Ebox MFPR 
Reg ister Name Mnemonic (Binary) Bit Access Pipe (Cycles) 

Chox ll'Rs 

Cbox data C_DATA 0010 10 11 6 RW OL 

Cbox sh irt contro l c _s 1wr 0010 11 00 WO OL 6 

1When ,, equals 1, that process context field is selec ted (FPE, PPCE, ASTRR, ASTER, ASN). 

5.1 Ebox IPRs 

This seclion describes the internal processor registers Lhal control Ebox functions . 

5.1.1 Cycle Counter Register - CC 

The cycle counter register (CC) is a read-write register. T he lower half of CC is a 
counter that, when enabled by way ofCC_C fL[32], increments once each CPU cycle. 
T he upper half of the register is 32 bits of register storage lhal may be used as a counter 
ofJ.c;el as described in the Alpha Architecture f/andbook. Version 4 under Processor Cycle 
Counter (PCC) Register. 

A HW _ MTPR instruction lo U1e CC writes Uie upper ha lfofUie register and leaves the 
lower half unchanged. The RPCC inslruclion returns U1e full 64-bil value oflhe register. 

Figure 5- 1 shows the cycle counter register. 

Figure 5--1 Cycle Counter Register 

OFFSET ------~ 
COUNTER ____ ___________________ J 

5.1.2 Cycle Counter Control Register- CC_CTL 

The cycle counter control register (CC_CTL) is a write-only register through which U1e 
lower half of the CC register may be written and its associated counter enabled and dis­
abled. Figure 5- 2 shows the cycle counter control reg ister. 

Figure 5--2 Cycle Counter Control Register 

CC_ENA 

COUNTER131:4] 
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Table 5- 2 describes the CC_ C l'L register fie lds. 

Table 5--2 Cycle Counter Control Register Fields Description 

Name Extent Type Description 

Reserved [63:33] 

CC_ENA [32] WO Counter Enable. 

When scL, Lhis bil a llows Lhc cycle counlcr lo increment. 

COUNTER[} I :4] [31:4] WO CC[3 1 :4) may be written by way oflhis licld. Write lransaclions 
lo CC_CTL resull in CC[3:0] being cleared. 

Reserved [3:0] 

5.1.3 Virtual Address Register - VA 

The virtual address register (YA) is a read-only register. When a OTB miss or faul t 
occurs, the associated effective virtual address is wrillen into the VA register. VA is nol 
wrillen when a LO_ VPTE gels a OTB miss or Oslream fault. Figure 5- 3 shows U1e vir­
Lual address register. 

Figure 5--3 Virtual Address Register 

VA[63:0J 

5.1.4 Virtual Address Control Register- VA_CTL 

T he virtual address control register (YA_CTL) is a w rite-only register that controls U1e 
way in w hich the fau lting virtual address stored in Uie VA register is formallc<l wben ii 
is read by way of the VA_ FORM register. ll a lso conlains control biLs Urnl affect the 
behavior of the memory pipe virtual address sign extension checkers and the behavior 
of the Ebox exlracl, insert, and mask instructions. Figure 5-4 shows the virtual address 
conlrol register. 

Figure ~ Virtual Address Control Register 

VP1ll163:30J---~' l i 
VA_FORM_32 · 

VA_48 

B_ENDIAN-------------------------------~ 
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Table 5- 3 describes the vi rtual address control register fields. 

Table 5-3 Virtual Address Control Register Fields Descripti on 

Name 

VPTB[63:30] 

Reserved 

VA_FORM_32 

VA_4R 

B_ENDTAN 

Extent Type Description 

[63:30] WO Virtual Page Table Base. 

[29:3] 

[2] 

[ I ] 

[OJ 

Sec the VA_ FORM register section for details. 

WO,0 This bit is used lo control address formatting when reading the 
VA _FORM register. See the section on the VA_ FORM register for 
details. 

WO,0 This bit controls the formal applied to effective virtual addresses 
by the VA_FORM register and the memory pipe virtual address 
sign extension checkers. When VA_ 48 is clear, the 43-bit virtual 
address format is used, and when VA_ 48 is set, the 48-bit virtua l 
address format is used. 
When VA_ 48 is set, the sign extension checkers generate an 
access control violation (ACV) ifVA[63:0] ,tc SEXT (VA[47:0]). 
When VA_ 48 is clear, the sign extension checkers generate an 
ACV ifVA[63:0] ,tc SEXT(VA[42:0]). 

WO,0 Big Endian Mode. 

When set, the shill amount (Rbv[2:0]) is inverted for EXTxx, 
JNSxx, and MSKxx inslructions. The lower bits oflhe physical 
address for Dstream accesses are inverted based upon the length 
of Lhe reference as fo llows: 

Byte: lnvert bits [2:0] 
Word: lnvert bits [2:1] 
Longword: lnverts bit [2] 

5.1.5 Virtual Address Format Register - VA_FORM 

The virtual address fonnat register (VA_FORM) is a read-only register. fl contains the 
virtual page table entry address derived from the fau lting virtual address stored in the 
VA register. fl also contains the virtual page table base and associated control bits stored 
in the VA_CTL register. 

Figure 5- 5 shows VA_FORM when VA_CTL(VA_ 48) equals O and 
VA_CTL(VA_FORM_32) equals 0. 

Figure 5-5 Virtual Address Format Register (VA_ 48 = 0, VA_FORM_32 = 0) 

VPTBl63:33J 

VAl42:13J 

Figure 5-6 shows VA_FORM when VA_CTL(VA_48) equals I and 
VA_CTL(VA_FORM_32) equals 0. 

I I 
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Figure 5-6 Virtual Address Format Register (VA_48 = 1, VA_FORM_32 = O) 

VPTB[63:43] ~ 
SEXT(VA[47])--------~ 

VA(47:13]--------------------~ 

Figure 5- 7 shows VA_FORM when VA_CTL(VA_48) equals O and 
VA_CTL(VA_FORM_32) equals I. 

Figure 5-7 Virtual Address Format Register (VA_ 48 = 0, VA_FORM_32 = 1) 

i' T T '( . I 
VPTB[63:30) 

VA[31 :13) Lkfi-0013.&. 

5.2 lbox IPRs 

This section describes the internal processor registers that control !box functions. 

5.2.1 1TB Tag Array Write Register- lTB_TAG 

The 1TB tag array write register (ITB_TAG) is a write-only register. The 1TB tag array 
is wrillen by way of lhis register. A write transaction lo ITB_TAG writes a register out­
side the 1TB array. When a write lo the 1TB _ ffE register is retired, the contents of both 
the ITB_TAG and ITB_ffE registers are wrillen into the 1TB entry. The specific 1TB 
entry that is written is determined by a round-robin algorithm; the a lgorithm writes lo 
entry number Oas the first entry afler the 2 1264B is reset. Figure 5- 8 shows the 1TB lag 
array wrile regis ter. 

Figure 5-8 1TB Tag Array Write Register 

VA[47:13)---------------~ 

5.2.2 1TB PTE Array Write Register- lTB_PTE 

The 1TB ffE array write register (ITB_PTE) is a write-only register through which the 
1TB PTE array is wrillen. A round-robin allocation algorithm is used. A write to the 
ITB_ffE array, when retired, results in both the ITB_TAG and ITB_ffE arrays being 
written. The specific entry tl1al is wrillen is chosen by the round-robin algorithm 
described above. Figure 5- 9 shows the 1TB PTE array write register. 
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Figure 5-9 1TB PTE Array Write Register 
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GH[1 :0] 
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5.2.3 1TB Invalidate All Process (ASM=O) Register - ITB_IAP 

The 1TB invalidate all process register (ITB_ IAP) is a pseudo register that, when writ­
ten lo, invalidates all lT B entries whose ASM bit is clear. An explicit w rite to 
IC_ FLUSH_ASM is req uired to Oush U1e lcache of blocks with ASM equal to zero. 

5.2.4 1TB Invalidate All Register- lTB_IA 

The 1TB invalidate all register (ITB_ IA) is a pseudo register that, when writlen lo, 
inva lidates all lTB entries and resels the allocation pointer to its initial stale. An 
explicit w rite to IC_FLUSH is requi red lo llush the lcache. 

5.2.5 1TB Invalidate Single Register- lTB_IS 

The 1TB invalidate single register (ITB_IS) is a wri te-only register. Writing a virtual 
page number lo this register inva lidates any 1TB entry that mcels one o f U1e fo llowing 
crileria: 

The 1TB entry 's virtual page number matches ITB_ IS[47: 13] (or fewer bils if gran­
ularity hint bits arc set in the 1TB entry) and iLs ASN fi eld matches the address 
space number supplied in PCJ"X[46: 39] . 

TI1e 1TB entry's virtual page number matches ITB_IS[47: 13] and its ASM bit is set. 

Figure 5- 10 shows the 1TB invalidate s ingle register. 

Figure 5-10 1TB Invalidate Single Register 

INVAL_ITB(47:13] --------------~ 

Note: Because the I cache is v irtua lly indexed and lagged, it is normally not nec­
essary lo nush the !cache when paging. Therefore, a write lo 1TB _ IS wi ll 
not nush the lcache. 
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5.2.6 ProfileMe PC Register - PMPC 

T he Pro lil eMe PC register (PMPC) is a read-only register that contains the PC o f the 
last pro [o(ed instruction. Additiona l information is available in the (_STAT and 
PC rR _ CTL register descriptions. 

Usage o f PMPC in performance mon itoring is described in Section 6.10. 

Figure 5- 11 shows U1c Pro fi lcMe PC register. 

Figure 5-11 ProfileMe PC Register 

PC[63:2] ------~ I 
PAL-------------------------------~-

Table 5-4 describes the Pro lilcMc PC register fields. 

Table 5-4 ProfileMe PC Fields Description 

Name Extent Type Description 

PC[63:2] (63 :2] RO Address o f the profil ed instruction 

Reserved [I] RO Read as zero 

PAL [OJ RO lndicatcs that the PC fi eld contains a physical-mode PA.Lmodc 
address 

5.2.7 Exception Address Register- EXC_ADDR 

The exception address register (EXC_ADDR) is a read-only register that is updated by 
hardware when il encounlers an exception or interrupt. 

EXC_ADDR[O] is set if the associated exception occurred in PAL modc. The exception 
actions are listed here: 

If the exception was a faul t or a synchronous trap, EXC_ADD R contains the PC of 
the instruction that triggered the fault or trap. 

lftbe exception was an interrupt, EXC_ADDR contains the PC ofLl1 e next instruc­
tion that would have executed iftl1e interrupt had not occurred. 

Figure 5- 12 shows lhe exception address regislcr. 

Figure 5-12 Exception Address Register 

PC(63:21------~ 

PAL-----------------

S-8 Inte rna l Processor Registe rs 

ii I 
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5.2.8 Instruction Virtual Address Format Register - IVA_FORM 

The instruction virtual address formal register (fVA_ FORM) is a read-only register. It 
contains Lhe virtual !'TE address derived from Lhe faulting virtual address stored in Lhe 
EXC_ ADDR register, and from Lhe virtual page table base, VA_ 48 and VA_FORM_ 32 
b its, stored in the l_CTL register. 

Figure 5- 13 shows fVA_ FORM when l_CTL(VA_48) equals 0 and 
J_ CTL(VA_ FORM_32) equals 0. 

Figure 5--13 Instruction Virtual Address Format Register (VA_ 48 = 0, VA_FORM_32 = 0) 

VPTBJ63:33J----~ 

VA142:13]---------------------~ 

Figure 5- 14 shows IVA_ FORM when I_CTL(VA_48) equals I and 
I_CTL(VA_ FORM_32) equals 0. 

Figure 5--14 Instruction Vi rtual Address Format Register (VA_ 48 = 1, VA_FORM_32 = 0) 

VPTB(63:43] ~ 
SEXT(VA(47])---------~ 

VA(47:13J--------------------~ 

Figure 5- 15 shows fVA_ FORM when I_CTL(VA_ 48) equals 0 and 
I_CTL(VA_ FORM_32) equals I. 

Figure 5--15 Instruction Virtual Address Formal Register (VA_ 48 = 0, VA_FORM_32 = 1) 

T 
VPTB(63:30J------~ 

VAJ31 :13J------------------------~ 

5.2.9 Interrupt Enable and Current Processor Mode Register- lER_CM 

The inlerrupl enable and current processor mode register (!ER_ CM) contains Lhe inler­
rupl enable and current processor mode bil fi elds. These bit fi elds can be written either 
individually or together with a single HW _ MTPR instruction. When bi ts [7:2) of Lhe 
IPR index field of a HW _ MTPR instruction contain Lhe value 0000 I 02, this register is 
selected. Bits [ I :OJ of Lhe IPR index indicate which bil fie lds are lo be wrillen: bit[ I) 
corresponds to the IER fi eld and bit[0) corresponds to the processor mode field . A 
HW _ MFPR instruction to this register returns the values in both fie lds. Figure 5- 16 
shows the interrupt enable and current processor mode register. 
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Figure 5--16 Interrupt Enable and Current Processor Mode Register 
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Table 5- 5 describes the interrupt enable and current processor mode register fields. 

Table 5--5 IER_CM Register Fields Description 

Name 

Reserved 

EIEN[S:0) 

SLEN 

CREN 

PCEN [ l :0) 

SIEN(IS:l) 

ASTEN 

Reserved 

CM(l :0] 

Reserved 

Extent 

(63:39) 

[38:33] 

(32) 

[31] 

(30:29) 

(28: 14) 

(13) 

[12:5) 

[4:3] 

(2:0] 

Type 

RW 

RW 

RW 

RW 

RW 

RW 

RW 

Description 

External Interrupt Enable 

Serial Line Interrupt Enable 

Corrected Read Error Interrupt Enable 

Performance Counter Interrupt Enables 

Software Interrupt Enables 

AST Interrupt Enable 

When set, enables those AST interrupt requests that are also 
enabled by tl1e value in ASTER. 

Current Mode 

00 Kerne l 
0 I Executive 
IO Supervisor 
11 User 

5.2.10 Software Interrupt Request Register - SIRR 

The software interrupt request register (STRR) is a read-write register containing bits to 
request software interrupts. To generate a particular software interrupt, its correspond­
ing bits in SIRR and IER[SIER) must both be set. Figure 5- 17 shows the software 
interrupt request register. 
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Figure 5-17 Software Interrupt Request Register 

SIR[15:1]--------------------~ 

Table 5-6 describes the soil ware inlerrupl request register fie lds. 

Table 5-6 Software Interrupt Request Register Fields Description 

Name Extent Type Description 

Reserved [63 :29] 

SIR[15:1] [28: 14] RW Soflware Interrupt Requcsls 

Reserved [13:0] 

5.2.11 Interrupt Summary Register- lSUM 

The inlerrupl summary register (ISUM) is a read-only register lhal records all pending 
hardware, soflwarc, and AST inlerrupl requests lhal have their corresponding enable bil 
sel. 

If a new interrupt (hardware, serial li.ne, crd, or performance counters) occurs simulta­
neotLsly with an ISUM read, lhe ISUM read returns zeros. Thal condition is normally 
asswned to be a passive release condition. The interrupt is signaled again when the 
PALcode returns lo native mode. The effecls oflhis condition can be minimized by 
reading ISUM twice and ORing the results. 

Usage of !SUM in performance monitoring is described in Section 6. I 0. Figure 5- 18 
shows the interrupt summary register. 

Figure 5-18 Interrupt Summary Register 
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Table 5- 7 describes lhe inlerrupl summary register fields. 

Table 5-7 Interrupt Summary Register Fields Description 

Name 

Reserved 

El[S:0] 

SL 

CR 

PC[l :0] 

S1[ 15: 1] 

Reserved 

ASTU, ASTS 

Reserved 

ASTE,ASTK 

Reserved 

Extent 

[63 :39] 

[38:33] 

[32] 

[31] 

[30:29] 

[28: 14] 

[ 13: 11] 

[10],[9] 

[8:5] 

[4],[3] 

[2:0] 

Type 

RO 

RO 

RO 

RO 

RO 

RO 

RO 

Description 

External Interrupts 

Serial Linc Interrupt 

Corrected Read Error Interrupts 

Performance Counter lnterrupts 

PC0 when PC[0] is sci. 

PC ! when PC[ !] is sci. 

Sollware 1.ntcrrupts 

AST lnlcrrupls 

For each processor mode, lhc bil is set ifan associated AST 
interrupt is pending. This includes the mode 's ASTER and 
ASTRR bits and whet.her the processor mode value he ld in the 
IER_C M register is greater lhan or equal lo the value for the 
mode. 

AST Interrupts 

For each processor mode, the bit is set if an associated AST 
interrupt is pending. ·n1is includes the mode's ASTER and 
ASTRR bits and whether the processor mode value he ld in the 
IER_CM register is greater than or equal Lo the va lue for the 
mode. 

5.2.12 Hardware Interrupt Clear Register - HW _INT_ CLR 

Tbe hardware interrupt clear register (HW_ INT_CLR) is a write-on ly register used lo 
clear edge-sensitive inlerrupl requests. See Section D.3 I for more information about U1e 
PALcode restriction concerning U1is register. Figure 5- 19 shows lbe hardware inlerrupl 
clear regislcr. 

Figure 5-19 Hardware Interrupt Clear Register 
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Table 5- 8 describes the hardware interrupt clear register fields. 

Table !>-8 Hardware Interrupt Clear Register Fields Description 

Name Extent Type Description 

Reserved [63 :33] 

SL [32] WIC Clears serial line interrupt request 

CR [3 1] WIC Clears corrected read error interrupt request 

PC[ l :0] [30:29] WIC Clears performance counter interrupt requests 

MCHK_D [28] WIC Clears Dstream machine check interrupt request 

Reserved [27] 

FBTP [26] WIS Forces the next Bcacl1e hit that fi ll s the Jcache to generate bad 

!cache fi ll parity 

Reserved [25 :0] 

5.2.13 Exception Summary Register- EXC_SUM 

The exception summary register (EXC_SUM) is a read-only register that contains 
information about instructions that have triggered traps. The register is updated at trap 
del ivery time. Hs contents are valid on ly if it is read (by way of a HW _ MFPR) in the 
first fetch block of the exception handler. There are th ree types of traps for which this 
register captures related information: 

Arithmetic traps: The instruction generated an exceptional condition that should be 
reported to the operating system, and/or the FPCR status bit associated with this 
condition is clear and should be set by PALcode. Additionally, the REG field con­
tains the register number of the destination specifier fo r the instruction that trig­
gered the trap. 

lslream ACY: The BAD_TVA bit of thi s register indicates whether the offending 
I stream virtual address is latched into the EXC_ ADDR register or the VA register. 

Dstream exceptions: TI1e REG field contains the register number of either the 
source specifier (for stores) or the destination specifier (for loads) of the instruction 
that triggered the trap. 

Figure 5- 20 shows the exception summary register. 
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Figure !>-20 Exception Summary Register 
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Table 5- 9 desc ribes the exception summary register fie lds. 

Table !>-9 Exception Summary Register Fields Description 

Name 

SEXT(SET _IOV) 

SET_rov 

SET_INE 

SET_UNF 

SET_OVF 

SET_DZE 

SET_INV 

PC_OVFL 

Reserved 

BAD_IVA 

Extent 

[63:48] 

(47] 

[46] 

[45] 

[44] 

[43] 

[42] 

[41] 

[40: 14] 

[13] 

Type 

RO,0 

RO 

RO 

RO 

RO 

RO 

RO 

RO 

RO,0 

RO 

!>-14 Internal Processor Registers 

Description 

Sign-extended value of bit 47, SET_IOV. 

PALcode should set FPCR[IOV). 

PALcode should set FPCR[INE]. 

PALcode should set FPCR[UNF] . 

PALcode should set FPCR[OVF]. 

PALcode should set FPCR[DZE]. 

PALcode should set FPCR[TNV]. 

l.ndicates that EXC_ADDR was improperly sign extended for 48-
bit mode over/underflow TACY. 

Reserved for COMPAQ. 

Bad !stream VA . 

This bit should be used by the !ACY PALcode routine lo deter­
mine whether the oflCnding I-stream virtua l address is latched in 
the EXC _ A DDR registe r or the VA register. lfBAD _IVA is clear, 
EXC_ADDR contains the address; ifBAD_IVA is set, VA con­
tains the address. 
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Table S-9 Exception Summary Register Fields Description (Continued) 

Name 

REG[4 :0] 

[NT 

IOV 

INE 

UN F 

FOY 

DZE 

INV 

swc 

Extent Type 

[1 2:8] RO 

[7] RO 

[6] RO 

[5] RO 

[4] RO 

[3] RO 

[2] RO 

[I] RO 

[OJ RO 

Description 

Ocslinalion register of load or operalc instruc tion Lh al Lri ggered 
Lhe trap Oil source register or slorc lhal triggered the trap. These 
bils may contain the Re fi eld of an opera te ins truction or the Ra 
fi eld o f a load or slore instruclion. The value is UNPREDICrABLE 
i f Lhc trap was triggered by an 1TB miss, interrupt, OPC DEC, or 
other non load/st/operate. 

Set Lo ind icate Ebox integer overflow trap, clear to indicate Fbox 
trap condi tion. 

Indica tes Fbox convert-to-integer ovcrllow or Ebox in teger over­
fl ow trap. 

Indicates lloa ting-point inexact error trap. 

Indicates floating-point underflow trap. 

lndica lcs lloating-1>0int overflow trap. 

lndicales divide by zero trap. 

Indicates invalid operat ion trap. 

Indica tes sollware completion possible. This biL is set i f the 
ins truction that triggered the Lrap conta ined tl1e /S mod ifi er. 

5.2.14 PAL Base Register- PAL_BASE 

The PAL base register (PAL_BASE) is a read-write register that contains the base phys­
ical address for PALcode. lls contenLs are cleared by chip reset but arc not cleared aflcr 
waki ng up from sleep mode or from fau lt reset. Figure 5- 2 1 shows the PAL base regis­
ter. 

Figure S-21 PAL Base Register 

PAL_BASEJ43:15)---------------~ 

Table 5- 10 describes the PAL base register fi elds. 

Table S-1 0 PAL Base Register Fields Description 

Name Extent Type Description 

Reserved [63 :44] RO, 0 Reserved fo r COMPAQ. 

PAL_BASE[43 :15] [43:15] RW Base physical address for PALcodc. 

Reserved [1 4:0] RO, 0 Reserved fo r COMPAQ. 

5.2.15 I box Control Register - I_ CTL 

The !box control register (I_C r L) is a read-write register that controls various lbox 
fun ctions. !Ls contents arc cleared by chip reset. Figure 5- 22 shows the !box control 
regis te r. 
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Figure 5- 22 lbox Control Register 
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Table 5- 11 describes U1c !box conlrol register fi elds. 

Table S-11 !box Control Register Fields Description 

Name Extent Type 

SEXT(VPTB[47]) (63:48] RW,0 

VPTB[47:30] [47:30] RW,0 

CHIP _ ID[5:0] [29:24] RO 

BIST_FAI L [23] RO,0 

TB_ MB_ EN [22] RW,0 

MCHK_EN [2 1] RW,0 

S-16 Internal Processor Registers 

Description 

Sign extended VPTB[47]. 

Virtual Page Tab le Base. See Section 5.1.5 for deta ils. 

This is a read-onl y fie ld tlml supp lies Lhe revision lD number 
for the 2 1264B parl. 
21264B pass I ID is 0 100002• 

21264 B pass 2 ID is 01 0001 2• 

Indicates Lhc status of BiST (c lear = pass, sel = fa il ), 
described i_n Section 11 .5.1. 

When sel, the hardware ensures that the virLua l-mode loads 
in OTB and 1TB fill fl ows lhat access the 1>agc tab le and the 
subsequent virtual mode load or store that is being retried arc 
'ordered' re lative to anothe r processor's stores. T his musl be 
set for m ultiprocessor systems in which no MB ins lruclion is 
presen t in the TB fi ll fl ow, unless Lhcrc are other mecha­
nisms present Lhat ensure coherency. 

Machine check enab le - set to enable machine checks. 
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Table 5--11 lbox Control Regis te r Fields Description (Continue d) 

Name 

ST_ WAJT_64K 

PCT I_EN 

PCT0_EN 

SJNGLE_ISSUE_H 

VA_FORM_32 

VA_48 

SL_RCV 

SL_XMIT 

HWE 

BP _MODE[l :OJ 

SBE[ l :0J 

Extent 

[20J 

[ 19J 

[I 8J 

[17J 

[ 16J 

[ 15J 

[14J 

[13J 

[ 12J 

Type 

RW,0 

RW,0 

RW,0 

RW,0 

RW,0 

RW,0 

RO 

WO 

RW,0 

[11: I0J RW,0 

[9:8J RW,0 
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Description 

The slWaiL table is used to reduce load/store order Lraps. 
When set, the st Wait tab le is cleared a Iler 64K cycles. When 
clear, tl1e slWail tab le is cleared after 16K cycles. See Sec­
tion 2.11. 

Enable perfonnance counter# I. lf this bit is one, the perfor­
mance counter will count if either the system (SPCE) or pro­
cess (PPCE) perforrnance counter enable is asserted. 

Enable performance counter #0. If th is bit is one, the perfor­
mance counter will count if EITHER the system (SPCE) or 
process (PPCE) performance counter enable is set. 

When set, this bit forces instructions to issue only from the 
bottom-most entries of the TQ and FQ. 

This bit controls address formatting on a read of the 
JVA_ FORM register. 

TI1is bit controls the format applied to eftCctive virtua l 
addresses by the TVA_FORM register and the Ibox virtual 
address sign extension checkers. When VA_ 48 is clear, 43-
bit virtual address fonnat is used, and when VA 48 is set, 
48-bit virtual address fonnat is used. The effect Or this bit on 
the IVA_FORM register is identical to the effCct of 
VA_CTL[VA_48J on the VA_FORM register. See Section 
5.1.5. 
When VA 48 is set, the sign extension checkers generate an 
ACV ifva[63:0J * SEXT(va[47:0]). When VA_ 48 is clear, 
the sign extension checkers generate an ACV ifva[63:0] ':/.. 
SEXT(va[42:0]). 
This bit also affects OTB DOUBLE traps. Jfsel, the OTB 
double miss traps vector lo lhe DTB_DOUBLE_ 4 entry 
point. 
DTB_DOUBLE PALcode flow selection is not affected by 
VA_ CTL[VA _ 48]. 

See Section 11.2. 

When set, drives a va lue on SmmOk_H. See Section 11 .2. 

Tfset, allow PALRES intructions to be executed in kernel 
mode. Note that modification of the TTB whi le in kerne l 
mode/native mode may cause UNPREDICTABLE behavior. 

Branch Prediction Mode Selection. 

BP _MODE[IJ, ifsel, forces all branches lo be predicted lo 
fal l through. If clear, the dynamic branch predictor is chosen. 
BP _MODE[0]. Jfsel, the dynamic branch predictor chooses 
local history prediction. Tf clear, the dynamic branch predic­
tor chooses local or global prediction based on the state of 
the chooser. 

Stream Buller Enable. 

The va lue in this bit fie ld specifies the number of I stream 
buffer prefetches (besides the demand-fi ll) that are launched 
afler an Jcache miss. If the va lue is zero, on ly demand 
requests are launched. 
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Table 5--11 lbox Control Register Fields Description (Continued) 

Name Extent Type 

SDE[ l :0J [7:6J RW,0 

SPE[2:0J [5 :3J RW,0 

JC_EN[l:0J [2: IJ RW,3 

SPCE [OJ RW,0 

Description 

PALshadow Register Enable. 

Enables access lo the PALshadow registers. JfSDE[IJ is sel, 
R4-R7 and R20-R23 are used as PALshadow registers. 
SDE[0J does nol affect 2 1264B operation. 

Super Page Mode Enable. 

Identical lo lhe SPE bits in lhe Mbox M_CTL SPE[2:0J. See 
Section 5.3.9. 

Jcache Set Enable. 

At least one set must be enabled. 11,e entire cache may be 
enabled by setting both bits. Zero, one, or two Icache sets 
can be enabled. 
This bit does not clear the Tcache, but only disab les fill s to 
the affected set. 

System Perfonnance Counting Enable. 

Enables perfonnance counting for the entire system if indi­
vidual counters (PCTR0 or PCTR I) are enabled by selling 
PCT0_EN or PCT I_ EN, respectively. 

Perfonnance counting fo r individual processes can be 
enabled by selling PCTX[PPCEJ . See Section 5.2.2 1 for 
more infonnation. 

See Section 6.10 for in formation about perfonnance count­
ing. 

5.2.16 lbox Status Register- !_STAT 

The !box status register (!_ STAT) is a read/wrile-1-lo-clear register that contains !box 

status informatio n. 

Usage of !_ STAT in perfonnance monitoring is described in Section 6.10. 

Figure 5- 23 shows the lbox status reg ister. 

Figure 5--23 lbox Status Register 
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Table 5- 12 describes Uic lbox status register fields . 

Table 5--12 lbox Status Register Fields Description 

Name 

Reserved 

MIS 

TRP 

LSO 

Extent 

[63:41] 

[40] 

[39] 

[38] 

Type 

RO 

RO 

RO 

RO 

Description 

Reserved for COMPAQ. 

ProfileMe Misprcdict Trap. 
lfLhc I STAT[TRP] bit is sel, this bit indicates that the profi led instruc­
tion ca;;sed a mispredic t trap. JSR/JMP/RET/COR or MW _JSR/ 
I-IW_JMP/J-IW _ RET/J-IW_COR mispredicts do not set this bit but can be 
recognized by Lhc presence of one of Lhese instructions at the PMPC loca­
tion wilh the I_STAT[TRP] bitsel. This identifica tion is exact in a ll cases 
except error condi tion traps. Hardware corrected lcachc parity or Dcachc 
ECC errors, and machine check traps can occur on any inslructiou in the 
pipe line. 

Profi lcMe Trap. 
This bi t indicates that l11c profi led instruction caused a trap. The trap type 
field , PMPC register, and inslruclion al the PM.PC localion are needed lo 
dislinguish all lrap lypes. 

ProfileMe Load-Store Order Trap. 
If the profi led instruction caused a rep lay trap, this bit indicates Lhat the 
precise trap cause was an Mbox load-store order rep lay trap. 
If clear, this bit indicates thal the replay trap was any one of the follow­
ing: 

Mbox load-load order 
Mbox load queue full 
Mbox store queue full 
Mbox wrong size Lrap (such as, STL -> LDQ) 
Mbox Bcache alias (2 physical addresses map to same Bcache li_ne) 
Mbox Dcachc alias (2 phys ical addresses map lo same Dcachc line) 
lcache parity error 
Dcache ECC error 
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Table 5--12 lbox Status Register Fields Description (Continued) 

Name Extent Type 

TRAP [37 :34] RO 
TYPE[3: 0] 

ICM [33] RO 

OVR[2:0] [32 :30] RO 

PAR [29] W IC 

LAM [28] RO 

Reserved [28:0] RO 

S-20 Internal Processor Registers 

Description 

ProlilcMe Trap Types. 
l f u1e profiled instruction caused a trap (indicated by I_STAT[TRI']) , Lhi s 
field indkates the Lrap type as listed here: 
Value Trap Type 

0 Replay 
I Invalid (unused) 
2 OTB Double miss (3 level page tab les) 
3 OTB Double miss (4 level page tab les) 
4 Floating point disabled 
5 Unaligned Load/SLore 
6 OTB Single miss 
7 Dstream Fault 
8 OPCDEC 
9 Inva lid (use PMPC, described below) 
10 Machine Check 
11 Inva lid (use PMPC, described below) 
12 AriLhmeLic 
13 Inva lid (use PMPC, described below) 
14 MT_ FPCR 
15 Rese t 

Traps due to 1TB miss, I.stream access violation, or interrupts arc not 
reported in the trap type field because tJ1cy do not cause pipeline aborls. 
Instead, these Lraps cause pipel ine redirection and can be dis tinguished by 
examining the PMPC va lue for the presence oflhe corresponding PAL­
co<le enlry offset addresses indicated be low. In these cases, the ProfileMe 
intcrrupl wi ll nonnally be delivered when exiting the trap PALcodc fl ow 
and the EXC_ ADDR register w ill contai.n the original PC that encoun­
tered the redirect trap. 
PM Pq 14:UI 1\-ap 

058 1 1TB miss 
048 1 !stream Access Violation 
0681 Jnterrupt 

ProfileMe lcache Miss. 
This bit indicates that tJ1e profiled instruction was conlai.ned in an al.igncd 
4-i.nsLruction Icache fetch block that requested a new I cache fill stream. 

Profi.leMe Counter O Overcount. 
TI1is bi t i11dicates a va lue (0-7) that must be subtmctcd from the counter 0 
resul t Lo obtain an accurate count of the number of instructions retired in 
the interval beginning three cycles a Iler the profiled instruction reaches 
pipel ine stage 2 and ending four cycles afler the profi led instruction is 
retired. 

lcache Parity Error. 
This bit indicates thal the Icache encountered a parity error on instruction 
lctch. When a parity error is detected, tJ1e Icache is flushed, a rep lay trap 
back Lo the address of the error instruction is generated, and a correctable 
read interrupt is requested. Sec also I_STAT[LAM]. 

When set, indica tes tJrnt an error in tJ1 e line predictor set I_STAT[PAR]. 
I_STAT[LAM] is se t only when J_STAT[PAR] is set; is subsequenuy 
cleared when I_STAT[PAR] is c leared (when a I is wriuen to 
I_STAT [PAR] ). 

Reserved for COMPA Q. 
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5.2.17 lcache Flush Register- lC_FLUSH 

The lcache flush register (JC_FLUSH) is a pseudo register. Writing Lo this register 
invalidates al l lcache blocks. The cache is fl ushed when the nexl HW _ RET/STALL 
instruction is retired. See Section 0.20 for more information. 

5.2.18 lcache Flush ASM Register- lC_FLUSH_ASM 

The !cache flush ASM regisler (JC_FLUSH_ASM) is a pseudo register. Writing lo th is 
register invalidates all lcache blocks with their ASM bil clear. 

5.2.19 Clear Virtual-to-Physical Map Register - CLR_MAP 

The clear virtual-lo-physical map register (CLR_ MAP) is a pseudo register lhal, when 
wrillen, results in the clearing oflhe current map of vi rtual lo physical registers. This 
register must only be wriUen after there are no register-borne dependencies present and 
there are no unretired instructions. See an example in the PA.Lcode restrictions. 

5.2.20 Sleep Mode Register - SLEEP 

The sleep mode register (SLEEP) is a pseudo register Lhal, when written, results in the 
PLL speed being reduced and the chip entering a low-power mode. Th is register must 
only be wrillen afler a sequence of code has been run which saves all necessary stale lo 
DRAM, flushes the caches, and unmasks certain inlerrupls so lhe chip can be woken up. 
See Section 7.3 for deta ils. 

5.2.21 Process Context Register - PCTX 

The process context register (PCTX) contains information associated with the context 
of a process. Any combination of the bit fields within th is register may be wrilten with 
a single HW _MTPR instruction. When biLs [7:6] of lhe IPR index field of a 
HW_MTPR instruction contain the value 01 2, this register is selected. Bits [4:0] of the 
IPR index indicate which bil fields are lo be wrillen. Usage of PCTX in performance 
monitoring is described in Section 6.10. 

Table 5- 13 lists the correspondence between IPR index bits and register fields. 

Table 5-13 IPR Index Bits and Register Fields 

IPR Index Bit Register Field 

ASN 

ASTER 

ASTRR 

PPCE 

FPE 

A HW _ MFPR from this register returns the values in ail of its component bit fields. 

Figure 5- 24 shows lhe process context register. 
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Figure 5-24 Process Context Register 

I I I 

ASN[7:0]-----~I I 
ASTRRIJ:01 --------------------- -------' 

ASTERl3:0] ---------------------------~ 

FPE----------------------------- -_, 

PPCE--------- ---- -------- ---------~ 

Table 5- 14 describes the process context register fields . 

Table 5-14 Process Context Register Fields Description 

Name 

Reserved 

ASN(7:0] 

Reserved 

ASTRR[3:0] 

ASTER[3:0] 

Reserved 

Extent Type 

[63:47] 

[46:39] RW 

[38: 13] 

(12:9] RW 

[8:5] RW 

[4:3] 

S-22 Internal Processor Reg isters 

Description 

Address space number. 

AST request regisler- used to request AST interrupts in 
each of Lhe four processor modes. 
To generate a parlicular AST in terrupl, its corresponding 
bits in ASTRR and ASTER must be set, along with Lhe 
ASTE bit in !ER. 
Further, the value of the current mode bits in the PS register 
must be equal Lo or higher than the value of the mode associ­
ated with the AST request. 
The bit order with this field is: 

User Mode 12 
Supervisor Mode 11 
Executive Mode I 0 
Kernel Mode 9 

AST enable register- used lo individually enable each of 
the four AST interrupt requests. 
11,c bit order with this field is: 

User Mode 8 
Supervisor Mode 7 
Executive Mode 6 
Kernel Mode 5 
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Ta ble 5--14 Process Context Regis ter Fields Description (Continued) 

Name Extent Type 

FPE [2] RW,I 

PPCE [I) RW 

Reserved [OJ 

Description 

Floating-point enable- if c lear, 11oaling-point inslruclions 
generate FEN exceptions. This bit is set by hardware on 
reset. 

Process performance counting enable. 

Enab les pcrfonnance counting for an individual process 
with counters PCTR0 or PCfRI , which arc enabled by set­
ting PCTO_EN or PCT I_EN, respective ly. 

Performance counting for the en lire system can be enabled 
by setti ng I_ CTL[SPCE]. Sec Section 5.2.15 for more infor­
mation. 

See Section 6. 10 for information about performance count­
ing. 

5.2.22 Performance Counter Control Register - PCTR_ CTL 

The performance counter control register (PCTR_CTL) is a read-write register that 
controls the funclion of the performance counters for eitJ1er aggregate counting or Pro­
fileMe sampling counting. 

Usage of PCTR_CTL in perfonnance monitoring is described in Section 6.10. 

Figure 5- 25 shows Ll1e performance counter control register. 

Figure 5- 25 Performance Counter Control Register 
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Table 5- 15 describes the perfonnance counter control register fie lds. 

Table 5--15 Performance Counter Control Register Fields Descri ption 

Name Extent Type Description 

fl 

SEXT(PCTRO_CTL[47)) [63:48] RO When read, thi s fie ld is sign extended from PCTR_CTL[47). Writes 
to this field are ignored. 
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Table 5--15 Performance Counte r Control Re giste r Fields Description (Continue d) 

Name 

PCTRO[ l 9:0) 

PM_STALLED 

PM_ KILLED_ BM 

PCTR I [ I 9 :0) 

Reserved 

SLO 

SL l [ l :O] 

Extent Type Description 

[47:28) RW Pcrforrnancc counLcr 0. 
PCTRO is enabled by I_ CTL[PCTO _ EN] and either I_ CTL[SPCE) or 
PCTX[PPCE). 

ln Aggregate mode: 
When enabled, PCTRO is incremented al each cycle by the se lected 
input. (Sec Section 6. 10.2 for more information .) 
On ovcrnow, if enabled by IER C M[PCENO], 
ISUM[PCO] is se t and an inlcrri:;-pl is Lri ggcrcd. 

In Profi lcMc mode: 
O n overflow, a count window is opened and PCTRO is incremented 
as described in Section 6.10.3. When the count window overflows, if 
enab led by LER_CM[PCENO], ISUM[PCO] is sel and an interrupt is 
triggered. 

See Table 5- 16 for counter modes. 

[27J RO The profiled instruc tion sl.a ll cd for at least one cycle between the 
fctcb and map slages of the pipeline. 

[26J RO The prolilcd instruction was killed during or before Lhc cycle in 
which it was mapped. 

[25:6) RW Performance counter I. 

[SJ 

(4) 

[3:2] 

PCTR I is enabled by I_CTL[PCT I_EN] and ciLhcrl_CTL[SPCE] or 
PCTX[PPCE). 

In Aggregate mode: 
When enab led, PCTR 1 is i.n cremcnlcd at each cycle by the selected 
input. (Sec Section 6.10.2 for more i11formation.) 
On overflow, if enabled by IER_CM[PCEN I), ISUM[PC I) is seland 
an interrupt is Lri ggercd. 

fn Profi leMc mode, how PCTR I is incremented is described in Sec­
Lion 6. 10.3. 

In either case, PCr R I is incremented no more than 1 per cycle. 

Sec Table 5- 16 for counter modes. 

RO Reads lo this field return zero. Writes lo this field arc ignored. 

RW Selec tor 0. 
0 = Aggregate counting mode 
1 = Proli lcMe mode 
Sec Table 5- 16 for more information. 

RW Selector I. 
Sclecls counte r PCTR0 and PCTR I modes. Sec Table 5- 16 for more 
in form a ti on. 
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Table 5-15 Performance Counter Control Register Fields Description (Continued) 

Name 

VAL 

TAK 

Extent Type Description 

[I] RO Profiled inslruclion valid. 

[OJ 

When set, indicates a nonlrapping profiled instruction retired valid. 
When clear. indicates that a nontrapping profiled instruction was 
ki lled after the cycle in which it was mapped. Valid retire/abort status 
for a trapping profiled ins truction is determined by the trap type (see 
J_STAT[TRAP _ TYPE]). 

RO ProfileMe conditional branch taken. 
Indicates program branch direction, if the profiled instruction is a 
conditional branch. 

Table 5-16 Performance Counter Control Register Input Select Fields 

SLD(4) SL1(3:2) Mode PCTRD PCTR1 

0 00 Aggregate Retired instructions Cycle counting 

0 01 Aggregate Cycle counting Nol defined 

0 10 Aggregate Retired instructions Bcache miss or long latency probes 

0 II Aggregate Cycle counting Mbox replay !raps 

00 ProfileMc Retired instructions Cycle counting 

01 ProfileMc Cycle counting lnum retire delay 

10 ProfileMe Retired instructions Bcache miss or long latency probes 

II ProfileMe Cycle counting Mbox replay traps 

5.3 Mbox IPRs 

This section describes the internal processor registers lhal control Mbox functions. 

5.3.1 DTB Tag Array Write Registers 0 and 1 - DTB_TAG0, DTB_TAG1 

The OTB lag array write registers O and I (OTB_ TAGO and OTB_TAG I) are write­
only registers through which lhe lwo memory pipe OTB lag arrays are wrillen. Write 
transactions lo OTB_ TAGO and OTB_TAG I write data lo registers ouLside the OTB 
arrays. When write transactions lo the corresponding OTB_ PTE registers are retired, 
the contents of both the OTB_ TAG and OTB_PTE registers are w ri tten into their 
respective OTB arrays, al locations determined by the round-robin allocation algorithm. 
Figure 5- 26 shows the OTB lag array write registers O and I. 

Figure 5-26 OTB Tag Array Write Reg isters O and 1 

VAJ47:13J---------------~ 
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5.3.2 DTB PTE Array Write Registers 0 and 1 - DTB_PTE0, DTB_PTE1 

The OTB PTE array write registers O and I (OTB_PTEO and OTB_PTEI) are registers 
through which the OTB PTE arrays are wrillen. The entries lo be wrillen are chosen by 
a round-robin allocation scheme. Write transactions lo the OTB_ PTE registers, when 
reti red, result in both the OTB_TAG and OTB_PTE arrays being wrillen. Figure 5- 27 
shows the OTB PTE array write registers O and I. 

Figure 5-27 OTB PTE Array Write Registers 0 and 1 

11 1i: 
, )iii II I I 

p A(43:13J I 
UWE 

SWE 

EWE 

KWE 

URE 

SRE 

ERE 

KRE 

GHl1:0J 

ASM 

FOW 

FOR 

5.3.3 DTB Alternate Processor Mode Register- DTB_ALTMODE 

The OTB alternate processor mode register (OTB_ALTMOOE) is a write-only register 
whose contents specify the allernale processor mode used by some HW _ LO and 
HW _ST inslruclions. Figure 5- 28 shows the OTB allernale processor mode register. 

Figure 5-28 OTB Alternate Processor Mode Register 

ALT_MODE11:0J-------------------------------J 

Table 5- 17 describes the DTB_ALTMODE register fi elds. 

Table 5-17 OTB Alternate Processor Mode Register Fields Description 

Name Extent Type Description 

Reserved [63:2] 
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Table 5--17 DTB Alternate Processor Mode Regis ter Fields Desc ription (Continue d) 

Name Extent Type Description 

ALT_MODE[l :0) (1:0) RW AIL Mode: 
AL T_MODE[1:0] 

00 
01 
10 
I I 

Mode 
Kerne l 
Executive 
Supervisor 
User 

5.3.4 Dstream TB Invalidate All Process (ASM=O) Register - DTB_IAP 

The Oslream lranslation buffer invalidate all process (ASM=O) register (OTB _ IAP) is a 
write-on ly pseudo register. Write transactions to th is register invalidate all OTB entries 
in wh ich the address space match (ASM) bit is clear. 

5.3.5 Dstream TB Invalidate All Register - DTB_IA 

The Oslream translation bulfer invalidate all register (OTB_ IA) is a write-only pseudo 
register. Write lransactions to th is register invalidate all OTB enlries and reset the OTB 
not- last-used poi.nler to its initia l state. 

5.3.6 Dstream TB Invalidate Single Registers O and 1 - DTB_ISO, 1 

The Ostream translation bu ffer invalidate single registers (OTB_ ISO and OTB_ IS I) are 
write-only pseudo registers through which software may invalidate a single entry in the 
OTB arrays. Writing a virtual page number lo one of these registers invalidates any 
OTB enlry in the corresponding memory pipeline which meets one of the fo llowing cri­

teria: 

The OTB entry's v irtual page number matches OTB_ IS[47: 13] and its ASN field 
matches OTB_ ASN[63 :56] . 

The OTB entry's virtual page number matches OTB_ IS[47: 13] and iLs ASM bit is 
set. 

Figure 5- 29 shows the Oslream translation buffer invalida te single registers. 

Figure 5- 29 Dstream Translation Buffer Invalidate Single Registers 

i 
VA!47:13]---------------~ 
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5.3.7 Dstream TB Address Space Number Registers O and 1 - DTB_ASN0,1 

The Ostream translation bulfer address space number registers (OTB_ ASNO and 
OTB_ASN I) are write-only registers that should be written with the address space 
number (ASN) of the current process. Figure 5- 30 shows the Oslream translation buITer 
address space oumbcr registers O and I. 

Figure 5-30 Dstream Translation Buffer Address Space Number Registers O and 1 

ASN[7 :0J 

5.3.8 Memory Management Status Register - MM_STAT 

The memory management slattLs register (MM_ STAT) is a read-only register. 
When a Oslream TB miss or fau lt occurs, information about the error is latched in 
MM_STAT. MM_ STAT is not updated when a LO_ VPTE gels a OTB miss instruction. 
Figure 5-3 1 shows the memory management status register. 

Figure 5--31 Memory Management Status Register 
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Table 5--18 describes the memory management status register fields. 

Table 5--18 Memory Management Status Register Fields Descri ption 

Name 

Reserved 

DC_TAG_PERR 

OPCODE(5:0) 

FOW 

Extent Type 

[63:1 I) 

[10) 

[9:4) 

[3] 

RO 

RO 

RO 

!>---28 Internal Processor Registers 

Description 

This bit is set when a Dcachc tag parity error occurred during Lhc 
iniLial lag probe of a load or store ins lruclion. TI1e error created a 
synchronous fau lt Lo the D_FAULT PALcodc entry point and is 
correctable. The virtual address associated with the error is avail­
able i_n tbe VA regislcr. 

Opcode of the inslruction I.hat caused the error. 
I-IW _LD is displayed as 3 and I-IW _ ST is displayed as 7. 

This bit is scl when a fau lt-on-write error occurs during a write 
transaction and PTE[FOW] was set. 
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Table 5--18 Memory Management Status Register Fields Description (Continued) 

Name 

FOR 

ACV 

WR 

Extent Type 

[2J RO 

[IJ RO 

[OJ RO 

Description 

This bit is set when a faull-on-rcad error occurs during a read 
transaction and JYTE(FOR] was set. 

This bit is set when an access violation occurs during a transac­
tion. Access violations include a bad virtual address . 

This bit is set when an error occurs during a write transaction. 

Note: The Ra fi eld of the instruclion that triggered the error can be obtained from 
the lbox EXC_SUM register. 

5.3.9 Mbox Control Register- M_CTL 

The Mbox control register (M_CTL) is a write-only reg ister. Its contents are cleared by 
chip reset. Figure 5- 32 shows the Mbox control register. 

Figure 5--32 Mbox Control Register 

I I II 
SMC[1:0J----------------------------­

SPEj2:0J------------------------------~ 
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Tab le 5- 19 describes the Mbox control register fields . 

Table 5--19 Mbox Control Register Fields Description 

Name Extent Type Description 

Reserved [63:6J 

SMC[ ! :OJ [5:4J WO,0 Speculative miss control (see Section 4.6.4). 

Bits Meaning When Set 

00 Allow full -time speculation. 

01 

10 

II 

Force full -time conservative mode. Make retries wail unLil reLire, 
force all new stores Lhal do not hit dirty to retry, and cause prefetches 
wilh modify intent (see Section 2.6.2) to behave like normal 
prefotches. 

Place 212648 in periodic conservative mode by using an 8-bil 
counter to add by 4 each lime a branch mispredict happens and sub­
tract by one each time a conditional branch retires . Enter conserva­
tive mode if the MSB of the counter is sel. 

Place 2 1264B in periodic conservative mode by using an 8-bil count­
ner to add by 8 each time a branch mispredicl happens and subtract 
by one each time a conditional branch retires. Enter conservative 
mode if the MSB of the counter is sel. 

SPE[2:0J [3:IJ WO,0 Superpage mode enables. 

Reserved [OJ 

SPE[2], when set, enables superpagc mapping when VA[47:46J - 2. In this 
mode, VA[43: l 3J are mapped directly lo PA[43 :l 3J and VA[45:44J are 
ignored. 

SPE[ IJ , when set, enables superpage mapping when VA[47:4 I J - 7Ei6- In 
this mode, VA[40: 13] are mapped di rectly lo PA[40: I 3J and PA[43:4 IJ are 
copies of PA[40J (si1,>n extension). 

SPE[0J, when set, enables superpage mapping when VA[47:30J - 3FFFE16. 
In this mode, VA[29: I 3J are mapped directly lo PA[29: I 3J and PA[43:30J are 
cleared. 

Note: Superpage accesses are only allowed in kernel mode. Non-kernel mode ref­
erences lo superpages result in access violations. 

5.3.10 Dcache Control Register-DC_CTL 

The Dcache control register (DC_CTL) is a write-only register that controls Dcache 
activity. The contents of DC_CTL are initialized by chip reset as indicated. Figure 5--33 
shows Ihe Dcache control register. 
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Figure 5-33 Dcache Control Register 
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_TPAR 

F_HIT 

SET_ EN 1:0 

I I 11 ~ 
I 

Table 5- 20 describes the Dcache control register fie lds. 

Table 5-20 Dcache Control Register Fields Description 

Name Extent Type Description 

Reserved [63:8] 

DCDAT_ERR_EN [7] WO,0 

WO,0 

wo,o 

Dcachc data ECC and parity error enable. 

Dcachc Lag parity enable. DCTAG_PAR_EN [6] 

F_BAD_DECC 

F_BAD_TPAR 

Reserved 

F_HIT 

SET_EN[l:0] 

[5] 

[4] 

[3] 

[2] 

[1:0] 

wo,o 

WO,0 

W0,3 

Force Bad Data ECC. When se t, ECC dala is not written into 
the cache along with lhc block tl1at is loaded by a fill or store. 
Writing data that is diflCrenl from that already in the block will 
cause bad ECC lo be prcscnl. Since the old ECC value wi l.l 
remain, Ll1e ECC wi ll be bad. 

Force Bad Tag Parity. When set, this bil causes bad tag parity to 
be put into the Dcache lag array during Dcache fill operations. 

Force I-lit. When set, this bit causes all memory space load and 
store instructions to hit in the Dcachc, independent of the 
Dcache tag address compare. F HIT does not force the status of 
the block to register as DIRTY ( the Lag status bits are s ti ll con­
suHcd), so stores may still gcnerntc of:1Chip activity. 
ln this mode, only one of the two sets may be enabled, and tag 
parity checking must be disabled (scl DCTAG_PER_EN lo 
zero). 

Dcachc Set Enable. AL least one se t must be enabled. 

5.3.11 Dcache Status Register - DC_STAT 

The Dcache status register (DC_STAT) is a read-write register. !fa Dcache lag parity 
error or data ECC error occurs, information about the error is latched in this register. 
Figure 5- 34 shows the Dcachc slalus register. 
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Figure 5-34 Dcache Status Register 

SEO-----------------------------~I 
ECC_ERR_LD-----------------------------~ 

ECC_ERR_ST------------------------------~ 

TPERR_P1 

TPERR_PQ-------------------------------~ 

Table 5- 2 1 describes the Dcachc sLalus register fi elds. 

Table 5-21 Dcache Status Register Fields Description 

Name Extent 

Reserved [63 :5] 

SEO [4] 

ECC_ERR_LD [3] 

ECC_ERR_ST [2] 

TPERR_PI [I] 

TPERR_P0 [OJ 

Type 

WIC 

W IC 

WIC 

WIC 

Description 

Second error occurred. When set, this bit indicates that a second 
Dcacl1e store ECC error occurred within 6 cycles of the previous 
Dcacbe store ECC error. 

ECC error on load. When set, this bit indicates that a s i.ng le-bil ECC 
error occurred whi le process ing a load from the Dcache or any fi ll. 

ECC error on store. When se t, this bit indicates that an ECC error 
occurred whi le processing a store. 

Tag parity error - pipe I. When set, this bit indicates that a Dcache 
lag probe from pi1:,c I resulted in a Lag parity error. The error is uncor­
rectable and resu lts in a machine check . 

W I C Tag pari ty error - pipe 0. When set, this bit indicates that a Dcache 
Lag probe from pipe O resu lted in a Lag parity error. The error is w1cor· 
rectable and results in a machine check . 

5.4 Cbox CSRs and IPRs 

This section describes the Cbox CSRs and IPRs. 

The Cbox configuration registers are spl it into three shi ft regis ter chains: 

The hardware a llocates 367 bits for the WRITE_ ONCE chain, of which the 2 1264B 
uses 304 bits. During hardware reset (a Iler Bi ST), 367 bits are always shilled into 
the WRJTE_ONCE chain from the SROM, MSB first, so U1at the unused biLs are 
shilled out the end of U,c WR.ITE_ONCE chain. 

A 36-bit WRITE_ MANY chain that is loaded us ing MTPR instructions lo U1e Cbox 
data register. Six bits of information arc shilled into the WRITE_ MANY chain dur­
ing each write transaction to the Cbox data register. 

A 60-bit Cbox ERROR_ REG chain that is read by using MFFR instructions from 
Uic Cbox daLa reg ister in combination with MTPR instructions lo the Cbox shill 
register. Each write transaction lo the Cbox shill register destructively shills s ix bits 
of information out of the Cbox error register. 
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5.4.1 Cbox Data Register - C_DATA 

Figure 5- 35 shows the Cbox data register. 

Figure 5-35 Cbox Data Register 

C_DATAl5:0] -----------------------------~ u,, .... ,.. 

Table 5- 22 describes the Cbox data register fields. 

Table 5-22 Cbox Data Register Fields Description 

Name 

Reserved 

C_DATA[S:0J 

Extent Type 

[63:6J 

[5:0J RW 

Description 

Cbox data register. A HW _MTPR instruction to this register causes six 
bits of data lo be placed into a serial shift register. When the 
HW MTPR instruction is retired , the data is shifted into the Cbox. After 
the Cbox shift register has been accessed, performing a HW _ MFPR 
instruction to this register will return six bits of data . 

5.4.2 Cbox Shift Register- C_SHFT 

Figure 5- 36 shows the Cbox shill register. 

Figure 5-36 Cbox Shift Register 

C_SHIFT-------------------------------~ 

Table 5- 23 describes the Cbox shift register fields. 

Table 5-23 Cbox Shift Register Fields Descri ption 

Name 

Reserved 

C_SHIFT 

Extent Type 

[63:IJ 

[OJ WI 

Description 

Writing a 1 lo this register bit causes six bils ofCbox TPR data to shifl into 
the Cbox data register. Soflware can then use a HW _ MFPR read operation 
to the Cbox data register lo read lhe six bits of dala. 

5.4.3 Cbox WRITE_ONCE Chain Description 

The WRITE_ONCE chain order is contained in Table 5- 24. In the table: 

Many CS Rs are duplicated for ease of hardware implementation. These CSRs are 
indicated in italics. They must be wri tten with values that are identical lo the values 
written lo the original CSRs. 
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On ly a brief description of each CSR is given. The functiona l description of these 
CSRs is contained in Chapter 4. 

The order ofmultibil vectors is [MSB:LSB], so the LSB is first bit in the Cbox 
chain. 

Table 5- 24 describes the Cbox WRJTE_ONCE chain order from LSB lo MSB. 

Table 5-24 Cbox WRITE_ONCE Chain Order 

Cbox WRITE_ ONCE Chain 

32_BYTE_IO[0J 

SKEWED_FTLL_MODE[0J 

SKEWED_FILL_ MODE[0J 

DCVIC_ THRESHOLD[7:0J 

BC_ CLEAN_ VICTIM[0J 

SYS_BUS_SIZE[I :OJ 

SYS_BUS_FORMAT[0J 

SYS_CLK_RATlO[4: IJ 

DUP_TAG_ENABLE[0J 

PRB_TAG_ONLY[0J 

FAST_MODE_DISABLE[0J 

BC _RDVlCTJM[0J 

BC_ CLEAN_ VICTI M[0J 

RDVIC_ ACK_INHlB IT 

SYSBUS_MB_ENABLE 

SYS BUS_ ACK_ LIMIT[0:4J 

SYS BUS_ V1C_LIM IT[0:2J 

BC_ CLEAN_ VICTIM[0J 

BC_ WR_ WR_ BUBBLE[0J 

BC_RD_ WR_ BUBBLES[0:SJ 

BC_ RD_ RD _ BUBBLE[0J 

BC_SJ_BANK_ENABLE 

BC_ WR_RD_ BUBBLES[0:3J 
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Description 

Enable 32_ BYTE 1/0 mode. 

Asserted when Bcache is at t .SX ratio. 

Duplicate of prior bit. 

Threshold of the number ofDcache victims that wi ll accumulate 
before streamed write transactions to the Bcache are initiated. The 
Cbox can accumulate up to six victims for streamed Dcache pro­
cessing. This register is programmed with the decoded value of the 
threshold count. 

Enable clean victims to the system interface. 

Size ofSysAddOul and SysAddOul buses. 

Indicates system bus formal. 

Speed of system bus. 
Code 
000 1 
0010 
0100 
1000 

Multiplier 
l.5X 
2.0X 
2.SX 
3.0X 

Enable duplicate lag mode in the 21264B. 

Enable probe-lag only mode in the 21264B. 

When asserted, disables fast data movement mode. 

Enables RdViclim mode on the pins. 

Duplicate CSR. 

Enable inhibition of incrementing acknowledge counter for RdVic 
commands. 

Enable MB commands offchip. 

Sysbus acknowledge limit CSR. 

Limit for victims. 

Duplicate CSR. 

Write lo write GCLK bubble. 

Read Lo write GCLK bubbles for the Bcache interface. 

Read lo read GCLK bubble for banked Beaches. 

Enable bank mode for Bcache. 

Write lo read GCLK bubbles. 
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Table S-24 Cbox WRITE_ONCE Chain Order (Continued) 

Cbox WRITE_ONCE Chain 

DUP_TAG_ENABLE 

SKEWED_Flll _ MODE 

BC_RDVICTJM 

SKEWED _ Flll_ MODE 

BC_RDVJCTJM 

BC_ ClEAN_vJCTJM 

D UP_TAG_MODE 

SKEWED _Flll_ MODE 

ENABLE_PROBE_CHECK 

SPEC_READ_ENABLE[0] 

SKEWED_Flll _ MODE 

SKEWED_Flll_ MODE 

MBOX_BC_PRB_STALL 

BC_LAT_DATA_PATTERN[0:31] 

BC_LAT_TAG_PATrERN[0:23] 

BC_RDVJCTJM 

ENABLE_ STC_ COMMA ND[0] 

BC_LATE_ WRJTE_NUM[0:2] 

BC_CPU_LATE_ WRITE_NUM[0: I] 

BC_BURST_MODE_ENABLE[0] 

BC_PENTIUM_MODE[0] 

SKEWED _Fill_ MODE 

BC_FRM_CLK[0] 

BC_CLK_DELAY[0: I] 

BC_ DDMR_ ENABLE[0] 

BC_DDMF _ENABLE[0] 

BC_LATE_ WRJTE_UPPER[0] 

BC_ TAG_DDM_FA LL_EN[0] 

Description 

D11plicute CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

D11p/icute CSR. 

D11plicale CSR. 

Enable error checking during probe processing. 

Enable speculative references lo Lhe system port. 

Duplicale CSR. 

D11p/icute CSR. 

Musl be asserted when BC_RATIO - 4.0X , 5.0X, 6.0X, 7.0X, or 
8.0X. 

Bcache data lalcncy patlcm . 

Bcache lag latency pallcrn . 

Duplicate CSR. 

Enable STx_C inslruclions lo the pins. 

Number ofBcachc c locks to delay the data for Bcache write com­
mands. 

Number ofGCLK cycles Lo delay the Bcache clock/data from 
index. . 

Burst mode enable signal. 

Enable Pentium mode RAM behavior. 

D11plicule CSR. 

Force all Bcache LransacLions Lo sLarL on rising edges ofLhe A phase 
of a GCLK. 

Delay or Bcache clock for 0,0, 1,2 GCLK phases. 

Enables U1e rising edge oflhe Bcache forwarded clock (always 
enabled). 

Enable Lhe fa ll ing edge ofLhe Bcache forwarded clock. (always 
enabled). 

Asserted when (BC_LATE_WRITE_NUM > 3) or 
((BC_LATE_ WRITE_NUM - 3) and 
(BC_CPU_LATE_WRITE_NUM > I)}. 

Enables U1e updaLe of Lhe 21264 B Bcache lag outputs based on the 
fa lling edge oflhe forwarded clock. 
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Table S-24 Cbox WRITE_ONCE Chain Order (Continued) 

Cbox WRJTE_ONCE Chain 

BC_TAG_DDM_RISE_EN[0] 

BC_CLKFWD_ENABLE[0] 

BC_RCV _MUX_CNT _PRES ET[0: I] 

BC_ LATE_ WRJTE_ UPPER[0J 

SYS_DDM_FALL_EN[0] 

SYS_DDM_IUSE_EN[0] 

SYS_ CLKFWD _EN ABLE[0] 

SYS_RCV _MUX_CNT_PRESET[0: I] 

SYS_CLK_DELAY[0: I] 

SYS_DDMR_ENABLE[0] 

SYS_DDMF _ENABLE[0] 

BC_DDM_FALL_EN[0] 

BC_DDM_RJ SE_EN[0] 

BC_ CLKFWD_ENABLE 

BC_RC V_ MUX_ CNT_pRESET{0: I] 

BC_ CLK_ DELAY[0: /] 

BC_ DDMR_ENABLE 

BC_DDMF_ENABLE 

SYS_DDM_FALL_EN 

SYS_DDM_RJSE_ EN 

S YS_ CLKFWD_ENABLE 

SYS_RCV_ MUX_ CNT_ PRESET[0: I} 

SYS_ CLK_ DELAY[0: J] 

S YS_DDMR_ENABLE 

SYS_DDMF_ENA BLE 

BC_DDM_FAll_EN 

BC_DDM_RJSE_EN 

BC_ CLKFWD_ENABLE 

B C_RCV_ MUX_ CNT_ PRE SE T[0: I} 
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Description 

Enables Lhc updaLe of U1e 21264B Bcache lag ouLpuLS based on Lhe 
rising edge ofLhc forwarded clock. 

Enab le clock forwarding on Lhe Bcachc interface. 

ln.i Lia l va lue for the Bcache clock forwarding un load pointer FIFO. 

D11p/icute CSR. 

Enables U1c update of the 2 1264B sys tem outputs based on the fa ll ­
ing edge of the system forwarded clock. 

Enables Lhc update ofLhe 2 1264B system outputs based on Lhe ri s­
ing edge of the system forwarded clock. 

Enables clock forward.ing on the system i11lerface. 

Initial value for the system c lock forwardjng un load pointer FIFO. 

Delay of O lo 2 phases between the forwarded clock out and 
address/dala. 

Enables the ris ing edge of the system forwarded clock (always 
enabled). 

Enables the fa ll ing edge of Lbe system forwarded clock (a lways 
enab led). 

Enables update of data/address on l11 e ris ing edge of Lh c system for­
warded clock. 

Enables !.he update of data/address on the fa lling edge of the sys tem 
forwarded clock. 

Duµlicute CSR. 

Duplicute CSR. 

Duplicate CSR. 

Duplicute CSR. 

Duplicate CSR. 

D11plicule CSR. 

Duplicate CSR. 

D11plicale CSR. 

D11plicute CSR. 

Duplicute CSR. 

Duplicate CSR. 

Duplicate CSR. 

Dup/icute CSR. 

D11plica1e CSR. 

D11p/icate CSR. 

Dup/icute CSR. 

Alpha 21 264B Hardware Reference Manual 



Cbox CSRs and IPRs 

Table 5-24 Cbox WRITE_ONCE Chain Order (Continued) 

Cbox WRITE_ONCE Chain 

SYS_DDM_FAll_EN 

SYS_DDM_RISE_ EN 

SYS_ClKFWD_ENABlE 

SYS_RCV_ MUX_CNT_PRESET[0.· /) 

SYS_ClK_DElAY[0.· I} 

SYS_DDMR_ENABlE 

SYS_DDMF_ENABlE 

BC_DDM_FAll_EN 

BC_DDM_RISE_EN 

BC_ClKFWD_ENABlE 

BC_RCV_ MUX_CNT_PRESET[0:1) 

BC_ClK_DElAY{0: I} 

BC_DDMR_ENABlE 

BC_DDMF_ ENABLE 

SYS_DDM_FAll_EN 

SYS_DDM_RJSE_EN 

SYS_ClKFWD_ENABlE 

SYS_RCV_ MUX_CNT_PRESET[0:/) 

SYS_ClK_DElAY{ /:0) 

SYS_DDMR_ENABlE 

SYS_DDMF_ENA BlE 

BC_DDM_FAH_EN 

BC_DDM_RJSE_EN 

BC_ClKFWD_ENABlE 

BC_ RCV _ MUX_ CNT_PRESET[ /:OJ 

SYS_ ClK_DElAY{0: I} 

SYS_DDMR_ENABlE 

SYS_DDMF_ENABlE 

SYS_DDM_FAll_EN 

SYS_DDM_R1SE_ EN 

SYS_clKFWD_ENA BlE 

SYS_RCV_ MUX_CNT_PRESET[0:1) 

CFR _ GCLK _ DELAY[0:3] 

CFR_EV6CLK_DELAY[0:2] 

Description 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Duplicate CSR. 

Number ofGCLK cycles lo delay internal ClkFwdRsl. 

Number ofEV6Clk_x cycles lo delay internal ClkFwdRsl. 
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Table 5-24 Cbox WRITE_ONCE Chain Order (Continued) 

Cbox WRITE_ONCE Chain 

CFR_FRMCLK_DELAY[0: I] 

BC_lATE_ WRITE_NUM[0:2) 

BC_CPU_lATE_ WRITE_NUM[l :0} 

flTIER_CMD[0] 

FAST_MODE_DJSABlE[0) 

SYSDC_DELAY[3:0] 

DATA_ VALID_DLY[I :OJ 

BC_DDM_FAll_EN 

BC_DDM_RISE_EN 

8 C_CPU_CLK_DELAY[0:1] 

8 C_FD8K_EN[0:7] 

BC_CLK_LD_VECTOR[0:15] 

BC_BPHASE_LD_ VECTOR[0:3] 

SYS_DDM_FAll_EN 

SYS_DDM_RISE_ EN 

SYS_ CPU_ CLK _ DELAY[0: I] 

SYS_FDBK_EN[0:7] 

SYS_CLK_LD_VECTOR[0: 15] 

SYS_BPHASE_LD_ VECTOR[0:3] 

SYS _FRAME_ LD _ VECTOR[0:4] 

SYSDC DELAY[4] 

Description 

Number ofFrameClk_x cycles lo delay internal ClkFwdRsl. 

Duplicate CSR. 

Duplicate CSR. 

Add one GCLK cycle lo the SYS DC write path. 

Duplicate CSR. 

Number ofGCLK cycles lo delay SysDc fi ll commands before 
action by the Cbox. 

Number ofBcache clock cycles to delay signal SysDalalnValid 
before sample by the Cbox. 

Duplicate CSR. 

Duplicate CSR. 

Delay ofBcache clock for 0, I , 2, 3 GCLK cycles. 

CSR to program the Bcache forwarded clock shifl register feedback 
points. 

CSR lo program the Bcache forwarded clock shift reg ister load va l­
ues. 

CSR to program the Bcache forwarded clock b-phase enables. 

Duplicate CSR. 

Duplicate CSR. 

Delay of 0 .. 3 GCLK cycles between the forwarded clock out and 
address/data. 

CSR to program the system forwarded clock shift register feedback 
points. 

CSR to program the system forwarded clock shifl register load val­
ues. 

CSR lo program the system forwarded clock b-phase enables. 

CSR lo program the ratio between frame clock and system for­
warded c lock . 

Fiflh SYSDC DELAY bit. 

5.4.4 Cbox WRITE_MANY Chain Description 

The WRlTE_MANY chain order is contained in Table 5- 25 . Nole the fo llowing: 

Many CS Rs are duplicated for ease of hardware implemenlation . These CSR names 
are indicated in iL1lics and have two leading asterisks. 

Only a brief description of each CSR is given. The functional description of these 
CS Rs is contained in Chapter 3. 

T he order of multibit vectors is [MSB :LSB], so the LSB is first bit in the Cbox 
chain. 
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Table 5- 25 describes the Cbox WRITE_MANY chain order from LSB lo MSB. 

Table 5-25 Cbox WRITE_MANY Chain Order 

Cbox WRITE_MANY Chain 

BC_VALID_ MODE 

INIT_ MODE[0] 

BC_SIZE[3:0] 

BC_ENABLE[0] 

BC_ENABLE 

BC_SJZE[0:3] 

BC_ENABLE1 

BC_ENABLE1 

BC_ENABLE1 

INVAL_TO_ DIRTY_ ENABLE[ l] 

ENABLE_EVICT 

BC_ENABLE 

TNVAL_ TO_ DIRTY _ ENABLE[0] 

BC_ENABLE 

BC_ENABLE 

BC_ENABLE 

SET_DIRTY _ENABLE[0] 

JNVAL_ TO_DIRTY_ENABLE[0J 

SET_ DIRTY_ ENABLE[2: I] 

BC_BANK_ ENABLE[0] 

BC_SIZE/0:3] 

JNIT_ MODE 

BC_ WRT_STS[0:3] 

Description 

Conlrol Bcache block parity calculation 

Enable iniLializc mode 

Bcachc size 

Enable the Bcachc 

Duplicate CSR 

Duplicate CSR 

Duplicate CSR 

Duplicate CSR 

Duplicale CSR 

Wi-164 acknowledges 

Enable issue evict 

Duplicate CSR 

WH64 acknowledges 

Dup/icale CSR 

Duplicate CSR 

Duplicate CSR 

ScLDirty acknowledge programming 

Duplicale CSR 

ScLDirty acknowledge programming 

Enable bank mode for Bcache 

Duplicate CSR 

Duplicate CSR 

Write sLalus for Bcache in initialize-mode 
(Valid, Dirty, Shared, Parity) 

1 MBZ during initializa tion mode; see Sec ti on 7.6 fo r info rmation. 

For lnfonnation: 

Section 8.8 

Section 7.6 

Table 4-42 

Table 4-42 

Table 4-42 

Tab le 4-42 

Tab le 4-42 

Table 4-42 

Table 4-42 

Table 4-15 

Table 4-1 

Table4-42 

Table 4-15 

Table 4-42 

Table 4-42 

Table 4-42 

Table 4- 16 

Table 4-15 

Table 4-16 

Section 4.8.5 

Table 4-42 

Section 7.6 

Seclion 7.6 

Figure 5- 37 shows an example of PALcodc used lo write lo 01e WRITE_MANY chain . 

Figure 5-37 WRITE_MANY Chain Write Transaction Example 

Ini t i al i ze t h e Bcach e con fig u rat i o n i n t h e Cbox 

BC_ VM.ID_ MODE • 1 
BC ENABLE .. 1 
I Ni T_ MODE ,.. 0 
BC_ SIZE • OxF 
I NVALID_ TO_ DIRT Y_ ENABL E = 3 
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ENABLE_ EVICT • 1 
SET_ DI RTY_ ENAB LE • 6 
BC_ BAN K_ ENABLE • l 
BC_ WRT_ STS • 0 

The value f or the wr ite _ many c h a in i s b ased o n Tabl e 5-25. 

The value is sampled from MSB, 6 bits a t a time, as i t is written 
to EV6 DATA. There f ore , be f ore t h e value can be s h if t ed in, i t must be 
i nvert ~ o n a b y 6 basis. The code the n wri t es o u t 6 b i ts at a time, 
s h ift ing righ t b y 6 af t er each wr ite. 

So the foll o wing trans f o r mation i s d o ne o n t h e wr ite _ many value: 

[35,30] I [29 , 2 4] I [23 ,1 8] I [17, 1 2 ] I [1L0 6 ] I [ 05,00 ] 
105,oo J I 111, oG J I 111, 1 2 J I 123, 1 0 J I 129,24 J I l 35,3o l 

WRI TE_ MANY c h a in • Ox07FBFFFFD 
value t o b e shifted in ,,. OxF?FFEFFCl 

Before the c hain can be writ t e n, I CTL [SBE] must b e d i s abled , 
a nd the c o d e must b e f orced into t he I cach e . 

ALIGN_CACHE_ BLOCK <""x47 FF041 F> ; a lig n wi t h no p s 

mb 
lda r O, ""x 008 6 ( r31) 
hw mtp r rO, EV6_ I_CTL 
b r - rO , 

addq rO , # 17 , r O 
hw mtpr r31, EV6_ IC_ FLUSI-I 
b ne' r31, . 
hw_jmp_ stall ( rO) 

ALIGN_ CACHE_ BLOCK <""x47FF04 1F> 

bc_ c onfig: 
mb 
lda 
l dah 
zap 

bi s 
a d dq 

r l, ""xFFCl (r31) 
r O, ""x 7FFE(r31 ) 
r l, #""xo c , r l 

r l, r O, r l 
r 3 1, #6, r O 

b c_ config s hift in : 
hw ll\tpr rl , EV6 DATA 
s ubg r O, #1, ~o 

b eg r O, b c_ config _ done 
srl r l, # 6 , r l 
br r 3 1, b c_ con f i g_ s hif t _ in 

b e con fig d o ne: 
- hw_ lrtp r r 3 1 , <EV6_ MM_ STAT ! 64 > 

b eg 
br 
bis 
b i s 

b c _ con fig_ e nd: 

r31 , b c_ conf ig_ e nd 
r3 1, . - 4 
r3 1, r3 1 , r31 
r3 1 , r31 , r31 

!>-40 Internal Processor Registers 

wa it f or MEM- OP ' s to complete 
l o a d I _ CTL .. 
.... . SDEs2 , IC_ EN•3 , SBE• O 
create dest address 

f i n ish computing d es t a ddress 
flu s h the Icach e 
separate retires 
force flush 

a lig n with na p s 

pull thi s block in !cach e 
d ata [1 5: 00 ] • OxFFCl 
da t a [3 1 : 1 6 ] • Ox?FFE 
c l ear o u t bi ts [31 : 1 6 ] 

or in bit s [31 : 1 6 ] 
s hif t in 6 x 6 b its 

s hif t i n 6 b i ts 
d ecrement RO 

done if RO i s zero 
a l i gn next 6 b i ts 
con t inue s h i f t ing 

wait unti l l ast shift 

predict s fall t h ru 
p redict i nf inite l oop 
nop 
n o p 
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5.4.5 Cbox Read Register (IPR) Description 

The Cbox read register is read 6 bits al a lime. Table 5-26 shows the ordering from LSB 
loMSB. 

Table 5-26 Cbox Read IPR Fields Description 

Name 

C_SYNDROME_ l [7:0] 

C_SYNDROME_0[7:0] 

C_STAT[4:0] 

C_STS[3:0] 

C_ADDR[6:42] 

Description 

Syndrome for upper QW in OW of victim that was scrubbed. 

Syndrome for lower QW in OW ofviclim that was scrubbed. 

Bits 

00000 

0000 1 

00010 

0 0 0 I I 

00 1 00 

00 1 0 1 

00 I IX 

01000 

01001 

0 1 010 

0 IO I I 

0 I IO 0 

0 I I O I 

0 I I IX 

IO O I I 

10100 

I IO I I 

I I IO 0 

Error Status 

Ei ther no error, or error on a speculative load, or 
a Bcache victim read due lo a Dcache/Bcache miss 

BC_PERR (Bcache lag parity error) 

DC_PERR (duplicate tag parity error) 

DSTREAM_MEM_ERR 

DSTREAM_BC_ ERR 

DSTREAM_DC_ERR 

PROBE_BC_ERR 

Reserved 

Reserved 

Reserved 

ISTREAM_ MEM_ERR 

JSTREAM_ BC_ ERR 

Reserved 

Reserved 

DSTREAM_MEM DBL 

DSTREAM_BC_DBL 

ISTREAM_MEM_DBL 

JSTREAM_BC_DBL 

lf C_STAT equals:ux_MEM_ERR or xxx_BC_ERR, then C_STS contains the 
slatus of the block as follows; otherwise, the value ofC_STS is X: 

Bit Value Status of Block 

7:4 Reserved 

3 Parity 

2 Valid 

I Dirty 

0 Shared 

Address of lasl reported ECC or parity error. Jf C_STAT value is 
DSTREAM_DC_ERR, only bits 6: 19 are va lid. 
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6 
Privileged Architecture Library Code 

Tbis chapter describes the 212648 privileged architecture library code (PALcode). The 
chaplcr is organized as follows: 

PALcode description 

PALmode environment 

Required PALcode function codes 

Opcodes reserved for PALcode 

lnlcrna l processor register access mechanisms 

PA Lshadow registers 

PALcode emulation of FPCR 

PALcode entry poinLs 

Translation buffer fill llows 

Performance counter support 

6.1 PALcode Description 

PALcode is macrocode thal provides an architecturally-defined, operating-system-spe­
cific programming interface that is common across all Alpha microprocessors. The 
actual implementation of PALcode differs for each operating system. PALcode runs 
with privileges enabled, inslruction stream {lslream) mapping disabled, and interrupts 
disab led. PALcode has privi lege lo use uve special opcodes lhal allow functions such as 
physical dala stream (Dslream) references and internal processor register (IPR) manip­
ulation. 

PALcode can be invoked by the fo llowing events: 

Resel 

System hardware exceptions (MCHK, ARITH) 

Memory-management cxceplio ns 

lnlerrupls 

CALL_PAL inslruclions 

PALcode has characteristics U1al make il appear lo be a combination o f microcode, 
ROM BIOS, and system service routines, though the analogy lo any o f these other 
items is not cxacl. PALcodc ex ists for several major reasons: 
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There are some necessary support functi ons Uial are loo complex to imp lement 
directly in a processor chip's hardware, bul that cannot be handl ed by a normal 
operating system so flware routine. Routines lo fi ll the lranslalion buffer (TB), 
acknowledge interrupl'i, and dispatch exceptions arc sornc examples. In some archi­
tectures, these functions are handled by microcode, but the Alpha architecture is 
careful nol to mandate the use of microcode so as lo allow reasonable chip imple­
mentations. 

There arc function s lhat musl run alomically, yet involve lo ng sequences of inslruc­
lions that may need complete access lo all o flhe underlying computer hardware. 
An example of this is the sequence that returns from an exception or interrupt. 

There are some instruclio□s that are necessary for backward compatibility or ease 
of programming; however, these are nol used oflcn enough to dedicate them lo 
hardware, or are so complex that they would j eopardize lhe overall performance o f 
the computer. For example, an instruction Uial does a VAX style interlocked mem­
ory access might be fami liar lo someone used lo programming 011 a CISC machine, 
bul is nol included in the Alpha architecture. AnoU1er example is the emulation of 
an instruction Lhat bas no direct hardware support in a particular chip implemcnta­

lion. 

In each oflhese cases, PALcode routines are used lo provide the function. The routines 
are noU.1i.ng more than progrnms invoked at specifi ed limes, and read i.n as ls lrcam code 
in U1e same way that a ll other Alpha code is read. Once invoked, however, PALcode 
runs in a special mode called PALmode. 

6.2 PALmode Environment 

PALcode rw1s in a special environment called PALmode, defined as follows: 

(stream memory mapping is di sabled. Because the PALcode is used lo implement 
translation buffer fj )J routines, !stream mapping clearly cannot be enabled. Dslream 
mapping is still enabled. 

The program has privileged access lo all of the computer hardware. Most of the 
functions handled by PALcode are privi leged and need conlrol of the lowest 
levels of the system. 

Interrupts are disabled. )fa long sequence of instructions need lo be executed 
atomically, interrupts cannot be al lowed. 

An imporlant aspect of PALcode is tl1al il uses nonnal Alpha instructions for most of iLs 
operations; that is, the same instruction sel that noaprivi.leged Alpha programmers LL~e. 

There are a few extra instructions that are only avai lable in PALmodc, and wi ll callse a 
dispatch lo the OPCDEC PALcode entry point if attempted while not in PALmode. The 
Alpha architecture allows some 0exibi lity in what these special PALmode instructions do. 
ln U,e 212648, the special PALmode-only inslructions perform U1e fo llowing functions: 

Read or write internal processor registers (HW_ MFPR, HW_MTPR) 

Perform memory load or slorc operations witho ut invoking the normal memory­
management routines (HW _LD, HW _ST) 

Return from an exception or interrupt (HW _RET) 
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When executing in PALmode, there are certa in restrictions for using the privileged 
instructions because PALmode gives the programmer compl ete access lo many of the 
in ternal details of the 21264B. Refer lo Section 6.4 for in formatio n on these special 
PALmode instructions. 

Caution: It is possible to cause unintended side effecLs by wri ting what appears to be 
perfectly acceptable PALcode. As such, PALcode is not something that 
many users wi ll want lo change. Before writ ing PALcode, al least become 
fam il iar with the information in Appendix D. 

6.3 Required PALcode Function Codes 

Table 6-1 lists opcodes required for all Alpha implementations. The notation used is 
oo.ffff, where oo is the hexadecimal 6-bit opcode and fflf is the hexadecimal 26-bit 
function code. 

Table 6-1 Required PALcode Function Codes 

Mnemonic 

DRAINA 

HALT 

1MB 

Type 

Priv ileged 

Privi leged 

Unpriv ileged 

6.4 Opcodes Reserved for PALcode 

Function Code 

00.0002 

00.0000 

00.0086 

Table 6-2 lists the opcodes reserved by the Alpha architecture for implementation-spe­
ci fic use. These opcodes are privileged and are only available in PALmode. 

Table 6-2 Opcodes Reserved for PALcode 

Architecture 
Mnemonic Opcode Mnemonic Function 

HW_LD 1B PALIB Dstream load instruction 

HW_ST IF PAL IF Dstream store instruction 

HW_RET IE PAL IE Return from PALcode routine 

HW_MFPR 19 PAL19 Copies the value ofan IPR into an integer GPR 

HW_MTPR ID PAL ID Writes the va lue of an integer GPR into an TPR 

These instructions generally produce an OPCDEC exception if executed while the pro­
cessor is not in PALmode. If I_CTL[HWE) is se~ these instructions can also be exe­
cuted in kernel mode. Sofiware that uses these instructions must adhere lo the PALcode 
restrictions listed in this section. 

6.4.1 HW_LD Instruction 

PALcode uses the HW_ LD instruction lo access memory outside the realm of normal 
Alpha memory management and lo perform special Dstream load transactions. Data 
alignment traps are di sabled for the HW _LD instruction . 

Figure 6-1 shows the HW_LD instruction formal. 
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Figure 6-1 HW_LD Instruction Format 

31 26 25 21 20 

TYPE 

LEN FM-05654.Al-4 

Table 6-3 describes the HW_ LD instruction fie lds. 

Table 6-3 HW_LD Instruction Fields Descriptions 

Extent Mnemonic Value Description 

[3 1:26] OPCODE 1816 The opcode value. 

[25:2 1] RA Deslinalion register number. 

[20: 16] RB Base register fo r memory address. 

[15: 13] TYPE ooo, Physical - The effeclive address for the HW _LD insLmction is physical. 

00 12 Physica l/Lock - The effective address for the HW LD instruction is 
physical. H is the load lock version of the HW_LD i nstruction. 

010, Virtuai/VPTE - Flags a virtual PTE fetch (LD_ VPTE). Used by trap logic 
lo distinguish a single TB miss from a double TB miss. Kerne l mode access 
checks arc performed. 

100, Virtual - The effective address for the HW _ LD instruction is virtua l. 

10 1, Virtua l/WrChk - The effective address for the HW LD instruction is 
virtua l. Access checks for fault-on-read (FOR), fau li=on-write (FOW), read 
and write protection. 

11 0, Vir tual/Alt - The effective address for the HW _LD instruction is virtua l. 
Access checks use DTB_ALT_MODE IPR. 

111 , Vi rtual/WrChk/Alt - The effective address for the HW LD instruction is 
virtual. Access checks for FOR, FOW, read and write pr~tection. Access 
checks use DTB - ALT_MODE IPR. 

[12] LEN 0 Access length is longword. 

Access length is quadword. 

[ I 1:0] DISP Holds a I 2-b it signed byte displacement. 

6.4.2 HW_ST Instruction 

PALcode uses the HW _ST instruction lo access memory outs ide the realm of normal 
Alpha memory management and lo do special forms ofDstream store instructions. Data 
alignm ent traps are inhibi ted for HW _ST instructions. Figure 6-2 shows the HW _ST 
instruction formal. 

Figure 6-2 HW_ST Instruction Format 

26 25 21 20 16 15 

I RB I 01sP 

TYPE 

LEN FM-05654.Al-4 
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Tab le 6--4 describes Lhc HW _ST inslruclion fie lds. 

Table 6--4 HW_ST Instruction Fields Descriptions 

Extent Mnemon ic 

(31:26] OPCODE 

(25:2 1] RA 

(20:16] RB 

(1 5:1 3] TYPE 

[12] LEN 

[1 1:0] DISP 

Value 

IF1 6 

0002 

001 2 

0102 

1102 

All others 

0 

Descript ion 

The opcode va lue. 

WriLc dala rcgislcr number. 

Base rcgislcr for memory address. 

Phys ical - The cACclivc address for the HW _ST instruction is physica l. 

Physical/Cond - The effective address for lhc HW _ST ins truction is 
physica l. Store conditional vers ion oflhe HW_ST instruc tion. The lock 
llag is returned in RA. Re for Lo PALcode restric ti ons for correct use of this 
hmclion. 

Virtual - The effective address for the HW _ST instruction is virtual. 

Virtual/Alt - The effective address for the HW ST in struction is virtua l. 
Access checks use OTB_ ALT_MODE IPR. -

Unused. 

Access lcngll.1 is longword. 

Access length is quadword. 

I-folds a 12-bit s igned byte displacement. 

6.4.3 HW_RET Instruction 

The HW _ RET instruclion is used lo relurn inslruclion now lo a specified PC. The RB 
fie ld o f lhe 1-IW _ RET inslruclion specifies an inleger GPR, which holds lhe new value 
of U1e PC. Bil [OJ of u1is rcgisler provides Lbe new value of PALmode afler UlC 
1-IW _ RET inslruclion is execuled. Bits [ 15: 14] oflhe inslruclion delennine Lhe slack 
action . 

Nonnally lhe HW_ RET iuslruclioa succeeds a CALL_ PAL inslruclion, or a lrap han­
dler lhal pushed its PC onlo lhe prediction slack. ln Lh is mode, Lh e HINT should be sel 
lo ' IO' lo pop U1e PC and generate a predicted largel address for Lhe HW _ RE T instruc­
tion. 

In some conditions, lhe HW_RET inslrucli on is used in lhc middle ofa PALcode fl ow 
lo cause a group of instructions lo reli.re. In these cases, if the HW _ RET instruction 
does nol have a correspondin g instruction u,al pushed a PC onlo lbe slack, lhe HINT 
fie ld should be sel lo '00' lo keep lhe slack from being modified. 

In Lhe rare circumslance lhal Lhe HW _ RET inslruclion migbl be used like a JSR or 
JSR_CO ROUTIN E, lhe slack can be managed by sellin g the 1-IINT bits accordingly. 

Sec Section D.25 for more infonnalion aboul lhe HW _ RET instruction. 

Figure 6- 3 shows u,e HW _ RET inslruclion fo rmal. 
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Figure 6-3 HW_RET Instruction Format 

31 26 25 21 20 

p~CpDE RA RB DISP 
' 

HINT 

STALL FM-05656.Al4 

Tab le 6- 5 describes the 1-IW_ RET instruclion fields. 

Table 6-5 HW_RET Instruction Fields Descriptions 

Extent Mnemonic Value 

(31 :26] OPCODE IE16 

[25:2 1] RA 

[20: 16] RB 

[15:14] HINT 00 

01 

10 

II 

(1 3] STALL 

[12:0] DISP 

Description 

The opcode value. 

Register number. IL should be JU I. 

Target PC of the HW_ RET instruction. Bit [O] of the register 's contents 
determines the new value of PA Lr.node. 

HW _JMP - The PC is not pushed onto the prediction slack. The predicted 
largcl is PC+ (4*DISP[l2:0]). 

HW _JSR - TI.1e PC is pushed onto the prediction slack. The predicted 
!argcl is PC + (4*DISP[ i2:0]). 

HW _ RET - The prediction is popped off the slack and used as t.he target 

HW_COROUTfNE - The prediction is popped oll"U1c slack and used as 
the target. The PC is pushed onto the slack. 

Ir scl, the fcLchcr is sLa l.l cd unlil Lh e 1-IW RET inslruction is retired or 
aborted. The 21264B wi ll : -

• Force a mispredicl 

• Kill instructions thal were fetched beyond the HW _ RET inslruclion 

• Refclch the target of the MW_RET instruct ion 

• Sta ll unti l the MW _ RET instruction is retired or aborted 

If instructions beyond the HW_ RET have been issued oul of order, they 
wi ll be killed and refo tched. 

Holds a 13-bi l signed longword displacement. 

6.4.4 HW MFPR and HW_MTPR Instructions 

The HW _ MFPR and I-IW _ MTPR instructions are 11,ed lo access internal processor reg­
isters. The HW _ Ml' PR instruction reads lhe value from lhe spec ified IPR inlo the inte­
ger register specified by lhe RA fi eld of lhe inslruclion. The l-l W _ MTPR instruclion 
wriles lhe value from lhe integer G PR, specified by U1e RB fi eld oflh c ins truction, inlo 
lhe specified IPR . Figure 6--4 shows lhe I-IW _MFPR and 1-IW _ MTPR inslruclions for­
mal. 

Figure 6--4 HW_ MFPR and HW_MTPR Instructi ons Format 

31 2625 21 20 16 15 8 .7 

FM-05657.Al4 
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Table 6--6 describes the HW _MFPR and HW _ MTPR instructions fields. 

Table 6-6 HW_MFPR and HW_MTPR Instructions Fields Descriptions 

Extent Mnemonic 

[31 :26] OPCODE 

[25:21] RA 

[20:16] RB 

[15:8] TNDEX 

[7:0] SCBD_MASK 

Value 

191 6 

JD,6 

Description 

The opcode value for the HW_ MFPR instruction. 

The opcode value for I.he HW _ MTPR instruction. 

Destination register for the HW _MFPR instruction. ft should be R3 1 
for the HW_MTPR instruction. 

Source register for the HW MTPR instruction. It should be R3 1 for the 
HW _ MFPR instruction. -

IPR index. 

Specifies which IPR scoreboard bits in the IQ are to be app lied to th is 
instruction. lfa mask bit is set, it indicates that the corresponding IPR 
scoreboard bit should be applied lo this instruction. 

6.5 Internal Processor Register Access Mechanisms 

This section describes the hardware and soflware access mechanisms that are used for 
the 21264s ll'Rs. 

Because the lbox reorders and executes instructions speculatively, extra hardware is 
requi red to provide soflware with the correct v iew of the architecturally-defi ned slate. 
The Alpha architecture defines two classes of state: general-purpose registers and 
memory. Register renaming is used lo provide architecturally-correct register file 
behavior. The !box and Mbox each have dedicated hardware that provides correct mem­
ory behavior lo the programmer. Because the internal processor registers are impl emen­
tation-specific, and their state is not defined by the Alpha architecture, access 
mechanisms for these registers may be defined that impose restrictions and limitations 
on the soflware that uses them. 

For every IPR , each instruction type can be classified by how ii affects and is affected 
by the value held by that IPR. 

Explicit readers are HW_MFPR instructions Lhal expl icitly read the value of the 
IPR. 

Implici t readers are instructions whose behavior is affected by the value of the ll'R. 
For example, each load instruction is an implicit reader of the OTB. 

Explicit writers are HW_MTPR instructions that expli citly write a value inlo the 
ll'R. 

Implicit writers are instructions that may write a value into the IPR as a side effect 
of execution. For example, a load instruction that generates an access violation is 
an implicit writer of the VA, MM_STAT, and EXC_AOOR IPRs. In the 212648, 
only instructions that generate an exception will act as implicit IPR wri ters. 

On ly certain IPRs, such as those with write-one-to-clear bits, are both implici tly and 
explicitly wrillen. The read-write semantics of these ll'Rs is controll ed by soflware. 
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6.5.1 IPR Scoreboard Bits 

In previous Alpha implemenlalions, IPR registers were not scoreboarded in hardware. 
Soflware was required lo schedule HW _MTPR and HW _ MFPR instructions for each 
machine's pipeline organization in order lo ensure correct behavior. This software 
scheduling task is more difficult in the 2 12648 because the !box performs dynamic 
scheduling. Hence, eight extra scoreboard bits are used within the IQ to help maintain 
correcl IPR access order. The HW _ MTPR and HW _MFPR instruction formals contai n 
an 8-bit field that is used as an IPR scoreboard bit mask lo specify which of the eight 
IPR scoreboard bits are lo be applied lo the instruction. 

If any of the unmasked scoreboard bits are set when an instruction is about to enter the 
IQ, then the instruction, and those behind it, are stalled outside the IQ until all the 
unmasked scoreboard bits are clear and the queue does not contain any implicit or 
explicit readers that were dependent on those bits when they entered the queue. When 
all the unmasked scoreboard bi ts are clear, and the queue does not contain any of those 
readers, the instruction enters the IQ and the unmasked scoreboard bi Ls are set. 

HW_MFPR instructions are stalled in the IQ until all their unmasked ll'R scoreboard 
bits are clear. 

When scoreboard bits [3 :0] and [7:4] are set, their effect on other instructions is differ­
ent, and they are cleared in a different manner. 

If any of scoreboard biLs [3 :0] are set when a load or store instruction enters the IQ, that 
load or store instruction will not be issued from the IQ until those scoreboard bits are 
clear. 

Scoreboard bi Ls [3 :0] are cleared when the HW _MTPR instructions that set them are 
issued (or are aborted). Bits [7 :4] are cleared w hen the HW _MTPR instructions that set 
them are retired (or are aborted). 

Bits [3:0] are used fo r the OTB_TAG and OTB_PTE register pairs within the OTB fill 
nows. Th ese bits can be used to order writes lo the OTB for load and store instructions. 
See Sections 5.3. 1 and 6.9.1. 

Bit [OJ is used in both OTB and 1TB fill nows lo trigger, in hardware, a lightweight 
memory barrier {TB-MB) lo be inserted between a LO_ VPTE and the corresponding 
virtual-mode load instruction that missed in the TB. 

6.5.2 Hardware Structure of Explicitly Written IPRs 

IPRs that are written by software are physically implemented as two registers. When 
the HW_MTPR instruction that wri tes the IPR executes, it writes ils value to the first 
register. When the HW _MTPR instruction is retired, the contenls of the first register are 
written into the second register. Instructions that either implicitly or explicitly read the 
value of the IPR access the second register. Read-afler-wrile and write-after-wri te 
dependencies are managed using the IPR scoreboard bits. To avoid write-after-read 
con nicts, the second register is not written until the writer is retired. The writer wi ll not 
be retired until the previous reader is retired, and the reader is retired afler ii has read its 
value from the second register. 

Some groups of IPRs are built using a single shared firs/ register. To prevent wri te­
afler-write connicts, IPRs that share a first register also share scoreboard bits. 
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6.5.3 Hardware Structure of Implicitly Written IPRs 

Implicitly wri tten IPRs are physically built usi ng only a single level of register, how­
ever lhc IPR has lwo hardware stales associated with it : 

I. Default Stale--The contents of tJ,c register may be wri llcn when an instruction gen­
erates an exception . If an exception occurs , write a new value into lhe IPR and go lo 
stale 2. 

2. Locked Stale--Tbc conlcnls of lhe register may only be overwrillen by an except­
ing inslruclion lhal is o lder than the instruction associated with lhc conlcnls of lhc 
IPR. If such an exception occurs, overwrite the value of the IPR. When lhe trigger­
ing i.nslruclion, or instruction that is o lder than the triggering inslruction, is kj lled 
by lhc (box, go lo stale I. 

6.5.4 IPR Access Ordering 

IPR access mechanisms musl allow values lo be passed tJ1rough each IPR from a pro­
ducer lo ils intended consumers. 

Table 6-7 li sLs all oflhe paired instruction orderings between inslruclions of the four 
IPR access lypes. II specifies whetJ1er access order must be mainlai□ed, and ifso, lhe 
mechan isms used to ensure correct ordering. 

Table 6-7 Paired Instruction Fetch Order 

Second 
Instruction First Instruction 

lmpl.icil Reader Jmplicil Writer Explicil Reader Expl icit Writer 

Implicit Read Lransac- No IPRs i.n this class. Read Lransaclions can A variety of mechanisms arc 
Reader Lions can be be reordered. used Lo ensure order: 

reordered. scoreboard bits lo sta ll issue of 
reader; HW RET STALL lo 
slal l reader;- double write plus 
bufler blocks to force retire and 
al low for propagalion delay. 

lmpl.ic it No IPRs in this The hardware slruc- IPR-specific PALcodc No IP Rs in th is class. 
Writer class. Lure of implicitly rcslriclions arc 

wrillen I.PRs handles req ui red for this case. 
this case. An interlock mecha-

n.ism must be placed 
between the explicit 
reader and Lhe implicit 
wrilcr (a read transac-
Lion). 

Explicit Read lransac- lf lhc reader is i.n the Read transac tions can Scoreboard bits sla ll issue of 
Reader Lions can be PALcode routine be reordered. reader until writer is retired. 

reordered. invoked by the 
exception associated 
with lhe writer, then 
ordering is guaran-
Leed. 
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Table 6-7 Paired Instruction Fetch Order (Continued) 

Second 
Instruction 

Explicit 
Writer 

First Instruction 

Reader reads 
second regis ter. 
Writer cannot 
wri Le second 

Write-one-Lo-clear 
bils, or performance 
cow1tcr specia l case. 
For example, pcrfor-

regis ter until it mancc cow.1tcr incrc-
is retired. mcnls arc typically 

nol scoreboardcd 
against read lransac­
tions. 

Reader reads second Scoreboard bils sta ll second 
rcgisler. Wriler cannot writer in map stage unti l first 
wrilc second register writer is rcti.rcd. 
until it is reli.red. 

For convenience of implementation, there is no IPR scoreboard bil checking witJ1in lhe 
same fclcb block (octaword-aligned oclaword). 

WitJ1in one fetch block, there can be on ly one explicit writer (HW _ MTPR) lo an 
IPR in a particular scoreboard group. 

Within one fetch block, an explicit writer (HW _MTPR) lo an IPR in a particular 
scoreboard group cannot be fo llowed by an explicit reader (HW_ MFPR) lo an IPR 
in lhal same scoreboard group. 

Within one fetch block, an explicit writer (1-lW_ MTPR) lo an IPR in a particular 
scoreboard group cannol be fo llowed by an implicit reader lo an IPR in tJ1al score­
board group. This case covers writes lo DTB_PrE or DTB_TAG followed by a 
LD, ST, or any memory operation, including HW _ RETs wilhoul lhe 'stall ' bil set. 

6.5.5 Correct Ordering of Explicit Writers Followed by Implicit Readers 

Across fetch blocks, lhc correct ordering of the explicit write oflhe DTB_ PrE or 
DTB_TAG fo llowed by an implici t reader (memory operation) is guaranteed using lhe 
I PR scoreboard bits. 

However, there are cases where correct ordering o f explicit writers followed by implicit 
readers cannot be guaranteed using the tPR scoreboard mechanism. If the instruction 
thal implic itly reads lbc IPR docs so before lbc issue stage of tJ1e pipeline, the score­
board mechanism is not sufficient. 

For example, modification of the 1TB affects instructions before lbe issue stale oflhe 
pipeline. In this case, PALcode musl contain a HW_ RET inslruclion, with its slaU bil 
sel, before any instruction thal implicitly reads lhc IPR(s) in question. Tb is prevents 
instructions lhal are □ewer lhan lhe I-IW _ RET inslruclion from being successfully 
fe tched, issued, and retired until after the HW_ RET inslruclion is retired (or aborted). 

Tbere are also cases when lhc HW _ RET witJ1 lhe STALL bit mechanism is □al suffi­
cient. There may be additional propagation delay past Ilic rcliremenl oftbe 1-lW _RET 
instructi on. In these cases, instead of using a HW_ RET, a suggested method of ensur­
ing the ordering is coding a group of 5 fetch blocks, where the firsl contains lhe 
HW _MTPR to the IPR , lhe second contains a HW _ MTPR 10 lbe same IPR or one in the 
same scoreboard group, and where the fol lowing 3 fetch blocks each contain al least 
one □on-NOP inslruclion. See Appenidx D for a I isling of cases where tJ1i s method is 
recommended. 
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6.5.6 Correct Ordering of Explicit Readers Followed by Implicit Writers 

Certain IPRs that are updated as a result of fau lting memory operations requi re PAL­
code assistance lo maintain ordering against newer instructions. Consider the following 
code sequence: 

HW_MFPR I PR_ r-'M_ STAT 

I1JQ D< , (ry) 

IL is typically the case lhal these instructions would issue in-order: 

The MFPR is data-ready and both instructions use a lower subclusler. However, the 
HW _MFPRs (and HW _ MTPRs) respond lo certain resource-busy indications and 
do nol issue when the MBOX informs the !BOX lhal a certain sel of resources 
(store bubbles) are busy. 

The LDs respond lo a different sel of resource-busy indications (load-bubbles) and 
could issue around the HW _ MFPR in the presence of the former. PALcode assis­
tance is required to enforce the issue order. 

One totally reliable method is lo insert an MB (memory barrier) instruction before the 
first load that occurs after the HW _ MFPR MM _STAT. Another method would be lo 
force a register dependency between the HW _MFPR and the LO. 

6.6 PALshadow Registers 

The 21264B contains eight extra vi rtual integer registers, called shadow registers, 
which are avai lable lo PALcode for use as scratch space and storage fo r commonly used 
values. These registers are made available under the control oflhe SDE[l] field oflhe 
I_ CTL WR. These shadow registers overlay R4 through R7 and R20 through R23, 
when the CPU is in PALmode and SDE[I] is sel. 

PALcode generally runs with shadow mode enabled . Any PALcode that supports 
CALL _PAL instructions must run in that mode because the hardware writes a 
PALshadow register with the return address of CALL_PAL instructions. 

PALcode may occasionally be required lo toggle shadow mode lo obtain access lo lhe 
overlayed registers. See the PALcode restriction, Updating I_CTL[SDE], in Section 
D.32. 

6.7 PALcode Emulation of the FPCR 

The FPCR register contains status and control bits. They are accessed by way of the 
MT _FPCR and MF _FPCR instructions. TI1e register is physically implemented like an 
explicitly written WR. II may be written with a value from the fl oating-point register 
file by way oflhe MT_FPCR instruction. Archileclurally-compl ianl FPCR behavior 
requires PALcode assistance. The FPCR register musl operate as listed here: 

I. Correct operation of lhe status bi Ls, which must be set when a floating-point 
instruction encounters an exceptional condition, independent of whether a trap for 
the condition is enabled. 

2. Correct values must be returned when the FPCR is read by way of a MF _FPCR 
instruclion. 

Alpha 21264B Hardware Reference Manual Privileged Architecture Library Code 6-11 

PALcode Entry Points 

3. Correct actions must occur when the FPCR is wri llen by way of a MT _FPCR 
instruction. 

6.7.1 Status Flags 

The FPCR status bits in the 21264B are sel with PALcode assistance. Floating-point 
exceptions, for which the associated FPCR status bil is clear or for which the associated 
trap is enabled, result in a hardware trap lo the ARITl-1 PALcode routine. The 
EXC_SUM register contains information lo allow this routine lo update the FPCR 
appropriately, and lo decide whether lo report lhe exception lo lhe operating system. 

6.7.2 MF _FPCR 

The MF _FPCR is issued from the floating-point queue and executed by lhe Fbox. No 
PALcode assistance is required. 

6.7.3 MT_FPCR 

The MT _FPCR instruction is issued from the fl oating-poi nt queue. This instruction is 
implemented as an explicit WR write operation. The value is written into lheflrst latch, 
and when the instruction is retired, the value is wrillen inlo the second latch. There is no 
IPR scoreboarding mechanism in the floating-point queue, so PALcode assistance is 
required lo ensure that subsequent readers of the FPCR gel the updated value. 

After writing the first latch, the MT _FPCR instruction invokes a synchronous trap lo 
the MT _FPCR PALcode entry point. The PALcode can return using a HW RET 
instruction with its STALL bil sel. This sequence ensures lhal the MT _FPCR instruc­
tion wi II be correctly ordered for subsequent readers of the FPCR. 

6.8 PALcode Entry Points 

PALcode is invoked al specific entry poinl.s, of which there are lwo classes: 
CALL_PAL and exceptions. 

6.8.1 CALL_PAL Entry Points 

CALL PAL entry points are used whenever the !box encounters a CALL PAL instruc­
tion in t he !stream_ To speed the processing of CALL PAL instructions, CALL PAL 
instructions do nol invoke pipeline aborts but are pro.;,ssed as normal jumps lo the off­
set from lhe conlenls oflhe PAL_BASE register, which is specified by the CALL_PAL 
instruction's function field. 

The !box fetches a CALL_PAL instruction, bubbles one cycle, and then fetches the 
instructions al the CALL_PAL entry point. For convenience of implementation, returns 
from CALL_PAL are aided by a linkage register (much li ke JSRs). PALshadow regis­
ter R23 is used as lhe linkage register. The !box loads the PC oflhe instruction after the 
CALL_PAL instruction, into the linkage register. Bil [OJ oflhe linkage register is sel if 
lhe CALL_PA.L instruction was ex ecuted whil e the processor was in PALmode. 

The lbox pushes the val ue of the return PC onlo the return prediction slack. 
CALL _PAL instructions start al the fo llowing offseLs: 

Privileged CALL_PAL instructions slarl al offset 2000 16. 

Nonprivi leged CALL_PAL instructions start at offset 3000 16. 
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Each CALL_PAL instruction includes a fw1clion field lhal is used lo calculate U1e PC of 
its assoc iated PALcode entry point. The PALcode OPCDEC exception now will be 
invoked if the CALL_ PAL functi on fi eld sati s fi es any of the following requirements: 

Is in the range of 40 16 lo 7F 16 inclusive 

Is greater than BF 16 

Is between 00 16 and 3F 16 inclus ive, and IER_CM(C M] is not equal lo the kernel 
mode value 0 

If none of the conditi ons above arc mcl, the PALcode entry po int PC is as fo llows: 

PC[63:1 5] = PAL_ BAS E(63 : 15] 

PC[l4] = 0 

PC[ l3] = I 

PC[l 2] = CALL_ PAL function field (7) 

PC[l 1:6] = CALL_ PAL function fi eld (5:0] 

PC[5: I] = 0 

PC[0] = I (PALmode) 

6.8.2 PALcode Exception Entry Points 

When hardware encounters an exception, I box execution jumps lo a PALcode entry 
point al a PC determined by UJC ty pe of exception. The return PC o f lbc instruction lhal 
triggered the exception is placed in the EXC_ADDR register and onto the return predic­
tion stack. 

Tab le 6- 8 shows the PALcode exception entry locations and their o ffset from the 
PAL_ BASE IPR . 

Table 6-8 PALcode Exception Entry Locations 

Entry Name Type Offset16 

DTBM_DOUBLE_3 Faull 100 

DTBM_DOUBLE_ 4 Faull 180 

FEN Faull 200 

UNALIGN Faull 280 

DTBM_SINGLE Faull 300 

DFAULT Faull 380 

OPCDEC Faull 400 

IACV Faull 480 
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Description 

Dslrcam TB miss on virtual page table entry fe lch . Use Lhree­
lcvel flow. 

Ds Lream TB miss on virtual page tabl e entry fetch. Use four­
level !low. 

Floating point disabled. 

Una ligned Dstream re lcrencc. 

Dslrcam TB 111 iss. 

Ds Lream fault or virtual address sign check error. 

Illegal opcode or fun ction fi eld: 
• Opcode I, 2, 3, 4, 5, 6 or 7 
• Opcode 191 6, 181 6, 1D 16, IE16 or IF1 6, not PALmode or 

nol l_C rL[MWE] 
• Ex. tended precis ion I m:m. fonna t 
• Unimplemented function fi e ld o f opcodes 14 16 or I C 16 

ls trcam access viola tion or v irtual address s ign check e rror. 
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Table 6-8 PALcode Exception Entry Locations (Continued) 

Entry Name Type Offset16 Description 

MCI-IK Interrupt 500 Machi.ne check. 

ITB_MISS Faull 580 !s tream T B miss. 

ARITM Synch. Tmp 600 Arilhmelic exception or update lo FPCR. 

rNTElurnr•r Interrupt 680 IJ1tcrru1>ls: hardware, sollwarc, and AST. 

MT_FPCR Synch. Tmp 700 Invoked when a MT _FPC R instruct ion is issued. 

RESET/WA KEUP lnlcrrupL 780 Chip reset or wake-up from sleep mode. 

6.9 Translation Buffer (TB) Fill Flows 

This secti on shows the expected PALco<le nows for DTB miss an <l lTB mi ss. Familiar­
ity wiU1 2 12648 IPRs is assumed. 

6.9.1 DTB Fill 

Figure 6- 5 shows single-miss DTB instructions now. 

Figure 6- 5 Single-Miss DTB Instructions Flow Example 

hw_ mfpr r23 \'<1' EV6_EXC_ADDR 

hw_mfpr r 1, 

hw_mfpr rs , 

hw_mfpr r7, 

EV6_ VA_ FORM 

EV6_ M'ol_SfAT 

EV6_EXC_Slli 

t rap_ dtbm _si ngl e_ vpte : 

hw_ ldq/ v r 4, (r 4 ) 

b l tp_misc , t r ap_ dltol 

hw_mfpr r6 , EV6_VA 

blbcr4, t r ap_ invalid_ dpte 

srl r 1, #7, r 7 

hw_mtp r r 6, EV6 _ !JIB_ T/\GO 

hw_mtpr r6, EV6 _!JIB_ TAGl 

hw_mtp r r 4, EV6 _ !JIB_ PIBO 

hw_mtpr r4, EV6 _OTB_ Pilll 

AS.st.NE <tb_trb_en + pte_eco> ne 2 

. if ne pte_eco 

blbcr7 , t rap_ dtl:xn _sing l e_ rrb; b r anch for rrb 

hw_ret (r23 ) 

trap_ d tl:xn _single_ rr1:, , 

mb 

.endc 

hw_ret (r23 ) 
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(OL) get excepti on address 

(4 - 7, lL) get vpte address 

(OL) get miss info 

(OL) get exc_surn for ra 

(lL) get vpte 

(xU) (63] =l => 1 - t o- l 

(4 -7 , l L) get = i ginal va 

(x U) invalid => br anch 

get rrb bi t 

(2 &6, OL) write tag O 

(1&5 , l L) write tagl 

(0&4, OL) write pte O 

(3&7, l L) write ptel 

ret um 

; (OL) return 
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The following list presents information about the single-miss OTB code example: 

In Figure 6- 5, where (x,y) or (y) appear in the comments, x specifies the scoreboard 
bits and y specifies the Ebox subclusler. 

r4 - r7 and r20 - r23 are PALshadow registers. 

PALshadow r22 contains a fl ag that indicates whether the native code is running 
" I- lo-I ", lhal is, running in a mode where the physical address should be mapped 
I- lo- I lo the virtual address, rather than being taken from a page table. 

IPR scoreboard bils (3:0] are used lo order the reslarled load or store instructions 
for the OTB write transactions. 

MM STAT and VA will nol be overwrillen if the LO_ VPTE instruction misses the 
OTB. There is no issue order constraint. 

The code is written lo prevent a later execution of lhe OTB fill instruction from 
being issued before a previous execulion and corrupting the previous write to the 
TB registers. The correct sequence of executions is accomplished by placing code 
dependencies on scoreboard bits (7:4] in the path of lhe successive writers. This 
prevents the successive writers from being issued before the previous writers are 
rel ired. 

When I_CTL[TB_MB_EN] = I, the issue ofMTPR OTB_PTEO triggers, in hard­
ware, a lightweight memory barrier (TB-MB). The li ghtweight memory barrier 
enforces read-ordering of store instructions from another processor (T) to this pro­
ces.sor's (J) page table and this proces.sor's virtual memory area such that if this 
processor sees the write to the PTE from (I) it will see the new dala. 

Processor I 

WrOala 

MB 

WrPTE 

Processor J 

LO/ST 

<lb miss> 

LO-PTE, write TB 
LO/ST 

The conditional branch is placed in the code so that all of the MTPR instructions 
are issued and reti red or none of them are issued and retired. This allows the TB fill 
hardware lo update the TB whenever it sees the retiring of PTE I and lo ignore 
writes lo TA GO/TAG 1/PTEO/PTEI in the interim between the issuing of those 
writes and a retire of PTEI. 

As an alternative lo using I_CTL(TB_MB_EN] = I lo enforce read ordering, 
I_CTL(TB_MB_EN] can be sel lo O and the PALcode may use a bit in the PTE lo 
indicate whether lo do an explicit MB. The flow example in Figure 6- 5 assumes 
this alternative. 

The value in OTB_ PTEx(GHJ determines whether the scoreboard mechanism alone 
is sufficient lo guarantee all subsequent load/slore instructions (implicit readers of 
the OTB) are ordered relative lo the creation of a new OTB entry; whether all sub­
sequent loads and stores lo the loaded address will hit in the OTB. 

If OTB_ PTEx[GHJ is zero, the scoreboard mechanism alone is sufficient. 
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- If OTB_ PTEx[GH] is not zero, the scoreboard mechanism alone is not suffi­
cient (although this is not a problem). In this case, the new OTB entry is not 
visible lo subsequent load/slore instructions unti l afler the MTPR OTB_PTEI 
retires. 

Issuing a HW _ R ET_ STA LL instead of a HW _ RET would guarantee ordering, 
but is not neces.sary. Code executes correctly without the stall although execu­
tion might result in two passes through the OTB miss flow, rather than one, 
because the re-execution of the memory operation aller the first OTB miss 
might miss again . 

This behavior is functionally correct because OTB loads that lag-match an 
ex isling OTB entry are ignored by the 21264B and the second OTB miss exe­
cution wi ll load exaclly the same entry as the first. 

6.9.2 1TB Fill 

Figure 6-6 shows the 1TB miss instructions flow. 

Figure 6-6 1TB Miss Instructions Flow Example 

hw_mfpr r4~4( EV6_ IVA_ FORM 

hw_mfpr r23jl~ EV6_ EXC_ADDR 

lda r6 ,"1 'x0FFF(r31) 

bis r3 1 , r 31 , r 31 '- ~ (' l < () 

trap_ itb_miss_vpte : 

hw_ ldq/ v r 4, (r 4) 

and r4, r6, rS 

blt p_ mis c, t rap_ ilto1 

s r l r 4, #Cl.SF_ Pill_ PFN S, r6 

s 11 r6 , #EV6_ I TB_ PIB_ PFN_ S, r 6 

and r 4, # <l@CISF _ Pill _ FOE_ S >, r 7 

blbc r 4, t rap_ invalid_ ipte 

bne r7 , t rap_ f oe 

srl r 4, #7, r 7 

bis rs , r6 , r6 

hw_mtpr r23 , EV6 _ ITB_ TAG 

hw_mtpr r6 , EV6 - I TB_ PIB 

ASSlNE <th_ rrb _ en + pte _ eco> ne 2 

.if ne pte_eco 

bllx: r7, t rap_ itb_miss_mb 

hw_ret _stall (r23); (0L) 

t rap_itb_miss_mb: 

mb 

.endc 

hw_ret _ s t a ll (r 23 ) 

6-16 Privileged Architecture Libra ry Code 

(0L) g e t vpte address 

(OL) get exception addre s s 

(xU) create mask for pr ot 

(xU) fill out fetch block 

(xL) ge t vpte 

(xL) ge t prot bi ts 

(xU) l-to-1 => branch 

(xU) shift PFN to <0> 

(xU) shift PFN into place 

(xL) g e t FOE bit 

(XU) invalid => branch 

(xU) FOE => branch 

che ck for mb bit 

(xL) Pill in ITB forn,at 

(6,0L) write tag 

(0&4, 0L) wri t e Pill 

branch f or mb 

(0L) 
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The following I isl presenLs information about lhe 1TB miss flow code example: 

In Figure 6-6, where (x,y) or (y) appear in lhe comments, x specifies the scoreboard 
bits an<ly specifies lhc Ebox subcluslcr. 

The 1TB is only accessed on !cache misses. 

r4 - r7 and r20 - r23 are PA Lsha<low registers. 

PALshadow r22 contains a flag lhal indicates whether the native code is running 
"I - lo- I", lhal is, running in a mode where the physical address should be mapped 
I- lo-I lo the virtual address, rather than being laken from a page lablc. 

The HW _ RET instruction should have ils STALL bil sel lo ensure Uial the reslarlc<l 
lstrcam docs nol read the 1TB w1til the 1TB is written. 

As an alternative lo us ing I_ CTL[TB_ MB_ EN] = I lo enforce read ordering, 
I_C rL[TB_MB_ EN] can be sel lo 0 and the PALco<le may use a bil in lhc PTE lo 
indicate whether lo <lo an explicit MB. The fl ow example in Figure 6-6 assumes 
this alternative. 

6.10 Performance Counter Support 

Tbe 21264B provides hardware support for lwo methods of obtain ing program perfor­
mance feedback infornialion. The lwo methods do nol require program modification. 
lnslea<l, performance monitoring utilities make calls lo lhe PALco<le lo sel up lhe 
counters and contain inlerrupl handlers U1al call PALco<lc lo retrieve U1e collected <lala. 
The first method, Aggregate mode, offers capabiliti es Lbat are similar lo earlier micro­
processor performance counters. This mode counL-, events when enabled, unti l it over­
flows, causing an inlcrrupl lhal can retrieve lhc coll ected <lala. The second method, 
ProfileMe mode, supports a new way ofslatislically sampling individual ins tructions 
during program execution. This mode counts events triggered by a targeted in night 
instruction. 

Counter support uses U1e ha rdware registers lisle<l in Table 6- 9. 

Table 6-9 IPRs Used for Performance Counter Support 

Register Name Mnemonic Relevant Fields Described in Section 

ProfilcMe PC PMPC All fields 5.2.6 

Interrupt enable and curre□ L proces- IER_CM PCEN[l :0) 5.2.9 
sormode 

Interrupt summary !SUM PC[l :0] 5.2. 11 

lbox control I_CTL SPCE, PCT0_EN, PCTI _EN 5.2.15 

lbox status !_STAT OVR, ICM, TRAP-TYPE, 5.2.16 
LSO, TRP, MIS 

lbox process context PCTX PPCE 5.2.2 1 

Performance counter support PCTR_CTL All fi elds 5.2.22 
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6.10.1 General Precautions 

Initialize both counters, (PCrR_ c rL[PCTR0 and PC TR I]), lo zero i11 reset PALco<le 
to avoi<l spurious interrupts when ex iting initial PALco<le. Counters must be written 
twice <luring initialization lo ensure Lhal lhe overflow latch has been clea red (sec the 
PALco<lc restrictions in Sections D.28 and D.34). 

The counters should never be lefl within one cycle of over0ow when disabled because 
thal can cause some interrupts lo be blocked in anlicipalion o f an over0ow inlcrrupl 
(see PALco<le restriction 32). 

!fa counter is al lhe overfl ow Uueshol<l and a value is wrillcn lo that counter, the 
counter signals an over now interrupt upon leaving PA.Lmo<le, even if that counter is 
disabled. To avoid lhal inlerrupl, U1e PALcode should clear lhe inlerrupl by writing lo 
HW_ INT_CLR . 

lnlerrupLs are disabled in PALmo<le. 

As a quirk oflhe implementation, while cow11ing is disabl ed, a read of PC rR_ C rL can 
yield value+some increment, where value is lhc actual value in PCTR C rL, and incre­
ment for PCTR0 is in the range 0 .. 4 (relire<l instructions in lhal cycle), and increment 
for PCTR I is dependent on SL I. 

6.10.2 Aggregate Mode Programming Guidelines 

Use the following information to program counters in Aggregate mo<le. 

6.10.2.1 Aggregate Mode Precautions 

Counters continue to count afier overllow. 

O nly lhc counters return useful <lala. See Table 6- 11 for counting modes. 

Counters can be rea<l by a PALco<le instruction at any time to get U1e aggregate count. 

The legal range for PCTR0 when writing lhc IPR is 0:(2**20-16). 

The legal range for PCTRI when writing lhe IPR is 0:(2 .. 20-4). 

6.10.2.2 Operation 

IPR Name 

IER_CM 

PCTX 

PCTR_CTL 

I . Setup 

The fo llowing IPRs need lo be scl up by PALco<le inslruclions. 

Relevant Fields Meaning 

PCEN [l :0) 

PPCE 

SL0 

SL I 

PCTR0[ I 9:0] 

PCTR I [I 9:0) 

Enable 1.nterrupls. 

Enable Process Performance Counting or use I_ CTL(SPCE]. 

Se lects Aggregate or ProfilcMe mode; set to O for Aggregate mode. 

Selects PCTRO and PCTR I counting modes. Sec Table 6-1 1 for more infor­
mat ion. 

Set eow1tcr O starli_ng va lue [0:(2 .. 20-1 6)]. Sec Section 6. 10. 1 for setup 
precautions. 

Set counter I s tarling value [0:(2**20-4)]. Sec Section 6. 10.1 for setup pre­
cautions. 
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IPR Name 

I_CTL 

Performance Counter Support 

Relevant Fields Meaning 

SPCE 

PCTO_EN 

PCTI_EN 

Enable Syslem Performance Counling or use PCTX[PPCE] . 

Enable performance counter 0. 

Enable performance counter I. 

2 . Count 

If PCTR0 and PCTRI are enabled, wi ll increment according to modes selected by 
SL0 and SLI. 

3 . Overflow 

If PCEN[ I :OJ is enabled, PC[ I :OJ is set when PCTR0 or PCTR I overflows. 

4 . Hardware interrrupt 

When PC[ I :OJ is set, the PALcode interrupt routine is entered. Interrupt is acknowl­
edged and PALcode generates an interrupt to the operating system performance 
mon itoring uti li ty. 

5. Operating system interrupt handler 

The handler should read the IPR PCTR CTL, as shown in Table 6-10, to note 
which counter overflowed in the handler's data structures. The handler may read the 
counter to see how many events have happened since the overflow. 

The handler may also choose to write the counters to control the frequency of inter­
rupts. 

Table 6-10 Aggregate Mode Returned IPR Contents 

IPR 

PCTR_CTL 

Field 

PCTRO[ I 9:0] 

PCTR l [l9:0] 

Contents 

Counter #0 value 

Counter # I value 

6.10.2.3 Aggregate Counting Mode Description 

6.10.2.3.1 Cycle counting 

Counts cycles. 

PCTR0 is incremented by the number of cycles counted, that is, I . 

6.10.2.3.2 Retired instructi ons cycles 

PCTR0 is incremented by up to 8 retired instructions per cycle when enabled via 
T_CTL[PCT0_EN] and either I_CTL[SPCEJ or PCTX[PPCEJ . On overflow, an inter­
rupt is triggered as TSUM[PC0] if enabled via IER_ CM(PCEN0J . 

The 2 12648 can reti re up to 11 instructions per cycle, which exceeds PCTR0's maxi­
mum increment of 8 per cycle. However, no retires go uncounted because the 212648 
cannot susta in 11 retires per cycle, and the 21264B corrects Pcmo in subsequent 
cycles. 

A squashed instruction does not count as a retire. 
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6.10.2.3.3 Bcache miss or long latency probes cycles 

Th is input counts the number of times the Bcache result was a miss. 

Essentially, a long latency probe is a data request from other processes that cause 
Bcache misses in a system. 

Th is count is phase shilled three cycles early and thus includes events that occurred 
three cycles before the start and before the end of the Profi leMe w indow. 

6.10.2.3.4 Mbox replay traps cycles 

This input counts Mbox replay traps. 

6.10.2.4 Counter Modes for Aggregate Mode 

Table 6-11 shows the counter modes that are used with Aggregate mode. 

Table 6-11 Aggregate Mode Performance Counter IPR Input Select Fields 

SL0[4] SL1[3:2] PCTR0 PCTR1 

0 00 Retired instructions Cycle counting 

0 0 1 Cycle counting Not defined 

0 10 Retired instructions Bcache miss or long latency probes 

0 II Cycle counting Mbox replay !raps 

6.10.3 ProfileMe Mode Programming Guidelines 

Use the follow ing information lo program counters in Profi leMe mode. 

6.10.3.1 Profi leMe Mode Precautions 

Squashed NOPs count as valid fetched instructions. 

Counter I must be explicitly cleared in the trap handler before each data collection. 

The CMOV instruction is decomposed into two valid fetched instructions that, in the 
absence of stalls, are fetched in consecutive cycles. See Table 6-12 for more informa­
tion. 

Table 6-12 CMOV Decomposed 

Instruction 

CMOV Ra, Rb--> Re 
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New Instructions 

CMOVI Ra, oldRc-> newRct 

CMOV2 new Rel , Rb -> newRc2 

Alpha 212648 Hardware Reference Manual 



Performance Counter Support 

6.1 0.3.2 Operation 

IPR Name 

IER_CM 

PCTX 

PCTR_CTL 

I_CTL 

I. Setup 

The following IPRs need lo be set up by using PALcode instructions. 

Relevant Fields Meaning 

PCEN[l :0] Enable l.nlerrupts. 

PPCE 

SL0 

SLI 

Enable Process Pcrfom1ancc Counting or use I_CTL[SPCE]. 

Sclccls Aggrega te or ProfilcMe mode; se t lo I for Prol:ileMc mode. 

Selccls PCTRO and PCTR I counting modes. Sec Table 6-14 for more infor­
mation. 

PCTR0[l 9:0] Set counter O value (2••20-N). This sclecls approximately the Nth valid 
!etched ins truction as the profiled instruction. Because writes to PCTRO arc 
incremented by 0 .. 4, the profiled instruction is one of the (N-4)Lh to Nth valid 
fetched instructions. See Section 6.10.1 for more se tup precautions. 

PCTR1[19:0] Set counter I value = 0. See Section 6. 10. 1 for more setup precautions. 

Enable System Performance Counting or use PCTX[PPCE]. SPCE 

PCT0_EN Enable performance counler 0. 

PCTI _EN Enab le pcrfomiancc counter I. 

2. Open window 

PCTRO accumulates up lo 4 valid fetched instructions per cycle when enabled via 
I_CTL[PCTO_EN] and either I_CTL[SPCE] or PC rX[PPCE]. 

The valid fetched instruction lhal causes PCTRO lo overnow opens the window and 
becomes lhe profiled i.nstruclion and covers a period o f lime near lo when the 
instruction was in night. The first cycle of the window is the 5th cycle afler the 
instruction was fetch ed. A residual count of up lo 7 valid fetched instructions is 
accumulated in PC l'RO in the two cycles between overnow and the slarl of the Pro­
fi leMe window. This res idual count is returned in I_STAT(overcounl(2,0)]. 

3. Count 

If PCTRO and PCTR I are enabled, they increment according lo modes selected by 
SL0&SLI. 

4. End window 

The last cycle of Uie window depends on whether the instruction traps, retires, 
aborts, and/or is squashed by the fetcher. 

For instructions that cause a trap, U1e last cycle in the window is the 2nd cycle afler 
the trap. Mispredicled branches are included in this category. 

For nontrapping instructions that retire, the last cycle in the window is the 2nd 
cycle after the inslruction retires. 

For instructions that abor~ U1e las t cycle in the window is the 2nd cycle afler the 
trap lhal caused the a bort. 

For instructions that are sq uashed (such as TRAPS), the last cycle in the window is 
approximately U,e 2nd cycle afler the squashed instruction would have aborted or 
retired. 
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Every non-squashed val id fetched instruction eiU,er aborts or reli.res, but nol both . 
ln either case, t.hc instruction may also trap. 

PCTR0 is disabled from cow1ling until PC rR_CTL is next written. 

5. Interrupt PALcode 

When ISUM fald PC[ I :OJ is set, execution of PCTR0's or PC l'R I's interrupt PAL­
code is performed. 

6. Operating system interrupt handler 

The handler should first read the IPRs in Table 6- 13 and then write PC rR_CTL lo set 
up the next interrupt. 

Table 6-13 ProfileMe Mode Returned IPR Contents 

IPR Name Re levant Fields 

PMPC[63:0] All 

I_STAT ICM 

TRP 

MIS 

TRAPTYPE 

LSO 

OVR 

PCTR_CTL VAL 

TAK 

PM_STALLED 

PM_KJLLED_BM 

PCTR0[l9 :0] 

PCTRl[l9:0] 

6.10.3.3 ProfileMe Counting Mode Description 

6.10.3.3.1 Cycle counting 

Meaning 

Profiled PC. 

Instruction was in a new lcachc fill slrcam. 

lnslruclion caused a LrJ p and was not in Lhe shadow of 
a younger tra pping instruc tion. 

Conditional branch mispredicl. 

Exception type code. 

Load-store order rep lay trap. 

Counter O ovcrcounL. 

lnslruclion reti red valid. 

Branch direction ifins lruction is a conditional branch. 

Instruc tion st.a l.l ed for at leas t one cycle between fetch 
and map stages of pipeline. 

l.nslrucl ion k.il lcd during or before cycle in which it 
was mapped. 

Counter O value. 

Counlcr I value. 

In ProfileMe mode, either counter counts cycles during U,e window of the profiled 
iastruclion. 

6.10.3.3.2 lnum retire delay cycles 

This input is used lo measure a lower bound on the inwn retire delay or the profiled 
instruction. The maximum fina l value of PC rR I is the length or the ProfileMe window 
minus 2. 

CounLs cycles lhal a profiled instruction delayed the reti re pointer advance during the 
ProfileMe window. The 212648 tracks instructions in the pipeline by allocating them 
"inums" near the front oflhe pipeline. All inums arc retired in the order i.n which they 
were allocated al the end or the pipeline. 
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lnums are allocated in batches of four, so there may be more inums al localed than there 
are program inslructions in night Every inum is retired in order, including those fo r 
aborted instructions. 

The "reti re pointer" points to the next inum lo be reti red. An inum retires in the cycle 
thal the retire pointer advances past the inum. 

Lei X and Y be consecutive inums in lhe allocation order. The "i num retire delay" ofY 
is [(cycle in wh ich Y reti red) - (cycle in which X retired)] . A large inum retire delay 
indicates a possible performance botlleneck (for example, an instruction stalled on a 
data cache miss). 

6.10.3.3.3 Retired instructions cycles 

When counting reti red instructions in Profi leMe mode, the fina l counl in PCTRO may 
include instructions thal reti red before the ProfileMe window and may exclude instruc­
tions thal retired near the end of the ProfileMe window. T hese discrepancies are caused 
by a variable delay between the time thal an instruction retires and the time that PCTRO 
is incremented for Lhal reti re. This discrepancy is in the range of plus or minus 4 retired 
instructions. 

6.10.3.3.4 Bcache miss or long latency probes cycles 

This input counts lhe number of Limes the Bcache resul t was a miss. 

Essentially, a long latency probe is a data request from other processes that cause 
Bcache misses in a system. 

This counl is phase shifted th ree cycles early and thus includes events thal occurred 
three cycles before the start and before the end of the Profi leMe w indow. 

6.10.3.3.5 Mbox replay traps cycles 

This inpul counts Mbox replay traps. 

PCTR I is enabled lo count M box replay traps that occur during a w indow lhal is the 
Profi leMe wi ndow phase-shilled one cycle later. The first replay trap counted would be 
the 7th cycle a Iler lhe inslruclion is fetched. 

6.10.3.4 Counter Modes for ProfileMe Mode 

Table 6- 14 shows the counter modes that are used with ProfileMe mode. 

Table 6-14 ProfileMe Mode PCTR_CTL Input Select Fields 

SL0(4) SL1(3:2) PCTRO PCTR1 

00 Relired instructions Cycle counting 

0 1 Cycle counting Jnum retire delay 

10 Retired instructions Bcache miss or long latency probes 

II Cycle counting Mbox replay traps 
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7 
Initialization and Configuration 

This chapter provides information on 2 1264B-spccific microprocessor system inilial­
izalion and configllf'•lion. fl is organized as fo llows: 

Power-up resel now 

Faull reset flow 

Energy star cerli ficalion and sleep mode flow 

Warm reset fl ow 

Array inilia lizalion 

Initia lization mode processing 

External interface inilializalion 

Interna l processor register (IPR) reset stale 

IEEE 1149.1 lesl porl reset 

Reset stale machine state transitions 

Phase-locked loop (PLL) fun ctional description 

lnilia li zalion is controlled by the reset slate machine, which is responsible for four 
major operations. Tabl e 7- 1 describes lhe four major operations. 

Table 7-1 21264B Reset State Machine Major Operations 

Operation Function 

Ramp up Sequence the PLL inpul and output dividers (Xdiv and Zdiv) lo gradually raise Lhe internal 
GCLK frequency and generate time inLcrvals for the PLL to rc-cslablish lock. 

BiST/SROM Receive a synchronous transfer on the ClkFwdRst_ H pin in order to start bui.lL-in self-test and 
SROM load al a predictable GCLK cycle. 

Clock fotward Receive a synchronous transfer on the Clk.FwdRst_ H pin in order Lo initialize the clock for-
interface warding inlerface. 

Ramp down Sequence the PLL input and output dividers (Xdiv and Zdiv) to gradually lower the i11lernal 
GCLK frequency during s leep mode. 

7.1 Power-Up Reset Flow and the Reset_L and DCOK_H Pins 

The 21264B reset sequence is lriggered using lhe lwo inpul signals Rcscl_L and 
DCOK_H in a sequence lhal is described in Section 7. 1.1. AllerRcsct_l... is deasscrled, 
the fo llowing sequence of operations lakes place: 
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I. The clock forwarding an<l system clock ratio configuration information is loaded 
onto lhe 2 1264B. See Section 7. 1.2. 

2. The interna l PLL is ramped up lo operating frequency. 

3. The internal arrays built-in self-lest (BiST) is run, fo llowed by !cache initialization 
using an external serial ROM (SRO M) interface. 

The 2 1264B systems, unlike the Alpha 21 064 and 2 11 64 microprocessor systems, 
are required lo have an SROM. The SROM provides the only means lo configure 
U1e system porl, and lhe SROM pins can be used as a so!lware-conlroll ed UART. 

The I cache musl contain PALcode lhal slarls al localion Ox 780. This code is used lo 
configure the 21264B LPRs as necessary before causing any olJchip read or write 
commands. This allows the 2 1264B lo be con fi gured lo match the external system 
implemenlalion. 

4 . Aller configuring lhe 2 1264B, conlrol can be lransfcrred lo code anywhere in mem­
ory, including the noncacheable regions. The !cache can be llushed by a write oper­
alion lo lhe 1TB invalidale-all regisler aller conlrol is transferred. This transfer of 
control should be lo addresses not loaded in lhe I cache by lhe SROM interface or 
the lcacbe may provide unexpected instructions. 

5. Typically, any slale requi red by lh e PALcode is initialized and lhen the console is 
slarled (swilching oul of PALmode and inlo nalive mode). The console code inilial­
izes and configures lbe system and booLs an operating syslem from an 1/0 device 
such as a disk or U1e network. 

Figure 7- 1 shows lhe sequence of evenls al power-up, or cold reset. In Figure 7- 1, nole 
the fo llowing symbo ls for conslrainls and information: 

Constraints: 

A Setup (AO) and hold (A I) for IRQ's lO be latched by OCOK (2 ns for each). 

B Enough time for Reset_ L to propagate through 5 stages o f RESET synchronizer (clocked by the inlcr­
nal framing clock, which is driven by EV6Clk_x). Worst case through Pass 3 of the 212648 would be 
5x8x 15 = 600 GCLK cycles, because Y div values above 8 arc out of rn.ngc. 

C Min = I FramcClk cycle. 

Information: 

8 GCLK cycles from DCOK assertion to first " real " EV6Clk _x cycle. 

b Approximately 525 GCLK cycles for external framing clock to be samp led and captured 

I Fr .tmeClk_x cycle. 

d 3 FrameClk_x cycles. 

Approximately 264 GCLK cycles to prevent fi rst command from appearing Loo early. 

Approximately 700,000 GCLK cycles for Bi ST I approximately I 00,000 GCLK cycles futed time + 
approximately 50,000 GCLK cycles per line of !cache for SROM load. 

g 16 GCLK cycles. 
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Figure 7-1 Power-Up Timing Sequence 

~ 
IRQ_H ~::::::::::::::::::::::::::::::::::::::::::::::::::::: 

DCOK_H ;--------------------------

Internal ClkFwdRst _________________________ ___ 

.::·::~~:. ____________________ ,--,._-_·1➔-------+f---'-'--+f--_-_-_-

7.1 .1 Power Sequencing and Reset State for Signal Pins 

Power sequencing and avoiding potential failure mechanisms is described in Section 
9.3. 

The reset stale for the signal pins is listed in Table 7- 2. 

Table 7-2 Signal Pin Reset State 

Signal Reset State Signal Reset State 

Bcache 

8cAdd_H(23:4] Tri stated 

BcChcck_H(15:0( Tri stated BcTaglnClk_H NA (input) 

BcData_ H( 127:0] Tri stated BcTagOE_L Tristated 

BcDatalnClk_H(7:0} NA (inpul) RcTagOutClk_x Tri stated 

BcDataOE_L Tri stated BcTagParity_H Trislated 

BcDataOutClk_x(3:0} Tri stated BcTagShared_H Tristated 

BcDataWr_L Tristated DcTagValid_ H Tristated 

BcLoad_L Tri stated BcTagWr_L Tri stated 

BcTa::_H(42:20} Tristat.ed BcVref NA 
(T_ DC_REF) 

BcTagDirty_H Tri stated 

System Interface 

IRQ_H(S:01 NA (input) SysDal.alnClk_H(7:01 NA (input) 

SysAddln_L( 14:0( NA (input) SysData lnValid_L NA (input) 

SysAddlnClk_L NA (input) SysDataOutClk_L(7:0} Trislaled 
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Table 7-2 Signal Pin Reset State (Continued) 

Signal Reset State Signal Reset State 

SysAddOut_LI 14:01 Initially, during power-up resel, stale 
is not defined. lf not during power­
up, preserves previous state. Then, 

SysDataOutValid_L NA (input) 

a Iler the clock forward reset period 
(as the external clocks start), s ignal 
driven to NZNOP unti l the reset 
state machine enters RUN, when it 
is driven to NOP. 

SysAddOulClk_L 

SysCheck_L(7:0] 

Trista ted 

Tristated 

SysFillValid_L 

SysVrcf 

NA (input) 

NA 
(J_DC_ REF) 

SysData_L(63:0] Tristated 

Clocks 

ClkFwdRst_H 

Clkln_H 
Clkln_L 

EV6Clk_H 
EV6Clk_L 

Miscellaneous 

DCOK_H 

PIIBypass_ H 

Resct_L 

SromClk_ H 

SromData_ H 

SromOE_L 

NA (input) 

NA (input) 

NA (input) 

Must be deasserted until de vollage 
reaches proper operating level. 

NA (input) 

NA (input) 

Tri stated 

NA (input) 

Tri stated 

FrameOk_x 

PLL_VDD 

Tck_H 

Tdi_H 

Tdo_H 

TestStat_H 

Tms_H 

Trst_L 

NA (input) 

NA 
(T_ DC_REF) 

NA (input) 

NA (input) 

Unspecified 

Tristated 

NA (input) 

NA (input) 

In addition, as power is bei ng ramped, Reset_L must be asserted - this allows the 
21264B lo reset internal slate. Once the target voltage levels are attained, systems 
should assert DCOK_H. This indicates to the 2 1264B that internal logic functions can 
be evaluated correctly and that the power-up sequence should be continued. Prior to 
DCOK_H being asserted, the logic internal lo the 2 12648 is being reset and the inter­
nal clock network is running (either clocked by the PLL VCO, which is at a nominal 
speed, or by Clkln_H, iflhe PLL is bypassed). 

The reset state machin e is in state WAIT _SETTLE. 

7.1.2 Clock Forwarding and System Clock Ratio Configuration 

When DCOK_H is asserted, the 212648 samples several pins and latches in some ini­
tiali za tion slate, including the value of the PLL Ydiv divisor, which specifies the ratio 
of the system clock to the internal clock (see Section 7. 11 .2.3), and enables the charge 
pump on the phase-locked loop. 

7-4 Initia lization and Configura tion Alpha 21264B Ha rdwa re Refere nce Manual 



Power-Up Reset Flow and the Reset_L and DCOK_H Pins 

Table 7- 3 swnmarizes the pins and the suggested/required initialization slate. Most of 
this information is suppli ed by placing (switch-selectable or hardwired) weak pull-ups 
or pull-downs on the IRQ_H pins. The IRQ_ H pins are sampled on the rising edge of 
DCOK_H, during which Lime the 21264B is in reset and is not generating any system 
activity. During normal operation, the IRQ_H pins supply interrupt rcquesLs to the 
21264B. 

II is possible lo disable the 2 1264B PLL and source GCLK directly from Clkln_x. 
This mode is selected via PIIBypass_H. The 2 1264B sti ll produces a divided-down 
clock on EV6C lk_x; this output clock, which tracks GCLK, can be used in a feedback 
loop lo generate a locked input clock via an external PLL. The input clock can be 
locked aga inst a slower speed system reference clock. 

Table 7-3 Pin Signal Names and Initialization State 

Signal Name Sample Time Function 

PIIBypass_ H Continuous input Select Clkln_x onlo GCLK instead of internal 

ClkFwdRsl_ H Sampl ing method 
according to 
IRQ_ H(4( 

Rcsct_ L 

IRQ_ H(SI 

IRQ_ H(41 

IRQ_H(3:0( 

Continuous input 

Rising edge of 
DCOK_ H 

Rising edge of 
DCOK_ H 

Rising edge of 
DCOK_ H 

PLL. 

Select I I FrameCLk mode. 
Internal FrameC lk can be generated two ways: 

By sampling FramcClk_ H. Used if 
FrameClk_ H is slower Limn Clkln_ H. 

2 As a direcl copy ofEV6Clk_ H. Used if 
FrameClk_ H is Lhc same frequency as 
Clkln_ H or is DC. 

Select method of sampling ClkFwdRst_ H to 
produce internal ClkFwdRst - e ither w ith 
external or internal copy ofFrameClk_x . 

Se lect Y div divisor va lue. This is the divide­
dowu factor between GCLK and EV6Clk_x. 

When Lhe PLL is iu use and the 212648 is 
ramped-up lo lull speed, lhe VCO adjusts in 
order lo phase-al ign (and ra le-match) EV6Clk_x 
lo Cl kin x . When the PLL is not in use, and 
Clkln_x is bypassed onlo GCLK, EV6Clk_x is 
slower Limn Clkln_x by the divisor Y div-

Value 

0 Bypass' 
I Use PLL 

0 Sample with 
FramcClk_ H 
Use a copy of 
EV6Clk_H 

0 Sample with Exter­
nal FrameClk x 
Sample with lnler­
nal Frameclk 

IRQ_H(3:0( Divisor 

00 11 3 
0100 4 
0101 5 
0110 6 
0111 7 
0000 8 
1000 9 
1001 10 
1010 11 
1011 12 
1100 13 
1101 14 
1110 15 
11 11 16 
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Table 7-3 Pin Signal Names and Initialization State (Continued) 

Signal Name Sample Time Function Value 

DCOK_H Conlinuous input When dcasscrtcd, initializes lhc internal 2 12648 
reset state machine and keeps the PLL interna l 
oscillator running a l a nominal speed. Assertion, 
which implies power Lo the 212648 is good, 
causes con.figurat ion information to be sampled. 

1 The maximum pcm1issiblc ins lanlancous change in Clkln_x frequency is 333 MHz (lo prevent cur­
rent spikes). 

7.1.3 PLL Ramp Up 

Aller tbc configuration is loaded through the IRQ_H pins, Ll1c next phase in the power 
up llow is the internal PLL ramp up sequence. Ramping up of the PLL is required lo 
guarantee Uial the dynamic change in frequency will not cause the supply on Llie 
21264B lo fall due lo Ll1e supply loop inductance. Clock control circuitry steps GCLK 
from power-up/reset clocking lo 1/16th operating frequency, lo 1/, operating frequency, 
and finally normal operating frequency. 

Aller the assertion of DCOK_H, the 2 1264B wails for the dcasserlion of Rcsct_ L from 
U1c system while Llic PLL attempts lo achieve a lock. The PLL internal ramp dividers 
arc set lo divide down the input clock by 16 and the PLL attempts lo achieve lock 
against an effective input frequency of Clkln_x/ 16. Once lock is achieved, the actual 
internal frequency (GCLK) is Clkln_x*(Y div divisor value)/16. There should be a 
minimum delay of 100 ms between the assertion of DCOK_H and the dcasscrtion of 
Rcsct_L lo allow for this locking The reset slate machine is in the WAIT_NOM INAL 
stale. 

Aller the deasserlion of Rcsct_L, Ll1c reset stale machine goes into the RAMP! slate. 
The 21264B ramps the internal frequency, by changing the effective input frequency of 
the PLL lo Clkln_x/2 for a sufficient lock interval (al most, 20 µsat 400 MJ-l z). The 
slate machine Oien goes into the RAM P2 slate, changing the effective input frequency 
lo Clkln/ 1 for an additional lock interval (about 20 µs) . The lock periods arc generated 
by the internal duration counter, which is driven by GCLK. The counter counLs 4108 
GCLK cycles during the Clkln_x/2 lock interval . Nole that GCLK is produced by U1e 
output oflhe PLL, which is locking lo an input clock which is 1/2 oflhe operating fre­
quency - therefore, the 4108 cycle interval constitutes a 6-20 µs interval when the 
operating frequency is 400-1250 MHz. Then, the counter cow1ts 8205 GCLK cyc les 
during the Clkln_x/ 1 lock interval. 

7.1.4 BiST and SROM Load and the TestStat_H Pin 

The 21264B uses the deasscrlion ofClkFwdRst_ H (which must be deassertcd for a 
minimum of one FramcClk_H cycle and Ll1cn reasserted) to begin built-in self-lest 
(BiST). The reset slate machine goes into the WAIT_ Bi ST stale. Details on BiST arc 
given in Chapter 11 . The power-up BiST lasts approximately 700,000 cycles. The result 
of the self-lest is made avai lable on the TcslStat_H pin. The pin is forced low by the 
system reset. II is th en forced high during BiST. 
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As BiSTcompleles, the TcstStat_H pin is held low for 16 GCLK cycles. Then, ifBiST 
succeeds, the pin remains low. Otherwise, ii is asserted. Aller successfully completing 
BiST, the 2 1264B then performs the SROM load sequence (described in Chapter 11 ). 
Aller the SROM load sequence is fi nished, the 2 1264B deasserls SromOE_L. 

7.1.5 Clock Forward Reset and System Interface Initialization 

Aller the deassertion ofS rom OE_L, the reset slate machine enters the 
WAIT _ClkFwdRsl l slate, where the 21264B wails for the system lo deasserl 
ClkFwdRcsct_H. The 21264B samples the deasserting edge of ClkFwd Rcsct_H to 
lake synchronous actions. It uses th is synchronous event to reset the clock forwardi ng 
interface, start the outgoing clocks, and deassert internal reset. The chip then waits 264 
cycles before issuing commands. The reset slate machi ne is then in RUN and the 
21264B begins fetching code al address Ox780. 

Table 7-4 li sts si1,'llals relevant lo the power-up fl ow, provides a short description of 
each, and any relevanl constraints. 

Table 7--4 Power-Up Flow Signals and Their Constraints 

Signal Name 

Clkln_x 

PLL_VDD 

VDD 

DCOK_H 

Reset_ L 

ClkFwd Rst_ H 
Deassertion # I 

ClkFwdRsl_ H 
Deassertion #2 

Description Constraint 

Differential clocks that are Clocks must be running before DCOK_ H is 
inpuLS to PLL or are asserted. 
bypassed onto GCLK 
directly 

VDD supply to PLL PLL_VDD must lead VDD. 

VDD supply lo the 21264B 
chip logic (except PLL) 

Logic signal lo the 21264B 
that the VDD supply is 
good 

RESET pin asserted by 
SYSTEM lo lhe 212648 

Signal asserted by SYS­
TEM lo synchronously 
commence built-in self-test 
and SROM load 

Reset_L must be asserted prior lo DCOK_H and 
must remain asserted for at least 100 ms atler 
DCOK_H is asserted. This allows for PLL settling 
time. Deasserlion of Reset L causes the 21264B to 
ramp divisors lo their tinal~a lue and begin BiST. 

ClkFwdRst_ H must be deasserted af\er PLL has 
achieved its lock in its fina l divisor va lue (about 20 
µs) . The deassertion causes built-in self-test to 
begin on an internal clock cycle that corresponds to 
one framing clock cycle after ClkFwd Rst_ H is 
deasserted. ClkFwdRst_ H can be asserted after 
one fra me clock cycle. See Figure 7- 1. 

Signal asserted by SYS- ClkFwdRst_ H must be deassertcd when the Cbox 
TEM to initia lize and reset has loaded configuration information . This occurs 
clock forwarding interfaces as the first part of the serial ROM load, after BiST 

is run. Once O k FwdRst 1-1 is deasserted, the 
interface is initialized and-can receive probe 
requests from the 21264B. 
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7.2 Fault Reset Flow 

The fault reset sequence of operation is triggered by the assertion of the ClkFwdRst ff 
signal line. Figure 7- 2 shows the fault reset sequence of operation. The reset slate -
machine is initially in RUN stale. ClkFwdRst_H is asserted by the system, which 
causes the state machine to transition lo the WAIT _FAULT_RESET slate. 

The 2 1264B internally resets a mi nimum amount of internal slate. Nole the effects of 
that reset on the IPRs in Table 7- 5. 

Table 7- 5 Effect on IPRs After Fault Reset 

IPR 

PAL_BASE 

J_CTL 

PCTX[FPE] 

After Reset 

Maintained (not reset) 

Bit value - 3 (both leaches are enabled) 

Set 

WRITE_MANY Cleared (That is, the WRITE_MANY chain is initialin:d and the Bcache is turned off.) 

EXC_ADDR Set to an address that is close to the PC 

The 21264B then wails fo r ClkFwdRst_H to deassert twice: 

One deassert lo transition di rectly lo the WA IT _ClkFwdRst I slate wi thout perform­
ing any BiST 

One deasserl to initialize the clock forwa rdi ng interface 

The 2 1264B then begins fetchi ng code at PAL_BASE + 0x780. 

Figure 7- 2 shows the fault reset sequence of operation. In Figure 7- 2, note the follow­
ing symbols for constraints and information: 

Constraints: 

A Min = I FrameClk_x cycle 

In form ation: 

Approximately 264 GCLK cycles 

Approximately 525 GCLK cycles for external framing clock to be sampled and captured 

1 FrameClk _x cycle plus 2 GCLK cycles 

Next FrameClk_x rising edge 

3 FrameClk_xcycles 

Approximately 264 GCLK cycles to prevent first command from appearing too early 
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Figure 7- 2 Fault Reset Sequence of Operation 

Internal ClkFwdRs t ----~ 

external Clks -------, 

7.3 Energy Star Certification and Sleep Mode Flow 

FM-064688.Al◄ 

The 212648 is Energy Star compliant Energy Star is a program administered by the 
Environmental Protection Agency to reduce energy consumption. For compliance, a 
computer must automatica lly enter a low power sleep mode us ing 30 walls or less afler 
a specifi ed period ofin aclivily. When U1e system is awakened, lbe user shall be 
returned automatically lo lbe same situation tbal existed prior lo entering sleep mode. 

During nom1al operation, the 2 12648 encounters inactive periods and enters a mode 
that saves the entire active processor state to memory. 

The PALcode is responsible for saving all necessary stale lo DRAM and nushing the 
caches. 

The sleep mode sequence of operations is triggered by the PALcode twice performing a 
1-IW_MTPR lo the lbox SLEEP IPR. The first write prevents lbe assertion of 
ClkFwdRst_H from faul t-reselling the chip. 

Tbe PALcode then informs U1e system, in an implemenlalion-depcndcnl way, Uial it 
may assert ClkFwdRst_H. 

On lbe second HW _ MTPR lo the SLEEP I.PR, the PLL begins lo ramp down and u,e 
21264B can then respond lo the ClkFwdRst_H Uial was asserted by the system, caus­
ing U1e outgoing clocks from the 212648 lo slop. 

Tbc PLL ramp-down sequence takes exactly tbe same amount of lime as the ramp up 
sequence described in Section 7. 1.3. The same internal duration counter is used and the 
reset stale machine transitions through the DOWN I, DOWN2, and DOWN) stales 
which have similar PLL divisor ratios and c lock speeds to the RAMP2, RAMP I, and 
WAIT _NOMINAL slates. 
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Aller the PLL has fini shed ramping down, the reset stale machine enters the 
WAIT _CNTER.RUlrr stale. Nole the eO-ects of the entry into that stale on u,e IPRs 
listed in Table 7-6. 

Table 7- 6 Effect on IPRs After Transition Through Sleep Mode 

IPR Effects After Transition Through Sleep Mode 

MainLaincd (not rese t) PAL_BASE 

I_CTL Bit value = 3 (both leaches arc enabled) 

PCTX[FPE] Sel 

WRITE_ MANY Cleared (rl1al is, Ll,c WRITE MANY chain is initialized and Ll1c Bcachc is 
lumcd ofl'.) -

Nole lhal Interrupt enables arc maintained during sleep mode, enab ling tbe 212648 lo 
wake up. Tbe 212648 wails for either an unmasked clock interrupt or an unmasked 
device interrupt from u,e system. 

When an enabled interrupt occurs, the PLL rnmps back lo Ii.ill frequency. Subsequent lo 
that, the 2 12648 performs a built-in self-i nitiali zation (BiSI), a shortened built-in self­
lesl, which initializes the internal arrayed structures. Tbe SROM is nol reloaded. 
Instead, the 212648 begins fetching code from the system al address PAL_BASE + 
0x780. 

Figure 7- 3 sbows tl1c sleep mode sequence of operations. In Figure 7- 3, note the fo l­
lowing constraint and infonnalional symbols: 

Constraints: 

A Min = I FumcClk_x cycle 

Informational symbols: 

Approx.imalcly 525 GCLK cycles for cxLemal framing clock to be sampled and captured 

Ncx:t FnmcClk _x rising edge 

I FramcClk_x cycle 

3 Fr:uncClk _x cycles 

Approximately 264 GCLK cycles to preven t first command from appearing too early 

Approximately 8 192 GCLK cycles for BiSI 

g 16 GCLK cycles 
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Warm Reset Flow 

Figure 7- 3 Sleep Mode Sequence of Operation 

TestStat,_H ---------------------~ 

internal ClkFwdRst ___ _, 

FM-06487A.AU 

Tab le 7- 7 describes each signal and conslrainl for lhe sleep mode sequence. 

Table 7- 7 Signals and Constraints for the Sleep Mode Sequence 

Signal Name 

ClkFwd Rst_ H 

Description 

Signal asserted by the system to 
initialize and reset clock forwarding 
interfaces 

Constraint 

ClkFwdRst_ H must be asserted by the system 
when entering sleep mcxte. The system deasserts 
ClkFwdRst H no sooner than one FrameCJk H 
cycle after s~urcing an interrupt lo the 2 I 2648~ 

Forwarded clocks Bit clocks forwarded to/from l11e 
212648 

Clocks slop running under ClkFwdRst_H. 

System interrupt Asynchronous interrupt which 
causes the 212648 to exit sleep 
mode 

7 .4 Warm Reset Flow 

The warm reset sequence of operation is triggered by the assertion of the Reset_L sig­
nal line. TI1e reset slate machine is initia lly in RUN stale. The 21264B then, by default, 
ramps down 01e PLL (similar lo the s leep flow sequence) and the reset stale machine 
ends up in lhe WAIT_RESETslale. 

Note the effects of entry into that stale on the IPRs listed in Table 7- 8. 

Table 7-8 Effect on IPRs After Wann Reset 

IPR 

PAL_BASE 

i_CTL 

PCTX[FPE] 

Effects After Warm Reset 

Cleared 

Cleared 

Sel 

WRITE_MANY Cleared (That is, the WRITE_ MANY chain is in itia lized and Lhe Bcachc is 
turned off) 
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The 21264B wails unti l Reset_L is deasserled before transitioning from the 
WAIT_ RESET stale. The 2 1264B ramps up lhe PLL unti l the slate machine enters the 
WAIT_C lkFwdRslO stale. Nole lhal the system must assert ClkFwdRst_H before lhe 
slate machine enters the WA IT_ ClkFwdRslO slate. Then, s imilarly lo the other flows, 
SromOE_L is asserted and the system wails for the deassertion ofClkFwdRst_H. 

On the deassertion ofClkFwdRst_H, the 2 1264B performs BiST and the SROM load­
ing procedure. 

Aller B iST and SROM loading have completed, SromOE_L deasserts and the 21264B 
waits for ClkFwdRst_H lo deasserl before starling the external clocks and, like the 
other flows, waits for 264 cycles before starting instructions. 

7.5 Array Initialization 

The following arrays are initialized by BiST: 

Jcache and Jcache lag 
Dcache, Dcache lag, and Duplicate Dcache lag 
Branch history table 

The external second-level cache (Bcache) is disabled by Reset_L. 

The Bcache must be initialized by PALcode before it is enabled. 

7.6 Initialization Mode Processing 

The initialization mode allows the 21264B lo generate and manipulate cache b locks 
before the system in terface has been init ialized. Within the 21264B, the Cbox configu­
ration registers are d ivided into the WRITE_ ONCE and the WRITE_MANY shill reg­
ister chains (see Sections 5.4.3 and 5.4.4). The WRITE_ONCE cha in is loaded from the 
SROM during reset process ing, and contains information such as the clock forwa rding 
setup values. The WRITE_ MANY chain can be wrillen many limes using MTPR 
inslructions. 

The WR ITE_MANY chain contains the fo llowing CSRs thal are important to initializa­
tion mode, which must be sel lo the values in Table 7- 9 lo initialize the Bcache. 

Table 7-9 WRITE_MANY Chain CSR Values for Bcache Initialization 

WRITE_MANY Chain CSRs 

BC_ENABLE 

BC_SIZE[3:0] 

INVAL_ TO_OTRTY _ENABLE[! :OJ 

SET_DTRTY _ENABLE[2:0] 

JNJT_MODE 

EVICT_ENABLE 

BC_ WRT _STS[3:0] 

BC BANK ENABLE 

7- 12 Initial ization and Configuration 

Required Value at In itialization Mode 

The duplicate bits for BC ENABLE in [I 4: 12] must 
be O during initia lization ~ode. 

The exact size or maximum size of the Bcache. 

0 

0 

0 

0 
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Initialization Mode Processing 

Excepl fo r INIT_MODE, all lhc CSR rcgislers have been described in earli er scclions. 
When asscrled, IN IT _ MO DE has lhe foll owing behavior: 

Cache block updalcs lo lhe Dcachc sci lhc block lo lhc Clean slalc. 

Updates lo lhc Bcache use Uie BC_ WRT _STS[3:0] bits. 

WrViclimBlk command gcncmli on lo lhc syslcm inlcrfacc arc squashed. 

Using lhc INVAL_ TO_ DI RTY _ENABLE and INIT _ MODE regislcrs, ini lia lizalion 
code loaded from lhc SROM can gcncralc and dclclc blocks inside lhc 2 12648 wiU1oul 
syslem inleraclion. This behavior is very m1cful fo r initialization and startup process ing, 
when U1c syslem inlcrlaccs are nol fully fw1 clional. Figure 7-4 shows a code example 
for initializing Bcachc. 

Figure 7--4 Example for Initializing Bcache 
Reset chip and load Icaclle with tlrls code 

set init_ rrode 

for 2 X bc_size 

{ WH64 address 

turn_off_bcache : 

SWeei;t,1efrory : 

tum_ on _bcache: 

; now all WrVictirns are ignored 

;bc_ enable_ a 1 

; ze.roblk_ enable _ a 1 

;se t _dirty_ enable_a 

;init_node_ a 

; enabl e_ evict_ a 

;bc_wrt_ sts_a 

;bc_bank_ enable_ a 

;bc_size_a 15 

; now all writes to Bcache actually invalidate 

; the Bcache. (if space was needed for scratch 

;pad, the status bits could just as 

;well be Valid) 

; This loop generates legal ECC data, and 

; invalidate tags which are written to tl1e 

;Beadle for all but the final 64KB of address. 

; be_ enabl e_ a 

; init_roode_ a 

;bc_size_ a 

;zerOOlk_enable_a 1 

;enable_evict_a 

;set_dirty_enable_a 

; be_ bank_ enable_ a 

;bc_wrt_sts_ a 

;Write gocd parity/ecc to rrerrory by 

; writing a a ll irerrory locations. This is 

; done b y WH64 of rrem:u:y addresses 

;bc_enable_a 

;bc_size_a 

; zerOOlk _ enable _a 

Actual Bcache size 
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; set_dirty_ enable_a 

;i.ni.t_node_ a 

;enable_evict_a 

;bc_w-rt_sts_a 

; be_ bank_ enable _a 

for 2 X bc_size ; 'Ihis loop generates l egal ECC data, arrl 

{ WH64 address ; invalidate tags whi ch are written to the 

; Bcad ie for all but the final 64KB of address. 

for 2 X dcache size 

{ ECB address ) 

(done) 

;and cleans up the Dcadte also. 

In addilion lo ini lializalion, U1c dynamic programming abi lily of lhc WR.ITE_ MANY 
chain provides lhe basic lools lo bui ld various 0U1cr sollwarc nows such as dynamically 
changing lhe Bcache enable/size parameters fo r performance lcsting. 

7.7 External Interface Initialization 

Aller reset, lhe syslcm inlerrace is in lhe dcfaull conliguralion di ctalcd by U,e rcsel s tate 
o flh e IPR bils lhal selccl lhc con li guralion oplions. 

The response to system interface commands and interna lly generated memory accesses 
is delermined by U1is defaull conliguralion. Syslem cnvironmenls lhal are nol compati ­
ble wilh lhe defaull conliguralion musl use lhe SROM I cache load feature lo inilially 
loa<l an<l execute a PALcode program to configure tJ1c external system interface uni t 
IPRs as needed. 

7.8 Internal Processor Register Power-Up Reset State 

Many IPR biLs are nol inilialized by reset. They arc localed in error-reporling registers 
and olher IPR s lales. They musl be inilia lized by inilia lizalion PALcode. Tables 7- 5, 
7--6, and 7- 8, I is l U1e elJccLs on IPRs by fault resel, lransilion th rough sleep mode, and 
warm re.sci, respcclively. Table 7- 10 lis ls lhe stale of a ll inlcmal processor rcgislcrs 
(IPRs) immedialcly fo llowing power-up rcscl. The table also specifi cs which rcgislers 
need lo be inilializcd by power-up PALcode. 

Table 7-10 Internal Processor Reg isters at Power-Up Reset State 

Mnemonic Register Name Reset State Comments 

lhox IPRs 

ITB_TAG (TB tag array write X 

ITB_PrE 1TB l'TE array wri lc X 

ITB_IAP 1TB inva lidate-a ll (ASM~ ) X 

ITB_IA (TB invalidate a ll X Musl be written to in PALcode. 

ITB_IS (TB invalidale single X 

PM PC Profi leMePC X 

EXC_ADDR Exception address X 

IVA_FORM Ins truction VA fonna t X 
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Internal Processor Reg ister Power-Up Reset State 

Table 7-10 Internal Processor Registers at Power-Up Reset State (Continued) 

Mnemonic Register Name Reset State Comments 

IER_CM lnlcrrupt enable current mode X Must be wriLten to in PALcode. 

SIRR Software interrupt request X 

ISIJM lnlerrupt s ummary X 

HW_JNT_CLR Hardware interrupt clear X Must be cleared in PALcode. 

EXC_SUM Exception summary X 

PAL_BASE PAL base address Cleared 

I_CTL Ibox control JC_EN - 3 All other bits are cleared on reset. 

!_STAT Tbox status X Must be cleared in PALcode. 

JC_FLUSH lcache flush X 

CLR_MAP Clear virtua l-to-physical map X 

SLEEP Sleep mode X 

PCTX lbox process con lex t PCTX[FPE] is sc l. All olher bils arc cleared. 

PCTR_CTL Performance counter control X Must be cleared in PALcode. 

Ehox IPRs 

cc Cycle counter X Musl be cleared in PALcode. 

CC_CTL Cycle counter control X Must be cleared in PALcode. 

VA Virtual address X 

VA_FORM Virtual address format X 

VA_CTL Virtua l address control X Must be cleared in PALcode. 

Mhox IPRs 

DTB_TAG0 OTB tag array write 0 Cleared 

DTB_TAG l OTB tag array write I Cleared 

DTB_PTE0 OTB PTE array wrilc 0 Cleared 

DTB_ PTEl OTB PTE array wrile 1 Cleared 

DTB_ALTMODE OTB allemale processor mode X PALcode musl initia lize . 

DTB_IAP OTB invalidate all process X 
ASM = 0 

DTB_IA OTB invalidate all process X Must be written to in PALcode. 

DTB_IS0 OTB invalidate single (array 0) X 

DTB_IS I DTB invalidate single (array I) X 

DTB_ ASN0 OTB address space number 0 Cleared 

DTB_ ASNl OTB address space number I Cleared 

MM_STAT Memory management status X 

M_CTL Mbox control Cleared 

Alpha 212648 Hardware Re fe re nce Manual Initial ization and Configuration 7-15 

IEEE 1149.1 Test Port Reset 

Table 7-10 Internal Processor Registers at Power-Up Reset State (Continued) 

Mnemonic Reg ister Na me Reset State Comments 

DC_CTL Dcache control DC_CTL[7:2] are cleared al resel. 
DC_ CTL[ I :OJ are scl al power up. 

DC_STAT Dcache status X Musl be cleared in PALcode. 

Chox IPRs 

C_ DATA Cbox data X Musl be read in PALcodc. 

C_SHFT Cbox shift control X 

7.9 IEEE 1149.1 Test Port Reset 

Signal Trst_L must be asserted w hen powering up the 21264B. Trst_L must not be 

deasserted prior to assertion of DCOK_H. Trst_L can remain asserted during normal 
operation of the 2 1264B. 

7.10 Reset State Machine 

The state diagram in Figure 7- 5 summarizes how the 2 I 264B transitions into running 
code. Each stale is described in Table 7- 11. Table 7- 11 describes oulpuls and approxi­

mate state transit ion equations. Nole that there are implici t transitions from each stale 
to an appropriate down-ramp state when Reset_L is asserted. 
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Reset State Machine 

Figure 7-5 21264B Reset State Machine State Diagram 

j Number, ln"l,l" ore 
Xdiv arid Zdiv dMsas, 

tespllldivflly 

LKG-10962A-98Wf 

Table 7- 11 21264B Reset State Machine State Descriptions 

State Name 

COLD 

WAIT_SEHLE 

WA IT_ NOM fNAL 

RAMP I 

Description 

Chip cold. Transilioncd lo WA IT_SE17"LE with asscrlion of Rcsct_L, PLL_ VDD, and 
VOO. 

PLL_ VDD asserted; PLL at minimum frequency. 

Triggered by assertion of DCOK_ H. PLL achieves a lock al Xdiv and Zdiv divisors equal 
16 and 32, respectively. 

Triggered by Rcsct_ L dcasscrlion; Xdiv and Zdiv divisors arc changed to 2 and 4, respec­
tively, increasing Ll1e internal GCLK frequency. An internal duration counter is initial ­
ized lo cow1l 4 108 GCLK cycles. 
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Table 7-11 21264B Reset State Machine State Descriptions (Continued) 

State Name Description 

RAM P2 Triggered by I.he duration counter reaching 4 108 cycles, the X div a.ml Zdiv divisors are 
changed to 1 and 2, rcspcclively, and Lhe frequency is increased. The duralion cow1lcr is 
reloaded lo cow1t 8205-cyclcs. 

WA IT_ClkFwdRslO Triggered by the duration counter reaching 8205 cycles (or by U1c dcasscrlion of 
Rcsct_L whi le in Lhc WAIT _ RESET slalc). 2 12648 asserts SromOE_ L and wails for 
SYSTEM Lo deasscrt ClkFwd Rcsct_ H. The dcasscrLion musl be synchronous Lo a fall­
ing edge of FramcClk_ l-1. 2 12648 uses U1i s deasscrtion to begin BiST and SR.OM load 
al a predictable lime. 212648 samples and generates an internal, aligned copy of 
FramcClk_ H. and, in turn , uses this clock to sample ClkFwdRcsct_H. 

WAIT_8iST 8iST and SROM load is started. l11e SR.OM first loads the Write-once chain and Lhcn 
reads the nwnbcr ofb ils oflcachc data Lo load. 

WAIT_ BiS I This state is entered when \vak.ing up' from sleep mode. 2 12648 receives an external 
inlerrupl, ramps I.he PLL, synchronous ly samples a Lrausilion on CJkFwd.Rcsct_ H, and 
runs bui lt-in se lt'.-in ilializalion Lo clear Lhc internal caches. Bui lt-in self-lest is not per­
formed and the SR.OM is not loaded. 

WA IT _C lkFwdRsll Entered when tl1e appropriate amount of 8iST and SROM loading has been completed. 
2 12648 dcasscrls SromOE Land wai ls for SYSTEM lo dcasserl ClkFwdResct II. 
The deassertion must be sy,;-chronous lo a ris ing edge of FramcClk_ H. 2 12648 ~ses 
Ll1is synchronous even I. lo reset Lhe clock forwarding interface and deasscrl i_ntema l reset. 
212648 subsequently begins running code (ei ther preloaded in U1c SR.OM or located in 
memory) and begins sys tem lransac lions. 

RUN Chip is running soflware, interlace is rcse l, and sys tem Lransaclions can be processed. 

WAIT_ RESET 

FAULT_ RESET 

DOWN I 

From power-up, Lhe lcache sels are enabled and contain bootstrap code loaded from the 
SROM; 2 1264B executes code from Jcachc. From wake-up, U1e I cache sets are disabled 
and 2 12648 fetches and executes code from DRAM . 

Triggered by duration cow1lcr reaching 264 cycles, or when Rcsct_L is asserted when in 
WAIT _lNTERR UPT sla te . 212648 wails in this stale unlil Rcsct_L is dcasscrted, at 
which point, lhe PLL slarls Lo ramp up again. 

ClkFwdResct is asserted wh i.le U.1e 212648 is running. The 21264B inlema l.l y resets a 
minimum amount ofintemal stale, wails for clock forward reset deasscrtion, and begins 
lclching code a l PAL_ BASE + 0x780. 

2 12648 was in a stale in which GCLK was al il.s highest speed and Rcsct_ L was 
asserted. l11Lemal chip funcli ons arc reset and Lh c in terna l duration counter is sci. to 8205 
cycles. The purpose ofU1 is sequence is Lo down-ramp Lhe clocks in anlicipalion of power 
being removed. If power is not removed (that is, rese t is bei.ng toggled), 212648 ramps 
Lhe clocks back Lo the original speed. 
This state is also entered when sollwarc writes Lhe I_CTL internal processor register lo 
s leep mode. 
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Table 7-11 212648 Reset Slate Machine State Descriptions (Continued) 

State Name 

DOWN2 

DOWN3 

Description 

Triggered by duralion counter reaching 8205 cycles, the PLL ramps GCLK frequency 
down by the first divider ratio (Xdiv and Zdiv equal 2 and 4, respectively). This has the 
eflCct of halving the GCLK frequency. The duration counter is set to 4108 cycles. 

Triggered by duration counter reaching 4108 cycles, the PLL ramps frequency down by 
the second divider ratio (Xdiv and Z div equal 16 and 32, respectively) . l11is has the 
effect ofreducing the frequency by a foctor of 16 (of the original frequency) . The inter­
nal counter is set to 264 cycles. 

WAIT _INTERRUVf Triggered by duration counter reaching 264 cycles, the 21264B waits for either an 
unmasked clock interrupt or unmasked device interrupt from system. The interrupts are 
wired to the interrupt request and enable internal registers. When an enabled interrupt 
occurs, the PLL ramps back to full frequency. Subsequent to that, the built-in self-init 
(Bi SD initializes arrayed structures. l11e SROM is not reloaded; instead, the 21264B 
begins fetching code from the SYSTEM. 

7.11 Phase-Lock Loop (PLL) Functional Description 

The PLL multiplies the clock frequency ofa differential input reference clock and 
aligns the phase of its oulpul lo that differential input clock. Thus, the 21264B can com­
municate synchronously on clock boundaries with clock periods that are defined by the 
system. 

7.11.1 Differential Reference Clocks 

A skew-controlled, ac-coupled differential clock is provided lo the PLL by way of 
Clkln_x. Clkln_x are input signals lo a differential amplifier. The frequency of 
Clkln_x can range from 80 MHz to 200 MHz. Clkin_x can be sourced by a variety of 
components that include ECLps fanout parts or system PLLs. Clkln_x are also the pri­
mary clock source for the 2 1264B when in PLL bypass mode. 

7.11.2 PLL Output Clocks 

The following sections summarize the PLL output clocks. 

7.11.2.1 GCLK 

The PLL provides an output clock, GCLK, with a frequency lhal can range from 400 
MHz lo 1.25 GHz under full-speed conditions. GCLK is the nominal onchip clock that 
is distributed lo the entire 2 1264B chip. 

7.11.2.2 Differential 212648 Clocks 

The EV6Clk~~ output pads provide an external test point lo measure the PLL phase 
alignment. They do not provide a clock source. EV6Clk_x are square-wave signals 
that drive rail-Lo-rail continually from Oto 1.5 volts. 

7 .11.2.3 Nominal Operating Frequency 

Under nonnal operating conditions, the frequency of the PLL output clock, GCLK, is a 
simple function oflhe V d;v divider value. 
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Table 7- 12 shows the allowable Clkln_x frequencies for a given operating frequency 
oflhe 2 1264B and the Yd;v divider. For example, lo sel the 2 1264B GCLK frequency lo 
500 MHz with a Clkln_x frequency of 166.7 MHz, the system must select a V d;v 
divider of3 by placing the value 0011 2 on pins IRQ_H[3:0]. 

Table 7-12 Differential Reference Clock Frequencies In Full-Speed Lock 

GCLK Reference Clock Frequency (MHz) for V d;v Dividers 1 

Period Frequency 32 10 II 12 14 15 !6 
(ns) (MHz) 

2.5 400 133.3 I 00 80 

2.4 

2.3 

2.2 

2. 1 

2.0 

1.9 

1.8 

1.7 

1.6 

1.5 

1.4 

1.3 

1.2 

I.I 

1.0 

0.9 

0.8 

416.7 

434.8 

454.5 

476.2 

500 

526.3 

555.6 

588.2 

625 

666.7 

714.3 

769.2 

833.3 

909.1 

1000 

1111.1 

1250 

138.9 104.2 83.3 

144.9 108.7 87.0 

151.2 11 3.6 90.9 

158.7 119.0 95.2 

166.7 125.0 100 83.3 

175.4 131.6 105.3 87.7 

185.2 138.9 111.1 92.6 

196.1 147.1 11 7.6 98.0 84.0 

156.3 125.0 104.2 89.3 

166.7 133.3 I I I.I 95.2 83.3 

178.6 142.9 119.1 102.0 89.3 

192.3 153.8 128.2 109.9 96.2 85.5 

166.7 138.9 119.0 104.2 92.6 83.3 

181.8 151.5 129.9 113.6 101 90.9 

200 166.7 142.9 125 111 , 1 100 90.9 83.3 

185.2 158.7 138.9 123.5 111.1 101.0 92.6 85.5 

178.6 156.3 138.9 125 11 3.6 104.2 96.2 89.3 83.3 

1 Divider 16 is out ofrange for the 21264B and reserved for future use. Valid reference clock (Clk[n_x) 
frequencies for the 21264B are specified in the range from 80 to 200. Divider values that are out of 
that range are displayed as a dash .. _ .,_ 

2 Dividers or I and 2 are to be used only in a PLL test mode. 

7.11.2.4 Power-Up/Reset Clocking 

During the power-up/reset sequence, when nol in PLL bypass mode, there may be a 
period of lime when Clkln_x is nol yel running, but there is a voltage on PLL_ VDD. 
The signal DCOK_H is deasserled until power is good throughout the system. The 
10% to 90% rise time of DCOK_H should be less than 2 ns. The deasserted stale of 
DCOK_H and the presence of PLL_ VDD causes the PLL lo generate a global clock 
that is distributed throughout the 2 1264B with a frequency range of I MHz lo 500 
MHz. The presence oflhe global clock during this period avoids permanent damage to 
the 21264B. 
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8 
Error Detection and Error Handling 

Tb is chapter gives an overview of the 2 12648 error detection and error handling mech­
anisms, and is organized as fo llows: 

Dala error correction code 

I cache data or lag parity error 

Dcachc tag parity error 

Dcachc data correctab le ECC error 

Dcachc store second error 

Dcacbe duplicate lag parity error 

Bcache lag parity error 

Bcache data correctable ECC error 

Memory/system port data correctable ECC error 

Bcache data correctable ECC error on a probe 

Double-bit fil l errors 

Error case summary 

Table 8- 1 summarizes tl1e 2 12648 error detection. 

Table 8-1 212648 Error Detection Mechanisms 

Component 

Bcachc tag 

Bcache data array 

Dcachc tag array 

Error Detection Mechanism 

Parity 1>rotected. 

Quadword-ECC protected. 

Parity protected. 

Dcache duplicate tag array Parity protected. 

Dcachc dala array Quadword-ECC prolectcd, however this mode of operation is 
only supported in systems that have ECC enabled on both the 
system and Bcache ports. 

I cache tag array Parity protected. 

lcache data array Parity protected. 

Sys tem port data bus Quadword-ECC protected. 
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8.1 Data Error Correction Code 

The 212648 supporLs a quadword error correction code (ECC) for the system data bus. 
ECC is generated by the 21 2648 for all memory write transactions (WrYiclimBlk) 
emitted from the 2 12648 and for a ll probe data. ECC is also checked on every memory 
read transaction for si ngle-bit correction and double-bit error detection. 8cache <lala is 
checked for fi lls lo the Dcache an<l lcache, and for 8cache-lo-syslem transfers that are 
initialed by a probe (if enabled by tl1e CSR ENA8LE_PR08E_CHECK). 

Tbe 212648 ECC implementation corrects single-bit errors in hardware. 

1/0 write Lransaclion data wi ll nol have a va lid ECC (the ECC bi Ls musl be ignored by 
the system). Also, ECC checking is nol performed on 1/0 read data. 

Error detection and correction can be enable<l/<lisablc<l by way ofMbox IPR 
DC_CTL[DCDAT_ERR_EN] . 

Tab le 8- 2 shows the ECC code. 

Table 8-2 64-Bit Data and Check Bit ECC Code 

11 1111 1111 2222 22l2 2233 3333 3333 4444 4444 HSS 5555 5 555 6666 CCCC CCCC 
01:lJ 4567 8901 2345 6789 01 23 f567 8901 1345 6789 0123 4567 8901 lHS 6789 01:.1 3 0123 4567 

CBO 0111 0100 1101 0010 0111 0100 1101 001 0 1000 1 0 11 0010 1101 1 0 0 0 l.Ol.l 0010 l.101 1000 0000 

CBl 1110 1010 1010 1000 1110 1 010 1010 1000 1110 1010 1010 1000 1 110 1010 1010 1000 0100 0000 

CB.:Z 1001 100 1 0110 0101 1001 1 0 01 OllO 0101 1001 1001 OllO 01 01 1 001 1001 0110 0101 0010 0000 

CB3 1100 0111 0001 1100 1100 0 1 11 0001 1100 1100 0 1 11 0001 1100 1100 0111 0001 1100 0001 0000 

CB4 0011 1111 0000 0011 0011 1111 0000 0011 0011 1111 0000 0011 0011 1111 0000 0011 0000 1 000 

CBS 0000 0000 1111 1111 0000 0000 1111 1111 0000 0000 1111 1111 0000 0000 1111 1111 0000 0100 

CB6 1111 1111 0000 000 0 0000 0000 1111 1111 1111 1111 0000 0000 0000 0000 1111 1111 0000 0 0 10 

CB7 1111 1111 0000 0 0 00 0000 0000 1111 1111 0000 0000 1111 llll 1111 1111 0000 0000 0000 0001 

8.2 lcache Data or Tag Parity Error 

The fo llowing actions are performed when an lcachc data or tag parity error occurs. 

I . When the hardware <lelecls an error <luring an lcacbc rca<l lransaclion, il lraps and 
rep lays the instructions lhal were fetched <luring the error, then nu.shes the entire 
lcaehe so the re-fetched instructions <lo nol come directly from the lcache. 

2. I_STAT(PAR] is set. 

3. A corrected read <lala (CRD) iolcrrupl is posted, when enabled. (Pass 3 only) 

8.3 Dcache Tag Parity Error 

T he primary copies or the Dcachc lags arc u.sc<l only when servicing 212648-gcncrale<l 
load and store instructions.There are correctable and uneorrcetablc forms of tl1is error. If 
an issued load or store instruction detects a Dcache tag parity error, the following aclions 
are performed: 

I. MM_STAT(DC_TAG_ PERR] is set. 

2. A Dslrcam faul t (DFAULT) is taken. 

3. The virtual address associated with the error is available in the VA register. 
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4. The PALcode nushes the error block by temporarily disabling 
DC_CTL(DCTAG_pAR_EN] and evicting the block using two HW _LO instruc­
tions. The onchip duplicate tag provides the correct victim address and cache 
coherence state. 

If a retried load instruction detects the Dcache tag parity error, the memory reference 
may have already been retired, so the EXC_ADDR is not available. In this case, the 
error is uncorrectable and the Mbox performs the following actions: 

Either DC_STAT[TPERR_P0] or DC_STAT[TPERR_P I] is set, indicating the 
source of lhe error. 

When enabled, a machine check (MCHK) is posted. The MCHK is taken when not 
in PALmode. 

8.4 Dcache Data Single-Bit Correctable ECC Error 

The following operations may cause Dcache data ECC errors: 

Load instructions 

Stores of less than quadword length 

Dcacl1e victim read transactions 

The hardware now used for Dcache data ECC errors depends on the event that 
caused the error. 

8.4.1 Load Instruction 

Loads Lhal read data from the Dcache may do so either in the same cycle as the Dcache 
tag probe (typical case) or in some subsequent cycle (load-queue retry). The hardware 
functional nows for these two error cases differ slightly. 

When a load instruction reads the Dcache data array in the same cycle as the tag array, 
if an ECC error occur.; on the LSD ECC error detector.;, then the lbox stops retiring 
instructions and does not resume retiring until after hardware recovers from the error. 

If an ECC error occurs on the LSD ECC error detectors, when a load instruction reads 
the Dcache Lag array before it reads the Dcache data array, then the load instruction may 
have already been retired. In either case: 

The incorrect data is written into the load instruction's destination register; 
however, the load queue retains the stale associated with the load instruction. 

A consumer of the load instruction 's data may be issued before the error is 
recognized; however, the lbox will invoke a replay trap al an instruction Lhal is 
older than (or equal to) any instruction Lhal consumes the load instruction's data, 
and then stalls the replayed lslream in the map stage oflhe pipeline until the error is 
corrected. 

Given a READ_ER.R read-type from the Mbox for the error load instruction, the 
Cbox scrubs the block in the Dcache by evicting the block into the victim buffer 
(thereby scrubbing it) and writing it back into the Dcache as fo llows: 

C_STAT(DSTREAM_DC_ERR] is set. 
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- C_ADDR contains bits [19:6] of the Dcache address of the block that contains 
the error (bits [ 42:20] of the physical address are nol updated). 

- DC_STAT(ECC_ER.R_LD] is set. 

- The load queue retries the load and rewrites the register. 

A corrected read data (CRD) error interrupt is posted, when enabled. 

Note: Errors in speculative load inslructions cause a CRD error interrupt 

to be posted but the data is not scrubbed by hardware. The PALcode 
cannot perform a scrub because C_STAT is zero and C_ADDR does not 
contain the address of the error. 

8.4.2 Store Instruction (Quadword or Smaller) 

A store instruction Lhal is a quadword or small er could invoke a Dcache ECC error, 
since the original quadword must be read to calculate the new check bits. 

The Mbox scrubs the original quadword and replays the write transaction. 

DC_STAT(ECC_ERR_ST] is set. 

A corrected read data (CRD) error interrupt is posted, when enabled. 

8.4.3 Dcache Victim Extracts 

Dcache victims with an ECC error are scrubbed as they are written into the 
victim data buffer. 

No status is logged. 

No exception is posted. 

8.5 Dcache Store Second Error 

A second store instruction error is logged when il occur.; close behind the fir.st. 
Neither error is corrected. 

DC_STAT[ECC_ERR_ST] is set. 

DC_STAT[SEO] is set. 

When enabled, a machine check (MCHK) is posted. The MCHK is taken when nol 
in PALmode. 

8.6 Dcache Duplicate Tag Parity Error 

The Dcache duplicate tag has the correct version of the Dcache coherence stale for the 
21264B, a llowing il to be used for correct lag/slat us data when the Dcache tags generate 
a parity error. These tags are parity protected also; however, the Dcache duplicate tag 
cell is designed lo be much more tolerant of soil errors. The parity generators for the 
duplicate tags are enabled whenever the Cbox performs a physically-indexed read 
transaction of eight locations in the tag array. If an error is generated, the following 
actions are taken : 

Dcache duplicate tag parity errors are not recoverable. 
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C_STAT[DC_PERR] is sel. 

C_ADDR contai ns bits [42:6] of the Dcache duplicate tag address of the block Oiat 
contains the error. 

When enabled, a machine check (M CHK) is posted. The MCHK is taken when not 
in PALmo<le. 

8.7 Bcache Tag Parity Error 

The Bcache tag parity is checked on all Bcache tag references, including references 
invoked by system probes. I fan error is detected, the following actions are taken : 

Bcache tag parity errors are not recoverable. 

C_STAT[BC_PERR] is sel. 

C_ADDR contains bits [ 42 :6] or the Bcache address or 01e block that contains the 
error. 

When enabled, a machine check (MCHK) is posted. The MCHK is taken when not 
in PALmode. 

8.8 Controlling Bcache Block Parity Calculation 

Parity is calculated for either valid Bcache blocks or all Bcachc blocks. The ca lculation 
is controlled by the value in Cbox CSRBC_VAUD_MODE in the WRJTE_ MANY 
chain, as fo llows: 

If the MSB ofBcTag_H is less than the value of Maximum PA in Tab le 4-13, then 
BC_ VALID_MODE= I and parity is calculated for only valid Bcache blocks. 

If the MSB ofBcTag_H is greater than or equal lo the value of Maximum PA in 
Table 4-13, then BC_ VALID_MODE=O and parity is calculated for all Bcache 
blocks. 

For example, if BcTag_ l-1(38:20] and Maximum PA is 36, then 38 is greater Oian or 
equal to 36 and BC_ VAUD_MODE=O and parity is calculated for all Bcache blocks. 

8.9 Bcache Data Single-Bit Correctable ECC Error 

The following actions may trigger Bcache data ECC errors: 

I cache fi ll , data possibly used by lcache 

Ocache fill, data possibly used by load instruction 

Bcache victim during an ECB instruction or during a Dcache/Bcache miss 

The recovery mechanism depends on the action that triggered the error. 

8.9.1 lcache Fill from Bcache 

For an )cache fill , 01e LSD ECC checkers detect the error, and bad I cache data parity is 
generated for the octaword Oiat contains the quadword in error. lfan error is detected, 
the fo llowing actions are taken : 

The hardware flushes 01e lcache. 

C_STAT[ISTREAM_ BC_ERR] is sel. 
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C_ADDR contains bits [42:6] o f01e Bcache fi ll address of the block that contains 
the error. 

C_SYNDROME_0[7:0] and C_SYNDROME_ l[7: 0] contain the syndrome of 
quadword O and I, respectively, of the oclaword subblock that contains the error. 

A machine check (MCHK) is posted and taken immediately. The PALcode machine 
check handler perfonns a scrubbing operation as described in Section D.36 lo 
ensure that the origi.nation point of the error is corrected. 

Note: A corrected read data (CRD) error interrupt is also posted in case 01is error 
is in a speculative pa01 and the MCHK is removed. The CRD PALcode 
reads the status, to detect this condition, and scrubs the block. l.n the normal 
MCHK flow, the PALcode clears the pending CRD error. 

8.9.2 Dcache Fill from Bcache 

If the quadword in error is not used to satisfy a load instruction, a hardware recovery 
f1ow is not i.nvoke<l. Tbc quadword in error, and its associated check bits, are written 
into the Dcache. However, status is logged as shown in the bulleted list below, and a 
corrected read data (CRD) error interrupt is posted, when enabled. PALcode may elect 
to correct O,e error by scrubb ing the block. lf01 e error is not corrected by PALcode 
when it occurs, the error wi ll be detected and corrc-cted by a later load/victim operation. 

If 01e quadword in error is used to satisfy a load instruction, 01en the flow is very simi­
lar to that used for a Dcache ECC error. The LSD ECC checker detects 01e error and the 
2 1264B performs the fo llowing actions: 

The load inslruction's destination regisler is writlcn with incorrect data; however, 
the load queue will retain the stale associated wi01 the load instruction. 

A conswncr of the load instruction 's data may be issued before the error is 
recognized. The lbox wi ll invoke a replay trap at an instruction that is older Ornn (or 
equal to) any instruction that consumes the load instruction 's data. The 2 1264B 
then stalls the replayed I stream in the map stage or the pipeline, until the error is 
corrected. 

With a READ ERR read type from the Mbox for O,e load instruction in error, the 
Cbox scrubs 0-;-e block in the Dcache by evicting the block into the victim buffer 
and writing it back into the Dcache. 

C_STAT[DSTREAM_BC_ERR] is sel. 

C_ADDR contains bits [42:6] of01e Bcache fill address of the block that contains 
the error. 

C_SYNDROME_0[7:0] and C_SYNDROME_ I [7:0] contain the syndrome or 
quadword O and I, respectively, o f the oclaword subblock that contai ns the error. 

The load queue retries the load instruction and rewrites the register. 

DC_STAT[ECC_ERR_LD] is sel. 

A corrected read data (CRD) error interrupt is posted, when enabled. 
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Note: Errors in speculative load instructions cause a CRD error to be posted but 
the data is not scrubbed by hardware. The PA Lcode cannot perform a scrub 
operation because C_STAT is zero and C_ ADDR does not conta in the 
address of the block in error. 

8.9.3 Bcache Victim Read 

A victim from the Bcache is written directly to the system port, without correction. The 
ECC parity checker on the LSD detects the error and posts a corrected read data (CRD) 
error interrupt. The Cbox error register is not updated. 

8.9.3.1 Bcache Victim Read During a Dcache/Bcache Miss 

While the Bcache is servicing a Dcache miss and that Bcache access is also a miss, and 
an error occurs during lhal Bcache data access, the Cbox does not latch the error infor­
mation. However, the Mbox correction stale machine is activated and it invokes a CRD 
error despite the fact that no correction is performed. 

The Bcache access error is wri tten out to memory and is subsequently detected and cor­
rected by the next consumer of the data. 

No correction is made. 

No status is logged (C_STAT = 0). 

A CRD error interrupt is posted, when enabled. 

8.9.3.2 Bcache Victim Read During an ECB Instruction 

A victim from the Bcache that occurs while an ECB instruction is being executed is 
written directly to the system port without correction. No Cbox registers are set and no 
exception is taken. 

8.10 Memory/System Port Single-Bit Data Correctable ECC Error 

The fo llowing act ions may cause memory/system port data ECC errors: 

lcache fill-data possibly used by !cache 

Dcache fill-data possibly used by a load instruction 

The recovery mechanism depends on the event that caused the error. 

8.10.1 lcache Fill from Memory 

For an lcache fill the LSD ECC generators detect the error, and bad lcache data 
parity is generated for the octaword that contains the quadword in error. 

The hardware flushes the !cache. 

C_STAT[ISTREAM_ MEM_ERR] is set. 

C_ ADDR contains bits [42:6] of the system memory fill address of the block that 
contains lhe error. 

C_SYNDROME_0[7 :0] and C_SYNDROME_ 1[7:0] contain the syndrome of 
quadword O and I, respectively, of the octaword subblock that contains the error. 
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A machine check (MCHK) is posted and taken immediately. The PALcode machine 
check handler performs a scrubbing operation as described in Section D.36 lo 
ensure that the origination point of the error is corrected. 

Note: Also, a corrected read data (CRD) error is posted, when enabled, in case 
this error is in a speculative path and the MCHK is removed. The CRD 
error PALcode reads the status to detect this condition and scrubs the block. 
In the normal MCHK now, the PALcode clears the pending CRD error. 

8.10.2 Dcache Fill from Memory 

If the quadword in error is not used lo satisfy a load instruction, no hardware 
recovery n ow is invoked. The quadword in error, and ils associated check bits, are writ­
ten into the Dcache. However, status is logged as shown in the bulleted list below and a 
corrected read data (CRD) error interrupt is posted, when enabled. PALcode may 
choose to correct the error by scrubbing the block. If the error is not corrected by PAL­
code at the time, the error wi ll be detected and corrected by a load/victim operation. 

If the quadword in error is used to satisfy a load instruction, then the now is very simi­
lar lo that used for a Dcache ECC error: 

The load instruction's destination register is written with incorrect data; however, 
the load queue will retain the state associated with the load instruction. 

A consumer of the load instruction's data may be issued before the error is 
recognized; however, the lbox will invoke a replay trap at an instruction that is 
o lder than (or equal to) any instruction that consumes the load instruction 's data. 
The l box stalls the replayed I stream in the map stage of the pipeline until the error 
is corrected. 

With a READ_ERR read type from the Mbox for the load instruction in error, the 
Cbox scrubs the block in the Dcache by evicting the block into the victim buffer 
and writing it back into the Dcache. 

C_STAT[DSTREAM_MEM_ERR] is set. 

C_ ADDR contains bits [42:6] of the system memory fill address oflhe block that 
contains the error. 

C_SYNDROME_0[7:0] and C_SYNDROME_ I [7 :0] contain the syndrome of 
quadword O and I, respectively, of the octaword subblock that contains the error. 

The load queue retries the load instruction and rewri tes the register. 

DC_STAT[ECC_ERR_LD] is set. 

A corrected read data (CRD) error interrupt is posted, when enabled. 

Note: Errors in speculative load instructions cause a CRD error to be posted but 
the data is not scrubbed by hardware. TI1 e PALcode cannot scrub the data 
because C_STAT is zero, and C_ADDR does not have the address of the 
block with the error. 

8-8 Error Detection a nd Error Ha ndling Alpha 212648 Hardware Refe re nce Manual 



Bcache Data Single-Bit Correctable ECC Error on a Probe 

8.11 Bcache Data Single-Bit Correctable ECC Error on a Probe 

Tbe probed processor exlracts U1e block from its Bcache, signaling a corrected read 
data (CRD) error and latching error information . The single-bit ECC detected error data 
is not corrected by the probed processor, but is forwarded lo the requesting processor. 
The reques ting processor then detecls a related system !ill error as a result of this sys­
tem probe transaction. 

No hardware correction is performed. 

C_STAT[PROBE_BC_ ERR] is set. 

C_ADDR contains bit [42 :6] of the Bcache address of the block that contains the 
error. 

C_SYNDROME_ 0[7 :0] and C_SYNDROME_ 1[7:0] contain the syndrome of 
quadword 0 and I, respectively, of the octaword subblock that contains the error. 

A CRD error interrupt is posted, when enab led. 

The PALcode on the probed processor may choose lo scrub the error, though it will 
probably be scrubbed by the requesting processor. 

8.12 Double-Bit Fill Errors 

Double-bit errors for fill s arc detected, but not corrected, in the 212648. The following 
events may cause a double-bit fi ll error: 

lcache fill from Bcache 

Dcache Ii 11 from Bcache 

lcache !ill from memory 

Dcache !ill from memory 

I fan error is detected, the following actions are taken : 

C_ STAT is set to one of the following: 

ISTREAM_ BC_ DBL (lcache fi ll from Bcache) 

DSTEAM_BC_ DBL (Dcache fill from Bcache) 

ISTREAM_MEM_ DBL (lcache fill from memory) 

DSTREAM_ME M_ DBL (Dcache m l from memory) 

C_ ADDR contains bits [42:6] of the system memory fill address of the block that 
contains the error. 

When enabled, a machine cheek (MCHK) is posted. The MCHK is taken when not 
in PA Lmode. 

A double-bit !ill error from memory, marked by the data 's corresponding ECC, 
when wrillcn to cache, also writes Lhe corresponding ECC to cache. Any consumer 
of that error (such as another CPU) also consumes the corresponding ECC value. 

Note: C_ ADDR may be inaccurate in heavy traffic conditions. C_STAT is accu­
rate. 
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8.13 Error Case Summary 

Table 8- 3 swnmarizes the various error cases and thei.r ramifications. 

Table 8-3 Error Case Summary 

Hardware 
ErTor Exception Status Action PALcode Action 

Jcachc data or lag CRD ISTAT[PAR] lcachc flushed Log as CRD 
parily error 

Dcachc tag parily DFAULT MM_STAT[DC_TAG_PERR] Evict with two 
error (on issue) VA(address] HW_ LDs and log as 

CRD 

Dcache tag parity MCHK1 DC_STAT[TPERR_P0] or Log as MCHK 
error ( on retry) DC_STAT(TPERR_PI] 

Dcachc single-bit CRD DC_STAT[ECC_ ERR_LD] Corrected and Log as CRD 
ECC error on load C_STAT(DSTREAM_DC_ERR] scrubbed 

C_ADDR[bits (1 9:6] of the error 
address. (42:20] not updated.] 

Dcache single-bit CRD DC_STAT[ECC_ ERR_LD] None Log as CRD 
ECC error on C_STAT conta ins zero 
s11eculativc load 

Dcache single-bit CRD DC_STAT[ECC_ERR_ST] Corrected and Log as CRD 
ECC error on small scrubbed 
slore 

Dcache single-b it None None Corrected and None 
ECC error on victim scrubbed 
read 

Dcache second error MCHK 1 DC_STAT(SEO] No correction Log as MCHK 
on slore on either store 

Dcache duplicate lag MCHK1 C_STAT[DC_PERR] Uncorrectab le Log as MCHK 
parity error C_ADDR(error address] 

Bcache lag parity MCHK 1 C_STAT(BC_PERR] Uncorrectable Log as MCHK 
error C_ADDR[error address] 

Bcache single-bit MCHK C_STAT(ISTREAM_8C_ERR] Icache flushed Scrub error as described 
error on Icache fill and CRD2 C_ADDR(error address] in Section D.36. 

C_SYNDROME_0 Log as CRD 
C_SYNDROME_ I 

Bcache single-bit CRD DC_ STAT[ECC _ERR_ LD] Corrected and Scrub error as described 
error on Dcache ftll C_STA11DSTREAM_BC_ERR] scrubbed in iu Section D.36. 

C_ADDR(crror address] Dcache3 Log as CRD 
C SYNDROME 0 
C=SYNDROME= I 

Bcache victim read CRD DC_STAT(ECC_ ERR_LDJ None Log as CRD 
on Dcache/Bcache C_STAT contains 0 
miss 

Bcache victim read None None None None 
Oil EC8 
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Table 8-3 Error Case Summary (Continued) 

Error Exception Status 

Memory single-bit MCHK C_STAT[JSlllEAM_MEM_ERR] 
error on !cache fi ll and CRD2 C_ ADDR[error address] 

Memory single-bil CRD 
error on Dcache fi ll 

Bcache single-bit CRD 
error on a probe hit 

Bcache double-bit MCHK 1 

error on Jcachc fill 

Bcache double-bit MCHK 1 

error on Dcache fi 11 

Memory double-bit MCHK 1 

error on lcachc fi ll 

Memory double-bit MCHK 1 

error on Dcache fi 11 

C SYNDROME 0 
C=SYNDROME=l 

DC_ STA~C _ ERR_ LD] 
C _ STAT[DSTREAM _ MEM _ ERR] 
C ADDR[error address] 
C- SYNDROME 0 
C=SYNDROME= l 

C STAT(PROBE BC ERR] 
C= ADDR[ error a ddress ]4 

C SYNDROME 0 
C=SYNDROME= l 

C STAT[ISlllEAM BC DBL] 
C= ADDR[error addrcss]4 

C_STAT[DSTREAM_BC DBL] 
C_ADDR[crror addressf' 

C STAT[ISTREAM MEM DBL] 
c ::_ADDR[error addressf' 

C_STAT[DSTREAM_MEM DBL] 
C_ ADDR[error address]• 

Error Case Summary 

Hardware 
Action PALcode Action 

lcache flushed Scrub error as described 
in Section D.36. 
Log as CRD 

Corrected and Scrub error as described 
scrubbed in in Section D.36. 
Dcache3 Log as CRD 

None May scrub error as 
described in Section 
D .36. 
Log as CRD 

None Log as MCHK 

None Log as MCHK 

None Log as MCHK 

None Log as MCHK 

1 Machine check taken in native mode. TL is deferred whi le in PA.Lmodc. 

2 CR.D error posted in case the machine check is down a speculative path. 

For a single-bit error on a non-target quadword. the error is nol corrected in hardware, 
but is corrected by PALcode during the scrub operation. 

The contents ofC~ADDR may not be accurate when there is heavy cache fi ll traffic. 
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9 
Electrical Data 

This chapter descr ibes tl1e electrical characlerislics of Lhe 21264B and its interface pins. 
The chapter contains botl1 ac and de electrical characteristics and power supply consid­
cralions, an<l is organized as fol lows: 

Electrical characteristics 

DC characteristics 

Power supply sequencing 

AC characteristics 

9.1 Electrical Characteristics 

Tab le 9- 1 lists the maximum electrica l ratings for the 2 1264B. 

Table 9-1 Maximum Electrical Ratings 

Characteristics 

Slorage lemperalure 

Junction tcmperalure 

Open-dmin driver interface 

Push-pull driver interface 

Minimum de vo ltage on signa l pins 

Maxi.mum power @ indicated VDD 
for the fo llowing freq uencies: 

Ratings 

- 55° C lo + 125° C (- 67° F to 257° F) 

0° c to I 00° c (32° F to 2 12° F) 

2.0V 

1.7V 

VSS - 400 rnV 

Frequency Peak Power 

750 MHz 60 W @ 1.7V 

833 MHz 67 W @ 1.7V 

875 MHz 70 W @ 1.7V 

940 MHz 75 W @ 1.7V 

Notes: Slresses above those lisle<l under lhe given maximwn elecLrical ratings may 
cause pennanent device fai lure. Functionality at or above tl1ese 
Ii mils is not implied. Exposure lo tl1ese Ii mils for extended periods of time 
may alTecl device reliabi lity. 

Power data is preliminary and based on measurements from a limited set of 
material. 
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9.2 DC Characteristics 

This section contains tl1e de characteristics for the 21264B. The 2 1264B pins can be 
divided into IO distinct electrical signal types. The mapping between these signal types 
and tl1e package pins is shown in Chapter 3. Table 9- 2 shows the signal types. 

Table 9-2 Signal Types 

Signal Type 

1_oc_powER 

I_DC_REF 

I_DA 

I_DA_CLK 

O_OD 

O_OD_TP 

O_ PP 

O_ PP_CLK 

B_DA_OD 

B_ DA_PP 

Description 

Supply vollagc pins (VDD/PLL_ VDD) 

Input de reference pin 

Input differential amplifier receiver 

1.nput ditlCrcntial amplifier clock receiver 

Open-drain output driver 

Open-drain dri vcr for Lest pins 

Push-pull output driver 

Push-pull output clock driver 

Bidirectiona l differential amplifier receiver - open-drain 

Bidirectional differential amplifier receiver - push-pull 

Tables 9- 3 lhrough 9- 12 show the de switching characteristics of each signal type. 
Also, the following notes apply lo Tables 9- 3 to 9- 12. 

I. The differential voltage, VdilT, is I.he absolute difference between lhe differential 
inpul pins. 

2. Delta VBLAS is defined as U1e open-circuit differential voltage on the appropriate 
differential pairs. Test condition for these inputs are to let the input network self 
bias and measure the open circuit voltage. The test load must be <! IM ohm. In nor­
mal operation, these inputs are coupled wilh a 680-pF capacitor. 

3. Functional operation of the 2 1264B with less l.han a ll VDD and VSS pins con­
nected is not imp lied. 

4. The test load is a SO-ohm resistor to VDD/2. The resistor can be connected to lhe 
21264B pin by a SO-ohm lransmission line of any lengtl1. 

5. DC lest conditions set the minimum swing required. These de limi Ls set lhe lrip 
point precision. 

6. Input pin capacitance values include 2.0 pF added for package capacitance. 
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Note: Current out of a 2 1264B pin is represented by a - symbol while a + symbol 
indicates current fl owing into a 2 1264B pin. 

Table 9-3 VDD (I_DC_POWER) 

Parameter Symbol Description Test Conditions 

VDD Processor core supply voltage 

Power (sleep) Processor power required (s leep) @ VDD = 1.7V 
Note3 

PLL_VDD PLL supply voltage 

PLL_IDD PLL supply current (running) Freq = 940 MHz 

1 Power measured at 37.5 MHz whi le running the "Ebox aliveness test." 

Table 9--4 Input DC Reference Pin (I_DC_REF) 

Parameter 
Symbol Description 

VREF 

[Tri 

DC input reference voltage 

Jnpul current 

Test Conditions Minimum 

600mV 

VSS S V S VDD 

Table 9-5 Input Differential Amplifier Receiver (I_DA) 

Parameter 
Symbol Description Test Conditions Minimum 

V IL Low-level input voltage Nole5 

Minimum Maximum 

1.6V 1.7V 

12w' 

2.45V 2.55 Ve 

25mA 

Maximum 

VDD - I00mV 

150 µ.A 

Maximum 

VREF - 200 mV 

V11 1 High-level input voltage VREF + 200mV 

[Tri Input current VSS S V S VDD 150 µ.A 

C rN Input-pin capacitance Freq = 10 MHz TBD 
Nole 6 

Table 9-6 Input Differential Amplifier Clock Receiver (I_DA_CLK) 

Parameter 
Symbol Description Test Conditions 

Vdiff Differential inpul vollage 

[ llVmAsl Opcn-circuil differenlia l [ $ ± 1 µ.A 
Nole 2 

[ Ii[ Input currenl VSS S V S VDD 

C rN Input-pin capacitance Freq = I0 MHz 
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200 mv Nole I 

50mV 

150µ.A 

TBD 
Note6 
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Table 9-7 Pin Type: Open-Drain Output Driver (O_OD) 

Parameter Test 
Symbol Description Conditions Minimum Maximum 

VoL Low-level output voltage loL = 50 mA 400mV 

11oz I High impedance output current 0 < V < VDD 150 µ.A 

Con Open-drain pin capacitance Freq = 10 MHz TBD 
Nole6 

Table 9--8 Bidirectional, Differential Amplifier Receiver, Open-Drain Output Driver (B _ DA _OD) 

Parameter 
Symbol Description Test Conditions Minimum Maximum 

VIL Low-level input voltage Nole5 VREF - 200mv 

V111 High-level inpul voltage VREF + 200mV 

VoL Low-level output vo ltage loL = 50 mA 400mV 

l i d Input current VSS S V S VDD 150 µ.A 1 

C rN Input-pin capacitance Freq = 10 MHz TBD 
Nole6 

1 Measurement taken with output driver disab led. 

Table 9-9 Pin Type: Open-Drain Driver for Test Pins (O_OD_TP) 

Parameter Test 
Symbol Description Conditions Minimum Maximum 

VoL Low-level output vo ltage lo L = 15 mA 400mV 

I l oz l High-impedance output current 0 < V < VDD 150 µ.A 

C00_TP Pin capacitance Freq = 10 MHz TBD 
Nole 6 

Table 9-10 Bidirectional, Differential Amplifier Receiver, Push-Pull Output Driver (B_DA_PP) 

Parameter 
Symbol Description Test Conditions Minimum Maximum 

Vn., Low-level input voltage VREF - 200 mV 

V 1H High-level input voltage VREF + 200 mV 

VoL Low-level output voltage loL = 6 mA 400 mV 

Vo11 High-level oulput voltage r011 =-6mA VDD - 400mV 

[Tri l nput current VSS S V S VDD 150 µ.A 1 

C IN Input-pin capacitance Freq = I0 MHz TBD 
Nole 6 

Measurement Laken with oulpul driver di sabled. 
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Table 9-11 

Parameter 
Symbol 

VoL 

Yo 11 

I loz l 

Coo 

Power Supply Sequencing and Avoiding Potential Failure Mechanisms 

Push-Pull Output Oliver (O_PP) 

Description 

Low-level oulpu t vollage 

High-level output voltage 

High-im1>edancc outpul current 

Open-dmin pin capac itance 

Test 
Conditions 

loL = 40 mA 

loL = -40 mA 

0 < V < VDD 

Freq = 10 Ml-lz 

Minimum 

VDD - 500 mV 

Maximum 

500mV 

150 µA 

TBD 
Nole6 

Table 9-12 Push.Pull Output Clock Driver (O_PP _CLK) 

Parameter Test 
Symbol Descr iption Conditions Minimum Maximum 

VoL Low-level oulpul voltage Nole 4 VDD/2 - 325 mV 

Vo 11 High-level output vo ltage Nole4 VDD/2 + 325 mV 

11oz I High- im pedance output 0 < V < VDD 40 mA 1 

current 

1 Meas ured value inc ludes current fro m onchip termina tion struc tures. 

9.3 Power Supply Sequencing and Avoiding Potential Failure Mech­
anisms 

Before the power-on sequencing can occur, systems should ensure Uial DCOK _ H is 
deasserled and Resct_L is asserted. Then, syslcms ramp power lo lhe 2 1264B 
PLL_VDD @2.5 V and lhe 21 264B power planes (VDD @ 1.65 V, nollo exceed 1.70 
V under any circurnslances), wiU1 PLL_ V DD leading VDD. Syslems should supply 
differential clocks lo lhe 2 1264B on Clkln_ H and Clkln_L. The clocks should be 
running as power is supplied. 

When enabling lhe power supply inpuls in a syslcm, lhrcc fa ilure mechanisms musl be 
avoided : 

I . Bidircclional s ignal buses musl nol confl ict during power-up. A confl ict on lhesc 
bLL"es can genera te high current conditions, which can compromise the reliabi lity o f 
U1e assoc ialed chips. 

2. Similarly, input receivers should nol sec inlcrmed ialc voltage levels lhal can also 
generate high current condi tions, which can compromise Lhe relj abilily of the 
receiving chip. 

3. Finally, no CMOS chip should sec an inpul voltage Uial is higher than ils interna l 
VDD. In such a conditi on, a reasonable level o f charge can be injecled inlo lhc bulk 
oflh e di e. This condition can expose the chip to a positive-feedback lalchup 
condition. 

The 2 1264B addresses !hose lhrcc failure mechanisms by disabling a ll of ils outputs 
and bidireclional pi ns (wilh lhrec exceptions) unli l lhc asscrl ion ofDCOK_H. The 
lhrcc exceptions arc Tdo_H, EV6Clk_L, and EV6Clk_ H. Tdo_H is used only in U1c 
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lester environment and docs nol need lo be disabled. EV6Clk_L and EV6Clk_H arc 
oulpuls llial arc bolh gencralcd and consumed by the 2 1264B; thus, VDD lracks for 
bolh lhc producer and consumer. 

On U1c push-pul I inlerfaccs: 

Disabling all oulpul drivers leaves lhe oulpul signal al lhc DC bias poinl of lhe ter­
minati on network. 

Disabling the bidircclional drivers leaves lhc other consumers of lhc bus as U1c bus 
master. 

On the open-drai n interfaces: 

Disabling all output dri vers leaves U1c outpul signal al lhc voltage of lhc open-drain 
pull-up. 

Disabling a ll bidirecliona l drivers leaves the other consumers oflhc bus as lhc bus 
masLer. 

To avoid failure mechan ism owubcr lwo, systems must sequence and conlrol external 
signal fl ow in such a way as lo avoid zero difTcrcnlial inlo lhc 2 1264B input receivers 
(I_DA, I_DA_CLK, B_DA_O D, B_DA_ PP, and B_ DA_PP). Finally, lo avoid failure 
mechanism number lhrcc, syslcms musl sequence inpul and bidircc lional pins (!_DA, 
I_ DA_CLK, B_DA_OD, B_ DA_ PP, and I_DC_REF) such lhal U1c 2 1264B does not 
see a voltage above iLs VDD. 

In addition, as power is being ramped, l{csct_L musl be asserlcd - lhis allows lhc 
2 1264B lo rescl internal slalc. Once lhc largcl vollagc levels arc allained, systems 
should asscrl DCOK_H. This indicates lo the 2 1264B lhal internal logic funclions can 
be cvalualed correclly and thal lhe power-up seq uence should be continued. Prior lo 
DCOK _H being asserted, U1c logic interna l lo lhc 2 1264 B is being rcscl and U1e 
inlemal clock nelwork is running (either clocked by lhc VCO, which is al a nomina l 
speed, or by Clkln_H, if the PLL is bypassed). 

The resel slale machine is in stale WAIT_SE'n'LE. 

9.4 AC Characteristics 

Abbreviations: 

The foll owing abbrevialions apply lo Table 9-13: 

TS U = Setup lime 

Duty cycle = Minimum clock duly cycle 

TOI-I = Hold lime 

Slew ralc = referenced to signal edge 

AC Test Conditions: 

The following condili ons apply 10 the measurements lhal are !isled in Table 9-13: 

TSU, TDH, and TSkcw values include the fo llowing onchip and package varia­
tions: min/max met.al capaciLance, GCLK skew, transistor gale lengLh variation 
(OCV), across-chip lempcralure and voltage variation, and package lcad-lenglh 
variation. 
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The AC specification values for TSU, TOH, and TSkew assume a ± 0.4 V input Table ~13 AC Specifications (Continued) 
signal amplitude, relative lo Vref, one volt per nanosecond slew rates, no mismatch Signal Name Type Reference Signa l TSU1 TDH 2 TSkew Duty Cycle TSlew 
in pin loading, and zero time-off.set between forwarded clocks and data. Any devia-
tion from those conditions can result in degraded chip performance. BcDatalnClk_ flj 7:0) T_DA NA NA NA NA 45-55¾ 

VDD is in the range between 1.55 V and 1.65 V. 
BcDataOu tClk_ llfJ:01 O_fll' EV6Clk_x NA NA ± 350 ps 

BcD11taOutClk_ L l3:0] O_l'P EV6Clk_x NA NA ± 350 ps 
SysVref is 1.2 Volts. 

lkT,,:, _ _1 1142,201 B_OA_PI' BcTagl nClk_ lT 350ps 350ps NA NA 1.0V/ns 
- BcVrefis 0.75 Volts. 

BcTagValid_ll B_DA_PP BcTagOutClk_x NA NA ± 300 ps6 45-55¾ NA 

All output skew data is based on simulation into a 50-ohm transmission line that is BcTagDirty_ ll B_DA_l'I' 38-63¾11 NA 
terminated with 50 ohms to VDD/2 for Bcache liming, and with 50 ohms to VDD 

BcTagSharcd_ll R_DA_PI' 40..60¾9 NA 
for all other timing. 

RcTa1:Parity_ll R_OA_PP 
Timings are measured at the pins as follows: 

BcTaz::OE_L O_l'P 

- For open-drain outputs, liming is measured lo (V0 1 + Vtcrm)/2. Where Vtcnn is BcTllgWr-_L O_l'I' 
the off chip termi nation voltage for system signals. 

BcTaglnClk_ rI !_DA NA NA NA NA 45-55¾ 
For non-open-drain outputs, liming is measured lo (V0 1 + V0 h)/2. 
For all inputs other than type I_DA_CLK, timing is measured to the point BcTagOutClk_x o_r1• E:V6C lk_x NA NA ± 350 ps 

where the input s ignal crosses VREF. IRQ_IIIS,01 I_DA DCOK_ II 10ns 11 10ns 11 NA NA l00mV/ns 

For type I_ DA_CLK inputs, timing is measured when the voltage on the com- Rcset_L 12 I_DA NA NA NA NA l00mV/ns 

plementary inputs is equal. 
DCOK_ll 13 I_DA NA NA NA NA I00mV/ns 

Table ~13 AC Specifications PII Dypau_ ll 14 I DA NA NA NA NA I00mV/ns 

Signal Name Type Reference Signal TSU1 TDH2 TSkew Duty Cycle TSlew Clkln_x• s l_DA_CLK NA NA NA 40--60°/4 16 1.0V/m; 

SysAdd l n_ Lll 4:0 I_ DA SysAdcllnClk_L 350ps 350ps NA NA 1.0V/ns F'ramcClk_x 17 I_ DA_ CLK Clkl n_x 400ps 400 ps NA NA 1.0V/ns 

SysFillVa lid_ L I_ DA SysAddlnClk_L 350ps 350ps NA NA 1.0V/ns EV6Clk_x18 O_l'l'_CLK Clkln_x NA NA ± 1.0ns YOiv:1:5¾ NA 

Sys llata lnValid_ L I_DA SysAdd ln Clk_L 350ps 350ps NA NA 1.0V/ns EV6Clk_..: 19 Cycle Comprc.'is ion Specifi cation : Sec Note 19 

Sys0:1taOutValid_ L I_ DA SysAddlnClk_L 350ps 350ps NA NA 1.0 V/ns ClkfwdRst_l l l_llA Fr.imeClk_x 400ps 400ps NA NA 1.0V/ns 

SysAdd l nClk_ L I_DA NA NA NA NA 45- 55% l.OV/ns SromData_H I_DA SmmClk_ ll 2.0 ns 2.0ns NA IOOmV/ns 

SysAdd0ut_ Lll 4:01 O_OD SysAddOutClk_ L NA NA ± 300 ps3 NA NA SromOE_ L O_OD EV6Clk_x NA NA ± 2.0 ns 

SysAddOutClk L O_OD [V6Clk_x NA NA ± 350 ps 45-55% NA 

SysD.ata_ L l63:III n_nA_o n SysData l nClk_ R(7:0] 350ps 350 ps NA NA l.OV/ns SmmClk_ ll 20 o _on EV6Clk_x NA NA ± 7.0 ns 

SysDataOu1Clk_Ll7:0J'' NA NA ± 300 ps3 NA NA 

Sy1Check_ Ll7:0I R_DA_OD Sy,Data lnClk _111 7:0 I 350rs 350ps NA NA 1.0 V/ns Tm,_11 !_DA Tck_ ll 2.0ns 2.0 ns NA NA IOOmV/ns 

Sys1Jata0utClk_ Ll7:0I _.. NA NA ± 300 ps3 NA NA Tnt_ L21 f_DA Tck_ ll NA NA NA NA IOOmV/ns 

Sy1Data lnClk_ ll f7:0] I_DA NA NA NA NA 45-55¾ 1.0V/ns Tdi_ ll I_DA Tck_ ll 2.0ns 2.0ns NA NA IOOmV/ns 

Sy1Dat:.aOu1Clk Ll7:0J O_OD EV6Clk_x NA NA ± 350 ps 45-55% NA Tdo_ ll o _o n Tck_ ll NA NA ± 7.0ns NA NA 

BcAdd_llf2J:41 O_PI' BcTagOulClk_x NA NA ±300p.-.s,6 NA 

RdJataOE_ IJ O_PI' Bc lbtaOutClk_xl) :01 7 45-55% Tck_ H I_OA IEEE 1149.1 Port Freq."" 5.0 NA NA NA 45-55°/4 lOOmV/ns 
Milz Max . 

BcLoad_ L 0 _1'1' 38-63%8 
Te,1Sta1_ H 0 01) EV6Clk x NA NA ± 4.0ns NA NA 

BclJataWr-_ L O_l'P 40-60"/49 
I 

BcData_ ll( l27:0J R_DA_l'I' BcDar.aOu1Clk_x lJ:OJ io NA NA ± 300 ps6 45-55% 1.0V/ns 
l11e TSU specified for a ll c lock-forwarded signa l groups is with respect lo the associated clock. 

1l1e TOH specified for a ll c lock -forwarded sign a l group s is with respect to the associated clock. 
38-63%11 NA 3 The TSkew value applies only when Lhe SYS_CLK_DELAY[0: 1] entry in the Cbox WRITE_ONCE 
40-60"/49 NA chain (Tab le 5-24) is set to zero phases of de lay between forwarded c lock out a nd address/data. 

lk:Data lnClk_ lll 7:II I 350ps 350ps NA NA NA 4 
The TSkew specified for SysOata_L signa ls is on ly with res pect to t he associated clock. 
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AC Characteristics 

These signals should be referenced Lo BcTagOutClk_x when measuring TSkcw, provided that 
BcTagOutClkl_x and BcOataOutC lk_x have no programmed oftScl. 

The TSkcw value applies only when the BC_CLK_DELAY(0: I] entry in lhc Cbox WRITE_ONCE 
chain (Table 5- 24) is set Lo zero phases o r delay for Bcachc clock. 

7 TI1e TSkcw speci fied for BcAdd_ H s ignals is only w ith respect Lo I.he associated clock. 
8 The duty cycle for 2.5X s ing le daLa mode 2 GCLK phases high and 3 GCLK phases low. 

9 The duly cycle for 3.5X s ing le dala mode 3 GCLK phases high and 4 GCLK phases low. 

IO The TSkew specifi ed for BcData_ H s ignals is only with respec t Lo the associated clock pair. 
II IRQ_lf (5:0J must have I.heir TSU and TOH times rcforcnccd to DCOK_ I-I during power-up lo ensure 

the correct Y divider and resulting EV6Clk_x duty cycle. When the 2 1264B is executing ins lruclions 
IRQ_II 15:0J act as non.nal asynchronous pins lo handle inlerrupls. 

12 Rcsct_ L is an asynchronous pin. It may be asserled asynchronously. 
13 DCOK_ l-1 is an asynchronous pin. Nole the minimum slew rate on lhe assertion edge. 
14 PUBypass_ H may nol swilch when Clkln_x is running. This pin musl either be deasserted during 

power-up or I.be 212648 core power pin (VDD pins) indicating the 21 2648 's inlernal PLL wilJ be 
used. Note Lbat iL is i.llegal to use PllBypass_ H asserled during power-up unless a Clkln_x is 
present. 

15 See Section 7.11.2 for a discussion of Clkln_x as it relates to operating Lhe 2 1264B 's internal PLL 
versus running the 2 12648 in PLL bypass mode. C Lkln_x has specific inpuljiller requ iremen ts lo 
ensure optimum pcrfonnance oflhe internal 2 12648 PLL. 

16 l.n PLL bypass mode, duty cycle dev iation from 50%- 50% direclly degrades device operating fre­
quency. 

17 The TSU and TOI-I ofFrameClk_x arc referenced to the deasserting edge of Clkln_x . 
18 This signal is a feedback tot.he internal PLL and may be monitored for overall 212648 jitter. It can 

also be used as a feedback signal lo an cxt.crnal PLL when in PLL bypass mode. Proper terminalion of 
EV6Clk_x is imperalive. 

19 The cycle or phase cannot be more Limn 5% shorter than the nominal. Do nol confuse th is measure­
menl with duty cycle. 

20 The period for SromClk_ H is 256 GCLK cycles. 
21 When Trst_L is deasserled, 1·ms_H must not change s tate. l'rsl_ L is asserted asynchronously but 

may be deasserled synchronously. 

Compaq Confidential 
21264B Revision 1.0- Subject To Change Eleclrical Da ta S-9 



10 
Thermal Management 

This chapter describes the 2 1264B thermal management and thermal design 
considerations, and is organized as fo llows: 

Operating temperature 

Heat sink specifications 

Thermal design considerations 

10.1 Operating Temperature 

The 21264B is speci lied to opera le when the temperature al the center of the heat sink 
CTc) is as shown in Table I 0-1. Temperature Tc should be measured at the center of the 
heat sink, between the two package studs. The GRAFOIL pad is the interface material 
between U1e package and the heat sink. 

Table 10-1 Operating Temperature at Heal Sink Center (TJ 

87. 1° C 

85.6° C 

85.0° C 

83.8° C 

Note: 

Frequency 

750 MHz 

833 MHz 

875 MHz 

940 MHz 

Compaq recommends using the heat sink because it greatly improves the 
ambient temperature requirement. 
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Operating Temperature 

Tab le I 0-2 li sts the values fo r the center of heat-sink-to-ambient (Bea) for the 21264B 
587-pin PGA. Tables I 0-3 through I 0-6 show the allowable Ta (without exceeding Tc) 
at various ai rflows. 

Table 10-2 0ca at Various Airflows for 21264B 

Airflow (linear ft/min) 100 200 400 800 1000 

Bea with heat sink type I (°C/W) 2.0 1.2 0 .65 0.40 0.37 

Bea with heal sink type 2 (0 C/W) 1.4 0.78 0.45 0.33 0.3 1 

Bea with heal sink lype 3 1 (°C/W) - 0.38 -

1 Heal sink type 3 has a 80 mm x 80 mm x 15 mm fan attached. 

Table 10-3 Maximum T3 for 21264B @750 MHz and@16.5 V (Nominal) with Various Airflows 

Airflow (linear ft/min) 100 200 400 800 1000 

Maximum Ta with heat sink type I (°C) 35.5 59.2 69.9 71.2 

Maximum Ta with heat sink type 2 (°C) 26.9 53.5 67.8 72 .9 73.8 

Maximum Ta wiU1 heal sink lype 3 1 ( 0 C) - 70.8 -

1 Heat sink type 3 has a 80 mm x 80 mm x 15 mm fan attached. 

Table 10--4 Maximum Ta for 21264B @ 833 MHz and@ 1.65 V (Nominal) with Various Airflows 

Airflow (linear ft/min) 100 200 400 800 1000 

Maximum Ta w ith heat sink type I (°C) 28.0 54.4 66.4 67.8 

Maximum Ta with heat sink type 2 (°C) 48.2 64.0 69.8 70.7 

Maximum Ta with heat sink type 31 (°C) - 67.4-

1 Heat sink type 3 has a 80 mm x 80 mm x 15 mm fan attached. 

Table 10-5 Maximum Ta for 21264B@ 875 MHz and@ 1.65 V (Nominal) with Various Airflows 

Airflow (linear ft/min) 

Maximum Ta wiU1 heat sink type I (°C) 

Maximum Ta with heat sink type 2 (°C) 

Maximum Ta with heal sink type 31 (°C) 

100 

1 Heat sink type 3 has a 80 mm x 80 mm x 15 mm fan attached. 

200 

25.0 

46.0 

400 800 

52.5 65.0 

62.5 68.5 

- 66.0 -

1000 

66.5 

69.5 

Table 10-6 Maximum T3 for 212648@940 MHz and@ 1.65 V (Nominal) with Various Airflows 

Airflow (linear ft/min) 

Maximum Ta wiU1 heat sink type I (°C) 

Max imum Ta with heat sink type 2 (°C) 

Max imum Ta wilh heat sink type 31 (°C) 

100 

1 Heal sink type 3 has a 80 mm x 80 mm x 15 mm fa n attached. 

200 

41.7 

400 

48.7 

59.5 

800 

62.2 

66.0 

- 63.3 -

1000 

63.8 

67.1 
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Heat Sink Specifications 

10.2 Heat Sink Specifications 

Three heal sink types are specified. The mow,ling holes for all three are in line with 01e 
cooling fins . 

Figure I 0-- 1 shows the heal sink type I, along with its approximate dimensions. 

Figure 10-1 Type 1 Heat Sink 

r 
80.5mm 
(3.17 in) 

l 
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Heat Sink Specifications 

Figure I 0--2 shows the heal sink lypc 2, along with its approximate dimensions. 

Figure 10-2 Type 2 Heat Sink 

81 .0mm 
(3.19 in) 

y 

◄ 
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Heat Sink Specifications 

Figure I 0-3 shows heat sink type 3, along with its approximate dimensions. 

The cooling fins of heat sink type 3 are cross-cut. Also, an 80 mm x 80 mm x 15 mm 
fan is attached to heat sink type 3. 

Figure 10-3 Type 3 Heal Sink 

40.0mm A 
(1 .575 in) 

27.3 mm 
(1.075 in) 

y y 

15mm A 
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A 
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80.0 mm 
(3.15 in) 

71.5mm 
(2.815 in) 

80.0 mm 
(3.15 in) 

71.5 mm 
(2 .815 in) 

Fan 

70.65 mm 
(2.815 in) 
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Thermal Design Considerations 

10.3 Thermal Design Considerations 

Follow these guidelines for printed circuit board (PCB) component placement: 

Orient the 21264B on the PCB with the heat sink fins ali1,'lled with the a irflow 
direction. 

Avoid preheating ambient air. Place the 21264B on the PCB so that inlet air is not 
preheated by any other PCB componenLs. 

Do not place other high power devices in the vicinity of the 21264B. 

Do not restrict the airflow across the 21264B heat sink. Placement of other devices 
must allow for maximum system ai rflow in order to maximize the perfonnance of the 
heat sink. 
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11 
Testability and Diagnostics 

This chapter describes the 21264B user-oriented testability and diagnostic features. 
These featu res include automatic power-up self-lest, lcache initialization from external 
serial ROMs, and the serial diagnostic terminal port. 

The boundary-scan register, which is anoU1er testability and diagnostic feature, is listed 
in Appendix B. The bow1dary-scan register is compatible w iU1 IEEE Standard 1149. 1. 

This chapter is organized as follows: 

Teslpins 

SROM/serial diagnostic terminal port 

IEEE 1149. 1 port 

TcstStal_ H pin 

Power-up self-test and initialization 

Notes on IEEE 1149.1 operation and compliance 

The 21264B has several manufacturing lest features that arc used only by the factory, 
and they are beyond U1e scope of this chapter. 

11.1 Test Pins 

The 21264B lest access ports include the lEEE 11 49. I lest access port, a dual-purpose 
SROM/Serial diagnostic lenninal por~ and a lest status output pin. Table 11 - 1 lists the 
lest access port pins. 

Table 11-1 Dedicated Test Port Pins 

Pin Name Type Function 

Tms_ 1:1 Input IEEE 11 49. 1 test mode select 

Tdi_ll Input IEEE 11 49. 1 test data in 

Tnt_L Input IEEE 11 49. 1 tcsl logic reset 

Tck_ H Input IEEE 11 49. 1 test clock 

Tdo_ H Output IEEE 1149.1 test data output 

SromDala_ H Input SR.OM data/Diagnostic termina l data in11ul 
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SROM/Serial Diagnostic Terminal Port 

Table 11-1 Dedicated Test Port Pins (Continued) 

Pin Name Type Function 

SromClk_ ll Output SR.OM clock/Diagnoslic Lcm1inal data outpul 

SromOE_L Output SR.OM cnablc/Diagnoslic terminal enable 

TcstStat_ H Output BiST slalus/Limeoul out11ul 

11.2 SROM/Serial Diagnostic Terminal Port 

This port supports lwo functions . During power-up, it supports automatic initialization 
ofU1e Cbox configuration registers and U1e lcache from the system serial ROMs. Aller 
power-up, il supporL'i a serial diagnostic tenninal. 

11.2.1 SROM Load Operation 

The following actions are perfonned while U1e SROM is loaded: 

The SromOE_L pin supplies the output enabl e as well as the reset lo Ll1e seria l 
ROM . (Refer lo U1e serial ROM specifications for details.) The 2 1264B asserts this 
signal low for the duration of the lcache load from the seria l ROM . When the load 
has been completed, the signal remains deasserled. 

The SromClk_H pin supplies the clock to the SROM that causes it lo advance lo 
the next bit. Simultaneously, it causes the ex.isling data on the SromData_H pin to 
be shilled into an internal shill reg ister. The cycle lime o f this clock is 256 times the 
CPU clock rate. (If the FASTROM fl ag is sel, the rate is 16 limes Ll1e CPU clock 
rate.) The hold time on SromData_H is 2* CPU cycle time wiU1 respect to 
SromClk_H. 

The SromData_H pin reads data from the SROM . 

Every data and lag bit in !cache is loaded by that sequence. 

11.2.2 Serial Terminal Port 

Aller the SROM data is loaded into the lcache, the Uiree SROM interface signals can be 
used as a sollware UART and the pins become parallel 1/0 pins that can drive a system 
debug or diagnostic terminal by using an interface such as RS422. 

The seria l line interface is automatically enabled if the SromOE_L pin is wired to the 
fo llowing pins: 

An active high enable RS422 (or 26LS32) driver, driving lo SromData_H 

An active high enable RS422 (or 26LS3 I) receiver, driven from SromClk _H 

Aller reset, SromClk_H is driven from Ll1e lbox I_CTL[SL_XMIT] . This register is 
cleared during reset, so it starts driving as a 0, but il can be written by so flware. The 
data becomes avai lable al the pin aller the HW_MTPR instruction Lliat wrote 
I_CTL[SL_XMIT] is retired. 
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IEEE 1149.1 Port 

On lhe receive side, while in native mode, any transition on the Jbox I_ CTL 
[SL_ RCV], driven from the SromData_H pin, resulls in a trap lo lhe PALcode inter­
rupt handl er. When in PALmode, all interrupts are blocked. The interrupt routine then 
begins sampling I_CTL [SL_RCV) under a sollware liming loop lo input as much data 
as needed, using the chosen serial line protocol. 

11 .3 IEEE 1149.1 Port 

The IEEE 1149.1 Test Access Port consists oflhe Tdi_H, Tdo_H, Tms_H, Tck_H, 
and Trst_L pins. These pins access the IEEE 1149. 1 mandated public test features as 
well as several private chip manufacturing lest features. 

The port meets all requi remenls of the standard except !hat there are no pull-ups on the 
Tdi_H, Tms_H, and Trst_L pins, as required by lhe present standard. 

The scope of 1149. 1 compliant features on the 2 1264B is limited to the board level 
assembly verification test. The systems that do not intend lo drive thi s port must termi­
nate the port pins as fo llows: pull-ups on Tdi_H and Tms_H , pull-downs on Tck_H 
and Trst_L. 

The port logic consists of the usual standard compliant componenls, namely, the TAP 
Controller State Machine, lhe Instruction Register, and the Bypass Register. 

Th e Bypass Register provides a short shift path through the chip's IEEE 1149. 1 logic. It 
is generally useful at the board level testing. It consists of a I-bit shill register. 

The Instruction Register holds test instructions. On the 21264B, this register is 5 bi Ls 
wide. Table 11 - 2 describes the supported instructions. The instruction set supports sev­
eral public and private instructions. The public instructions operate and produce behav­
ior compliant with the standard. The private instructions are used for chip 
manufacturing test and must not be used outside of chip manufacturing. 

Ta ble 11- 2 IEEE 1149.1 lns tructions and Opcodes 

Opcode Instruction Operation/Function 

OOxxx Pri vale These instructions are for factory test use only. The user must 
Ol xxx not load them as they may have a harmful e ffect on the 
\O xxx 212648. 

11000 SAMPLE IEEE 1149. 1 SAMPLE instruction. 

11001 HTGHZ IEEE 11 49. 1 HJGHZ instruction. 

11010 CLAMP IEEE 1149. 1 CLAMP instruct ion. 

110 11 EXTEST IEEE 1149.1 EXTEST instruction. 

11100 Private These instructions are for factory test use only. The user must 
11 101 not load them as they may have a harmful effect on the 
11110 21264B. 

11111 BYPASS IEEE 1149. 1 BYPASS instruction. 

Figure 11 - 3 shows the TAP controll er stale machine slate diagram. The si1,'fla l Tms_H 
controls the stale transitions that occur with the rising clock edge. TAP state machine 
slates are decoded and used for initialing various act ions for testing. 
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TestStat_H Pin 

Table 11-3 TAP Controller State Machine 

v,...,, 
shown 
are for 
TM5. 

Scan Sequence Scan Sequence 

MK145508.Al4 

11 .4 TestStat_H Pin 

The TestStat_H pin serves two purposes. During power-up, it indicates BiST pass/fa il 
status. Aller power-up, it indicates the 21264B timeout event. 

The system reset forces TestStat_H to low. Tbox fo rces it high during lhe internal BiST 
and array initialization operations. During result extraction (DoR esult state), the Tbox 
drives it low for 16 cycles. Aller that, the pin remains low if the BiST has passes, other­
wise, it is asserted high and remains high unti l chip is reset again. Figure 11 - 1 pictori­
ally shows the behavior of the pin during the power-up operations. 

Note: A system designer may sample the TestStat_H pin on the first rising edge 
of the SromClk_H pin lo determin e BiST results. Aller the power-up dur­
ing the normal chip operation, whenever the 21264B does not retire an 
instruction for 2K CPU cycles, the pin is asserted high for 3 CPU cycles. 
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Power-Up Self-Test and Init ialization 

Figure 11- 1 TestStat_H Pin Timing Duri ng Power-Up Built-In Self-Test (BiST) 

ClkFwdReset_L 

Tbox_Reet_A_L 

TBox Reset Engine ~:====;;;_;:===:::;~=======;;o.s;:ROM~;;:====x======Si===== 
TestStatu s_H ___J ~-~-- --~=~--~x BIS1Rmu'IORT 

LKG-10950A-98WF 

Figure 11- 2 TestStat_H Pin Timing During Built-In Self-Initialization (BiSI) 

Tbox_Rst_A_L 1 

TBox Reset En gfoe1 ~===;;,,.,..;;:,; .. :;;;, .. ;;====x=============;;;::======= 
TestStatus_H1 

ClkFwdR&t_ L1 

LKG-10951A-98WF 

11.5 Power-Up Self-Test and Initialization 

Upon powering up, the 2 I 264B automatically performs the self-test of all major embed­
ded RAM arrays and then loads the Cbox configuration registers and the instruction 
cache from the system SROM . The chip 's internal logic is held in reset during tl1ese 
operations. Sec Chapter 9 for sequencing of power-up operations. 

11.5.1 Built-in Self-Test 

The power-up sclf-lesl is perfo rmed on the instruction cache and lag arrays, the data 
cache and lag arrays, the triplicate tag arrays, and the various RAM arrays located in the 
branch history table logic. The power-up self-lest lasts for approximately 700,000 CPU 
cycles. The result ofself-lcsl is made available as Pass/Fail stallls on the TcstStat_ H 
pin (see Section I I .4). 

The result o f sclf-lesl is also available in an IPR bit. So ftware can read this slallls 
through lPR I_CTL(23) (0 = pass, I = fai l) . See Section 5.2. 15. 

The power-up 8 iST leaves all bits in all arrays initiali zed lo zeroes. The instruction 
cache and the tag are reinitialized as part of the SROM initialization step. Th is is 
deta iled in Section 11.5.2. 

11.5.2 SROM Initialization 

Power-up initializati on on the 2 12648 is different from previous generation Alpha sys­
tems in two aspects. First, in tl1e 2 I 2648 systems, the presence of serial RO Ms is man­
datory as initialization of several Cbox configuration registers depends on tl1em. 
Second, il is possible lo skip or partially fi ll !cache from serial ROMs. Figure I 1- 3 
shows the map of the data in serial ROMs. 
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Power-Up Self-Test and Initialization 

In the SROM represented in Figure I 1- 3, the length for fields Cbox Config 
Data(0,n) plus M8Z(m,0) must equal 367 bi Ls. (lfCbox Config Data(0,n) is 
(0,366), M8Z would be zero.) 

For lhe 212648, Cbox Config Data is 304 biLs; the va lue for II is 303. 

Therefore, the value M8Z fi eld for Pass 3 is: 

M8Z(m,0) = 367 minus 304 = 63 = (62,0) 

Tables I 1-4 and 5- 24 describe tl1c detai ls of the lcache and Cbox bil fi elds, respec­
tively. Note that fctch_count(i ,0) mllst be 3, whi ch guarantees that the SROM never 
partially loads an I cache block. 

Figure 11-3 SROM Content Map 

[etch [0J(0, 192 fetchLi- 1)(0, 192) fetchLil(0, 192) fctch_cowll( l 1,0) Cbox Config Data(0, n) MBZ-(tn ,0) 
(fi rst block) (last block) -► 

11.5.2.1 Serial Instruction Cache Load Operation 

All lcache bi Ls, including each block's tag, address space nwnber (ASN), address space 
match (ASM), and valid and branch history bi Ls arc loaded seriall y from olTchip serial 
ROMs. Once U1e serial load has been invoked by U1e chip reset sequence, the cache is 
loaded from U,e lower to U1e higher addresses. 

The seria l ~~f,l~e fi ll invoked by the chip reset sequence operates internally al a fre­
quency o f 256 . 

Table 11-4 lisls the !cache bil fi elds in an SROM line. Fetch biLs arc listed in tl1c order 
o f shill directi on (lo down and to right). in Table I 1-4: 

Bit Type Meaning 

Disp_add carry 

1.nslruction 

iq (queue predccodcs 

Lr Trouble bi ts 

dv Destination valid 

ea Ea_src 

par-MBZ Musl be zero 

The load occurs al lhe rale of I bit per 256 CPU cycl es. The chip outputs a 50% duty 
cycle clock on U1e SromClk_H pin . 

The seria l ROMs can contain enough Alpha code to complete the configura tion oftl1e 
external interface (for example, set the liming on tl1e external cache RAMs, and diag­
nose tl,e path between U1e CPU chip and the real ROM) . 
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Notes on IEEE 1149.1 Operation and Compliance 

The instruction cache lines are loaded in the reverse order. If the fotch_count(9,0) is 
zero, then, no instruction cache lines are loaded. Since the valid bits are already cleared 
by the Bi ST operation, the first instruction fetch is missed in the instruction cache and 
the chip seeks instructions from the o ff chip memory. 

Table 11-4 lcache Bit Fields in an SROM Line 

Felch Bil 

0 

2:27 

28 

29:42 

43 

44:55 

56 

57:59 

60:65 

66,68 

69 

70,72 

73:78 

79:8 1 

82:85 

lcache Data Felch Bil lcache Data Felch Bil lcache Data 

par-MBZ 86 par-MBZ 172 lp_train 

c[3] 87 c[0] 173: 175 lp_src(2:0) 
L> 

i[3](25,20,24,19,23,18,22, 17 88: 11 3 i[0](25,20,24, I 9,3, 18,22, 17, 176: 18 1 lp_idx(1 4:9) 
,2 1, 16:0) 2 1, 16:0) 

c[2] 114 c[I] 182: 186 lp_idx(8:4) 

i[2](25,20,24,19, 115: 128 i[I] (25,20,24, 19, 187 lp_idx(l 5) 
23, 18,22, 17,2 1,16: 12) 23, 18,22, 17,2 1, 16: 12) 

parity 129 parity 188:192 lp_ssp[4:0] 

i[2](11 :0) 130:14 1 i[ l] ( l 1 :0) 

dv[3] 142 dv[0] 

iq[3](2:0) 143: 145 iq[0](2:0) 

i[3](26:3 1) 146: 15 1 i[0](26:3 1) -

ea[3](2:0) 152: 154 eaf0](2:0) 

dv[2] 155 dv[l] 

iq[2](2:0) 156: 158 iq[l] (2:0) 

i[2](26:3 1) 159: 164 i[ 1](26:3 1) 

ea[2](2:0) 165: 167 ea[l ](2:0) 

lr(7:4) 168: 17 1 lr(0 :3) 

Refer lo the Alpha Molherboards Soflware Developer's Kit (SOK) for example C code 
that calculates the predecode values or a serial !cache load. 

11.6 Notes on IEEE 1149.1 Operation and Compliance 

I. IEEE 1149. 1 port pins on the 2 1264B are not pull ed up or pull ed down on the chip. 
The necessary pull-up or pull-down function must be implemented on the board. 

2. Tms_H should not change when Trst_L is being deasserted. 

References 

TEEE Std. 1149. 1- 1993 A Test Access Port and Boundary Scan Architecture. 

See Appendix B for a listing or the Boundary-Scan Register. 
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A 
Alpha Instruction Set 

This appendix provides a summary o f tl1e Alpha inslruclion sel and describes the 
212648 IEEE noaling-poinl conformance. II is organized as fo llows: 

Alpha instruction summary 

Reserved opcodes 

IEEE 0oaling-poinl inslruclions 

VAX noaling-poinl instructions 

lndependenl noali ng-poial instructions 

Opcode summary 

Required PALcodc function codes 

IEEE fl oating-point conformance 

A.1 Alpha Instruction Summary 

This section contains a summary of a ll Alpha arch ileclure instructions. All va lues are in 
hexadecimal radix. Table A- I describes the contents of the Formal and Opcode col­
umns lhal are in Table A- 2. 

Ta ble A- 1 Ins truction Fonnat and Opcode Notation 

Instruction Format 

Floating-point 

Memory 

Formal 
Symbol 

Bra 

F-P 

Mem 

Memory/ function code Mfc 

Opcode 
Notation 

00 

oo.fff 

00 

oo.ffff 
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Meaning 

oo is the 6-bit opcode field. 

oo is the 6-bil opcode field. 
jffis the 11 -bil function code field . 

oo is the 6-bit opcode field. 

oo is the 6-bi t opcode field 
ff.ff is the 16-bil function code in the displacement 
fi eld. 

Alpha Instruction Set A-1 

Alpha Instruction Summary 

Table A- 1 Instruction Fonnat and Opcode Notation (Continued) 

Instruction Format 

Memory/ branch 

Operate 

PALcode 

Format 
Symbol 

Mbr 

Opr 

Ped 

Opcode 
Notation 

oo.h 

oo.ff 

00 

Meaning 

oo is tl,e 6-bil opcode field. 
I, is tl1e high-order 2 bits oftl,e displacement fie ld. 

oo is Lhe 6-bil opcode fi eld. 
jfis the 7-bit function code fi eld. 

oo is the 6-bit opcode field ; the particular PAL­
code instruction is specified in the 26-bit function 
code field . 

Quali fi ers for operate instructions are shown in Table A- 2. Qualifiers for IEEE and 
VAX floating-point instructions are shown in Tables A- 5 and A- 6, respectively. 

Table A- 2 Architectu re Instructions 

Mnemonic Format Opcode Description 

ADDF F-P 15.080 Add F _ floating 

ADDG F-P 15.0A0 Add G _ noaling 

ADDL Opr 10.00 Add longword 

ADDLN Opr 10.40 Add longword with integer ovcrnow enable 

ADDQ Opr 10.20 Add quadword 

ADDQN Opr 10.60 Add quadword witl1 integer ovcrnow enable 

ADDS F-P 16.080 Add S _ noating 

ADDT F-P 16.0A0 Add T _ floating 

AMASK Opr 11.6 1 Architecture mask 

AND Opr I 1.00 Logica l product 

BEQ Bra 39 Branch if = zero 

BGE Bra 3E Branch if ~ zero 

BGT Bra 3F Branch if > zero 

BIC Opr I 1.08 Bil clear 

BIS Opr 11.20 Logical sum 

BLBC Bra 38 Branch if low bit clear 

BLBS Bra 3C Branch if low bit sci 

BLE Bra 38 Branch if e, zero 

BLT Bra 3A Branch if < zero 

BNE Bra 3D Branch if* zero 

BR Bra 30 Unconditional branch 
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Alpha Instruction Summary Alpha Instruction Summary 

Table A-2 Architecture Instructions (Continued) Table A-2 Architecture Instructions (Continued) 

Mnemonic Format Opcode Description Mnemonic Format Opcode Description 

BSR Mbr 34 Branch lo subroutine CVTGQ F-P 15.0AF Convert G_ floating lo quadword 

CALL_PAL Ped 00 Trap lo PALcode CVTLQ F-P 17.010 Convert longword to quadword 

CMOVEQ Opr 11.24 CMOVE if = zero CVTQF F-P 15.0BC Convert quadword to F _floating 

CMOVGE Opr 11.46 CMOVE if ;,, zero CVTQG F-P 15.0BE Convert quadword lo G_ floating 

CMOVGT Opr 11.66 CMOVE if > zero CVTQL F-P 17.030 Convert quadword lo longword 

CMOVLBC Opr 11.16 CMOVE if low bit clear CVTQS F-P 16.0BC Convert quadword to S_ floaling 

CMOVLBS Opr 11.14 CMOVE if low bit set CVTQT F-P 16.0BE Convert quadword to T _floati ng 

CMOVLE Opr 11.64 CMOVE if Szero CVTST F-P 16.2AC Convert S_floaling to T_ floaling 

CMOVLT Opr 11.44 CMOVE if< zero CVTTQ F-P 16.0AF Convert T_fl oaling to quadword 

CMOVNE Opr 11.26 CMOVE if;t zero CVTTS F-P 16.0AC Convert T_fl oali ng lo S_fl oaling 

CMPBGE Opr 10.0F Compare byte DTVF F-P 15.083 Divide F _floating 

CMPEQ Opr 10.20 Compare signed quadword equal DTVG F-P 15.0A3 Divide G_floaling 

CMPGEQ F-P 15.0A5 Compare G _ floating equal DIVS F-P 16.083 Divide S_floati ng 

CMPGLE F-P 15.0A7 Compare G_Jloating less than or equal DTVT F-P 16.0A3 Divide T _floating 

CMPGLT F-P 15.0A6 Compare G_floating less than ECB Mfc l8.E800 Evict cache block 

CMPLE Opr 10.6D Compare signed quadword less than or equal EQV Opr 11.48 Logical equivalence 

CMPLT Opr 10.4D Compare signed quadword less than EXCB Mfc 18.0400 Exception barrier 

CMPTEQ F-P 16.0A5 Compare T _floating equal EXTBL Opr 12.06 Extract byte low 

CMPTLE F-P 16.0A7 Compare T _ floating less than or equal EXTLH Opr 12.6A Extract longword high 

CMPTLT F-P 16.0A6 Compare T_floaling less than EXTLL Opr 12.26 Extract longword low 

CMPTUN F-P 16.0A4 Compare T _ floati ng unordered EXTQH Opr 12.7A Extract quadword high 

CMPULE Opr 10.3D Compare unsigned quadword less than or equal EXTQL Opr 12.36 Extract quadword low 

CMPULT Opr 10. ID Compare unsigned quadword less than EXTWH Opr 12.5A Extract word high 

CPYS F-P 17.020 Copy sign EXTWL Opr 12. 16 Extract word low 

CPYSE F-P 17.022 Copy sign and exponent FBEQ Bra 31 Floati ng branch if= zero 

CPYSN F-P 17.02 1 Copy sign negate FBGE Bra 36 Floating branch if;,, zero 

CTLZ Opr IC.32 Count leadi ng zero FBGT Bra 37 Floating branch if > zero 

CTPOP Opr IC.30 Count population FBLE Bra 33 Floating branch if S zero 

CTTZ Opr IC.33 Count tra il ing zero FBLT Bra 32 Floating branch if < zero 

CVTDG F-P 15.09E Convert D_ floaling lo G_floali ng FBNE Bra 35 Floating branch if;t zero 

CVTGD F-P 15.0AD Convert G_floating to D_ floaling FCMOVEQ F-P 17.02A FCMOVE if =zero 

CVTGF F-P 15.0AC Convert G _ fl oating lo F _ fl oating FCMOVGE F-P 17.020 FCMOVE if ;:,> zero 
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Table A- 2 Architecture Instructions (Continued) Table A- 2 Architecture Instructions (Continued) 

Mnemonic Fonnat Opcode Description Mnemonic Format Opcode Description 

FCMOVGT F-P 17.021' FCMOVE if > zero LDS Mem 22 Load S_ Jloaling 

FCMOVLE F-P 17.02E FCMOVE if S zero LDT Mem 23 Load T _ Jloaling 

FCMOVLT F-P 17.02C FCMOVE if < zero LDWU Mem oc Load zero-exlended word 

FCMOVNE F-P 17.028 FCMOVE if ,,o zero M AXSB8 Opr IC.3E Vector signed byte maximum 

FETCH Mfc 18.8000 Prefelch dala M AXSW4 Opr IC.3F Vector signed word max imwn 

FETCH_ M Mfc 18.A000 Prefolch dala, modify inlenl MAXUB8 Opr IC.JC Vector unsigned byte maximum 

FTOIS F-P IC.78 Floating lo integer move, S _ noaling MAXUW4 Opr IC.3 D Vector unsigned word maximum 

FTOIT F-P IC.70 Floating lo inlegcr move, T _Ooaling MB Mfc 18.4000 Memory barrier 

IMP LVER Opr I l.6C lmpl emeotation version MF_FPCR F-P 17.025 Move from FPCR 

INSBL Opr 12.0B lnserl byle low MINSB8 Opr IC.38 Vector signed byte min imum 

IN SLH Opr 12.67 lnserl longword high MIN SW4 Opr IC.39 Vector signed word minimwn 

INSLL Opr 12.28 lnserl longword low MINUB8 Opr IC.3A Vector unsigned byte minimwn 

INSQH Opr 12.77 lnserl quadword high MJNUW4 Opr IC.38 Vector unsigned word minim wn 

IN SQL Opr 12.38 lnserl quadword low MSKBL Opr 12.02 Mask byle low 

INSWH Opr 12.57 Insert word high M SKLl-l Opr 12.62 Mask longword high 

INSWL Opr 12. IB lnserl word low MSKLL Opr 12.22 Mask longword low 

ITOFF F-P 14.014 Integer to noating move, F_ floating MSKQl-l Opr 12.72 Mask quadword high 

ITOFS F-P 14.004 Integer lo lloaling move, s _noaling MSKQL Opr 12.32 Mask quadword low 

!TOFT F-P 14.024 lnleger lo Ooaling move, T _ lloaling MSKWl-l Opr 12.52 Mask word high 

JMP Mbr IA.0 Jump M SKWL Opr 12. 12 Mask word low 

JSR Mbr IA. I Jump lo subrouline MT_FPCR F-P 17.024 Move lo FPCR 

JSR_CO ROUTIN E Mbr IA.3 Jump lo subroutine return MULF F-P 15.082 Mulliply F _fl oating 

LDA Mem 08 Load address MULG F-P 15.0A2 Mulliply G_0oaling 

LDAH Mem 09 Load address high MULL Opr 13.00 Mul liply longword 

LDBU Mem 0A Load zero-cxlended byle MULLJV Opr 13.40 Mulliply longword wilh inlegcr overflow enable 

LDF Mem 20 Load F _ 0oaling MULQ Opr 13.20 Multiply quadword 

LDG Mem 2 1 Load G_ Jl oaling MULQN Opr 13.60 Multiply quadword wi~1 integer overfl ow enable 

LDL Mem 28 Load sign-exlended longword MULS F-P 16.082 Mulliply S_ 0oaling 

LDL_L Mem 2A Load sign-exlended longword locked MULT F-P 16.0A2 Mulliply T_Ooaling 

LDQ Mem 29 Load quadword ORNOT Opr 11.28 Logical sum wi th complement 

LDQ_L Mem 28 Load quadword locked PERR Opr IC.3 1 Pixel error 

LDQ_U Mem OB Load unaligned quadword PKLB Opr IC.37 Pack longwords lo byles 
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Table A- 2 Architecture Instructions (Continued) 

Mnemonic Format Opcode Description 

PKWB Opr IC.36 Pack words lo bytes 

RC Mfc 18.E000 Read and clear 

RET Mbr IA.2 Return from subroutine 

RPCC Mfc 18.C000 Read process cycle counter 

RS Mfc 18.F000 Read and set 

S4ADDL Opr 10.02 Scaled add longword by 4 

S4ADDQ Opr 10.22 Scaled add quadword by 4 

S4SUBL Opr IQ.OB Scaled subtract longword by 4 

S4SUBQ Opr 10.2B Scaled subtract quadword by 4 

S8ADDL Opr 10. 12 Scaled add longword by 8 

S8ADDQ Opr 10.32 Scaled add quadword by 8 

S8SUBL Opr 10.IB Scaled subtract lonb'Word by 8 

S8SUBQ Opr 10.3B Scaled subtract quadword by 8 

SEXTB Opr IC.00 Sign extend byte 

SEXTW Opr IC.Q I Sign extend word 

SLL Opr 12.39 Shill lefl logical 

SQRTF F-P 14.08A Square root F _floating 

SQRTG F-P 14.0M Square root G _ floating 

SQRTS F-P 14.08B Square root S _ float ing 

SQRTT F-P 14.0AB Square root T _ floating 

SRA Opr 12.3C Shi fl right arithmetic 

SRL Opr 12.34 Shi fl right logical 

STB Mem OE Store byte 

STF Mem 24 Store F _ fl oating 

STG Mem 25 Store G_floaling 

STL Mem 2C Store longword 

STL_C Mem 2E Store longword conditional 

STQ Mem 20 Store quadword 

STQ_C Mem 2F Store quadword conditional 

STQ_U Mem OF Store unalib'lled quadword 

STS Mem 26 Store S _ floatin g 

STT Mem 27 Store T _floating 
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Table A- 2 Architecture Instructions (Continued) 

Mnemonic Format Opcode Description 

STW Mem OD Store word 

SUBF F-P 15.081 Subtract F _floating 

SUBG F-P 15.0A I Subtract G_floating 

SUBL Opr 10.09 Subtract lonb'Word 

SUBLN Opr 10.49 Subtract loni,,word with integer overflow enable 

SUBQ Opr 10.29 Subtract quadword 

SUBQN Opr 10.69 Subtract quadword with integer overflow enable 

SUBS F-P 16.08 1 Subtract S _ floaling 

SUBT F-P 16.0AI Subtract T _ fl oating 

TRAPB Mfc 18.0000 Trap barrier 

UMULH Opr 13.30 Unsigned multiply quadword high 

UNPKBL Opr IC.35 Unpack bytes lo longwords 

UNPKBW Opr IC.34 Unpack bytes to words 

WH64 Mfc l 8.F800 Write hint - 64 bytes 

WMB Mfc 18.4400 Write memory barrier 

XOR Opr 11.40 Logical difference 

ZAP Opr 12.30 Zero bytes 

ZAPNOT Opr 12.31 Zero bytes not 

A.2 Reseived Opcodes 

Th is section describes the opcodes that are reserved in the Alpha architecture. They can 
be reserved fo r Compaq or for PALcode. 

A.2.1 Opcodes Reserved for Compaq 

Table A- 3 lists opcodes reserved for Compaq. 

Table A-3 Opcodes Reserved for Compaq 

Mnemonic 

OPC0 I 

OPC02 

OPC03 

OPC04 

Opcode 

0 1 

02 

03 

04 

Mnemonic 

orcos 
OPC06 

OPC07 

Opcode 

05 

06 

07 

A- 8 Alpha Instruction Set Alpha 212648 Hardware Reference Ma nual 



IEEE Floating-Point Instructions IEEE Floating-Point Instructions 

A.2.2 Opcodes Reserved for PALcode Table A- 5 IEEE Floa ting-Point Instruction Function Codes (Continued) 

Table A-4 lists the 212648-spccifoc instructions. Sec Chapter 2 for more information. - sQRTT DAB 028 068 DEB IAB 128 168 IEB 

Table A--4 Opcodes Reserved for PALcode 
- sues 081 001 041 OCI 181 IOI 141 !C l 

21264e Architecture 
- sueT DAI 021 061 OE I IA! 12 1 161 !E l 

Mnemonic Opcode Mnemonic Function 

HW_LD 18 PALIS Performs Dstrcam load instructions. Mnemonic /SU /SUC /SUM /SUD /SUI /SUIC /SUIM /SUID 

HW_ST IF PALIF Performs Dslrcarn store instructions. -ADDS 580 500 540 5CO 780 700 740 ?CO 

HW_REI IE PALI E Returns instruction flow Lo the program counter (PC) pointed _ ADDT SAO 520 560 SEO ?AO 720 760 7EO 
lo by EXC_ADDR internal processor register nrR). 

CMPTEQ SAS 
HW_MFPR 19 PALl9 Accesses the lbox. Mbox , and Dcache IPRs. 

HW_MTPR ID PALID Accesses the Ibox, Mbox , and Ocachc IPRs. 
CMPTLT 5A6 

_ CMPTLE 5A7 

A.3 IEEE Floating-Point Instructions - CMPTUN 5A4 

Tab le A- 5 lists the hexadecimal value of the I I-bit function code field for the IEEE .,-- CVTQS ?BC 73C 77C 7FC 
floating-point instructions, w ith and without qualifiers. The opcode for these 

- CVTQT 7BE 73E 77E ?FE 
inslruclions is 1616· 

- CVTTS SAC 52C 56C SEC ?AC 72C 76C 7EC 
Table A- 5 IEEE Floating-Point Instruction Function Codes 

- DIVS 583 503 543 5C3 783 703 743 7C3 
Mnemonic None /C /M /D /U /UC /UM IUD 

- DIvr 5A3 523 563 5E3 7A3 723 763 7E3 
ADDS 080 000 040 oco 180 100 140 ICO 

- MULS 582 502 542 5C2 782 702 742 7C2 
- ADDT DAO 020 060 OEO !AO 120 160 IEO 

- MULT 5A2 522 562 5E2 7A2 722 762 7E2 
- CMPTEQ OAS 

~ -- SQRTS 
588 508 548 5CB 788 708 748 7CB 

CMPTLT OA6 
_ SQRTT 5AB 528 568 5EB ?AB 728 768 ?EB 

CMPTLE OA7 
- sues 58 1 50 1 54 1 SC I 781 701 741 ?Cl 

CMPTUN OA4 - SUeT SA i 52 1 56 1 5EI ?Al 721 761 ?El 
CVTQS OBC 03C 07C OFC 

- CVTQT OBE 03E 07E OFE 
Mnemonic None IS 

See CVTST 2AC 6AC 
"-- CVTST below 

See 
- CVTTQ below Mnemon ic None /C N NC /SV /SVC /SVI /SVIC 

- CVTTS OA C 02C 06C OEC !AC 12C 16C IEC - CVTTQ OAF 02F IAF 12F 5AF 52F ?AF 72F 

-- DIVS 083 003 043 OC3 183 103 143 IC3 

- D,vr OA3 023 063 OE3 IA3 123 163 IE3 
Mnemonic D N D /SVD /SVID /M /VM /SVM /SVIM 

CVTTQ OEF IEF 5EF 7EF 06F 16F 56F 76F ----·- MULS 082 002 042 OC2 182 102 142 IC2 

- MULT OA2 022 062 OE2 IA2 122 162 IE2 

- SQRTS 088 DOB 048 OCB 188 108 14B !CB 
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Programming Note: 

In order to use CMPTxx with software completion trap handling, it is necessary to 
specify the /SU TEEE trap mode, even though an underflow trap is not possible. In order 
to use CVTQS or CVTQT with software completion trap handling, it is necessary lo 
specify the /SU1 TEEE trap mode, even though an underflow trap is not possible. 

A.4 VAX Floating-Point Instructions 

Tab le A- 6 lists the hexadecimal value of the I I-bit function code field for the VAX 
floating-point instructions. The opcode for these instructions is 15 16. 

Table A- 6 VAX Floati ng-Point Instructi on Function Codes 

Mnemonic None /C /U /UC IS /SC /SU /SUC 

ADDF 080 000 180 100 480 400 580 500 

-A□DG OAO 020 IAO 120 4AO 420 5AO 520 

.._ CMPGEQ OA5 4A5 

- CMPGLE OA7 4A7 

CMPGLT OA6 4A6 

CVTDG 09E OIE 19E IIE 49E 41E 59E 51E 

·- CVTGD OAD 02D IAD 12D 4AD 42D 5AD 52D 

- cvrGF OAC 02C IAC 12C 4AC 42C 5AC 52C 

- CVTGQ See below 

- CVTQF OBC 03C 

- CVTQG QBE 03E 

.... DIVF 083 003 183 103 483 403 583 503 

- DIVG OA3 023 IA3 123 4A3 423 5A3 523 

MULF 082 002 182 102 482 402 582 502 

MULG OA2 022 IA2 122 4A2 422 5A2 522 - SQRTF 08A OOA 18A IOA 48A 40A 58A 50A 

- SQRTG OAA 02A IAA 12A 4AA 42A SAA 52A 

'- SUBF 081 001 181 IOI 481 401 581 501 

- s UBG OAI 021 !Al 121 4A I 421 SAi 52 1 

Mnemonic None IC N NC IS /SC /SV /SVC 

CVTGQ OAF 02F IAF 12F 4AF 42F 5AF 52F 

A.5 Independent Floating-Point Instructions 

Table A- 7 lisls the hexadecimal value of the I I-bit function code field for the floating­
point instructions that are not di rectly Lied lo TEEE or VAX floating point. The opcode 
for the follow ing instructions is 1716. 
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Opcode Summary 

T able A- 7 Independent Floating-Point Instruction Function Codes 

Mnemonic None N /SV 

.- CPYS 020 

CPYSE 022 

CPYSN 02 1 

CVTLQ 0 10 

CVTQL 030 130 530 

FCMOVEQ 02A 

FCMOVGE 02D 

FCMOVGT 02F 

FCMOVLE 02E 

FCMOVLT 02C 

,-- MF_FPCR 025 

r- MT_FPCR 024 

A.6 Opcode Summary 

Table A- 8 lists all Alpha opcodes from 00 (CALL_PAL) through 3F (BGf). In the 
table, the column headings that appear over the instructions have a b'Tanularity of 8 16. 
The rows beneath the Off.set column supply the individual hexadecimal number to 
resolve that granularity. 

If an instruction column has a O in the right (low) hexadecimal digit, replace that O with 
the number to the left of the backslash(\) in the Offset column on the instruction's row. 
If an instruction column has an 8 in the right (low) hexadecimal digit, replace that 8 
with the number lo the right of the backslash in the Offset column. 

For example, the third row (2/A) under the 10 16 column contains the symbol TNTS*, 
representing the all-integer shift instructions. The opcode for those instructions would 
then be 1216 because the O in 10 is replaced by the 2 in the Offset column. Likewise, the 
thi rd row under the 1816 column contains the symbol JSR*, representing all jump 
instructions. The opcode for those instructions is I A because the 8 in the heading is 
replaced by the number lo the right of the backslash in the Offset column. The 
instruction format is listed under the instruction symbol. 

Table A-8 Opcode Summary 

Offset 00 08 10 18 20 28 30 38 

0/8 PAL* LDA INTA* MTSC* LDF LDL BR BLBC 
(pal) (mem) {op) (mem) (mem) (mem) (br) (br) 

1/9 Res LDAH !NTL* \PALI LDG LDQ FBEQ BEQ 
(mem) (op) (mem) (mem) (br) (br) 

2/A LDBU Res INTS* JSR* LDS LDL_L FBLT BLT 
{op) (mem) (mem) (mem) (br) (br) 
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Table A-8 Opcode Summary (Continued) 

Offset 

3/B 

4/C 

SID 

6/E 

7/F 

00 08 10 18 20 28 30 38 

Res LDQ_ U INTM* PAL\ LDT LDQ_9 FBLE BL 
mem) (op) (mem) mem (br) br 

LDWU Res ITFP* FPTI* STF STL BSR BLBS 
(mem) (mem) (br) (br) 

Res STW FLTV* \PAL\ STG STQ FBNE BNE 
(op) (mem) (mem) (br) (br) 

Res STB FLTI* \PAL\ STS STL_C FBGE BGE 
(op) (mem) (mem) (br) (br) 

Res STQ_U FLTL* \PAL\ STT STQ_C FBGT BGT 
(mem) (op) (mem) (mem) (br) (br) 

Table A- 9 explains the symbols used in Table A- 8. 

Table A-9 

Symbol 

FLTI* 

FLTL* 
FLTV* 

FPTI* 
INTA* 
INTL* 
INTM* 
INTS* 

ITFP* 

JSR* 

MISC* 
PAL* 
\PAL\ 
Res 

Key to Opcode Summary Used in Table A- 8 

Meaning 

IEEE floating-point instruction opcodes 

Floaling-poi.nl operale inslruction opcodes 

VAX floating-point instruction opcodes 

Floating-point lo integer register move opcodes 

lnleger ari thmetic instruction opcodes 

lnleger logical instruction opcodes 

Integer multiply instruction opcodes 

Integer shi ll instruction opcodes 

Integer lo floating-point register move opcodes 

Jump instruction opcodes 

Miscellaneous instruction opcodes 

PALcode instruction (CALL_ PAL) opcodes 

Reserved for P ALcode 

Reserved for Compaq 

A.7 Required PALcode Function Codes 

Table A- 10 lists opcodes required for all Alpha implementations. The notation used is 
oo.JJ!f, where oo is the hexadecimal 6-bil opcode andJJ]J is tbe hexadecimal 26-bil 
function code. 

Table A- 10 Required PALcode Function Codes 

Mnemonic 

DRAINA 

HALT 

1MB 

Type 

Privileged 

Privileged 

Unprivileged 
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Function Code 

00.0002 

00.0000 

00.0086 
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IEEE Floating-Point Conformance 

A.8 IEEE Floating-Point Conformance 

The 212648 supports the LEEE floaling-poinl operations defined in lhe Alpha System 
Reference Manual, 1/evision 7 and therefore also from the Alpha Architecture Hand­
book, Version 4. Support for a complete implementation of the LEEE Standard for 
Binary Floating-Point Aritl1mctic (ANS I/IEEE Standard 754 1985) is provided by a 
combination of hardware and so fl ware. The 212648 provides several hardware features 
lo facilitate complete support oflhc IEEE standard. 

The 212648 provides the following hardware features lo facilitate complete support of 
the IEEE standard: 

The 212648 implements precise exception handling in hardware, as denoted by the 
AMASK inslruclion returning bil 9 sci. TR.APB instructions arc treated as NOPs 
and are not issued. 

The 212648 accepts both Signaling and Quiel NaNs as input operands and propa­
gates them as specified by the A lpha architecture. In addition, the 212648 delivers 
a canonical Quiet NaN when an operation is required lo produce a NaN value and 
none of its inputs arc NaNs. Encodings for Signaling NaN and Quiet NaN arc 
defined by tl1e Alpha Architecture Handbook, Version 4. 

The 212648 accepts infinity operands and implement., infinity arithmetic as 
defined by the IEEE standard and the Alpha Architecture Handbook, Version 4. 

Tbe 212648 implements SQRT for single (SQRTS) and double (SQRTT) precision 
in hardware. 

Note: In addition, tl1c 212648 alsn implcmcals the VAX SQRTF and SQRTG 
instructions. 

The 212648 implement., the FPCR[DNZ] bit. When FPCR[DNZ] is sci, dcnormal 
input operand traps can be avoided for arithmetic operations tl1al include the /S 
qualifier. When FPCR[DNZ] is clear, dcnormal input operands for arilhmclic oper­
ations produce an unmaskablc dcnormal trap. CPYSE/CPYSN, FCMOVxx, and 
MF _FPCR/MT _ FPCR are not arithmetic operations, and pass denormal values 
without initiating arithmetic lraps. 

The 212648 implements the fo ll owing disable bils in the floating-point control reg­
ister (FPCR): 

- Underflow disable (UNFD) 

Overflow disable (OVFD) 

Inexact result disable ( INED) 

Divis ion by zero disable (DZED) 

Invalid operation disable (INYO) 

lf one of these bits is set, and an instruction will, the /S qualifier set generates the 
associated exception, the 212648 produces the IEEE nontrapping result and sup­
presses lhc trap. These nontrapping responses include correctly signed 
infinity, largest finite number, and Quiet NaNs as specified by the IEEE 
standard. 
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The 21264B does not produce a denonnal result for the underflow exception. 
Instead, a true zero (+O) is written to the destination register. In the 21264B, the 
FPCR undernow to zero (UNDZ) bit must be set if the undernow disable (UNFD) 
bit is set. If desi red, trapping on undernow can be enabled by the instruction and the 
FPCR, and software may compute the denonnal value as defined in the IEEE stan­
dard. 

The 2 I 264B records noating-poinl exception information in two places: 

The FPCR status bits record the occurrence of all exceptions that are detected, 
whether or not the corresponding trap is enabled. The status bits are cleared only 
through an expl icit clear command (MT _FPCR); hence, the exception inforrnalion 
they record is a summary of all exceptions that have occurred since the last time 
they were cleared. 

If an exception is detected and the corresponding trap is enabled by the instruction, 
and is not disabled by the FPCR control bits, the 2 1264B will record the 
condition in the EXC_SUM register and initiate an arithmetic trap. 

The following items apply to Table A- 11: 

The 2 1264B traps on a denorrnal input operand for all arithmetic operations unless 
FPCR[DNZJ = I. 

Input operand traps take precedence over arithmetic result traps. 

The following abbreviations are used: 

Inf: Infinity 

QNaN: Quiet NaN 

SNaN: Signalling NaN 

CQNaN: Canonical Quiet NaN 

For IEEE instructions with /S, Table A- 11 lists all exceptional input and output 
conditions recognized by the 21264B, along with the result and exception gener­
ated for each condi tion. 

Table A- 11 Exceptional Input and Output Conditions 

Alpha Instructions 

ADDx SUBx INPUT 

Inf operand 

QNaN operand 

SNaN operand 

Effective subtract of two Jnf operands 

ADDx SUBx OUTPUT 

Exponent overflow 

Exponent underflow 

Inexact result 

Alpha 21264B Hardware Reference Manual 

21264B Hardware 
Supplied Result 

±Inf 

QNaN 

QNaN 

CQNaN 

±lnfor ±MAX 

+0 

Result 

Exception 

(none) 

(none) 

Invalid Op 

Invalid Op 

Overflow 

Underflow 

Inexact 
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Table A-11 Exceptional Input and Output Conditions (Continued) 

Alpha Instructions 

MULx lNPUT 

Inf operand 

QNaN operand 

SNaN operand 

0 * Inf 

MULx OUTPUT (same as ADDx) 

DIVxTNPUT 

QNaN operand 

SNaN operand 

0/0 or Inf/Inf 

A/0 (A nol 0) 

A/Inf 

Inf/A 

DIVx OUTPUT (same as ADDx) 

SQRTx lNPUT 

+Inf operand 

QNaN operand 

SNaN operand 

-A (A nol0) 

-0 

SQRTx OUTPUT 

Inexact result 

CMPTEQ CMPTUN INPUT 

Inf operand 

QNaN operand 

SNaN operand 

CMPTLT CMPTLE INPUT 

Inf operand 

QNaN operand 

SNaN operand 

CVTfilNPUT 

Inf operand 

QNaN operand 

A-16 Alpha Instruction Set 

21264B Hardware 
Supplied Result Exception 

±Inf (none) 

QNaN (none) 

QNaN Inval id Op 

CQNaN Invalid Op 

QNaN (none) 

QNaN Invalid Op 

CQNaN Invalid Op 

±Inf Div Zero 

±0 (none) 

±Inf (none) 

+Inf (none) 

QNaN (none) 

QNaN Invalid Op 

CQNaN Invalid Op 

-0 (none) 

root Inexact 

True or False (none) 

False for EQ, True for UN (none) 

False for EQ,True for UN Invalid Op 

True or False (none) 

False Invalid Op 

False Invalid Op 

0 Invalid Op 

0 Invalid Op 
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Table A- 11 Exceptional Input and Output Conditions (Continued) 

Alpha Instructions 

SNaN operand 

CVTfiOUTPUT 

l.ncxact resu lt 

Integer overflow 

CVTifOUTPUT 

lncxacl result 

CVTff lNPUT 

lnf operand 

QNaN operand 

SNaN operand 

CVTffOUTPUT (same as ADDx) 

FBEQ FBNE FBLT FBLE FBITT FBGE 
LDS LDT 
STS STT 
CPYSCPYSN 
FCMOVx 

21264B Hardware 
Su pp lied Resu It 

0 

Rcsull 

Truncalcd result 

Result 

±Inf 

QNaN 

QNaN 

Exception 

Invalid Op 

1.ncxact 

1.nvalid Op 

Inexact 

(none) 

(none) 

Invalid Op 

See Section 2. 14 for information about lhe floating-point control register (FPCR). 
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B 
21264B Boundary-Scan Register 

This appendix contains the BSDL description of the 21 264B boundary-scan register. 

8.1 Boundary-Scan Register 

The Boundary-Scan Register (BSR) on the 21264B is 367 bils long. II is accessed by 
the three public (SAMPLE, EXTEST, CLAMP) instructions. The register operation for 
the public instructions is compliant with the IEEE 1149.1 standard. 

Th e boundary-scan register covers all input, output, and bidirectional pins with the 
exception of the compliance enable pins and pins that are power-supply-type or analog 
in nature. The BSDL for the boundary-scan register is given in Section B.1.1 . 

B.1.1 BSDL Description of the Alpha 21264B Boundary-Scan Register 

-- alpha21264b.bsdl 
- - The BSDL Description for EV6 ' s IEEE 1149 . 1 Circui ts 

Revision History 
-- Rev Date Description 

-- 1 .0 Feb 99 First externa l re l ease 

entity Alpha_ 21264b is -- (ref B.8) 

generic (PHYSICAL_ PIN_ MAP :string: = "PGA_ EV6•J ; -- (ref B.8.2) 

port ( -- (re f B 8.3) 

TestStat_ H 

SromOB_ L 
SromClk_ H 

SromData_ H 

Reset_ L 

IRQ_ H 

:out 

:out 
:out 
:in 

bit 

bit 
bit 
bit 

: in bit 
:in bit_vector (O to 5 ) 

DcOk_ H : linkage bit -- Compliance enable input 

NoConnec t _ 0 

NoConnec t _ l 
PllBypass_ H 
FrameClk_ H 
FrameClk_ L 

ClkFwdRst_ H 

BcCheck_ H 

BcData _ H 

SysData_ L 

SysChec k _ L 

BcDatai nClk_ H 
SysDataOutClk_ L 
Spare_ 7 

SysData i nClk_ H 
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: linkage bit n/c 
: linkage bit - - n/c 
: linkage bit 
: linkage bit 
: linkage bit 
: in bit 
: inout bit_vector 
:in out bit_vector 
:i nout bit_vector 
: i n out bit_vector 
:i n bit_ vec t o r 
:out bi t _vector 
: linkage bit_vector 
:in bit_ vector 

(0 

(0 

(0 

(0 

(0 

(0 

(0 

( 0 

to 1 5); 
to 127); 
to 63) 
to 7) 
to 7) 
to 71 
to 71 
to 7) 
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Boundary-Scan Register 

BcDataOutClk_ L 
BcDataOutClk_H 
Clkin_ H 
Clkln_ L 
PLL_ VDD 
EV6Clk_ H 
EV6Cl k_ L 
Spare_ 4 
Spare_ 5 
BcTag_ H 

:out bit_ vector (0 to 31 

:out bit_ vector (O to 31 
:linkage bit 
:linkage bit 
:linkage bit 
: linkage b i t 
: 1 inkage bit 
: 1 inkage bit 
: 1 inkage bit 
:inout bit_ vector (20 to 42) ; 
:linkage bit 

J WB corrected 
JWB corr ected 
Oscillator 
Oscillator 

BcVref 
BcTaglnClk_ H :in bit -- Name in model: 

BcTagClkln_ H 
BcTagParity_ H 
BcTagShared_ H 
BcTagDirty _ H 

BcTagValid_ H 
BcTagOUtClk_ L 
BcTagOUtCl k_ H 
BcTagOE_ L 
BcTagWr _ L 
BcDatawr_ L 
BcLoad_ L 
BcDataOE_ L 
BcMd_ H 
SysAddOUt_ L 
SysAddln_ L 
SysAddlnClk_ L 
SysAddOUtClk _ L 

SysVref 
SysFillValid_ L 
SysDatalnValid_ L 
SysDataOUtValid_ L 
Spare_ O 
MiscVref 
Spare_ 2 
Tdi_ H 

Tdo_H 
Trst_ L 
Tck_H 

:inout bit 

:inout bit 
: inout b it 
: inout bit 
:out bit 
: o u t bit 
:out bit 
:out bit 
:out bit 
:out bit 
:out bit 
:out bit_vector ( 4 to 23 ) 

:out bit_ vector (0 to 1 4) 
:in bit_ vector (O to 1 4) 
: in bit 
:out bit 
: l inkage bit 

: i n bit 
:in bit 
: in bit 
: linkage bit 
: 1 ink.age bit 
: linkage bit 
: in bit 
:out bit 
:in 
:in 

bit 
bit 

Tms_ H : in bit 
VSS linkage bit_ vec tor (O to 103); 
VDD :linkage bit_ vecto r (O to 931 l; 

use STD_ ll49_ 1_ 1994 .all (ref B 8 .4) 

- - JWB added 
- -JWB added 

n/c 

n/c 

attribute COMPONENT_ CONFORMANCE of Alpha_ 2 1 264: entity is •STD_ll49 _ 1_ 1993•; 
attribute PI N_ MAP of Alpha_ 2 1 264 entity is PHYSICAL_PIN_MAP ; 

constant PGA_ EV6 PIN_ MAP_STRING 
•sysAddin_ L (8D30 , BC29 , AY28, BE29, AW27, BA27, 8D28, 

AY26, BC25 , 8824 , AV24, 8D24, BE23 , AW23), 
•sysAddinCl k_ L 8B26 , 
•sysVref BA25, 
•sysFillValid_ L BC23 , 
•sysAddOut_ L (AW33, BE39, 8D36, BC3 5, BA33, AY32, BE35 , 

8B32, BA31, BE33, AW29, BC31, AV28, B830 ) , 
•sysJ\ddOutClk_ L 8D34, 
•sysData_ L (FH Gl3 Pl2 Hl 2 Hl0 G1 F6 

M6 N? P6 TB VB V6 W? 

ABB AC7 ADB AES AH6 J\H8 J\J1 

APB AR? ATB AV6 AVlO , AWll, A.Vl 2 , 
F32 F34 H34 G35 F40 G39 KJB 

M40 N 39 P40 TJB V40 W41 W39 

AB38 , AC39, AD38, AF4 0, Al08, AJ39 , AL41 , 

BE27, 

AV30 , 

KB 

Y6 

JU.5 

AW13, 
J41 

Y40 

AK38, 

& 

"& 

"& 

"& 

'& 

"& 

"& 

'& 

"& 

"& 

"& 

"& 

'& 

"& 

'& 

"& 
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•sysCheck_ L 
•sysDatal nClk_ H 

•sysDataOutClk_ L 
•sysDatainValid_L 
•sysDataOutValid_ L 

•BcAdd_ H 

• BcDa ta OE_ L 

"Bc Load_ L 

•ecData Wr_ L 

•Bc Data_ H 

necCheck_H 

"BcOata inClk_ H 
"Spa re_ ? 
"BcDataOutClk_ L 
"B c DataOutClk_ H 

"Bc Tag_ H 

"BcTagValid_ H 
•DcTagDirty_ H 

"BcTagShared_ H 

"BcTagParity_ H 
"Bc 'l'agOE_ L 

•ecTagWr_ L 

•BcTagi nClk_ H 
"BcVref 

"BcTagOutClk_ L 
"Bc 'fagOutClk_ H 
"IRO_ H 

"Rese t _ L 

"SromData_ H 
" Sr omCLK_ H 

" Sr omOE_ L 

" 'l 'ms_ H 

"Tc k _ H 

"Trst_ L 

"Tdi_ H 

"Tdo _ H 

"TestStat_ H 

" Clkin_ H 
" Clkin_ L 

"FrameClk_ H 
''Fra meClk_ L 
"PllBypass_ H 
"NoConnect_ 0 
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AN39, AP38, AR39, AT3 8, AY38, AV36, AW35, AV34), "& 

(L7 , M5, AK8, BA13 , L 39, AA41, J\M40, AY34),"& 

(08 , P4 , AF6 , AY6 , E37 , R4 3 , AG41, AV40) , •& 

(Gll , U7 , AG? , AY8 , H36 , R41 , Afl40, AW39), •& 

8D22 , "& 

8B22, "& 

(B28 827 A29 G27 , C29 F28 B30 D3 0 , "& 

C3 1 H28 G29 1\33 , 831 D32 B3-4 A35 , "& 

B36 H30 C35 833 ) , "& 

A27 

F26 

D26 

(B10 D10 AS cs CJ BJ 

J3 K2 L3 M2 T 2 Ul V2 , Y4 , • & 

ACl A.02 AE3 AGl AK2 AL3 ARl , AP2 , "& 

J\.Y2 8B2 AWS 8B4 BBS BES 8B10, 887 , " & 

G33 C37 B-40 C41 C43 84 3 G41 , F44 , "& 

K-44 N41 M44 P-42 U-43 V-44 Y42 , AB44 , "& 

AD42, AE-43 , AF42, AJ45 , AK42, AN45, J\.P-44, AN4l , "& 

AW45, J\.U41, AY-44, 8A43, BC-43, BD-42 , 8B3 8, B841 ,"& 

Cll A? C9 86 B-4 D-4 GS 02 , "& 

H4 Gl NS Ll Nl U3 WS Wl , " & 

AB2 AC3 AD-4 AF4 AJ3 A.K4 ANl J\M4 , "& 

AUS BAl BJ\3 BC3 B06 BJ\9 8C9 AY12 , "& 

A3 9 036 A-41 842 D42 0-44 H-40 H42 , "& 

G4S L4 3 L45 N-45 1'44 U45 W4 5 AA4 3 , "& 

AC-43, AD44 , AE41, AG45 , AK44, AL43, AM42, AR-45 ,"& 

AP40, 8.1\45, AV42, B84-4, 8B42, 8C41, BA37 , 8D40),"& 

(F2 AB-4 AT2 8 Cll, M3S AB42, AU4 3 , BC37 , "& 

MS AA3 AWl 8Dl0, 845 AC45, AT44, 8836),"& 

(E? R3 AJ-1 2 BCS , F38 U39 All-44, AY40), "& 

(F8 T-4 AJl 804 , 839 V38 , AJ4 3 , BJ\39) , •& 

( K4 

(JS 

AV4 K42 AT4 2 ), 

AU3 J43 AR43) , 

(813 Hl6 A11 812 

ClS Hl8 D16 B16 

Al9 F20 020 82 1 
824 •& 

C23 •& 

G23 •& 

822 •& 

H24 •& 

825 ·& 

Gl9 •& 

Fl8 "& 

024 ·& 

C25 " & 

.. 
014 815 Al3 , Gl? , "& 

Cl7 J\.17 8 19, Bl8 ,"& 

C21 022 H22 ) , "& 

(BJ\.1 5 , 8813, AWl 7, AVIS, BClS, B816), 

8D16, "& 

BC17, "& 

AW19, "& 

B817, "& 

8D18, "& 

8819 , •& 

AY20, •& 

BA21, "& 

8820, "& 

81\19, •& 

AM8 , •& 

AN? ' •& 
J\.Vl 6 , •& 

AWlS, •& 

8D1 2 , •& 

8814, •& 
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• NoConnect _ l 

" Clk.FwdRst_ H 

"EV6Clk_H 

"EV 6Clk_ L 

"Spare_ -4 

"Spare_S 

"PLL_ VDD 

"Space_ O 

"MiscVce f 

"S p a c e _ 2 

"DCOK_ H 

"VSS : 

•voo 

8D2 , "& 

8811, "&. 

AM 6 •& 

/\L7 "&. 

J\.T-4 "& 

AR3 •&. 

AV8 "&. 

BC21, " & 

AV22, "& 

889 , "& 

AY18, " & 

(Cl W3 , AAS G9 , 817 , G25 C33 , M 39 , "& 

8A41, R-4 5 , Jl AG3 , BAS , AW9 BAI"/, AW25 , •& 

BC33 , AE 39 , A-43 AM S , Rl AN 3 C? , Cl9 "& 

8825 , 835 , AL 3 9 , G-43 , J\.E4 5 , .J\JU AW3 , J7 "& 

Ell , BC1 9 , C27 , BJ\35 , AU39 , N-4 3 AL4 5 , J\.El "& 

B83 , R? , B.J\11, A21 BC2 7, J\3 7 8C39 , W4 3 "& 

AU4 5 , J\Ll , ES , M7 , Cl3 G21 E29 , G37 "& 

E-41 , AG43, BC-45, AUl , LS J\E? BC1 3 , AW21, "& 

BA29, J\W3 7, L41 , AN4 3 , 8Cl US AU7 J\.15 "& 

B821, A31 , B837, U-41 , J\.W-4 3 , 1\3 ACS AW? " & 

Gl5 E23 , G3 1 , C39 , AC-41, B843, G3 A.JS • & 

BC? AY14, BA23, AW3 1, J39 , AJ-41, C-45 N3 " & 

ANS A9 B815, 1\.25 B831, R39 ARH, J45 •& 

89 RS , AGS BJ\? , 0 38 

(82 V-4 AP6 , Dl2 , 820 

B84 0 , Y-44 , 112 , AH-4 , A'l'6 

D3 4 , AV 38 , F42 , AF-44, P2 

AV2 0, 8D26, B8 34 , 8D38, M-4 2 

88 Hl-4 , 8D20, D28 , F'36 

AF2 , 06 , PB , AVH, F22 

All4 2 , B044, AM2 , K6 YB 

8 38 , T40 AP-42, AV2 , T6 

T42 , AG 39 , AW41) , •& 

H26 , BD32, AM38, •& 

8812, 1120 AV26, •& 

AP-4 , 886 814 , "& 

AM44, Y2 AY4 , "& 

D40 , V-42 AV44, "& 

B828, J\Y 36 , K40 "& 

8D14 , J\Y 22 , F30 •& 

AFB F16 , l\23 • & 

AY30 , H38 A840, AY42, J\86 BOB AY1 6 , F24 " & 

8 32 , P3 8 AD40 , 844 , F4 1\06 FlO , 018 "& 

AY24, H32 Y38, AK40, H44 M-4 J\.K.6, AYlO, "& 

B818, B2 6 AV32, AF38 , AT40, P44 ) 

constant numeric_ EV6 

•sysAddin_ L 

PIN_ MAP_ STRI NG ; = • • & 

"Sys AddinClk _ L 

•sysVref 

"SysFi llValid_ L 

•sysAddOut_ L 

"SysAddOutClk_ L 

•sysData_ L 

•sysCheck_ L 

•sysDatainClk_ H 

"SysDataOutClk _ L 

"SysDatainValid_ L 

"SysDataOutVa lid_ L 

" BcAdd_ H 

"BcDataOE_ L 

"BcLoad_ l~ 
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(559 536 468 

467 534 , Sll 

5 1 2 

489 

533 
(448 585 562 

5 15 492 582 

56 1 

(118 140 ll7 

20 4 213 220 

285 293 3 01 

381 389 397 

1 2 7 1 28 1 72 

207 2 14 223 

2 8 6 29 4 302 

374 382 390 

(197 276 349 

(70 2 19 316 

(139 2 4 5 325 

555 

5 10 

(35 1 02 14 

59 1 69 148 

39 170 6 1 

13 

1 2 4 

580 4 4 5 

4 2 1 556 

539 493 

4-4 6 537 

1 61 160 

237 253 

308 332 

41 2 414 

151 1 3 1 

238 255 

3 19 334 

398 4 73 

483 198 

457 107 

4 58 17 3 

14 7 , 58 

1 6 , 104 

1 05 ) , 

4 90 

5 77 

470 

42 3 

137 

252 

333 

4 37 

1 53 

263 

342 

42"/ 

279 

232 

231 

125 

82 

55 8 , 579 "& 

44 3 ) , "& 

"& .. .. 
583 , 4 2-4 •& 

5 14 ) , "& .. 
114 189 •& 

26 1 268 "& 

3 41 356 "& 

41 5 4 3 8 "& 

1 90 18 3 •& 

262 2 71 "& 

359 350 "& 

44 9 426 ),"& 

367 471) ,•& 
327 429 l , • & 

335 451 ) , • & 

36 

38 

81 

17 
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•BcDataWr_ L 

•ec□ata_H 

•ecCheck_ ll 

• e cDatainClk_ H 
•spare_ 7 

• e cnataOutClk_ L 
"BcDataOutClk _ H 

"BcTag_ H 

•ecTagValid_ H 
•ecTagDirty_ H 
•BcTagShared_ H 
•ncTagPari ty _ II 
•ecTagOE_ L 

"BcTagWr_ L 

•ecTaglnClk_ ll 
"BcVref 

"BcTagOutClk_ L 

"BcTagOutClk _ H 

"IRQ_ H 

"Reset_ L 

•sromData_ H 

•sromCLK_ H 

•sromOE_ L 

"Tms_ H 

"Tck_ H 

"Trst_ L 

"Tdi_ H 
"Tdo_ H 

"TestStat_ H 
"Clkln_ H 

•clkln_ L 

"FrameClk_ H 
• FrameClk _ L 

"PllBypass_ H 
"NoConnect_ O 

"NoConnect_ l 
"ClkFwdRst_ H 

"EV6Clk_ H 
"EV6Clk_ L 

"Spare_ 4 
"Spare_ S 
"PLL_ VDD 

"Spare_O 

"MiscVref 

" Spa r e _ 2 
"OCOK_ H 

•vss 
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79 

(26 

179 

290 

455 

1 50 

193 

304 

454 

49 

158 

282 

404 

19 

156 

296 

383 

(112 

205 

(92 

(115 
(187 

(180 

(95 

5 1 

33 

55 
14 5 

32 

167 

101 

143 
120 

71 2 

186 195 
298 307 

500 434 

62 41 

215 209 

312 320 

407 476 

3 48 

134 212 

291 299 

477 478 

84 20 

200 201 

305 311 

499 430 

283 394 

275 432 

227 330 

235 338 

411 192 

40 3 184 

16 3 5 

1 6 4 74 

1 2 1 76 

"& 

"& 

"& 

78 ·& 

56 •& 

Boundary-Scan Register 

4 6 45 

202 234 

322 346 

501 503 

64 65 

224 248 

345 352 

498 543 

24 23 

194 210 

315 339 

523 547 

42 87 

217 241 

329 353 

521 520 

527 206 

549 111 

524 130 

546 108 

400 ) , 

392 ) , 

27 73 
29 52 

99 54 

90 

242 

355 

568 

llO 
257 

377 

565 

68 

243 

347 

481 

" 249 

360 

542 

2BB 

297 

246 

254 

96 

7 7 

"& 

1 59 89 •& 

250 267 •& 

386 378 ·& 

504 569 •& 

154 133 ·& 

272 289 •& 

385 375 •& 

518 586 ·& 

136 67 , •& 

260 258 •& 

370 363 •& 

526 460 •& 

175 176 •& 

265 280 •& 

368 393 •& 

495 564 l ,•& 

408 540 , ·& 

401 517),•& 

337 474 ) , •& 
344 496) ,•& 

"& 

"& 

, 142 •& 

98 , 30 •& 

1 66 ) , ·& 

(48 4 572 , 440 , 418 , 529 , 507 ) , 

552 

530 

441 

574 

553 

575 

464 

487 

509 

486 

365 

373 

417 

43 9 

550 

506 

545 

571 

364 

357 

"& 

"& .. 
"& 

395 •& 
387 •& 

413 •& 

532 ·& 

4 20 •& 

570 •& 

46 3 ·& 

(44 259 , 388 , 1 38 , 97 , 14 6 , 60 , 278 , •& 
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"VDD 

497 

538 

578 

94 

567 

409 

109 

491 

576 

141 

525 

372 

93 

(22 

519 

83 

419 

25 

3 14 

336 

40 

469 

37 

466 
so, 

233 178 323 479 

310 21 281 226 

1 06 358 155 313 

531 57 494 406 

229 48 2 10 535 

354 91 277 so 
328 544 402 196 

450 199 376 522 

15 584 247 453 

100 149 63 295 

461 488 447 182 

573 12 581 

228 324 480 85 

251 380 72 31 

273 157 331 396 

428 132 321 218 

557 516 563 208 

1 62 554 80 1 29 

69 221 416 122 

566 362 188 269 

239 384 410 236 

174 287 475 284 

222 303 43 11 3 

171 270 351 177 

3 4 425 318 399 

436 

371 

274 

216 

1B 
144 

309 

244 

587 

343 

230 

240 

168 

sos 
379 

369 

86 

513 

551 

317 

548 

300 

203 

225 

485 

47 

433 

361 

541 

103 

528 

405 

292 

135 
66 
391 

326 

560 

165 

502 

266 

256 

472 

465 

119 

462 

116 

348 

444 ·& 

53 •& 

181 •& 

306 •& 

264 ·& 

152 •& 

442 ·& 

7 •& 

435 •& 

340 •& 

211 ·& 

185 , •& 

452 ) , ·& 

366 ·& 

422 •& 

28 ·& 

456 •& 

431 •& 

191 ·& 

126 ·& 

11 ·& 

1 23 •& 

75 •& 

459 ·& 

attribute PORT_ GROUPING of Alpha_ 21264b entity is - - (Ref B. 8. 8. See Nate 4. 

"Differential_ Valtage ( (CLKIN_ H)' (CLKIN_ L) ) • ; 

attribute TAP_ SCA.N_ CLOCK o f Tck_ H signal is (5.0e6 , LOW); 

attribute TA.P_ SCA.N_ IN of Tdi_ H signal is TRUE; 

attribute TAP_ SCA.N_ OUT of Tda _ H signal is TRUE; 

attribute TA.P_ SCA.N_ MODE of Tms_ H signal is TRUE; 

attribute TA.P_ SCAN_ RESET of Trst_L signal is TRUE; 

attribute CONPLIANCE_ PAITERNS of Alpha_ 2 12 6 4b entity i s -- (Ref B.8.10). See Note 4 . 

•(DcOk_ Hl , (1)•; 

attribute JNSTRUCTION_ LENGTH o f Alpha_ 21264b entity i s 5 ; 

attribute INSTRUCTION_OPCODE of Alpha_ 21264b entity is 

"EXTEST (110 11) , •&-- Na longer mandated ta be (00000 ) ! 

"SAMPLE (11000}, "&-- JWB c h anged ·PRELOAD· ta •SAMPLE· 

•cLA.MP 

"HIGHZ 

"DIE_ ID 

"BYPA.SS 

{110101 , ·& 

(11001), "& 

(11110) , "& 

(11111) •; 

attribute INSTRUCTION_ CP..PTURE of Alpha_ 21264b entity is •0000P 

attribute INSTRUCTION_ PRIVATE of Alpha_ 21264b entity is "Private•; -- See Note 4. 

attribute REGISTER_ ACCESS of Alpha_ 21264b entity is -- (ref B .8. 13) 

•BOUNDARY (EXTEST, SAMPLE)," &-- Redundant. Added far compl eteness 

"BYPASS (BYPASS , HIGHZ, CLAMP),• &-- ditto 

•DJE_ ID[32] (DIE_ ID) •; 

attribute BOUNDARY_ LENGTif of Alpha_ 21264b entity is 367 ; 

attribute BOUNDJ\RY_ REGISTER o f Alpha_ 21264b entity is 

-- scan cell safe c ntrl disable disable 

-- cell type p o rt function I c ell value state 

---- 1----- 1----- 1------------------- 1-------- 1--- 1---- 1------ 1--------------
366 ( BC_ 2, TestStat_ H, 0UTPUT2 , x ) , "& 

365 ( BC_ 2, SramOE_ L, 0UTPUT2, X ) , •& 

364 ( BC_ 2, SramClk_ H, OUTPUT2, x ) , "& 

363 ( BC_ 2, SramDa ta_ H, INPUT, ) , •& 
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362 BC_ 3 , reset_ L , 

361 BC_ 3 , IRQ_ H (5) , 

360 BC_ 3 , IRO_ H (4 ) , 

35 9 BC_ J , IRO_ H (3 ), 

35 8 BC_ 3 , IRQ_ H (2 ) , 

357 BC_ 3 , IRQ_ H ( l), 

356 ( BC_ 3 , I RQ_ H (O ), 

355 BC_ 3 , ClkFwdRst_ H, 

354 BC_ 2 , BcCh eck _ H ( 3 ) , 

353 BC_ 2 , BcCh eck _ H(ll), 

352 ( BC_ 2 , SysCh eck _ L( 3 ) , 

351 BC_ 2 , Bc0a ta_ H (31) , 

35 0 BC_ 2 , Bc Data_ H (95 ) , 

34 9 BC_ 2 , Sy s Data_ L( 3 1 ), 

34 8 BC_ 2 , Bc 0 a t a_ H( 30 ), 

347 BC_ 2 , Bc Da t a_ H( 94), 

34 6 BC_ 2 , SysData_ L (JO ) , 

345 BC_ 2, Bc Da t a_ H (29), 

344 BC_ 2 , Bc Data_ H ( 93 ) , 

3 43 BC_ 2 , Sy s0a t a_ L (2 9 ), 

3 42 BC_ 2 , Bc Data_ H (28l, 

341 BC_ 2 , Bc 0ata _ ll (92 ), 

340 BC_2 , SysDa t a_ L(28 ) , 

33 9 BC_ J , • 
338 BC_ 3 , Bc Da t a inCl k _ ll ( J), 

lNPlIT, 

I NPUT, 

IN PlIT, 

I NPUT , 

INPlIT, 

INPUT , 

INPUT , 

I NPUT, 

BI DIR , 

BI DI R , 

BI DIR , 

BI DI R , 

BI DI R , 

BI DI R , 

BIDI R , 

BI DI R, 

BI DI R, 

BIDI R, 

BIDIR, 

BIDIR , 

BIDI R , 

BIDIR, 

BIDIR , 

x, 339 , 

x , 339 , 

x , 336 , 

x , 339 , 

x , 339 , 

x , 336 , 

x , 339 , 

x , 339 , 

x, 336 , 

x, 339 , 

x , 339 , 

x , 3 3 6 , 

x , 3 39 , 

x , 339 , 

x , 336 , 

CONT ROL , O 

INPU'I', 

33 7 BC_ 2 , SysDa t aOu tClk _ L( J ), OlITPlIT2 , x 

336 

335 

33 4 

333 

BC_ 3 , 
BC_ J , SysData lnCl k _ H( J ), 

BC_ 2 , Bc Data _ H ( 27 ) , 

BC_ 2, Bc Data_ H(91 } , 

332 BC_ 2, S y s0at.a_ L (2 7 ), 

33 1 BC_ 2 , Bc Dat.a _ H (26 ), 

33 0 BC_ 2 , Bc Da t.a_ H (9 0 ) , 

32 9 BC_ 2 , SysDat.a_ L (2 6 ) , 

328 BC_ 2 , Bc Data_ H (2 5 ) , 

327 BC_ 2 , Bc Da t.a _ H ( 89 ) , 

326 BC_ 2, SysDa ta_ L (25), 

32 5 BC_ 2 , Bc Data_ H (24 ) , 

32 4 BC_ 2, Bc Da t a _ H(88), 

32 3 

322 

BC_ 2, SysData_ L (24), 

BC_ 2 , Bc DataOu t.Clk_ L ( l) , 

CONTROL, 0 

I NPUT, 

BIDI R , 

BI DI R , 

BIDIR, 

BIDIR , 

BIDI R , 

BI DI R, 

BI DI R, 

BI DIR , 

BI DI R, 

BI DIR , 

BI DIR , 

BI DI R , 

x, 33 9, 

x , 339, 

x , 336 , 

x , 33 9 , 

x , 33 9 , 

x , 336 , 

x, 33 9, 

x, 3 3 9, 

x , 336 , 

x, 33 9, 

x, 33 9, 

x, 3 36 , 

Otrl'PlIT2 , x 

32 1 BC_ 2 , Bc Da t aOutClk_ H ( l ) , OtITPlIT2 , x 
320 BC_2, Bc Chec k_ H (2), BIDI R , x, 3 05, 

319 ( BC_ 2, Bc Chec k _ H( l O), 

3 1 8 BC_ 2 , SysCh e c k _ L(2), 

3 1 7 BC_ 2 , Bc Data_ H (23) , 

3 1 6 BC_ 2 , Bc Da ta_ H(87) , 

3 1 5 BC_ 2 , S y s Da t a _ L (2 3 ), 

3 14 BC_ 2 , Bc Da ta_ H {22 ), 

3 1 3 BC_ 2 , Bc 0 ata_ H ( 86), 

3 1 2 BC_ 2, SysDa t.a _ L (22) , 

311 BC_ 2 , Bc Dat.a _ H (2 l }, 

3 1 0 BC_ 2 , Bc Data_ H(8 5 }, 

309 BC_ 2 , S ys Data_ L (2 l ) , 

3 08 BC_ 2 , Bc Data _ H (2 0 ), 

307 BC_ 2 , Bc Data_ H (84), 

BC_ 2 , SysData_ L (20 ) , 

BC_ 3 , 
BC_ 3 , Bc Data l n Cl k _ H (2) , 

BIDI R, 

BIDI R , 

BIDI R, 

BIDI R, 

BIDIR, 

BI DI R, 

BI DI R, 

BIDIR, 

BIDIR, 

BI DIR , 

BI DI R, 

BI DIR , 

BI DI R , 

BI DI R, 

x, 3 05, 

x, 3 02, 

x, 3 0 5 , 

x , 3 05, 

x , 3 0 2 , 

x , 3 0 5 , 

x , 3 05 , 

x , 3 0 2 , 

x , 3 05 , 

x , 3 0 5 , 

x , 302 , 

x , 3 0 5 , 

x , 3 0 5 , 

x , 302 , 

CONTROL , 0 

I NPlIT , 

3 0 6 

305 

304 

303 

3 02 

BC_ 2 , SysDat.aOut.C lk_ L (2 ), OlITPlIT2 , x 
BC_ 3, * CONTROL, 0 

3 01 BC_ 3 , Sys Dataln Cl k _ H (2 ) , INPlIT , 

300 BC_ 2 , Bc Da t a _ H (1 9 ), BIDIR , 

299 BC_ 2 , Bc Data _ H (83) , BI DIR , 

298 BC_ 2 , SysData_ L ( l 9), BIDIR , 

x, 3 0 5 , 

x , 3 0 5 , 

x , 3 0 2, 

0 ' 
0 ' 
0, 

0' 
0 , 

0 , 

0, 

0, 

o, 
0 , 

0 , 

0 , 
0, 

0 , 

0, 

0, 

o, 
o , 
0 , 

0, 

0, 

0, 

0, 

0, 

0, 

0, 

0, 

0, 

0, 

0 , 

0 , 

0, 

0 ' 
0 , 

0 ' 

0 ' 

0 ' 

0 ' 

0' 

0 ' 

0' 

0' 

0 ' 
0 , 

0' 
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297 BC_ 2 , Bc Data _ H ( l 8). 

296 ( BC_ 2 , Bc Dat.a_ H ( 8 2 ). 

295 BC_ 2 , SysData_ L(18), 

29 4 BC_ 2 , Bc Data_ H ( 1 7 ), 

2 9 BC_2 , Bc 0 ata_ H(8l ) , 

292 BC_ 2 , SysData_ L(l7 ), 

291 BC_ 2 , Bc 0 ata_ H ( 1 6 ), 

290 BC_ 2, Bc Data _ H (80 ), 

2 89 BC_ 2 , Sys0 ata_ L(1 6 ) , 

288 BC_ 2 , Bc Ch e c k_ H (1), 

2 8 7 ( BC_ 2 , BcCh eck_ H ( 9 ), 

2 8 6 BC_ 2 , S y sCh e c k _ L ( l ) , 

285 BC_ 2 , Bc 0ata_ H (l5 ) , 

2 84 BC_ 2 , Bc Da t a _ H (79) , 

28 3 BC_ 2 , SysData_ L( l 5 ), 

2 8 2 BC_ 2 , Bc Da t.a_ H ( l4), 

2 8 1 BC_ 2 , Bc Da t a _ H (7 8 ) , 

2 80 BC_ 2, S y s Data_ L (14), 

2 7 9 BC_ 2 , Bc Da t a _ H ( l 3) , 

278 BC_ 2 , Bc 0ata _ H ( 77 ) , 

2 77 BC_ 2 , S ysData_ L ( 1 3 ) , 

2 7 6 BC_ 2 , Bc Data_ H ( 1 2 ) , 

2 75 BC_ 2 , Bc Da t a_H ( 76 ) , 

274 BC_ 2 , SysData_ L ( l 2 ) , 

2 7 3 BC_ 3 , 

BI DI R, 

BIDI R, 

BI DI R, 

BI DI R, 

BI DIR , 

BI DI R , 

BI DI R, 

BIDI R, 

BI DI R , 

BI DIR , 

BI DIR , 

BIDI R , 

BI DI R, 

BI DIR , 

BI DIR , 

BI DI R, 

BI DI R, 

BI DIR , 

BI DI R , 

BI DI R , 

BI DI R , 

BI DI R, 

BI DI R, 

BI DI R, 

x , 3 0 5 , 

x , 305 , 

x, 3 0 2 , 

x , 3 0 5 , 

x , 3 05 , 

x , 3 0 2 , 

x, 3 0 5, 

x , 305 , 

x , 3 0 2 , 

x , 273 , 

x, 2 7 3 , 

x , 270 , 

x , 2 7 3 , 

x , 273 , 

x , 270, 

x , 273 , 

x , 273 , 

x , 270 , 

x , 273 , 

x , 2 73 , 

x , 270 , 

x , 273 , 

x , 2 7 3 , 

x , 270 , 

CONTROL, 0 

2 72 BC_ 3 , Bc DatalnClk _ H ( l ) , IN PUT , 

271 BC_ 2 , SysDataOut. Clk_ L (l), OlITPlIT2 , x 

27 0 BC_ 3 , CONTROL , 0 

269 BC_3, SysData lnClk_ H ( l l , INPUT , 

26 8 BC_ 2 , Bc Data_ H(ll) , BIDI R, 

26 7 BC_ 2 , Bc 0 ata_ H (7 5 ) , BIDI R, 

266 BC_ 2 , SysData_ L(lll, BIDI R, 

265 BC_ 2 , Bc Data_ H {lO ) , BIDI R, 

26 4 BC_ 2 , Bc Data_ H {7 4 l , BI DIR, 

2 63 BC_ 2 , SysData_ L ( l O), BIDI R, 

262 BC_ 2 , Bc Data_ H ( 9 ) , BIDI R , 

261 BC_ 2, Bc Data_ H (73) , BIDIR, 

26 0 BC_ 2 , SysData_ L ( 9 ) , BIOI R, 

2 5 9 BC_ 2 , Bc Dat.a_ H (8) , BIDI R, 

258 BC_ 2 , Bc Data_ H (72 ) , BIDIR , 

x , 27 3 , 

x , 2 7 3 , 

x , 2 70, 

x , 2 7 3 , 

x , 2 7 3 , 

x , 2 70, 

x, 2 7 3 , 

x , 2 7 3 , 

x , 2 7 0 , 

x , 2 7 3 , 

x , 2 7 3 , 

257 BC_2 , SysData_ L {8) , BI DIR, x , 2 70, 

256 BC_ 2 , Bc Dat.aOu t.Clk_ L ( O) , OlITPUT2 , x 
2 5 5 BC_ 2, Bc Data Ou tClk_ H ( Ol , OlITPlIT2 , x 
2 54 BC_ 2, BcCheck_ H ( O), 

253 BC_ 2, BcCh eck_ H ( 8), 

2 52 ( BC_ 2 , SysCheck _ L( O), 

251 BC_ 2, Bc Data_ H ( 7) , 

250 BC_ 2, Bc Data_ H ( ?l ) , 

2 4 9 BC_ 2 , SysData _ L (7 ) , 

2 48 BC_ 2 , Bc Data_ H ( 6 ) , 

24 7 BC_ 2 , Bc Dat.a_ H ( 70), 

2 4 6 BC_ 2 , SysData_ L (6) , 

2 4 5 BC_ 2 , Bc Data_ H (S ) , 

2 44 BC_ 2, Bc Da ta_ H (69) , 
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0 ' 

0 ' 

0' 

0' 
o, 
0, 

o, 
0, 

0, 

0, 

0, 

0, 

0, 

0, 

0, 

0' 

0 ' 

0 ' 

0' 

0' 

0 ' 

0 ' 

0' 
0 ' 

0' 

0' 

0 ' 

0 ' 

0' 

0' 

0' 

0' 

0' 

0' 

0' 

0' 

0' 

0 ' 

0' 

0' 

0' 
0, 

0' 

0' 
0, 

o, 
0' 
0, 

0 ' 

0' 

0' 

Boundary-Scan Register 

l' "&. -­

l, "& -­

WEAKl ) , "& -­

z l . "& -­

) ' "& --

WEAKl ) , "& -­

z ) • •& - ­

) , ·& -­

WEA.Kl ) , •& -­

z ) • ·& -­

) ' •& --

WEAKl ) , •& -­

z ) • •& -­

) • •& -­

) , •&. --

) , •&. -- sccell6 

), •&. --
), •&. --
) , •& -- b ccell6 

WEAK.l ) , •& - -

) , •&. --

), •&. --

WEAKl ) , "& --

z ) • "&. -­
) , ·&. -­

WEAKl ) , •&. -­

z ) , "&. - ­

) , "& --

WEAKl ) , "&. -­

z ) , "&. - ­
) , "&. --

WEAK! ) , "&. -­

}, "&. - -

l, "&. -­

), "&. -­

), "&. --

WEA.Kl ) , "&. -­

z ) • "&. -­
) , "&. -­

WEAKl ) , "& - ­

z ) ' "&. -­

) ' "& - -

WEAKl ) , "&. -­

z ) ' "&. --
1, "& -­

WEA.Kl)," &. -­

z l , "&. --

1' "& --

) , "&. --

1, "&. -- sccell7 
), "&. --

), •&. --

) , "&. -- bccell7 
WEAKl ) , "&. --

z ) • •&. --
) • •& --

WEAKl l, "& -­

z l, "& --

1, "& -­

WEJ\Kl ) , "& -­

z ) ' "& --

1, "& --

WEJ\Kl l , "& -­

z l, "& -­

l, "& --
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Boundary-Scan Register 

31 

36 

35 
34 

33 

32 

31 

30 

29 

28 

21 

26 
25 
24 
23 

22 

2 1 

20 

19 

1 8 

1 1 

16 
1 5 

14 

13 

1 2 

11 

1 0 

• 8 

• 5 

BC_ 2 , SysCh e c k_ L(7), 

BC_ 2, BcCheck_ H(l S), 

BC_ 2 , BcCheck_ ll (7), 

BC_ 2, SysJ\ddOut_ L(O), 
BC_ 2, SysAd Out_ L(l), 

BC_ 2 , SysJ\ddOut_ L(2), 

BC_ 2, SysAddOut_ L{3), 

BC_ 2, SysAddOut_ L(4), 

BC_ 2 , SysJ\ddOut_ L(S), 

BC_ 2 , SysJ\ddOut_ L(6), 
BC_ 2, SysAddOut_ L(?), 

BC_ 2, SysAddOu tClk_ L, 
BC_ 2, SysJ\ddOut_ L(8), 
BC_ 2, SysAddOu t _ L(9), 

BC_ 2, SysAddOu t _ L(lO), 
BC_ 2, SysAddOut_ L(ll), 

BC_ 2, SysAddOut_ L(l2l, 

BC_ 2 , SysAddOut_ L(l3) , 
BC_ 2 , SysAddOut_ L(14l , 

BC_ 3 , SysAddin_ L(O) , 

BC_ 3 , SysAdd i n_ L(l), 
BC_ 3, SysAddi n_ L(2), 

BC_ 3 , SysAddi n_ L(3), 

BC_ 3 , SysAddl n_ L(4), 

BC_3 , SysAddln_ L (S ), 

BC_ 3, SysAddln _ L(6), 
BC_ 3, SysJ\ddin_ L (7), 

BC_ 3, SysAddln_ L(Bl, 

BC_ 3, SysAddlnClk_ L, 

BC_ 3 , SysAddln_ L (9), 

BC_ 3 , SysAddin_ L(lO), 
BC_ 3 , SysAddin_ L (ll), 

BC_ 3, SysAddin_ L(l2), 

BC_3 , SysAddln_ L(l3), 
BC_ 3 , SysAddln_ L(l4 ), 

BC_ 3 , SysFillValid_ L , 

BC_ 3, SysDatai n Va lid_ L, 

BC_3 , SysDataOutValid_ L , 

BI DIR, 

BI DIR, 
BIDIR, 

x, 53 , 

x, so, 
x, so, 

OUTPUT2, x 

OUTPUT2, x 
OU'fPUT2 , x 

OU'l"PU'f2, x 

OlITPlIT2, x 

0U'fPU'l'2 , x 

OU'fPUT2, x 

OU'l'PU'f2, x 
OU'l'PU'l'2, x 
OU'l'PU'f2, x 

OU'l'PU'l'2 , x 
OU'fPUT2, x 
OlITPlIT2, x 
OlITPUT2, x 
OlIT PUT2, x 
OlITPUT2, x 
INPUT, 

INPUT , 

I NPlIT, 
I NPUT, 

I NPUT, 
INPUT, 

I NPUT, 

I NPUT, 
INPlIT , 

INPUT, 

INPUT, 
INPUT, 
INPU'r, 
INPUT, 

INPUT , 
INPUT, 
INPUT, 

I NPUT, 

I NPUT, 

attribute DE SIGN_ WARNI NG of Alpha_ 2 1 264b: entity is 

o, 
0, 

0, 

WEAKl ) , "& -­

z ) ' •&. -­
) , "& -­

), •&. -­

) ' •& -­

) ' •& -­

) ' •& --

1' •& -­

) ' •& -­

) ' •& -­

) ' •& -­

) , ·& -­

) , "& -­

) , •& -­

) , •& -­

) ' "& -­

) • •& -­

) • •& -­

) • •& -­

) , "& -­

) • "& -­

) , •&. -­

) ' •& - -

) ' ·& --

1 , ·&. -­

) , "& -­

) ' "& -­

) ' "& -­

) ' "& -­

) ' "& 

) ' "& -­

) ' "& -­

) ' "& -­

) , "& -­

) ' "& -­

) , "&. -­

), "&. --
) 

• 1 . IEEE 1149. 1 circuits on Alpha 2 1 264b are designed primarily to support •& 

testing i n of f - line module ma nufacturing environment. T he SAMPLE/PRELOAD"&. 

instruction support is d esigned primari ly for s uppo rting interconnection"& 

verification test and not for at - speed samples of pin data. "&. 

•2. TOO is Open- Drain signal. 

• 3, Add comment o n p ort p in electri ca l c haracteristics: 

•4. Comment out if compi l er does not support this statemen t. 

end Alpha_ 2 1 264b; 

.. .. 
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C 
Serial lcache Load Predecode Values 

See the Alpha Motherboards Software Developer's Kil (SOK) for information . 
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D 
PALcode Restrictions and Guidelines 

D.1 Restriction 1 Reset Sequence Required by Retire Logic and 
Mapper 

reset : 

For convenience of implementation, tbe lbox reti.re logic done status bits are not initial­
ized during reset. Instead, as shown in the example below, the first batch of valid 
instructions sweeps through inum-space and initializes these bi ts. The 80 status bits 
(one fo r each inOight instruction) must be marked not done by the first 80 instructions 
mapped after reset, and later marked done when those instructions are retired. There­
fo re, the firs t 20 fetch blocks must contain fo ur valid instructions each, and must nol 
contain any relire logic NOP i.nstruclions. 

..., (1) Initialize 80 reti rator "done" status bits and 
** the integer and f l oating mapper destinations. 
** (2) Do A MI'PR ITB_ IA, which turns on t h e mapper scurce 

** enables. 
** (3) Create a map stall to canpl ete t he ITB_ IA. 

** State aft e r executi on of t his code: 
reti rat or initialized 
destinat i ons mapped 
source mapping enabled 
itb flushed 

* * The PALcode need not assurre t he following s ince the SRCt-1 i s not 

* * r equired to do these : 
dtb flushed 

dtb_asno 
dtb_asn1 
dtb_alt_ rrode 

/ * 
** I nitialize retirator and destination map , doing 80 retires. 

• / 
addq r31 , r31 ,r0 / * initiali ze I n t . Reg. O*/ 

addq r31, r31,rl /• initialize Int. Reg. l * / 

addt f3 1 ,f31,f0 / * initialize F.P. Reg . O*/ 

irult f31,f31,fl /• initialize F.P. Reg . 1 • / 

addq r31 ,r31 , r2 / • initiali ze I nt. Reg . 2 • / 

addq r31 ,r31 ,r3 / • initialize Int . Reg. 3 • / 
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addt f31, f31, f2 / • initialize F.P. Reg . 2*/ 

irult f3 1 , f31, f3 / • initialize F.P. Reg . 3*/ 

addq r31, r31 , r4 / * initialize Int. Reg. 4 */ 

addq r 31 , r31,rS / * initialize I nt. Reg. s•/ 
addt f3 1 ,f31 ,f4 / * initialize F.P. Reg. 4* / 

nul t f31 , f3 1 , f5 / * initialize F.P. Reg . 5*/ 

addq r31,r31 , r6 /* initialize Int. Reg. 6*/ 

addq f31 , r31 , r7 / • initialize Int . Reg. 7*/ 

addt f31,f31, f6 J• initiali ze F.P . Reg. 6*/ 

irult f31, f3 1 ,f7 / • initialize F.P. Reg. 7*/ 

addq r31 , r31 ,r8 / • initialize I nt. Reg. a•/ 
addq r31 , r31 , r9 /• initiali ze Int . Reg. 9 ' / 
addt f31, f31 , f B / * init i alize F . P . Reg. a•/ 
nul t f3 1 , f 31 ,f9 / • initiali ze F.P. Reg. 9*/ 

addq r31, r31, r l 0 / * initialize I nt. Reg. 10 • / 

addq r31, r31 , rl l /* initiali ze Int . Reg. 11•/ 
addt f31, f 31, flO / * i nit i alize F . P . Reg. 10*/ 

irult f3 1 , f31 , fl l /* initi alize F.P. Reg. 11•/ 

addq r31 , r31 , r 12 / * initiali ze I nt . Reg. 12*/ 
addq r31, r31 , r 13 / • initialize I nt . Reg. 13•/ 

addt f31, f31 , fl2 / * initialize F .P . Reg. 12*/ 

irult f31 , f31, fl3 / * i nitial i ze F.P . Reg. 13*/ 

addq r31, r31 ,r14 / * initialize I n t. Reg. 14•/ 
addq r31 , r31 , rl5 /* initialize Int . Reg. 15*/ 
addt f3 1 , f31, fl4 / * initial i ze F.P . Reg. 14*/ 
,rul t f3 1, f31 , flS / * i nitialize F.P . Reg. 15•/ 

addq r3 1 , r31, r 16 /* initial i ze I nt . Reg. 16*/ 

addq r31, r31, r l 7 / * initialize I n t . Reg. 17*/ 
addt f31, f 31, f16 / * initialize F.P . Reg. 16*/ 
nul t f3 1, f31 , fl 7 / * init i al i ze F.P. Reg. 17*/ 

addq r31, r31, r lB / * initialize I n t. Reg. 18*/ 

addq r 31, r31, r 19 / • initialize I nt. Reg. 19*/ 
addt f 31 , f31 , f lB / * initiali ze F .P. Reg. 1 8*/ 

irul t f 31 , f 31, f 19 1• ini t i al i ze F .P. Reg. 19*/ 

addq r31 , r31 , r20 /* i nitialize I nt. Reg. 20*/ 
addq r31 , r31,r21 /* initialize Int. Reg. 21*/ 
addt f31, f31, f20 / * initialize F.P. Reg. 20*/ 
irult f3 1 , f31, f21 / * initialize F.P. Reg. 21*/ 

addq r31, r31, r22 /* initialize I n t. Reg. 22*/ 

addq r31,r31 ,r23 / * initialize I n t. Reg . 23*/ 
addt f31, f3 1 ,f22 / * initialize F.P. Reg. 22*/ 

irult f31, f31 , f23 /* i nitialize F.P. Reg . 23*/ 

addq r31, r31, r24 /* initialize I n t. Reg. 24*/ 

addq r31, r31, r25 /* initialize Int. Reg . 25*/ 
addt f31,f 31,f24 /* initialize F.P. Reg. 24*/ 
nult f31,f31,f25 /* initialize F.P. Reg . 25*/ 

addq r31, r31 , r26 / * initialize I n t. Reg. 26 */ 
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addq r31, r31 , r27 /* initialize Int . Reg. 27*/ 
addt f31, f31, f26 /* initialize F. P. Reg. 26*/ 
rrult f31, f31, f27 /+ initialize F. P. Reg. 27*/ 

addq r31, r31, r28 /* initialize Int. Reg. 28*/ 
addq r3 1 , r31, r29 /* initialize Int. Reg. 29*/ 
addt f31, f31, f28 /* initialize F.P. Reg. 28*/ 

rrult f31, f31, f29 /• initialize F .P. Reg. 29*/ 

addq r31, r31, r30 /* initialize Int. Reg. 30•/ 

addt f31, f31, £30 /* initialize F.P. Reg. 30*/ 
addq r31, r31, rO /* initialize retirator 63*/ 
addq r31, r31, rO /* initialize retirator 64*/ 

addq r31, r31, rO /* initialize retirator 65*/ 

addq r31, r31,r0 /* initialize retirator 66*/ 
addq r31 , r31,r0 /• initialize retirator 67*/ 
addq r31,r31,r0 /* initialize retirator 68*/ 

addq r31,r31,r0 / • initialize retirator 69*/ 

addq r31 , r31,r0 /* initialize retirator 70*/ 
addq r31,r31,r0 /* initialize retirator 71*/ 
addq r31,r31,r0 / * initialize retirator 72*/ 

addq r31,r31 ,r0 /* initialize retirator 73*/ 
addq r31, r31, rO /* initialize retirator 74*/ 
addq r31,r31,r0 /* initialize retirator 75*/ 
addq r31,r31,r0 /* initialize retirator 76*/ 

addq r31, r31,r0 /* initialize retirator 77*/ 
addq r31,r31,r0 /* initialize retirator 78*/ 

addq r31,r31,r0 /* initialize retirator 79*/ 
addq r31, r31 , rO /* initialize retirator 80*/ 

/* stop deleting*/ 

rntpr r3 1,EV6_ I'IB_ IA I* flush the ITB (SCRBRDa4) *** this also 
turns on mapper scurce enables * * ** / 

rntpr r3 1,EV6_ 0T'B_ IA / * flush the um (SCRBRDa7) * / 

rntpr r3 1,EV6_ VA_CI'L / * clea.r VA_ CT'L (SCRBRDaS) */ 

rntpr r3 1,EV6_ M_CI'L /* clear M_CI'L (SCRBRDa6) •/ 

/* 
** Create a stall outside the IQ until the mtpr EV6_ ITB_IA retires. 
* * We can use OTB_ l\SNx even though we don' t seem to follO'w' the restriction on 
** scoreboard bits (4-7) .It's okay because there are no real dstream 
** operatia,s happening. 

*/ 
mtpr r31,EV6_ IYJ'B_ASNO / * clear IJl'B_ASNO (SCRBRJ);4) creates a map-

stall under the above mt.pr to SCRBRI)::.4*/ 
mtpr r31,EV6_ IJl'B_J\SN1 /* c l ear IJIB_ASNl (SCRBRD=7) */ 
mt.pr r31,EV6_ CC_C'I'L /* clear CC_C'I'L (SCRBRD=S) */ 
mtpr r31,EV6_ IJI'B_ALT_MJOE/* clear OI'B_ALT_MODE (SCRBRI):.6) */ 

/• 
* * MAP_ SHAIX)W _ REGISI'ERS 

** 1he shadow registers are mapped. 'Ibis code may be done by the SR01 
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or the PALcode, Wt it nust be done in the manner and order belO'w'. 

It assurres that the retirator has been initialized, that the 
** non-shadow registers are mapped, and that mapper source enables are en. 

** Source enables are on . For fault-reset and wake frcm sleep, we need to 
** ensure we are in the icache so we don't fetch junk that tooches the 
** shadc7.li' sources before we write the destinations. For normal reset , 
** we are already in the icache. However, so this ma.cm is useful for 
** all cases, force the code into the icache before doing the mapping. 

** .Assurre for fault -reset , and wake f rom sleep case, the exc_addr is 
** stored in rl . 

*/ 
addq r31,r31,r0 
addq r31,r31,r0 
addq r31,r31,r0 
br r31, tch0 

.align 3 
nxtO: lda rO, Ox0086 (r31) 

rntpr r0,E\l6_I_CTL 
br r31, nxtl 

tch0, br r31, tchl 

nxtl: mtpr r31 ,EV6_ IER_ CM 

addq r31,r31,r0 
br r31, nxt2 

tchl, br r31, tch2 

nxt2: addq r31,r31 , r0 

addq r31,r31,r0 
br r31 , nxt3 

tch2: br r31, tch3 

nxt3: addq r31,r31,r0 
addq r31,r31,r0 
br r31 , nxt4 

tel13, br r31, tch4 

nxt4: addq r31, r31, rO 

addq r31,r31,r0 
br r31, nxtS 

tch4: br r31, tchS 

nxtS : addq r31,r31,r4 
addq r31,r31,r5 
br r31, nxt6 

tchS, br r31, tch6 

nxt6: addq r31 , r31, r6 
addq r31, r31 ,r7 
br r31, nxt7 

tch6: br r31 , td17 

nxt7: addq r31,r31,r20 

/* rx:,p*/ 

/* nop*/ 
/* oop*/ 
/* fetch in next block*/ 

/ * load I _ C'I'L ..... • f 
/ * ..... SDE=2, IC_ rn'=3 (SCRBRD=4) * / 
/• continue exeruting in next block• / 
/* fetch in next block*/ 

/* clear IER_ CM (SCRBRD=4) creates a map-stall 
under the al:xwe mt.pr to SCRBRDz4 * / 

/* rx:,p* / 
/* contimle executing in next block*/ 
/* fetch in next block*/ 

/* 1st b.Jffer fetch block f or al:x:>ve map-
stall*/ 

/* nop* I 
I* contimie executing in next block*/ 
I* fetch in next block*/ 

/* 2rrl b.lffer fetch block for al::xJVe map-stall*/ 

/* nop*/ 
/ * contirrue executing in next block*/ 
/* fetch in next block*/ 

/• need 3rd Wffer fetch block to get correct 
SDE bit for next fetch block• / 

/* nop*/ 
I* contimle executing in next block*/ 
/• fetch in next block*/ 

/* initialize Shado..,, Reg. o•f 
/* initialize Shada.i, Reg . l*/ 
I* contimie executing in next block•/ 
/* fetch in next block*/ 

/* initialize Shado..,, Reg. 2*/ 
/* initialize Shadc:M Reg. 3*/ 
I* contimie executing in next block*/ 
/* fetch in next blcx:k*/ 

/* initialize Shado..,, Reg . 4*/ 
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addq r31 , r31, r21 

br r31, nxtB 

tch 7 : br r31, td18 

rt.'tt8: addq r31 ,r31 , r22 

addq r31 , r31, r23 

br r31, nxt9 

t chB : br r31 , nxtO 
nxt9 : 

INI T _ WRITE_ MANY 

/ * initialize Shadow Reg. 5* / 
I • cont irrue execut ing in next block• / 
/ • f etch in next b l ock*/ 

/ * i nitialize Shade\,; Reg . 6*/ 
/ * initialize Shadow Reg. 7 * / 
/ * a:>nt imie exerut ing in next block*/ 
/ * go back to 1st block and start executing• / 

u Write t h e cbox wr i te many diain, initiali zin:3 the lx:ache configurati c:n. 

• • '.J'his code i s on a cache block bourrlary , 

** *** the bcache i s initialized OFF for t he t:urni.n test •** 
•! 

/ • 
** Because we aligned on and f i t into a i cad1e block , and because sbeaO , 
• • and because we do an rrb at the beginning (which blocks further prc::gress 
** until the enti re b l ock has been fetched in) , we da1' t have to 
** f ool with p.tl.l ing this code i n befor e executing i t. 
•! 

#unde f lx:: _ enable_ a 
ltundef init_ rrooe - a 
#unde f bc_ s ize_ a 
ltunde f zercblk _enabl e_ a 
#undef enabl e_evi ct_a 
#undef set_di.rty_enabl e_a 
l!undef be_ bank_ enabl e_ a 
#undef lx::_wrt_sts_a 

#define bc_e nable_a 
#define init _rrode_ a 

#define bc_size _ a 
#define zeroblk_ enable_ a 
#define enabl e_ e vict _a 

#de fine set _ clirty_ enabl e_ a 
#define b c_bank_ enabl e _ a 
#define bc_wrt_ sts_ a 

loadwm: 
l da r l , WRITE_MANY_Gll\IN_ H( r3 1) 

s 11 r l, 32 , r l /• data<35:32> • / 
WLI{rl, WRITE_MANY_Oll\rn_L, r1) /• data<31:00> • / 
addq r31 , 6 , r0 / • shif t in 6x 6-bits•/ 

nb 

hr r31, bccshf 

.al i gn 6 
bccshf:mtpr rl , EV6_ DATA 

subq rO , 1, rO 

beq rO,bccend 

srl r l , 6,rl 
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/ • wait for all istream/dstream to conpl ete• / 

/ • shift in 6 bits•/ 
/ • decrement Ro • / 
/ • done if RO is zem• / 
/ • align next 6 bi ts• / 
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br 
tx::cend:mtpr 

r31 , b ccshf / • ccntinue s h if t ing• / 

r31 , EV6_ EXC_AIDR + 16/• dunmy IPR wr i te - sets SCBD bit 4 • / 
addq 
addq 

r31, r31 ,r0 / • nq,• / 

r31,r31,rl / • nq,• / 

mtpr r31 , EV6_ EXC_AIDR + 16 J• also a durtmy IPR write -

/ • stall s Wltil al:x:lve write 

beg r31 , bccnxt 
b r r31, . -4 

addq r31 , r31 , rl 

J• retires• / 
/ • predicts fal l t h rough in Pi\Im:de• / 

/* fcx,ls ibox predictor into infinite l ocp• / 

/• nap• I 

tx::cnxt :addg r31 ,4 , r0 / * l oad PCI'X ... . . • / 
mt.pr r0,EV6_ PROCFSS_ CXNI'EXT J• .... . FPE-1 (SCRBR[),a•1) • / 

l da r0 , 0C_ CTL_ INIT_ K(r 31 ) / • load OC_ CTL .... . • / 
mtpr r0 , EV6_ 0C_CTL / • . ... . ECC_ EN==O, FHIT• O, SET_ EJ\123 

/ • ISCRBRD-6) • / 

addq r31, r31, r0 

addq r31 , r31, r l 

l da rO , Oxff 61 (r31) 

zap rO , Oxfc,rO 

mtpr r31 ,EV6_ IJI'B_T.AGO 
mtpr r31, EV6_ IJI'B_TAG1 
mtpr r0 , EV6_ 1JJ'B_ PTEO 
mtpr rO , EV6 _ 00'8 _ PTEl 

mt.pr r31 , EV6_ SIRR 
l da rO, Qx.08FF(r31 ) 

s 11 r0 , 52 , rtl 
ito f t rO , fO 

mt_ f pcr fO 
l da rO , Ox2086 (r31) 
l dah rO , Ox00S0 (rO) 

mtpr r0,EV6_ I _ CTL 

/ • nop• / 
/ * oop• / 
/ • RO • ' xf f 61 (superpage) •! 
/ • PrE protecti on for um write in next 

block•/ 

/ • wri te mB_TAGO (SCRBJlD..2 , 6 )• / 
/ • wri te IJ.I'B_ TAGl (SCRBRD-1 ,S) • / 
/ • wri te I7I'B _ PI'EO (SCRBRD-0,1) ' / 

/ • write IJ.I'B_ PI'El (SCRBRD-3 , 7) • / 

/ • clear SIRR (SCRBRD=4) • / 

/ • load FPCR ..... • / 

/ • ..... initial FPCR value • / 
/ * nq> itoftrO , fO; value • OXBFFOOOOOOOOOOOOO */ 

/ • nq> mt_ fpcrfO,fO,fO; do tl1e load•/ 
/ • l oad I _ CTL . . ... •/ 
/ • ..... TB_ MB_ EN=1 , CALL_ PAL_ R23• 1, SL_XMIT-1 , 

/ * SBE==O , SDE=2, IC_ EN=3•/ 
/ • valu e,,. Ox0000000000502086 (SCRBRI>a,4) */ 

mtp r r31, EV6_ CC / * clear CC (SCRBR[),a5) • / 

l da r0 , 0x001F(r31 ) / • write-one-to-cl ear bits in HW_ INT_ a..R, 

/ • I _STAT and OC_STAT*/ 
s11 r0,28 , rO /•value .. OxOOOOOOOlFOOOOOOO*/ 
mt.pr r0,EV6_ HW_ INT_ a.R/* clear b its in HW_ INT_ CLR (SCRBRI),,,4) */ 

mt.pr r0, EV6_ I _ STAT / • clear b its in I_ STAT 
/ * (SCRBRD,.4 ) creat es a map-stall 

I • under the above mtpr to SCRBRD=4 • f 
l da rO , Ox001 F (r31 ) / • value ., OxOOOOOOOOOOOOOOl F-.11 / 

mtpr r0,EV6_ 0C_S'I7\T / * clear bits in OC_ S'I7\T (SCRBRD=6) • / 
addq r31 , r31,r0 /• rop•/ 

mtp r r31,EV6_ PCI'R_CI'L / * 1st b.lffer fetch blcx::k for above map-stall 

bis r3 1 ,l , r0 
bis r31,1,r0 
ntJlg/v r31,r31,r0 

/• and 1st clear PCI'R_ CI'L (SCRBRDz4) •/ 
I• set up value for denon write• / 
/ • set up value for derron wri te•/ 
/ • nop• / 
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Restriction 1 : Reset Sequence Required by Retire Logic and Mapper 

mtpr r31,EV6_ PCT'R_CI'L 

bis r31,1,r0 

bis r31,l , r0 
,rulq r31,r31,r0 

lda rO, Ox7B0 (r31) 

nt, 

>mint rO 
nt, 

bis r31,1,r0 

ldq_p rl,Ox7 B0 (r31) 

ldq_p rO, Ox788 (r31) 
nt, 

nt, 

St<LJl rl, Ox780 (r31) 

st<u> rO, Ox:788 (r31) 

bis r31, 32, rO 

/* 2nd tufter fetch block for aoove rrap-stall 
/* and. 2nd clear PCI'R _ err.. (SCRBRD::4) * / 
/• set up value for derron write .. / 
/• set up value for derron write•/ 

/* nop* / 

/* this is new initializaticn stuff to 
prevent•/ 

/* ld/st bel O'w' £rem going off-chip * / 

/* set up value for derron write*/ 

/* flush Pipe O ID logic*/ 
/• flush Pipe 1 ID logic*/ 
/* wait for ID' s to corti)].ete* / 
/* wait for LO' s to c::cirtl)lete• / 

/* flush Pipe O ST logic*/ 
/* flush Pipe 1 SI' logic*/ 
/* load lcx:>p CXJUI1t of 32*/ 

jsr init locip: 

bsr r31,jsr_ init_ lcx:,p_ nxt / * JSR to PC+4*/ 
jsr_ init_ loop_ nxt: 

stq_p rl,Ox7BO(r31) /* flush Pipe o ST logic•/ 
surq rO,l,rO /* decrement lcx,p ca.mt*/ 
beg rO,jsr_ init_dcrie /• done? • / 
br r31,jsr_init_ loop /• contirrue loop*/ 

jsr_ init_done: 

/* 

lda r0,0X03FF(r31) 
sll r0,52,rO 
itoft rO,fo 
addq r31, r31, rl 

,rult f0,f0,f0 
addt f0,f0,f0 
divt f0,f0,f0 
sqrtt f0,f0 

cvtqt f0,f0 
pezr r31,r31,r0 
maxuw4 r31,r31,r0 
plci.i.b r31,r0 

re rO 

addq r31,r31,rl 
addg r31 , r31,rl 
addq r31,r31,rl 

/• create FP one ..... •/ 
/• ..... value "' Ox3FFOOOOOOOOOOOOO •/ 

J• put it into FO reg •J 
/• nop (also clears Rl) •/ 

/• flush rnul -pipe •/ 
/• flush add-pipe • / 
/• flush div-pipe • / 
/• flush div-pipe • / 

J• flush add-pipe (integer l03ic) •/ 
/• flush MVI l03ic •/ 
I• flush MVI l03ic • / 
/• flush MVI logic •/ 

I• clear interrnpt flag•/ 
/• nop (also clears Rl ) •/ 

/• nop (also clears Rl) •J 
/• nop (also clears Rl) •/ 

• 11.ris palbase init exists for the rare cases 
• when this cx:xle is loaded into upper rrerrory. 
• 'Ibat is the case Wen this code is loaded 
• and exea.ited in memocy 01 a system that has 
• already been initialized. This technique 
• can sorretirres be used to debug snippets of 
• this COO.e. 

*/ 
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Restriction 2 : No Multiple Writers to IPRs in Same Scoreboard Group 

br r31, palbase_ init 
palbase _ init : 

br rO , br60 / • rO <- current location • / 
br60: l da r l, (EntryPoint - br60) (rO ) /• rl <- location of codebase • / 

mt.pr rl, EV6_ PAL_BASE /• set up pal_base register •/ 

bis r31 , 2, rO 
mt.pr rO, EV6_ VA_CI'L 

bis r31, B, rO 
mt.pr rO, EV6_ M_CI'L 

br rO, jrrpa 
jrrp(l, addq rO, (jrrpl-jrrp(l+l), rO 

hw_rets/jrrp(rO) 
jrrpL 

lda r l, l (r31 ) /• rl <- cc_ctl enable bit */ 
s11 rl, 32, rl 
mtpr rl, EV6_ CC_CI'L /• Enable/clear the cycle counter. • / 

/* 
.. Now initialize the dcacl1e to alla..,, the 

•• minideb.lgger so save gpr' s 

*/ 

D.2 Restriction 2 : No Multiple Writers to IPRs in Same Scoreboard 
Group 

For convenience of implemen(ation, only one explicit writer (HW _MTPR) lo IPRs that 
are in the same group can appear in the same fetch block (oclaword-aligned oclaword). 
Multiple explicit writers lo IPRs that are not in the same scoreboard group can appear. 
If this restriction is violated, the IPR readers might nol see the in-order slate. Also, the 
IPR might ultimately end up with a bad value. 

D.3 Restriction 4 : No Writers and Readers to IPRs in Same Score­
board Group 

This restriction is made for the convenience of microprocessor implementation. 
An explicit reader ofan IPR in a particular scoreboard group cannot follow an expl icit 
writer (HW _ MTPR) lo an IPR in that same scoreboard group within one fetch block 
(oc(aword-aligned oclaword). Also within one fetc h block, an implicit reader of an IPR 
in a particular scoreboard group cannot follow an expl icit writer (HW _MTPR) lo an 
IPR in that scoreboard group. This restriction covers writes lo DTB_PTE or DTB_TAG 
followed by LO, ST, or any memory operation, including all types of JMP ins<ruclions 
and HW _RET instructions lhal do nol have the STALL bit set. 
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Guideline 6 : Avoid Consecutive Read-Modify-Write-Read-Modify-Write 

D.4 Guideline 6 : Avoid Consecutive Read-Modify-Write-Read­
Modify-Write 

Avoid consecutive read-modify-write-read-modify-write sequences to IPRs in the same 
scoreboard group. 

The latency between the first write and the second read is determined by the retire 
latency oflhe IPR . For convenience of implementation, the latency between the lime 
when the read is issued and when the final write is issued depends on lhe run-lime con­
lenls oflhc issue queue. II is somewhere between four and nine cycles, even if there is 
no data dependency between lhe read and write. 

D.5 Restriction 7 : Replay Trap, Interrupt Code Sequence, and STF/ 
ITOF 

On an Mbox replay lrap, the 2 1264B lbox guarantees lbal 01e refelched load or store 
inslruction lhal caused the trap is issued before any newer load or store instructions. For 
load and integer store instructions, this is a consequence of the natural operation oflhc 
issue queue. The refelched instruction enters the age-prioritized queue ahead of newer 
load and slore instructions and docs not have any dependencies on dirty registers. 

Because there is no overhead time for checking these register dependencies (lhal is, ii is 
known upon enqueueing that there are no dirty registers), the queue wi ll issue the 
rcfclched instruction in priority order. For 0oaling-poinl store instructions, there is nor­
mally some overhead associated with checking the floating-point source register dirty 
status, so the slore inslruction would normally wail be fore being issued. Th is would 
have lhe undesired consequence of allowing newer load and store instructions to be 
issued o ut of order. A deadlock can occur if issuing lhe ins tructions out-of-order causes 
the floating-point store instruction lo continually replay tbc lrap. To avoid the deadlock 
on a floating-point store inslruction replay trap, the source register dirty slatlL.'i is not 

checked (the source register is assumed lo be clean because the store instruction was 
issued previously). 

The hardware mechanism that keeps lrack of replayed noaling-poinl store inslruclions, 
and cancels the dirty register check, requires some soflware restrictions to guarantee 
that it is applied appropriately lo the replayed inslruclion and not lo other 0oating-poinl 
store inslruclions. The hardware mechanism marks the position in the fetch block (low 
two bits of the PC) where the replay trap occurred. This action cancels the dirty Ooal­
ing-poinl source register check of01e next valid instruction enqueued lo lhe integer 
queue (integer, all load and store, and ITOF inslructions) that has the same position in 
01c fetch block (normally the replayed STF). lflhe PC is somehow diverted lo a PAL­
code now, this hardware might inadvertently cancel the register check of some other 
STF (or ITOF) inslruclion. Fortunately, there arc a minimal number of reasons why the 
PC might be diverted during a replay lrap. They are interrupts and lTB fills. 

The following PALcode example shows lhal an STF or ITOF inslruction, in a given 
position in a fetch block, must be preceded by a valid inslruction 01al is issued oul of 
01e integer queue in the same position in an earlier fetch block. Acceptable inslruclion 
classes include load, integer store, and integer operate inslruclions that do not have R3 I 
as a destination or branch. 
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Bad_ inte rrupt_fla.o, _ entry: 

ADI)J R31, R31,RO 

SJ'F Fa , (Rb) ; 'ntis SIT might not undergo a dirty source register 

; dieck and might give wrong results 

IIDDO R31,R31,R0 

AD[Q R31,R31,RO 

Good_ inte rrupt_ fla.o,_entry : 

AD[Q R31, R31,RO; Enables FP dirty sarrce regist er 

; check f or (PC[l:0] .. ,., 00) 

ADCQ R31, R31, RO; Enables FP dirty s ai.rce regist e r 

; check for (PC[l,O] •• 0 1 ) 

AD[Q R31,R31 , RO; Enables FP dirty source regi s t er 

; check for (PC[l:O] •• 10) 

ADOO R31,R31 , RO; Enables FP dirty sarrce regis t e r 

; check f or (PC [l: 0) •• 11) 

AD[Q R31, R31, RO 

Sl'F Fa, (Rb); '11.tis S'I'F will successfully undergo 

; a dirty s ource regi s t er che ck 

IIDD'.J R31,R31 , R0 

IIDDO R31, R31,R0 

D.6 Restriction 9 : PALmode lstream Address Ranges 

PALmodc[physical] lslream addresses must ensure proper sign extension for the 
selected value of I_ CfL[VA _ 48] . When I_C rL[VA_ 48] is clear, indicating 43-bil vir­
tual address fonnal, PALmode[physical] lslrcam addresses must sign-extend address 
bits above bit 42 although the physical address range is 44 bi Ls. An illegal address can 
only be generated by a PALmodc JSR-type instruction or a 1-IW _RET instruction 
returning lo a PALmode address. 

D.7 Restriction 10: Duplicate IPR Mode Bits 

The virtual address size is selectable by programming IPR bits I_ CTL[VA_ 48] 
and VA_ CTL[VA _ 48]. These bit values should usually be equal when operating in 
native (virtual) mode. The I_ CTL[VA _ 48] bit determines 01e DTB double3/doublc4 
PALcode entry, the JSR misprcdicl comparison width, 01e VPC address generation 
width, the lslream ACV limits, and the IVA_FORM fo rmal selection. The 
VA_CTL[VA_ 48] bit determines the VA_FORM formal selection and the Dslream 
ACY limits. IPR mode bits I_CTL[VA_ FORM_32] and VA_CTL[VA_FORM_32] 
should be consistent when executing in native mode. 
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Restriction 11: lbox IPR Update Synchronization 

D.8 Restriction 11: lbox IPR Update Synchronization 

When updating any !box IPR, a return to native (virtual) mode should use the HW _RET 
instruction with the associated STALL bit set to ensure that the updated IPR value 
affects all instructions following the return path. The new IPR value takes effect only 
after the associated HW _ MTPR instruction is retired. 

For update to some IPR fields with propagation delay, such as I_ CTL(SDE] and 
PCTX[FPE], synchronization as described in Section D.32 is the preferred method of 
synchronizalion. 

D.9 Restriction 12: MFPR of Implicitly-Written IPRs EXC_ADDR, 
IVA_FORM, and EXC_SUM 

Implicitly written TPRs are non-renamed hardware registers that must be available for 
subsequent traps. After any trap to PALcode, hardware protects the values from a sec­
ond implicit write by locking these registers and delaying subsequent traps for a safe 
(limited time) . Their values can be read reliably by a HW_MFPR w ithin the first four 
instructions of a PALcode now and prior to any taken branch in that PALcode fl ow, 
whichever is earlier. These instructions should not include PALmode trapping instruc­
tions. Aller the delimiting instruction defined above retires, these registers are unlocked 
and may change due lo new exception conditions. 

!fa second exception occurs before the registers are unlocked, it will be either delayed 
or fo rced to replay trap (a non-PALmode trap) until the register has been unlocked. 
After being unlocked, a subsequent new path exception condition will be allowed to 
reload the register and trap to PALcode. The 21264B may complete execution of the 
first PALcode now, encountering the second exception condition before the delimiting 
instruction is retired, hence the need for the locking mechanism to ensure visibility of 
the initial register value. 

The VA_FORM, VA, and MM_STAT registers are not included in this list of protected 
TPRS. See Section D.24 for a description of how to protect these IPRs from subsequent 
implicit writers. 

D.10 Restriction 13 : DTB Fill Flow Collision 

Two OTB fill flows might collide such that the HW _ MTPR's in the second fill could be 
issued before all of the HW _MTPR's in the first PALcode flow are retired. This can be 
prevented by pulling appropriate software scoreboard barriers in the PALcode flow. 

D.11 Restriction 14: HW_RET 

There can be no HW _RET in the first fetch block of a PALcode routine, other 
than CALL_PAL routines. With a HW_ RET in the first fetch block ofa PALcode rou­
tine, the HW _ RETwi ll be mispredicted and the JSR/RETURN stack could lose iLs syn­
chronization. 
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Guideline 16: JSR-BAD VA 

D.12 Guideline 16: JSR-BAD VA 

A JSR memory forrnat instruction that generates a bad VA (TACV) trap requires PAL­
code assistance to deterrnine the correct exception address. If the 
EXC_SUM(BAD_TVA] is set, bits (63 ,1] of the exception address are valid in the VA 
IPR and not the EXC _ A DOR as usual. The PALmode bit, however, is always located in 
EXC_ADDR[0] and must be combined, if necessary, by PALcode to deterrnine the full 
exception address. 

D.13 Restriction 17: MTPR to DTB_TAG0/DTB_PTE0/DTB TAG1/ 
DTB_PTE1 

These four write operations must be executed atomically, that is, either all four must be 
retired or none of them may be reti red. 

D.14 Restriction 18: No FP Operates, FP Conditional Branches, FTOI, 
or STF in Same Fetch Block as HW_MTPR 

No FP operate instructions (including Mx_FPCR), FP conditional branches, FTOT reg­
ister move instructions, or FP store instructions are allowed in the same fetch block as 
any HW _MTPR instructions. This includes ADDx/MULx/DTVx/SQRTx/FPCondition­
alBranch/STx/FTOTx, where xis any applicable FP data type, but does not include LDx/ 
ITOFx. 

D.15 Restriction 19: HW_RET/STALL After Updating the FPCR by 
way of MT _FPCR in PALmode 

FPCR updating occurs in hardware based on the retirement of a nontrapping version of 
MT_FPCR (in PALcode). Use a HW _ RET/STALL after the nontrapping MT FPCR to 
achieve minimum latency (four cycles) between the retiring of the MT_FPCR and the 
first FLOP that uses the updated FPCR. 

D.16 Guideline 20: I_CTL[SBE] Stream Buffer Enable 

The I_CTL(SBE] bits should not be enabled when running w ith the (cache disabled to 
avoid potentially long fi ll delays. When the !cache is disabled, the only method of sup­
plying instructions is byway ofa stream hit. If the fill is returned in non-sequential 
wrap order, the stream will continue fetchi ng through the entire page while waiting for 
a hit. Norrnally the data will be found in the cache. 

D.17 Restriction 21: HW_RET/STALL After HW_MTPR ASN0/ASN1 

There must be a scoreboard bit-to-register dependency chain to prevent HW _MTPR 
ASNO or HW _MTPR ASN I from being issued wh ile any of scoreboard bits (7:4] are 
set. The fo llowing example contains a code sequence that creates the dependency chain. 

:Assrure Ra holds value to write to ASNO/ASNl 

HW_MFPR RO, VA, SC8D<7,6,5,4 > 

XOR RO, RO, RO 

BI S RO, R9, R9 
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Restriction 22: HW_RET/5TALL After HW_MTPR 150/151 

BIS R31, R31, R31 

HW_MTPR R9, J\SNO, SC80<4> 

HW_ MTPR R9, J\SNl., SCBD<:7> 

This sequence guarantees, through the register <lepen<lcncy on RO, that neiU1er 
1-IW _ MTPR arc issued before scoreboard bits [7:4) are cleared. In addi tion, there must 
be a HW_R.ET/STALL allcr a HW _MTPR ASN0/HW _MTPR ASN I pair. Finally, 
these two writes must be executed atomically, that is, either both must be reti red or nei­
ther may be retired. 

D.18 Restriction 22: HW_RET/STALL After HW_MTPR IS0/1S1 

There must be a scoreboard bit-lo-register dependency chain Lo prevent either 
HW _ MTPR ISO or I-IW _ MTPR IS I from issuing instructions whi le any of scoreboard 
bi ts [7:4] are set. The fo llowing example contains a code sequence that creates the 
dependency chain_ 

HW_MFPR RO , VA, SCBD<7,6,5 ,4 > ,R0 

XOR RO, RO , RO 

BIS RO, R9, R9 

BIS R3 1 ,R31, R31 

HW _ MTPR R9, I SO, SCBDc:6> 

HW_ MTPR R9, 1S1 , SCBDc::7> 

This sequence guarantees, through the register dependency on RO, that nei ther 
HW _MTPR are issued before scoreboard bits [7 :4] are cleared. There must be a 
I-IW _RET/STALL aller an HW _MTPR IS0/HW _MTPR IS I pair. Also, these two 
writes must be executed atomically, that is, eiU,er both must be retired or neither may be 
retired. 

D.19 Restriction 23: HW_ST/P/CONDITIONAL Does Not Clear the 
Lock Flag 

A I-IW _ST IP/CONDITIONAL will not clear the lock flag such that a successive store­
condit ional (either STx_C or HW _ST/C) might succeed even in the absence of a load­
locked instruction. In the 21264B, a store-conditional is fo rced lo fa il if there is an 
intervening memory operation between the store-conditional and its address-matching 
LDxL. The following example shows the memory operations_ 

UJL/Q/F /G/S/T 

SI'L/Q/F /G/S/T 

UJQ__U (not to R31) 

STI:l._U 

Absent from this list arc HW _LD (any type), HW _ST (any type), ECB, and WH64. 
Thei r absence implies that they will not force a subsequent store-conditional instruction 
lo fai l. PALcode must insert a memory operation from the above list a Iler a HW_ST/ 
CON DITIONAL in order Lo force a future store-conditional Lo fail ifil was not pre­
ceded by a load-locked operation: 

HW_ LDxL 
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Restriction 24: HW_RET/5TALL After HW_MTPR IC_FLU5H, IC_FLU5H_A5M, 

HW_ ST/C -> RO 

Bxx RO, try_ again 

SI'Q ; Force next Sf/C to f ail if no preceding LDxL 

HW_ REJ' 

D.20 Restriction 24: HW_RET/STALL After HW_MTPR IC_FLUSH, 
IC_FLUSH_ASM, CLEAR_MAP 

There must bea HW_RET/STALLaflera 1-fW_MTPR IC_FLUSH, IC_FLUSH_ASM, or 
CLEA.R_MA.P. The [cache flus h associated with these instructions will nol occur unti l 
the HW _RET/STALL occurs and all ouLslanding [stream fetc hes have been completed. 

A lso, there must be a guarantee <l1al the HW_MTPR IC_FLUS H or HW_ MTPR 
IC_FLUSH_ASM will not be retired simultaneously with the HW_ RET/STALL. T his 
can be ensured by inserting a conditional branch between <J,e two (BNE R31 , 0 cannot 
be mispredicted in PA.Lmode), or by ensuring al least 10 instructions between the 
MTPR instruction and the HW _RET/STALL containing al least one instruction in each 
quad aligned group with a valid destination. Finally, the HW_RET/STALL that is used 
for CLEAR_MA P cannot trigger a cache flush. That is, if both a CLEAR_MAP and 
IC_ FLUSH are desired, there must be two HW _RET/STA.LLs, one fo llowing each 
HW_MTPR. 

D.21 Restriction 25: HW_MTPR ITB_IA After Reset 

An HW_MTPR ITB_ IA is required in <l1e reset PALcode to ini tialize the 1TB. IL is also 
required that PALcodc not be exited, even via a mispredicled path unti l Lhis 
HW _ MTPR ITB_IA has been reti red. PALmode can change temporari ly aller fetching 
a HW _RET, regardless of the STALL qualifier, down a mispredicted path leading to use 
of the 1TB before it is actually initialized. 

Unexpected instruction fetch and execution can occur fo llowing misprediction of any 
memory formal control instruction (JMP, JSR, RET, JSR_CO, or HW_JMP, HW_JSR, 
HW _RET, HW _JSR_ CO regardless of <l1e STA.LL qualifier), or aller any mispredicled 
conditional branch instruction. lflhe unexpected instruction flow contai ns a ~fW _RET 
instruction, PALmode may be exited prematurely. 

One way lo ensure that PALmode is not exited is lo place the 1-IW _MTPR ITB_ IA at 
least 80 instructions before any possible HW _RET instruction can be encountered via 
any fetch pa<l,_ Since memory formal control instructions can mispredicl lo any cache 
location, they should also be avoided wi<J,in Uiese 80 instructions. 

D.22 Guideline 26: Conditional Branches in PALcode 

To avoid pollution of the branch predictors and improve overall branch prediction accu­
racy, conditional branch instructions in PALcode will be predicted Lo not be taken. The 
only exception to this rule are conditiona l branches within the first cache fetch (up lo 
four instructions) of all PALcode fl ows except CALL _PAL flows. Conditional brancbes 
should be avoided in this window. 
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Restriction 27: Reset of 'Force-Fail Lock Flag' State in PALcode 

D.23 Restriction 27: Reset of 'Force-Fail Lock Flag' State in PALcode 

A virtual mode load or store is required in PALcode before the execution of any load­
locked or store-conditional instructions. The virtual-mode load or store may not be a 
HW_LD, HW_ST, LDx_L, ECB, orWH64. 

D.24 Restriction 28: Enforce Ordering Between IPRs Implicitly Writ­
ten by Loads and Subsequent Loads 

Certa in IPRs, which are updated as a result o f faulting memory operations, require soft­
ware assistance to maintain ordering against newer instructions. Consider the following 
code sequence: 

HW_ MFPR IPR_ t-fJI_ STAT 

LllQ rx, (,:y) 

These instructions would typically be issued in-order. The HW _MFPR is data-ready 
and both instructions use a lower subclusler. However, the HW _ MFPRs (and 
HW_MTPRs) respond lo certain resource-busy indications and are not issued when the 
Mbox informs the !box that a certain set of resources (store-bubbles) are busy. The LDs 
respond to a different set of resource-busy indications (load-bubbles) and could be 
issued around the HW _ MFPR in the presence of the form er. Software assistance is 
required to enforce the issue order. One sure way to en force the issue order is to insert 
an MB instruction before the first load that occurs after the HW_MFPR MM_STAT. 
The VA , VA_FORM, and DC_CTL registers require a similar constraint. All LOAD 
instructions except HW _ LO might modi fy any or all of these registers. HW _LO does 
not modifyMM_STAT. 

D.25 Guideline 29 : JSR, JMP, RET, and JSR_COR in PALcode 

Unprivi leged JSR , JMP, RET, and JSR_COR instructions wi ll always mispredicl when 
used in PALcode. In addition, HW _ RET lo a PALmode target will always mispredicl 
since the JSR stack only predicts native-mode return addresses. HW_RET lo a native­
mode target uses the JSR slack for predicti on and should usually be used when exiting 
PALmode in order lo mainta in JSR stack alignment since all PALmode traps also push 
the value of the EXC_ADDR on the JSR slack. 

Privileged versions of the JSR type instructions (HW _JSR,HW_JMP,HW _JSR_COR) 
can be used both within PALmode or lo exit PALmode and generate a predicted target 
based on their hint bits and the current processor PALmode stale. 

D.26 Restriction 30: HW_MTPR and HW_MFPR to the Cbox CSR 

Ex ternal bus ac tivity must be isolated from writes and reads lo the Cbox CSR. This 
requires that all Dstream and !stream fi lls must be avoided until after the HW _ MTPR/ 
HW _MFPR updates are completed. An MB instruction can block Dstream activi ty, but 
blocking all !stream fill s, including prefetches, requires more extensive code. The fol­
lowing code example blocks all !stream fi ll requests and stalls instruction fetch unti l 
after the desired MTPR/MFPR action is completed. This code disables !stream 
prefetching by way of a HW_MTPR lo I_CTL[SBE], IC_FLUSH, and 
HW _RET _STALL sequence. 
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Restriction 30 : HW_MTPR and HW_MFPR to the Cbox CSR 

ALIGJ _ FETOJ _ BLOCK 
sys_ chax: 

nb 
hw_mfpr p6 , El/6_ I _ CTL 
l da p4, 'xFCFF (r31) 

and p6, p4, p4 

; quiet the dstream 
(4 , 0L) get i _ ctl 

mask f or clearing SBE b i ts 
clear SBE bits 

sbe_off_offset "' <sys_ cbox_ sbe_off_done - sys_ d::XJx_sbe_off> 

hw_ mtpr p4, EV6_ I _ CT'L 

br p6 , sys_ cb:ix_ sbe_off 
sys_ chax_ sbe _off: 

addg p6 , #<sbe_off_offset+l>, p6 
bsr r31 , . 
ALIGJ_ FETar_ BUX:l< < .... X47FF041F>; align 
hw"_ mtpr r31, EV6_ IC_ FWSH 
bne r31, . 
PVC_ JSR sbe_ o f f 
hw_ret_ stall (p6 ) 
PVC_ JSR ste_off , dest=l 

sys_ cbox_sbe_off_ done: 
br r31, sys_ cl:x:,x_ touchl 

1\LIG;_Cl\CHE_BLOCK 

sys cbax averl : 
addq r31, #11, p6 
addq r31 , r31 , p7 
b r 

sys_ cbax _ touch! : 
br 

sys cbax aver2 : 

r31 , sys cl:x:,x over2 

r31 , sys_ cl:x:,x_ touch2 

hw_mtpr r31 , EV6_SHIF'I' CXNI'ROL 
subq p6, #1 , p6 

br 
sys cbox tooch2 , 

br 

sys cbax aver3 : 

r31, sys cl:x:,x over] 

r31, sys cl:x:,x touch] 

hw_mtpr r31, <EV6_ ""1_ STAT ! 64 > 

bis pS, #1 , pS 
br 

sys cbax touch] : 
br 

sys_ cbax _ over4 : 

r31 , sys_ cbox_aver4 

r31, sys_ cl:x:,x_ touch4 

hw_mfpr p4, EV6_ DATA 
bis 
br 

sys_ cbax _ touch4 : 
br 

sys cbox averS : 
and 
addq 
br 

sys_ cbox _ touchS: 
br 

r31, r31 , r31 
r31, sys cl:x:,x overs 

r31, sys_ cl:x:,x_ touchS 

p4 , #'x3F, p4 

p4, p7, p7 
r31 , sys cl:x:,x over6 

r31 , sys cl:x:,x touch6 
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; (4 , OL) write new i _ ctl 

past stall i n palrrode 
stack p.ish 

; ( 4, OL) e l iminate pref etches 
; pvc #24 

synch and f l ush 
use ret, p:,p stack 
hr s t q;:is predictor 

now µil l in the next block 

b l ock 1 
initialize shift count (11.x) 

initialize shift data 
go to block 2 

touch bl ock. 2 

block 2 
(6, OL) shift in 6 bits 

; decrement shift ccunt 
go to bl ock 3 

touch block 3 

; b l ock 3 
; (6,0L) wait for shift 

return in pal m::>de 
go to block 4 

touch block 4 

block 4 
(6,0L) read cbax data 

nq, 
go to bl ock 5 

touch b l ock 5 

b l ock 5 
clean to <5: 0> 
accunul.ate shif t data 
go to block 6 

touch block 6 
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sys_ cl:ox_ over6: 
beg 
bis 
br 

sys_ cl:ox _ toud16: 
br 

sys_ cbax_over7 : 
bis 
s11 
br 

sys_ cl:ox_ touch7: 
br 

sys_ cbax. _ overs : 

p6, sys_ ctox _ overs 
r31, r31, r 3 1 

r31, sys_ cbox_over7 

r31, sys c.l:ox touch? 

p7 , r31, p20 
p7, #6, p7 
r31, sys cbox over2 

r31, sys_ cbox_ touchB 

beg r31, sys_ cbox_ ctox_ done 
PVC_ VIOU\TE <1006> 
hr r31, . - 4 

bis 
sys cbax toud18 : 

b r 

sys_ cbax _ cbax _ dcllle: 

r31, r31, r31 

r31, sys cbox overl 

hw_mfpr p6 , EV6_ I _ CTL 

Restriction 31 : I_CTL[VA_ 48] Update 

; block 6 
; branch if done 
; nop 

go to block 7 

touch block 7 

; block 7 
save bef ore shifting 
shift data 6 bits l e f t 
do next shift 

touch block 8 

block 8 
predict not taken 

predict back to infinite locp 

now start executing the shifts 

lda p4, <3®EV6 I CTL_ SBE_ S>{r31) 

OCJW restore i _ ctl 
(4,0L) get i _ ctl 

sbe bits 
or p6, P4, P4 
bis r31, r31, r 31 

hw_mtpr P4, EV6_ I _ CTL 

PVC_ JSR cbox, bsr•l, dest • l 
hw_ ret_stall (pS) 

set SSE bits 

; (4, OL) restore i _ ctl 

; return to caller with stall 

D.27 Restriction 31 : I_CTL[VA_ 48] Update 

The VA 48 virtual address forma l cannot be cbanged whi le executing a JSR, JMP, 
GOTO, JSR COROUTINE, or HW _RET instruction. A simple meihod of ensuring 
lhal lhe addr~ss does nol change is lo write I_CTL twice, in lwo separate fetch blocks, 
with the same dala. The second write will stall the pipeline and ensure that the mode 
cannot change, even down a mispredicled path, while a following JSR type instruction 
might be using the address comparison logic. 

D.28 Restriction 32: PCTR_CTL Update 

The perfonnance counter must nol be lefl in a slate near overOow. If counting is dis­
abled, 01e counters may produce multiple overOow signals iflhe counter oulpul is nol 
updated due lo the counter being disabled. A repeated overOow signal with counters 
disabled can block other incoming interrupt requests whi le the overfl ow slate persisLs. 
To avoid Lhis siluation, reads or writes lo the counters should not leave a value near 
overflow. In nonnal operation, with counters enab led, a counter overfl ow will produce 
an overflow pul se, clear the counter, and produce a performance counter interrupt. 

Interrupts can only be blocked for one cycle. 
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Restriction 33 : HW_LD Physical/Lock Use 

D.29 Restriction 33: HW_LD Physical/Lock Use 

The HW LD physica l/lock instruction must be one of01 e first three instructions in a 
quad-instruction aligned fetch block. A pipeline error can occur if the HW_LD physi­
cal/lock is fetched as the fo urth instruction of the fetch block. 

D.30 Restriction 34 : Writing Multiple 1TB Entries in the Same PAL­
code Flow 

Before a PAL.code fl ow wri tes multiple 1TB entries, additional scoreboard bits should 
be sci lo avoid possible corruption of the TAG IJ'R prior to final update in 01e 1TB. The 
addition of scoreboard bits O and 4 to 01e slandard scoreboard bit 6 fo r ITB_TAG will 
prevent subsequent HW _ MTPR 1TB _ TAG wri tes from changing 01e slaging register 
TAG value prior lo reliremcnl of the HW _MTPR ITB_PTE that triggers the final 1TB 
update. 

D.31 Guideline 35: HW_INT_CLR Update 

When writing 01e HW_ LNT_CLR IPR lo clear interrupt requests, ii may be necessary lo 
write the same value twice in distinct fetc h blocks lo ensure that the interrupt request is 
cleared before exiling PA.Lcode. A second write will cause a scoreboard sta ll until the 
first write retires, creating a convenient synchronization with the PALmode exjt. 

D.32 Restriction 36 : Updating I_CTL[SDE] 

A soflware interlock is required between updates of01e l_C TL[SDE) and a subsequent 
instruction fetch that may use any destination registers. A suggested method of ensuring 
L11is inter lock is 10 use two MTPR I_ CTL instructions in separate fetch blocks, followed 
by three more fetch blocks of non-NOP instructions. 

D.33 Restriction 37: Updating VA_CTL[VA_ 48] 

A soflware interlock is required between updates of the VA_CTL[VA_ 48) and fo llow­
ing LO or ST instructions. This is necessary since 01c VA_C rL update wi ll nol occur 
until the HW MTPR VA CTL instruction retires. A sufficient method of ensuring 01is 
interlock is I~ write the VA CTL with the same data in two successive fetch blocks, 
causing a mapper slall . The-dependant LD or ST instructions can be placed in any loca­
tion of the second fetch block. 

D.34 Restriction 38: Updating PCTR_CTL 

When updating the PCTR_CTL, ii may be necessary lo write O,e update value twice. If 
01e counter being updated is currenlly disabled by way of the respective I_CTL or 
PCTX biLs, 01e value mu.st be wriUen twice lo ensure that the counter overflow is prop­
erly cleared. The overfl ow bit is conditi onally latched using the same write enable as 
the counter update, so an additional wri te oflhe counter value wi ll ensure that the over­
Oow logic accurately re fl ects the addition o f the new counter value plus the input condi­
tions. The new update value mu.st not be within one cycle of overaow (will,in 16 for 
SLO, within 4 for SL!) as required by Section D.28. 
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Guideline 39: Writing Multiple DTB Entries in the Same PAL Flow 

D.35 Guideline 39: Writing Multiple DTB Entries in the Same PAL 
Flow 

!fa PALcode now intends to write multiple OTB entries (as would occur in a double 
miss), it must lake care lo keep subsequent HW _MTPR OTB_TAGx writes from cor­
rupting the staging register TAG values prior to retirement of the HW _MTPR 
OTB_PfEx, which triggers the final OTB update. 

For example, in the double miss OTB flow, the following code could be used lo hold up 
the return lo the single miss now (the numbers in parentheses are the scoreboard bits): 

lr,,,_mtpr r4, EV6_ DTB_TAGO 

h.w-_mtpr r 4, EV6_ urB_TAGl 

hw-_mtpr rS , EV6_ UT'B_Pl'E0 
hw_mtpr rs, EV6_ 0I'B_ PJ'El 

bis r31, r31, r31 
b is r31, r31, r31 
bis r31, r31, r31 
hw_mtpr r31 , c::EV6_ l-t-1_ STAT ... x80> 

hw_ret (r6) 

(2&6) write tagO 

(1&5) write tag 1 

(0&4) wri te pteo 
(3&7) write ptel 

force new fetch block 

(7) wait for pte write 

retun1 to singl e miss 

D.36 Restriction 40: Scrubbing a Single-Bit Error 

On Bcache and Memory single bit errors on Jcache fills, the hardware flushes the 
!cache, but the PALcode must scrub the block in the Bcache and memory. On Bcache 
and Memory single bit errors on Ocache fi lls, the hardware scrubs the Dcache as long 
as the error was on a target quadword, but the PALcode must scrub the Ocache for non­
target quadwords, and must in general scrub the block in the Bcache and memory. 

The scrub consists of reading each quadword in the block, with at least one exclusive 
access load/store to ensure the corrected data will be scrubbed in Bcache and memory. 
The scrub itself causes a CRD lo be nagged, which is cleared by the PALcode before 
exiling to native mode. 

SarTple code for sc:rubbing a singl e bit error. 

since we only have the block. address, and the hardware only corrects 
target quadwords , we read each quadword. 

In order to ensure eviction to bcache and merrory, a store 
is needed to mark the block dirty_ An exclusive access is 
used to ensure we scrub in main rrem:iry. Virtual access is 
used because of restrictions in use of hw_ ld/ hw_ st l ock 
instructions. 

After t he scrub, read the clxDc chain again. 
'Jhe scrub will cause a crd, h.lt will get cleared with a write 
to hw_int_ c l r. 

CU.rrent state : 
r5 

hw_ldq/p r<, 
bis r31, 
bis r31, 
bis r31, 

base of crd logcut frawe 

r-cf!K_ CRD _ C _ l\IDR lrS) ; get address back 
r31, r31 
r31, r31 

r31, r31 
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Restriction 40: Scrubbing a Single-Bit Error 

hw_ mtpr r31, EV6 um IA 

lda r20 , ..,x3301 (r311 
bis r31 , r31 , r31 
bis r31, r31 , r31 

hw_mtpr r31, <EV6_ m _ STAT ! ..,x80> 
srl r4 , #13, r6 
s ll r6, #EV6_ 1Jffi_ PTE0_ PFN S, r6 
bis r6, r20 , r6 

hw_mtpr r4, EV6_ IJil3_TNXl 
hw_mtpr r4 , EV6_ IJl'B_TAG1 
hw _ mtpr r6, E.'V6 _ om_ PT'E0 
hw_mtpr r6, E.'V6_ IJI'B_ P"I'El 

Tm 
b is r31 , r3 1 , r31 
bis r31, r31, r31 
bis r31, r31, r31 

ldq r6 , °XOO (r4) 

ldq r6, ..,xoe (r4) 

ldq r6, ... xl0 (r4) 

ldq r6, ..,x18 (r4) 

ldq r6, ... x20 (r4) 

ldq r6 , 'x2a lr< l 
ldq r6, ... x30 (r4) 

Tm 

ldq__l r6, 'x38 (r4) 

stq_c r6, ..,x38 (r4) 

Tm 
and r6, r31, r6 

beg r6, sys_ crd_scnlb_ done 
br r31, .-4 

r:;ys crd scrub done: - - -
bsr r7, sys cbox 
bis r31, r31, r31 

hw_mtpr r31, EV6 _ IJIB_ IA 

bis r31, r31, r31 

bis r31, r31, r31 

bis r31 , r31 , r31 

hw_mtpr r31, <EV6_ r+'I_ STAT ! ..,x80> 
bis r3 1 , #1, t'7 

all r?, #EV6_ HW_ INT_ CLR_ CR_ S, r? 
hw_ mtpr r?, E.'V6_ HW_ INT_CLR 

lda r7, EV6_ 0C_srAT_WlC_ OID(r31) 
hw_ mtpr r7, EV6_ 0C_ 5rAT 
bis r31, r31 , r31 
bis r31, r31 , r31 

hw_ mtpr r31, <EV6_ MM_ STAT ..,XS0> 
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(7,lL) flush dtb 
set WE, RB 

wait for retire 
shift byte offset 
s hift into p:,sitian 
produce pte 

(2&6 , 0L) write tag0 
(1&5, 1L) wri te tagl 
(0&4, 0L) write pte0 
(3&7, 1L) write ptel 

; quiet before we start 

re-read the bad block @l #0 
re- read the bad block QW #1 
re-read the bad block QW #2 
re-read the bad block QW #3 
re-read the bad block @I #4 
re-read the bad block QW #5 
re-read the bad block QW #6 

; no other tnE.?m-ops till done 

re-read the bad block <;/ii #7 
now store it to force scrub 

ca,sumer of above 

these 2 lines ..... . 
. .... stop pre- fetchin3 

c l ean the cbox error chain 

; 17,lL) flush dtb 

; wait for retire 
; get a 1 

s hift into p:,siti an 
(4 , 0L) clear crd 

WlC b its 
(6 ,0L) 

; stall till they retir e 
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Restriction 41 : MTPR ITB_TAG, MTPR ITB_PTE Must be in the Same Fetch Block 

D.37 Restriction 41: MTPR ITB_TAG, MTPR ITB_PTE Must be in the 
Same Fetch Block 

Write lbe 1TB _ TAG and 1TB _PTE registers in lbe same fetch block. This avoids a 
misprcdicl pal.b write of inva lid data lo the ITB_ TAG register. 

D.38 Restriction 42: Updating VA_CTL, CC_CTL, or CC IPRs 

When writing lo the VA_C rL, CC_CTL, or CC IPRs, write UJC same value twice in dis­
tinct fetch blocks. This ensures that the instruction is retired before any mispredicl from 
a younger branch, DTB miss trap, or hw_ret_stall . 

D.39 Restriction 43: No Trappable Instructions Along with 
HW_MTPR 

There cannot be any misprediclablc/trappable instructions together with an HW _MTPR 
in the current fetch block. 

D.40 Restriction 44: Not Applicable to the 21264B 

D.41 Restriction 45: No HW_JMP or JMP lntructions in PALcode 

Do not include HW _JMP or JMP instructions in PALcode; use HW _ RET instead. 

HW_JMP always predicts in PALmode, and may mispredicl lo random cache blocks. 
This may cause speculative code to begin executing in PALmode and may have unex­
pected side elJecls such as 1/0 stream references. 

HW _ RET always predicls in native mode, and when it mispredicts, it avoids specula­
tive execution in PALmodc. 

Alpha 212648 Hardware Reference Manual PALcode Restrictions and Guide lines D-21 

Restriction 46: Avoiding Livelocks in Speculative Load CRD Handlers 

D.42 Restriction 46: Avoiding Livelocks in Speculative Load CRD 
Handlers 

Speculative load CRD handlers U1al release from U1e interrupt wi thout scrubbing a 
cache block could suffer from the fo llowing livelock condition: 

I. An initial error on a speculative load forces a CRD interrupt. 

2. The CRD releases w iU10ul scrubbing U1c block. A speculative load in tbe shadow of 
the hw_rct (or hw_ret_stall) touches a Dcachc location that has the single-bit error, 
forcing a CRD . 

3. The CRD handler is entered again immediately. 

4. Go to (2). 

This prob lem can be avoided if all jumps in the CRD bandier paU1 for speculative loads 
use the fo llowing sequence: 

rrt, 

ALIGI_ F'SI'OI_ BlOCK <"x47FF041F> 

nulq p6, #1, p6 
nulq p6, #1, p6 
hw_ mtpr p6, <EV6_ r+'I_ STAT ! "'x44> 

PVC_VIOU\TE<43 > 
hw _ ret _ stall (p23) 

; make sure hw_ ret goes 

Hold up l oads 
Hold up l oads 
Bold up loads 
Ignore restriction 43 

; Return 

This sequence prevents speculative loads from issuing in U,e shadow of U,e 
hw_rel_slall. Note that it is a violation of restriction 4 to have in the same fetch block a 
MTPR that specifies scoreboard bit 2 (an explicit writer in lbe memory operation 
group) and a HW _RET (an implicit reader in Uie memory operation group). Under nor­
mal circumstances, the intention would be for a J-IW _ RET lo wail until the MTPR 
issues, and that can only be enforced by putting the two instructions in different fetch 
blocks. In U1is case, the intention is for the HW _ RET to issue before the MTPR. The 
hardware docs not enforce tbe scoreboarding when lbc two instructions are in the same 
fetch block, and Ums the HW _ RET can issue and mispredict before any speculative 
loads (which arc held up by U,e MT PR) can issue. 

D.43 Restriction 47: Cache Eviction for Single-Bit Cache Errors 

A live lock can occur if issui.ng instructions out-of-order causes a aoating-poinl store 
instruction (wiU1 sberr) lo replay trap. 

A hardware mechanism exists U1a l keeps track of replayed noating-poinl store instruc­
tions, and cancels U,e dirty register check. See Section D.5 for more deta ils. 

l flh e floaling-poinl store instruction has an sbcrr and the CRD_HANDLER is entered/ 
exited before tbe instruction is repl ayed, the mechanism will lose track ofU,e instruc­
tion. When the i.nslruclion is replayed, lhe dirty regislcr check is not canceled, an<l a 
replay trap occurs, causing the fl oating-point store instruction lo continually replay U,e 
trap until lbe sbcrr is evicted from cache. The sbcrr will not evict, because the noaling­
point store instruction is killed by lbe replay trap. Ki ll ed instructions arc nol scrubcd by 
U1e Error Recovery Machine, and CBOX_ERR[C_ADDR] may not contain the address 
ofU1e sberr. Because CBOX_ ERR[C_ADDR] is nolguaranlecd, the CRD_HANDLER 
might nol evict the sbcrr. 
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Restriction 47: Cache Eviction for Single-Bit Cache Errors 

Jf"CBOX_ERR[C_ADDR]" has not changed when the CRD_HANDLER is re­
entered, or "CBOX_ERR[C_STAT] = OxO", all cache locations should lo be evicted to 
avoid the live lock described above. 

SaJTt)le ccrle for evicting cache. 
This method loads a 64K block, then exits the am _i-WIDLER 

to check if the sberr has been evicted . If not it loads the next 64K block. 
In the sample code below, 

sx is a shadow register 
ldi is a macro that loads a 64-bit constant into the speci f i ed register 

full_scnib : 
hw_ldq/p s5, 104 (r31) 

ldi s 1, ... x200 

ldi s2 , ""x.1co 
l di s3, "x10000 

ldi s 4, "X2000000 

addq s3,sS ,s5 
ble s5 , s4 , < . +4> 

bis r31, r31, sS 
hw_ stq/p s5, 104 (r31) 

sw::q s5, s2, s5 
rrt, 

.align 4, NOP_ OPCODE 
blbc r31, <. 44 > 
br r31, < . -4> 
.align 4, NOP_ OPCODE 

next_reread: 
••••• ••• farr cache blocks 

/J 

Loc:p dee value 
start offset 
Block s ize (6-4K -> size of dcache) 
2X bcache size 

Skip next instrnction if JIDOR 
. l e . 2X bcache 

Set AIDR : 0x0 
Store JIDDR for next pass thru 

Make sure no speculative loads 
happen in the am harrller 

; Make sure no speculative loads 
; happen in the CRD handler 

Evict dcache by pref etching to all dcache indexes. 
use 'hw_ldl r31 xxxx' Normal Prefetch 
Ih not use 'hw_ ldq/p r31 xxx' Prefetch, 
Evict Next because this will always access the sarre set in dcache. 

hw ldl/p r31, ... xlC0 (s5) ; Re-read the bad block QW #0 
hw- l dl/p r31, ,..xlB0(s5) ; Re - read the bad block QW #0 
hw- ldl/ p r31,,..:xl-40(s5) ; Re-read the bad block QW #0 
hw=ldl/p r31, ,..xl00 (sS) Re-read the bad block. QW #0 

hw_ldl/p 
hw_ldl/p 

hw_ldl/p 
hw_ldl/p 

subq s5, 
subq s3, 
ble S3, 

br r31, 
bsr s7, 

r31, ,..xC0 (sS) 
r31, ,..xB0 (sS) 
r31, ,..x-40 (s5) 
r31, ,..x00 (sS) 

s1, s5 
sl, s3 
< . +4 > 

next_ reread 
sys cbalC 
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Re-read the bad block QW #0 
Re- read the bad block QW #0 
Re- read the bad block. QW #0 
Re- read the bad block. QW #0 

Decrerrent addr 
Decrerrent counter 

; Read and clean dxlx error ipr 
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Restriction 48: MB Bracketing of Dcache Writes to Force Bad Data ECC and Force 

D.44 Restriction 48: MB Bracketing of Dcache Writes to Force Bad 
Data ECC and Force Bad Tag Parity 

Writes to DC_CTL[F _BAD_DECC] and DC_CTL[DCDAT_ERR_EN] must be brack­
eted by MB instructions to quiesce the memory system. The I stream must also be qui­
esced before and during the sequence, as described in Section D.26. 
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E 
21264B-to-Bcache Pin Interconnections 

Th is appendix prov ides the pin interface between lhe2 l 264B and Bcache SS RAMs. 

E.1 Forwarding Clock Pin Groupings 

Table E- 1 lis ts the co rrespo ndance between lhe c lock signals fo r the 2 1264B and 
Bcache (late-write non-bursting and dual-da ta rate) SSRAMs. 

Table E- 1 Bcache Forwarding Clock Pin Groupings 

Pad and Pin Input Clock Output Clocks 

BcData_Hl7l :64,7:0J BcDataJ nClk_HJ0J BcDataOu tClk_x J0J 

BcCheck_HJ8,0J BcDatalnClk_HJ0I BcDataOutClk_xJ0I 

BcData_ HJ 79:72, IS:8J BcDatalnClk_HJ I J BcDataOutClk_x J0J 

BcCheck_HJ9, I J BcDatalnClk_HJIJ BcDataOutClk_xJ0J 

BcData_ HJ 87:80,23:16J BcDatalnClk_HJ2I BcDalaOulClk_xJ I I 

BcCheck_HJI0,21 BcDatalnClk_HJ2I BcDalaOutClk _xi I J 

BcDala_HJ9S:88,3 I :241 BcDala lnClk_ HJ3I BcDalaOutClk_x J I J 

BcChcck_ l lJU ,31 BcDalalnClk_ HJ3J BcDalaOutClk_xJ I J 

Bc0ala_HJI03:96,39:32J BcDalalnClk_ llJ4J BcDalaOutClk_x J2J 

BcChcck_HJl2,4J BcDalalnClk_ ll J4J BcDataOutClk_x J2J 

BcDala_H JU I :J 04,47:40I BcDalalnClk_ HJSJ BcDataOutClk_x J2I 

BcChcck_ l·IJ 13,SJ BcDatalnClk_ HJSJ BcDataOu1Clk_x J2I 

BcData_ HJ 11 9: 11 2,SS :481 BcDatalnClk_ HJ6J BcDataOutClk_xJ3I 

BcChcck_ll J 14.61 BcData lnClk_ HJ6J BcDataOutClk_xJ3J 

BcData_ ll J 127:J20,63:S6J Bc0atalnClk_HJ7J BcDataOutClk_x J3J 

BcChcck_ll JI S,71 BcDatalnClk_ llJ7I Bc0ataOutClk_xJ3J 

BcTag_HJ42:20J BcTaglnClk_H BcTagOutClk_x 

BcTagParity_H BcTaglnClk_H BcTagOutClk_x 

BcTagSharcd_ll BcTaglnClk_H BcTagOutClk_x 

BcTagDirty_ ll BcTagl nClk_H BcTagOutClk_x 

BcTagValid_ ll BcTaglnClk_H BcTagOutClk_x 
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Late-Write Non-Bursting SSRAMs 

E.2 Late-Write Non-Bursting SSRAMs 

Tab le E- 2 prov ides the da ta pin connections between la te-wri te no n-bursting SSRAM s 
and !he 2 1264B or lhe system board. Table E- 3 p rovi des the same in formation for the 
tag pins. 

Data Pin Usage 

Table E- 2 Late-Write Non-Bursting SSRAMs Data Pin Usage 

21 264B Signal Name or Board Connection 

BcAdd_ HJ2 I :4] 

BcDataOutClk_ HJ3:0I 

Set from board to 1/2 the 212648 core voltage 

BcData_ HJ 127:0J/BcChcck_ll J 15:01 

BcDataWr_L 

U nconnectcd 

Unconnected 

Unconnecled 

Unconnec ted 

From board, pul I down to VSS 

From board, pull down lo VSS 

From board, pull down lo VSS or BcOataOE_L 

Tag Pin Usage 

Lale•Wrile SSRAM Data Pin Name 

SA_ H[1 7:0] 

CK_H 

CK_L 

DQx 

SW_L 

Tek_H 

Tdo_H 

Tms_H 

Tdi_H 

G_L 

SBx_L 

SS_L (Vendor dependent) 

Unused Bcache tag pins sho uld be pull ed to ground th rough a 200-ohm resistor. 

Table E- 3 Late-Write Non-Bursting SSRAMs Tag Pin Usage 

212648 Signal Name or Board Connection 

BcAdd_llJ22 :6J 

BcTag_HJ42:20 J 

Bcl'agOE_L or from board , pull down lo VSS 

BcTagWr_L 

From board, pull down loVSS 

BcTagOutClk_ H 

Sel from board to 1/2 Lhe 2 12648 core voltage 

Set from board to 1/2 the 2 12648 core voltage 

Set from board (implcmcnla tion dependent) 

BcTagValid_ ll 

BcTagOirty_H 

Late-Write SSRAM Tag Pin Name 

SA_l-1[1 6:0] 

DQx 

SS_L (Vendor dependent) 

SW_L 

SBx_L 

CK_H 

CK_L 

VREFI _H 
VREF2_H 

ZQ_H 

DQx 

DQx 
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Dual-Data Rate SSRAMs 

Table E-3 Late-Write Non-Bursting SSRAMs Tag Pin Usage (Continued) 

21264B Signal Name or Board Connection 

BcTagShared_ H 

Unconnected 

Unconnecled 

Unconnected 

Unconnected 

E.3 Dual-Data Rate SSRAMs 

Late-Write SSRAM Tag Pin Name 

DQx 

TMS_H 

TDI_H 

TCK_H 

TDC_H 

Table E--4 provides the data pin connections between dual-data rate SSRAMs and the 
2 1264B or the system board. Table E- 5 provides the same information for the lag pins. 

Data Pin Usage 

Table E--4 Dual-Data Rate SSRAM Data Pin Usage 

21264B Signal Name or Board Connection Dual-Data Rate SSRAM Data Pin Name 

BcAdd_Hl21:41 SA_H[1 7:0) 

BcData_lll33 :20)/ DQx 
BcCheck_HllS:01 

BcLoad_ L LD_L(B l) 

BcDataWr_L R/W_ L(B2) 

From board, pulled up to VDD LBO_L 

From board, pulled down lo VSS Q_L 

BcDatalnClk_H CQ_H 

BcDataOutClk_ H CK_H 

BcDataOutClk_L CK_L 

Sel Ii-om board to In the 2 I 264B core voltage VREF I H 
VREF2=H 

Set from board (implementalion-dependenl) ZQ_ H 

Unconnected or terminated CQ_L 

From board, pulled up toVDD TCK_H 

Unconnected TDO_H 

From board, pulled up Lo VDD 

From board, pulled up to VDD 

Unconnected or pulled down to VSS 

BcDataOE_L 

From board, pulled down to VSS 
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T MS_H 

TDI_H 

TRST_L 

OE_L(G_L) 

SD/DD_L (83) 

21264B-to-Bcache Pin Interconnections E-3 

Dual-Data Rate SSRAMs 

Tag Pin Usage 

Unused Bcache tag pins should be pulled to ground through a 200-ohm resistor. 

Table E-5 Dual-Data Rate SSRAMs Tag Pin Usage 

21264B Signal Name or Board Connection 

BcAdd_Hl23:6) 

BcTag_Hl33:20] 

BcTagOE_L 

BcTagWr_L 

From board, pulled up Lo VDD 

From board , pulled down to VSS 

BcTaglnClk_H 

BcTagOu tClk _ 11 

BcTagOu tClk _ L 

Set from board to 1/2 core voltage 

Set from board (implementation-dependent) 

BcTagValid_ ll 

BcTagDirty_H 

BcTagShared_ll 

BcTagParity_H 

Unconnected or term inated 

From board, pu lled up to VDD 

Unconnected 

From board, pulled up to VDD 

From board, pulled up to VDD 

Unconnected 

From board, pulled down to VSS 

From board, pulled up to VDD 

E--4 21 264B-to-Bcache Pin Inte rconnections 

Dual-Data Rate SSRAM Tag Pin Name 

SA_H[ 17:0) 

DQx 

LD_L(B I) 

R/W_L (82) 

LBO_L 

Q_L 
SA[l 9: 18) 

CQ_H 

CK_H 

CK_L 

VREF I H 
VREFfH 

ZQ_H 

DQx 

DQx 

DQx 

DQx 

CQ_L 

TCK_H 

TDO_H 

TMS_H 

TDI_H 

TRST_L 

OE_L(G_L) 

SD/DD_L (BJ) 
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abort 

Glossary 

This glossary provides definitions for specific terms and acronyms associated wilh the 
Alpha 2 1264B microprocessor and chips in general. 

The UJ1il slops lhe operation il is performing, without saving status, lo perform some 
other operation. 

address space number (ASN) 

An optionally implemented register used lo reduce U,e need for invalidation of cached 
address translations for process-specifoc addresses when a context switch occurs. ASNs 
are processor specific; the hardware makes no allempt lo maintain coherency across 
multiple processors. 

address translation 

ALIGNED 

ALU 

ANSI 

ASIC 

ASM 

ASN 

assert 

AST 

The process of mapping addresses from one address space lo another. 

A datum of size 2**N is stored in memory at a byte address Uiat is a multiple of 2**N 
(Iha! is, one that has N low-order zeros). 

Arithmetic logic unil. 

American National Standards Institute. An organi za tion lhal develops and publishes 
standards for the computer industry. 

Application-specific integrated circuit. 

Address space match . 

See address space number. 

To cause a signal to change to its logical true state. 

See asynchronOlL.'i system lrap. 
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asynchronous system trap (AST) 

bandwidth 

A software-simulated inlcrrupl lo a user-defined routine. ASTs enable a user process lo 
be notified asynchronously, wiU1 respect lo Iha! process, o f the occurrence of a specific 
event. lfa user process has defoned an AST routine for an event, the system interrupLs 
U1e process and executes the AST routine when lhal event occurs. When the AST rou­
tine exj ts, the system resumes execution o f the process at the poi.nt where il was inter­
rupted. 

Bandwidth is oflen used lo express U,e rate of data transfer in a bus or an 1/0 channel. 

barrier transaction 

Bcache 

A transaction on the external interface as a result of an MB (memory barrier) instruc­
tion. 

See second- level cache. 

bidirectional 

BiSI 

BiST 

Flowing in two directions. The buses arc bidirectional ; lhey carry both input and oulpul 
signals. 

Bui lt-in self-initialization. 

Bui lt-in self-test. 

bit 

bit time 

BIU 

Binary digit. The smallest unit of data in a binary notation system, designated as 0 or I. 

The total time lbal a signal conveys a single valid piece of information (specifoed inns). 
All data and commands are associated with a clock and U1e receiver 's latch on both lhe 
rise and fa ll of the clock. Bit times are a multiple of U1e 2 1264B clocks. Systems must 
produce a bit lime identical lo 2 1264B 's bit time. The bit time is one-half the period of 
the forwarding clock. 

Bus interface unit. See Cbox. 

Block exchange 

Memory feature that improves bus bandwidth by parall eling a cache victim write-back 
with a cache miss fill. 

board-level cache 

See second-level cache. 
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boot 

BSR 

buffer 

bugcheck 

bus 

byte 

Short for bootstrap. Loading an operating system into memory is called booting. 

Boundary-scan register. 

An internal memory area used for temporary storage of data records during input or 
output operations. 

A software condition, usually the response to software's detection of an " internal incon­
sistency," which results in the execution of the system bugcheck code. 

A group of signals that consists of many transmission lines or wires. Tl interconnects 
computer system components to provide communications paths for addresses, data, and 
control infonnation. 

Eight contiguous bits starting on an addressable byte boundary. The bits are numbered 
right to left, 0 through 7. 

byte granularity 

cache 

Memory systems are said to have byte granularity if adjacent bytes can be WTitten con­
currently and independently by di ITerent processes or processors. 

See cache memory. 

cache block 

The smallest unit of storage that can be allocated or manipulated in a cache. Also 
known as a cache line. 

cache coherence 

cache fill 

cache flush 

Maintaining cache coherence requires that when a processor accesses data cached in 
another processor, it must not receive incorrect data and when cached data is modified, 
all other processors that access that data receive modified data. Schemes for maintain­
ing consistency can be implemented in hardware or software. Also call ed cache consis­
tency. 

An operation that loads an entire cache block by using multiple read cycles from main 
memory. 

An operation that marks all cache blocks as invalid. 
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cache hit 

The status returned when a logic unit probes a cache memory and finds a valid cache 
entry al the probed address. 

cache interference 

cache line 

The result of an operation that adversely affects the mechanisms and procedures used to 
keep frequently used items in a cache. Such interference may cause freq uently used 
items to be removed from a cache or incur significant overhead operations to ensure 
correct results. Either action hampers performance. 

See cache block. 

cache line buffer 

A buffer used to store a block of cache memory. 

cache memory 

cache miss 

A small , high-speed memory placed between slower main memory and the processor. A 
cache increases effective memory transfer rates and processor speed. Tl contains copies 
of data recently used by the processor and fetches several bytes of data from memory in 
anticipation that the processor wi ll access the next sequential series of bytes. The 
212648 microprocessor contains two onch ip internal caches. See also write-through 
cache and write-back cache. 

The status returned when cache memory is probed with no valid cache entry at the 
probed address. 

CALL_PAL instructions 

Special instructions used to invoke PA Lcode. 

Cbox 

External cache and system interface unit. Controls the Bcache and the system ports. 

central processing unit (CPU) 

CISC 

clean 

clock 

Glossary--4 

The unit of the computer that is responsible for interpreting and executing instructions. 

Complex instruction set computing. An instruction set that consists of a large number 
of complex ins!Tuctions. Contra</ with RJSC. 

In the cache of a system bus node, refers to a cache line that is valid but has not been 
written. 

A signal used lo synchronize lhe circuit,;; in a compuler. 
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clock offset (or clkoffset) 

CMOS 

The delay intentionally added to the forwarded clock lo meel the setup and bold 
requirements al the Receive Flop. 

Complementary metal-oxi de semiconductor. A s ilicon device formed by a process lhal 
combines PMOS and NMOS semiconductor material. 

conditional branch instructions 

Instructions that lesl a register for positive/negative or for zero/nonzero. They can a lso 
lest inlcger regi sters for even/od<l. 

control and status register (CSR) 

CPI 

CPU 

CSR 

cycle 

data bus 

Dcache 

DDR 

denormal 

DIP 

A device or controller register that res ides in the processor 's 1/0 space. The CSR ini­
tiates device activity and records ils slalus. 

Cycles per instruction. 

See central processing unil. 

See conlrol and status register. 

One clock interval. 

A group of wires that carry data. 

Data cache. A cache reserved for storage of data. The Dcache does nol contain instruc­
tions. 

Dual-data rate. A dual-data rate SSRAM can provide data on both the ris ing and falling 
edges of the clock signa l. 

An fEEE 0oating-poinl bit pattern 0iat represents a number whose magnitude li es 
between zero and the sma llest finite number. 

Dual inline package. 
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direct-mapping cache 

A cache organiza ti on i_n which only one address comparison is needed to locate any 
data in the cache, because any block of main memory data can be placed in only one 
possible position in U1e cache. 

direct memory access (DMA) 

dirty 

dirty victim 

DMA 

DRAM 

DTB 

DTL 

dual issue 

ECC 

ECC error 

ECL 

EEPROM 

Glossary- 6 

Access to memory by an 1/0 device that docs not require processor intervention . 

One status item for a cache block. The cache block is valid and has been written so that 
il may dilJer from the copy i.n system main memory. 

Used in reference lo a cache block in 01e cache of a system bus node. The cache block 
is valid but is about lo be replaced due lo a cacbe block resource connicl. The data must 
therefore be written lo memory. 

See direct memory access. 

Dynamic random-access memory. Read/write memory thal musl be refreshed (read 
from or written lo) periodically lo maintain 0,e storage of information. 

Data trans lation buffer. Also defined as Dslream translation buffer. 

Diode-transistor logic. 

Two instructions are issued, in parallel, during the same microprocessor cycle. The 
instructions use different resources and so do not connict. 

Error correction code. Code and algorithms used by logic to facilitate error detection 
and correction. See also ECC error. 

An error delecled by ECC logic, to indicate Uial data (or 01e protected "entity'') has 
been corrupted. The error may be correctable (soil error) or uncorrectable (hard error). 

Emiller-coupled logic. 

Electrically erasable programmable read-only memory. A memory device lhal can be 
byte-erased, written lo, and read from. Contrast with FEPROM. 

Alpha 21264B Hardware Reference Manual 



external cache 

FEPROM 

FET 

FEU 

firmware 

See second-level cache. 

Flash-erasable programmable read-only memory. FEPROMs can be bank- or bulk­
erased. Contrast with EEPROM. 

Field-effect transistor. 

The unit within the 21264B microprocessor that performs floating-point calculations. 

Machine instructions stored in nonvolati le memory. 

floating point 

flush 

A number system in which the position of the radix point is indicated by the exponent 
part and another part represents the significant digits or fractional part. 

See cache flush . 

forwarded clock 

FPGA 

FPLA 

FQ 

A single-ended differential signal that is aligned with its associated fields. The for­
warded clock is sourced and aligned by the sender with a period that is two limes the bit 
lime. Forwarded clocks must be 50% duty cycle clocks whose rising and falling edges 
are aligned with the changing edge of the data. 

Field-programmable gate array. 

Field-programmable logic array. 

Floating-point issue queue. 

framing clock 

The framing clock delines the start of a transmission either from the system to the 
21264B or from the 21264B to the system. The framing clock is a power-of-2 multiple 
of the 21264B GCLK frequency, and is usually the system clock. The framing clock 
and the input osci Ila tor can have the same frequency. The add_ frame_ select IPR sels 
that ratio of bit limes to framing clock. The frame clock could have a period that is four 
times the bit time wilh a add_frame_selecl of2X. Transfers begin on the rising and 
fal ling edge of lhe frame clock. This is useful for systems that have system clocks with 
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GCLK 

a period too small to perform the synchronous reset of the clock forward logic. Addi­
tionally, the fram ing clock can have a period that is less than, equal lo, or greater than 
the lime it lakes to send a full four cycle command/address. 

Global clock within the 21264B. 

granularity 

A characteristic of storage systems that defines the amount of data that can be read and/ 
or written with a single instruction, or read and/or written independently. 

hardware interrupt request (HIR) 

An interrupt generated by a peripheral device. 

high-impedance state 

hit 

lcache 

IDU 

An electrical slate of high resistance lo current fl ow, which makes the device appear not 
physically connected lo the circuit. 

See cache hit. 

Instruction cache. A cache reserved for storage ofinslruclions. One of the three areas of 
primary cache (localed on the 21264B) used to store instructions. The lcache contains 
8KB of memory space. It is a direct-mapped cache. lcache blocks, or lines, contain 32 
bytes of instruction stream data with associated tag as well as a 6-bit ASM lield and an 
8-bit branch history field per block. lcache does not contain hardware for maintaining 
cache coherency with memory and is unaffected by the invalidate bus. 

A logic unit within the 21264B microprocessor that fetches, decodes, and issues 
instructions. It also controls the microprocessor pipeline. 

IEEE Standard 754 

A set of formats and operations that apply to floating-point numbers. The formats cover 
32-, 64-, and 80-bit operand sizes. 

IEEE Standard 1149.1 

Inf 

INT nn 

Glossary-8 

A standard for the Test Access Port and Boundary Scan Architecture used in board­
level manufacturing test procedures. 

Infini ty. 

The term INTnn, where nn is one of 2, 4, 8, 16, 32, or 64, refers lo a data field size of nn 
contiguous NATURALLY ALIGNED bytes. For example, INT4 refers to a NATU­
RALLY ALIGNED lonb>word. 
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interface reset 

A synchronously received rcsel s ignal Lbal is used lo preset and start Lhe clock forward­
ing circuitry. During Ibis resel, all forwarded clocks are slopped and U1e presellable 
counl values are applied Lo Lhe counters; Lhen, some number of cycles later, Lhe clocks 
are enabled and are free running. 

Internal processor register (IPR) 

Special registers Lhal are used Lo configure options or report status. 

IOWB 

1/0 write buffer. 

IPGA 

lnlerslilial pin grid array. 

IQ 

l.nteger issue queue. 

1TB 

lnstruclion translation buffer. 

JFET 

Junction ficld-cfTccl transistor. 

latency 

The amount of Lime ii Lakes Lbc system lo respond lo an evenl. 

LCC 

Leadlcss chip carrier. 

LFSR 

Linear feedback shi fl register. 

load/store architecture 

A characlerislic of a macbine arcbileclure where data items are fi rsl loaded into a pro­
cessor regi ster, operated on, and U1en stored back lo memory. No operations on memory 
other U1an load and slorc are provided by Lhe instruction sel. 

longword (LW) 

LQ 

LSB 

Four contiguous bytes starting on an arbitrary byte boundary. The biLs arc numbered 
from righl lo lcfl, 0 through 3 1. 

Load queue. 

Least significant bit. 
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machine check 

MAF 

An operating system action triggered by certain system hardwarc-dclecled errors lhal 
can be fata l lo system operation. Once triggered, machine check bandier so llware ana­
lyzes Lhe error. 

Miss address fil e. 

main memory 

The large memory, external 10 the microprocessor, used for holding mosl instruction 
code and data. Usually bui lt from cosl-effeclive DRAM memory chips. May be used in 
connection witb the microprocessor's i.nternal caches and an external cache. 

masked write 

MBO 

Mbox 

MBZ 

A write cycle Lhal only updates a subset of a nominal data block. 

See musl be one. 

Th is section ofU,e processor unit performs address translation, interfaces lo lbc 
Dcache, and performs several other functions. 

See must be zero. 

MESI protocol 

MIPS 

A cache consistency protocol wilh full support for multiprocess ing. The MESI protocol 
consists of four stales Lbal define whether a bl ock is modified (M), exclusive (E), shared 
(S), or invalid (!). 

Millions of inslrucli ons per second. 

miss 

See cache miss. 

module 

A board on which logic devices (such as lransislors, resistors, and memory ch ips) arc 
mounted and connected Lo perform a spcci fie system function. 

module-level cache 

See second-level cache. 

MOS 

Metal-oxide semiconductor. 

MOSFET 

Metal-oxide scmicomluclor fi cld-clJecl Lransislor. 
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MSI 

Medium-scale integration. 

multiprocessing 

A processing method that replicates the sequential computer and interconnects the col­
lection so that each processor can execute the same or a different program at the same 
time. 

must be one (MBO) 

A field that must be supplied as one. 

must be zero (MBZ) 

A field that is reserved and must be supplied as zero. If examined, it must be assumed to 
be UNDEFINED. 

NaN 

Nol-a-Number. An IEEE fl oating-point bit pattern that represents something other than 
a number. This comes in two forms: signaling NaNs (for Alpha, those with an initial 
fraction bit ofO) and quiet NaNs (for Alpha, those with an initial fraction bit of I) . 

NATURALLY ALIGNED 

See ALIGNED. 

NATURALLY ALIGNED data 

Data stored in memory such that the address of the data is evenly divisible by the size of 
the data in bytes. For example, an ALIGNED longword is stored such that the address 
of the longword is evenly divisible by 4. 

NMOS 

N-type metal-oxide semiconductor. 

NVRAM 

Nonvolati le random-access memory. 

OBL 

Observabi lity linear feedback shill register. 

octaword 

Sixteen contiguous bytes starting on an arbitrary byte boundary. The bits are numbered 
from right to lefl, 0 through 127. 

OpenVMS Alpha operating system 

The version of the open VMS operating system for Alpha platforms. 

operand 

The data or register upon which an operation is performed. 

Alpha 212648 Hardware Reference Manual Glossary-11 

output mux counter 

PAL 

PALcode 

PALmode 

parameter 

parity 

PGA 

pipeline 

PLA 

PLCC 

PLD 

PLL 

PMOS 

PQ 

Glossary-12 

Counter used to select the output mux that drives address and data. II is reset with the 
Interface Reset and incremented by a copy of the locally generated forwarded clock. 

Privileged architecture library. See also PALcode. See also Programmable array logic 
(hardware). A device that can be programmed by a process that blows individual fuses 
to create a circuit. 

Alpha privileged architecture library code, written to support Alpha microprocessors. 
PALcode implements architecturally defined behavior. 

A specia l environment fo r running PALcode rout ines. 

A variable that is given a specific value that is passed lo a program before execution. 

A method for checking the accuracy of data by calculating the sum of the number of 
ones in a piece of binary data. Even parity requires the correct sum lo be an even num­
ber, odd parity requires the correct sum to be an odd number. 

Pin grid array. 

A CPU design technique whereby multiple instructions are simultaneously overlapped 
in execution. 

Programmable logic array. 

Plastic leadless chip carrier or plastic-leaded chip carrier. 

Programmable logic device. 

Phase-locked loop. 

P-type metal-oxide semiconductor. 

Probe queue. 
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PQFP 

Plastic quad fl at pack. 

primary cache 

The cache that is the fa stest and closest lo the processor. The first-level caches, localed 
on lhe CPU chip, composed of the Dcache and lcache. 

program counter 

PROM 

Thal portion of the CPU that contains the virtual address of the next instruction lo be 
executed . Most current CPUs implement the program counter (PC) as a register. This 
register may be visible lo lbc programmer Lb.rough lhe instruction sel. 

Programmable read-only memory. 

pull-down resistor 

A resistor placed between a signal line and a negative voltage. 

pull-up resistor 

A resistor placed between a signa l line lo a positive voltage. 

QNaN 

Quiel Nan . See NaN. 

quad issue 

quadword 

RAM 

RAS 

RAW 

Four instructions are issued, in parall el, during the same microprocessor cycle. The 
instructions use different resources and so do not connicl. 

Eight contiguous bytes starli.ng on an arbitrary byte boundary. The bits are numbered 
from right lo left, 0 through 63. 

Random-access memory. 

Row address select. 

Read-afler-wrile. 

READ_BLOCK 

A transaction where the 2 12648 requesLs Lhal an external logic unit fetch read data. 

read data wrapping 

System feature that reduces apparent memory latency by allowing read data cycles lo 

di ffer the usual low-lo-high seq uence. Requires cooperation between lhe 212648 and 
external hardware. 
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read stream buffers 

Arrangement whereby each memory module independently prefclches DRAM data 
prior lo an actual read request for that data. Reduces average memory latency whi le 
improving total memory bandwidth. 

receive counter 

Counter used lo enable lbe receive fl ops. It is clocked by Oie incoming forwarded clock 
and reset by the Interface Reset. 

receive mux counter 

register 

The receive mux counter is preset to a selectable starling point and incremented by the 
locally generated forward clock. 

A temporary storage or control location in hardware logic. 

reliability 

reset 

RISC 

ROM 

RTL 

SAM 

SBO 

SBZ 

scheduling 

Glossary-14 

The probability a device or system will aol fail lo perform its intended functi ons during 
a specified lime interval when operated under slated conditions. 

An action that causes a logic uni t to interrupt the task it is performing and go lo its ini­
tialized s tale. 

Reduced instruction set compuliJJg. A computer wi th an instruction set 0ml is paired 
down and reduced in compl exity so that most can be perform ed in a single processor 
cycle. High-level compilers synthesize the more compl ex, least frequently used instruc­
tions by breaking them down into simpler instructions. This approach allows 01e RJSC 
architecture to impl ement a small , hardware-assisted instruction sel, lhw; eliminating 
the need for microcode. 

Read-oaly memory. 

Register-transfer logic. 

Seria l access memory. 

Should be one. 

Should be zero. 

The process o f orderi ng instruction execution to obtai_n optimum pcrfonnancc. 
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SDRAM 
Synchronous dynamic random-access memory. 

second-level cache 

A cache memory provided outside oflhe microprocessor chip, usually localed on the 
same module. Also call ed board-level, external, or module-level cache. 

set-associative 

SIMM 

SIP 

SIPP 

SMD 

SNaN 

SRAM 

SROM 

551 

SSRAM 

stack 

A form of cache organiza tion in which the location of a data block in main memory 
constrains, but does not completely determine, its location in the cache. Set-associative 
organization is a compromise between direct-mapped organ ization, in which data from 
a given address in main memory has only one possible cache location, and fully asso­
ciative organization, in which data from anywhere in main memory can be put any­
where in the cache. An "n-way set-associative" cache a llows data from a given address 
in main memory lo be cached in any of n locations. 

Single in line memory module. 

Single inline package. 

Single in line pin package. 

Surface mount device. 

Signaling NaN. See Nan. 

See SSRAM. 

Serial read-only memory. 

Small-scale integration. 

Synchronous static random-access memory. 

An area of memory set aside for temporary data storage or for procedure and intenupl 
service linkages. A stack uses the last-in/first-out concepl. As items are added to 
(pushed on) the stack, the stack pointer decrements. As items are retrieved from 
(popped oR) the stack, the stack pointer incremenLs. 
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STRAM 
Self-timed random-access memory. 

superpipelined 

superscalar 

Describes a pipelined machine that has a larger number of pipe stages and more com­
plex scheduling and control. See also pipeline. 

Describes a machine architecture that allows multiple independent instructions lo be 
issued in parallel during a given clock cycle. 

system clock 

tag 

target clock 

TB 

tristate 

TTL 

UART 

UNALIGNED 

The primary skew controlled clock used throughout the interface componenLs lo clock 
transfer between AS I Cs, main memory, and 1/0 bridges. 

The part of a cache block that holds the address information used lo determine if a 
memory operation is a hit or a miss on that cache block. 

Skew control led clock that receives the output of the RECEIVE MUX. 

Translation buffer. 

Refers lo a bused line that has three states: high, low, and high-impedance. 

Transistor-transistor logic. 

Universal asynchronous receiver-transmitter. 

A datum of size 2**N stored at a byte address that is not a mul tiple of 2**N. 

unconditional branch instructions 

UNDEFINED 

Glossary-16 

Instructions that change the now of program control without regard lo any condition. 
Contrast with conditional branch instructions. 

An operation that may halt the processor or cause ii lo lose information. Only privil eged 
software (that is, software running in kernel mode) can trigger an UNDEFINED opera­
tion. (This meaning on ly applies when the word is written in all upper case.) 
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UNPREDICTABLE 

UVPROM 

VAF 

valid 

VDF 

VHSIC 

ResulLs or occurrences lhal do nol dis rupt the basic operation of the processor; the pro­
cessor continues lo execute instructions in its normal manner. Privileged or unprivi­
leged soil ware can trigger UNPRED ICTABLE results or occurrences. (TI1is meaning 
only applies when the word is wrillen in all upper case.) 

Ultraviolel (erasable) programmable read-only memory. 

See victim address file. 

Allocated. Valid cache blocks have been loaded with data and may return cache hiLs 
when accessed. 

See victim data file. 

Very-high-speed integrated circuit. 

victim 

Used in reference lo a cache block in Lhe cache of a system bus node. The cache block 
is valid bul is about lo be replaced due lo a cache block resource conflict. 

victim address file 

The victim address file and the victim data file, Loge01er, form an 8-entry buffer used lo 
hold information for transactions lo 01e Bcache and main memory. 

victim data file 

The victim address fi le and Lhe victim data fi le, Logel.her, form an 8-entry buffer used lo 
hold information for transactions lo Lhe Bcache and main memory. 

virtual cache 

VLSI 

VPC 

VRAM 

A cache Lhal is addressed wilh virtual addresses. The tag oflhe cache is a virtual 
address. This process all ows direct addressing oflhe cache wilhoul having lo go 
through Lhe translation buffer making cache hit limes faster. 

Very-large-scale integration. 

Vi.rlual program counter. 

Video random-access memory. 
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WAR 

word 

write-back 

Wri le-a Iler-read. 

Two contiguous bytes ( 16 bits) starling on an arbitrary byte boundary. Tbe bits are num­
bered from right lo lefl, 0 through 15. 

A cache management technique in which write opcralion data is written into cache but 
is not wrillcn into mai.n memory i.n the same operation. This may result in temporary 
differences between cache data and main memory data. Some logic w1il musl maintain 
coherency between cache and main memory. 

write-back cache 

Copies are kept of any data in the region; read and write operations may use the copies, 

and wrile operations use additional state lo determine whether there are other copies lo 
invalidate or update. 

WRITE_BLOCK 

A transaction where Lhe 21264B req uests lhal an external logic unit process write data. 

write data wrapping 

System feature that reduces apparent memory latency by allowing write data cycles lo 
differ O,e usual low-lo-high sequence. Requires cooperation between the 21264B and 
external hardware. 

write-through cache 

Glossary- 18 

A cache management technique in which a write operation to cache also causes lhc 
same data lo be wrillcn i.n main memory during lhe same operalion. Copies arc kept of 
any data in a region; read operations may use the copies, bul write operations update 01e 
actual data location and ei01er update or invalidate all copies. 
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Numerics 

21264B, features of, 1- 3 

32_BYTE_IO Cbox CSR 
defined, 5- 34 

A 

Abbreviations, xix 
binary mulliples, xix 
register access, xix 

AC characteristics, 9-6 

Address conventions, xx 

Aggregate mode, 6-18 

Aligned convention, xx 

Alpha instruction summary, A- 1 

AMASK instruction values, 2- 37 

ARJTH synchronous trap, 6- 14 

B 

B_DA_OD pin type, 3- 3, 9-2 
values for, 9-4 

B_DA_PP pin type, 3- 3, 9- 2 
values for, 9-4 

BC_BANK_ENABLE Cbox CSR, 4--5 1, 5-39, 
7- 12 

BC_BPl·IASE_LD_ VECTOR Cbox CSR, 4-45 
defined, 5-38 

BC_BURST_MODE_ENABLE Cbox CSR, 4--5 1 
defined, 5- 35 

BC_CLEAN_ VICTIM Cbox CSR, 4--23 
defined, 5- 34 

BC_CLK_DELAY Cbox CSR, 4-45 
defined, 5- 35 

BC_CLK_LD_ VECTOR Cbox CSR, 4-45 
defined, 5- 38 

BC_CLKFWD_ENABLECboxCSR, 4-47 
defined, 5- 36 
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BC_CLOCK_OUT Cbox CSR, 4-45 

BC_CPU_CLK_DELAY Cbox CSR, 4-44, 4-45 
defined, 5-38 

BC_CPU_LATE_ WRITE_NUM Cbox CSR 
defined, 5-35 

BC_DDM_FALL_EN Cbox CSR, 4-47 
defined, 5- 36 

BC_DDM_RISE_EN Cbox CSR, 4-47 
defined, 5- 36 

BC_DDMF _ENABLE Cbox CSR, 4-47 
defined, 5-35 

BC_DDMR_ENABLE Cbox CSR, 4-47 
defined, 5- 35 

BC_ENABLE Cbox CSR, 4--50, 5- 39, 7- 12 

BC_FDBK_EN Cbox CSR, 4-45 
defined, 5- 38 

BC_FRM_CLK Cbox CSR, 4-47 
defined, 5-35 

BC_LAT_DATA_PATTERN Cbox CSR, 4-48 
defined, 5-35 

BC_LAT_TAG_PATTERN Cbox CSR, 4-48 
defined, 5- 35 

BC_LATE_WRITE_NUM Cbox CSR, 4-49 
defined, 5-35 

BC_LATE_ WRITE_UPPER Cbox CSR 
defined, 5- 35 

BC _PENTIUM_ MODE Cbox CSR, 4--5 1 
defined, 5- 35 

BC_PERR error status in C_STAT, 5-4 1 

BC_RCV _MUX_CNT_PRESET Cbox CSR 
defined, 5-36 

BC_RCV _MUX_pRESET_CNT Cbox CSR, 4-48 

BC_RD_RD_BUBBLE Cbox CSR 
defined, 5- 34 

BC_RD_ WR_BUBBLES Cbox CSR, 4-49 
defined, 5- 34 

BC_RDVJCTIM Cbox CSR, 4--23, 4--26 
defined, 5-34 

BC_SJZE Cbox CSR, 4--50, 5-39, 7- 12 

lndex-1 

BC_SJ_BANK_ ENABLE Cbox CSR 
defined, 5- 34 

BC_TAG_DDM_FALL_EN Cbox CSR, 4-47 
defined, 5-35 

BC_TAG_DDM_RISE_EN Cbox CSR, 4-47 
defined, 5-36 

BC_ WR_RD_BUBBLES Cbox CSR, 4-49 
defined, 5-34 

BC_ WR_ WR_BUBBLE Cbox CSR, 4--53 
defined, 5-34 

BC_ WRT_STS Cbox CSR, 5- 39, 7- 12 

Bcache 
banking, 4--53 
bubbles on the data bus, 4-49 
clocking, 4-44 
control pins, 4-51 
data read transactions, 4--47 
data single-bit correctable ECC error, 8- 5 
data single-bit correctable ECC error on a probe, 

8-9 
data write transactions, 4--48 
error case summary for, 8-10 
filling Dcache error, 8-6 
filling lcache error, 8- 5 
forwarding clock pin groupings, E- 1 
maximum clock ratio, 4--42 
port, 4-42 
port pins, 4-43 
programming the size of, 4-50 
setting clock period, 4--45 
structure ot: 4-6 
tag parity errors, 8-5 
tag read transactions, 4-47 
victim read during an ECB instruction error, 

8- 7 
victim read during Dcache/Bcache miss error, 

8- 7 
victim read error, 8- 7 

BcAdd_H signal pins, 3- 3, 4-43 
characteristics, 4-50 

BcCheck_H signal pins, 3- 3, 4-43 

BcData_H signal pins, 3- 3, 4-43 

BcDatalnClk_H signal pins, 3-3, 4-43 
using, 4-52 

BcDalaOE_L signal pin, 3- 3, 4-43 

BcDalaOutClk_x signal pins, 3-4, 4-43 

BcDataWr_L signal pin, 3-4, 4-43 

BcLoad_L signal pin, 3-4, 4-43 

BcTag_H signal pins, 3--4, 4-43 

BcTagDirty_H signal pin, 3-4, 4-43 

BcTaglnClk_H signal pin, 3--4, 4-43 
using, 4-52 

BcTagOE_L signal pin, 3-4, 4--43 

BcTagOutClk _ x signal pins, 3-4, 4-43 

lndex-2 

BcTagParity_H signal pin, 3-4, 4-43 

BcTagShared_H signal pin, 3-4, 4-44 

BcTagValid_l-1 signal pin, 3-4, 4-44 

BcTagWr_ L signal pin, 3-4, 4-44 

BcVrefsignal pin, 3-4, 4-44 

Bidirectional differential amplifier receiver -
open-drain. See B _DA_ OD 

Bidirectional differential amplifier receiver -
push-pull. See B_DA_PP 

Binary multiple abbreviations, xix 

BiST. See Built-in self-test 

Bit notation conventions, xx 

Bounder-scan register, B- 1 

Branch history table, initialized by BiST, 7- 12 

Branch mispredication, pipeline abort delay from, 
2- 16 

Branch predictor, 2- 3 

BSDL description of the boundary-scan register, 
B-1 

Built-in self-lest, 11 - 5 
load, 7-6 

C 

C_ADDR Cbox read regislerfield, 5-41 

C_DATA Cbox data register, 5-33 
at power-on reset state, 7- 16 

C_SHFT Cbox shill register, 5- 33 
at power-on reset state, 7- 16 

C _STAT Cbox read register field, 5-41 

C_STS Cbox read register field, 5-4 1 

C_SYNDROME_0 Cbox read register field, 5-41 

C_SYNDROME_ I Cbox read register field, 5-41 

Cache block states, 4-9 
response to 2 1264B commands, 4-10 
transitions, 4-10 

Cache coherency, 4-8 

CALL_PAL entry points, 6-12 

Caution convention, xx 
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Cbox 
data regisler C_DATA, 5- 33 
described, 2- 11, 4--3 
duplicale Dcachc lag array, 2- 11 
duplicate Dcachc tag array with, 4-13 
HW MTPR and I-IW MFPR to CSR, D- 15 
1/0 write butler, 2- 17 
internal processor registers, 5- 3 
probe queue, 2- 11 
read register, 5-4 1 
shift register C_SH.fi, 5--33 
victim address tile, 2- 11 
WRITE MANY chain, 5- 38 
WRITl( MANY chain example, 5- 39 
WRITE_ONCE chain, 5- 33 

CC cycle counlcr register, 5- 3 
at power-on reset stale, 7- 15 

CC_CTL cycle coW1ter control register, 5- 3 
al power-on reset state, 7- 15 

CFR_EV6CLK_DELAY Cbox CSR, defined, 5- 37 

CFR_FRMCLK_DELAY Cbox CSR, defmed, 5- 38 

CFR_ GCLK_DELAY Cbox CSR, defined, 5- 37 

ChangeToDirtyFail , SysDc command, 4-10, 4-11 , 
4--12 

ChangeToDi.rtySucccss, SysDc command, 4-10, 
4-- 11 ,4--12 

Choice predictor, 2- 5 

ChxToDirty, 212648 command, 4--12 

CLAMP public instruction, 8-1 

Clean cache block state, 4-9 

Clean/Shared cache block stale, 4--9 

CleanToDirLy, 212648 command, 4--22, 4--39 
system probes, with, 4-41 

CleanVictimBlk, 212648 command, 4-22, 4-39 

ClkFwdRst_H signal pin, 3-4, 4--30 
with system initia li zation, 7- 7 

Clkl.n_x signal pins, 3--4 

Clock forwarding, 7--4 

CLR_MAP clear virtual-to-physical map register, 
5- 21 

at power-on reset stale, 7- 15 
CMOV instruction, special cases of, 2- 26 

COLD reset machine stale, 7- 17 

Commands 
21264 8 Lo system, 4--19 
system lo 212648, 4--26 
when Lo NXM , 4-38 
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Conventions, xix 
abbreviations, xix 
address, xx 
aligned, xx 
bit notation, xx 
caution, xx 
data unils, xxi 
do not care, xxi 
external, xxi 
field notation, xxi 
note, xxi 
numbering, xxi 
ranges and extents, xxi 
register figures, xxi 
signal names, xxi 
unaligned, xx 
X, xxi 

CTAG, 4--13 

D 

Data cache. Sec Dcache 

Data merging 
load instructions in 1/0 address space, 2- 28 
store instructions in l/0 address space, 2- 29 

Data transfer commands, system, 4-28 

Data types 
float ing point support, 1- 2 
integer supported, 1- 2 
supported, 1- 1 

Data units convention, xxi 

Data wrap, 4-36 
double-pumped, 4--38 
interleaved, 4-37 

DATA_ VALID_DLY Cbox CSR, defined, 5-38 

de 
characteristics ol~ 9-2 
input pin capacitance defined, 9- 2 
test load defined, 9- 2 
voltage on signal pins, 9-1 

DC_CTL Dcache control register, 5- 30 
at power-on reset slate, 7- 16 
error correction and, 8- 2 

DC_PERR error sta tus in C_STAT, 5-41 

DC_STAT Dcache status register, 5- 3 1 
at power-on reset slate, 7- 16 

lndex-3 

Dcachc 
described, 2- 12 
du1>I icate tag parity errors, 8--4 
duplicate tags with, 4-13 
error case summary for, 8- 10 
fill from Bcachc error, 8- 6 
fi 11 from memory errors, 8- 8 
inilialized by 8iST, 7- 12 
pipelined, 2- 16 
single-bit correctable ECC error, 8-3 
store second error, 8--4 
tag parity errors, 8- 2 
victim extracts, 8--4 

Dcache data single-bit correctab le ECC errors, 8- 3 

Dcache tag, initialized by BiST, 7- 12 

DCOK_H signal pin, 3-4 
power-on reset flow, 7- 1 

DCVIC_THRESHOLD Cbox CSR, defined, 5- 34 

DFAULT fau l~ 6- 13 

Diflerential 212648 clocks, 7- 19 

Differential reference clocks, 7- 19 

Dirty cache block state, 4-9 

Dirty/Shared cache block stale, 4-9 

Do not care convention, xxi 

Double-bit fill errors, 8- 9 

DOWN I reset machine state, 7- 18 

DOWN2 reset machine state, 7- 19 

DOWN3 reset machine state, 7- 19 

Dstrearn translation buffer, 2- 13 
See also DT8 

DSTREAM_8C_D8L error status in C_STAT, 
5-41 

DSTREAM_8C_ERR error slalus in C_STAT, 
5-41 

DSTREAM_DC_ERR error slalus in C_STAT, 
5-4 1 

DSTREAM_MEM_D8Lerrorslalus in C_STAT, 
5-4 1 

DSTREAM_MEM_ERR error status in C_STAT, 
5-4 1 

DTAG. Sec Duplicale Dcacbe tag array 

OTB entries, writing multip le in same PAL llow, 
D-19 

DT8 fill, 6-14 

DT8, pipeline aborl delay with, 2- 16 

DTB_ALTMODE alternate processor mode register, 
5-26 

al power-on reset state, 7- 15 

lndex-4 

DTB_ASN0 address space number rcgisler 0 
at power-on reset state, 7- 15 

DTB_ASN0 address space number registers 0, 5- 28 

DTB_ASNI address space number register 1, 5- 28 
at power-on reset slate, 7- 15 

DTB_IA invalidate-all process register, 5- 27 
at power-on reset state, 7- 15 

DT8_1AP invalidale-all (ASM=0) process register, 
5- 27 

at power-on rese t slate, 7- 15 
DTB_IS0 invalidate si.ngle (array 0) register, 5- 27 

al power-on reset state, 7- 15 
DTB_IS I invalidate single (array I) register, 5- 27 

at power-on reset state, 7- 15 
DTB_PTE0 array write 0 register 

at power-on reset slate, 7- 15 
MTPR Lo, D-12 

DTB_PTE0 array write reg ister 0, 5-26 

DTB_PTEI array write I register, 5-26 
at power-on reset slate, 7- 15 
MTPR to, D-12 

DTB_TAG0 array write 0 register, 5-25 
at power-on reset state, 7- 15 
MTl'R to, D- 12 

DTB_TAGI array write I register, 5- 25 
al power-on reset state, 7- 15 
MTl'Rlo, D- 12 

DT8M_DOU8LE_3 fa ult, 6-13 

DT8M_DOU8LE_ 4 fa ulL, 6-13 

DT8M_SINGLE fault, 6-13 

Dual-data ra te SSRAM pin assignments, E-3 

DUP_TAG_ENA8LE Cbox CSR, defined, 5- 34 

Duplicate Dcache lag array, 2- 11 

Duplicate Dcache, initialized by BiST, 7- 12 

Duplicate tag array, Cbox copy. See CTAG 

Duplicate Lag stores, Bcache, 4-7 

E 

Ebox 
cycle counter control register CC_CTL, 5- 3 
cycle counter register CC, 5-3 
described, 2- 8 
executed in pipeline, 2- 16 
internal processor registers, 5- 1 
slotti ng, 2- 18 
subclusters, 2- 18 
virtual address control register VA_CTL, 5-4 
virtual address fonnat register VA_FORM, 5-5 
virtual address register, 5-4 

ECB instruction, external interface reforence, 4-5 
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ECC 
64-bit data and check bit code, 8- 2 
Dcache data single-bit correctable errors, 8-3 
for system data bus, 8- 2 
memory/system port single-bit correctable 

errors, 8- 7 
store instructions, 8--4 

ENABLE_ EVTCT Cbox CSR, 4-23, 5- 39 

ENABLE_ PROBE_CHECK Cbox CSR, 8- 2 
de fined, 5- 35 

ENABLE_STC_COMMAND Cbox CSR, defined, 
5-35 

Energy star certification, 7- 9 

Error case summary, 8- 10 

Error correct ion code. See ECC 

Error detection mechanisms, 8- 1 

EV6Clk_x signal pins, 3--4 

Evict, 2 12648 command, 4-12, 4-22, 4-39 

EVTCT_ENABLE Cbox CSR, 7- 12 

EXC_ADDR exception address register, 5- 8 
afler fault reset, 7- 8 
at power-on reset state, 7- 14 

EXC_SUM exception summary register, 5- 13 
at power-on reset state, 7- 15 

Exception and interrupt logic, 2- 8 

Exception condition summary, A- 15 

External cache and system interface unit Sec Cbox 

External convention, xxi 

External interface initialization, 7- 14 

EXTEST public instruction, B- 1 

F 

F31 
load instructions with, 2- 23 
retire instructions with, 2- 22 

Fast data disable mode, 4-33 

Fast data mode, 4-30, 4-3 1 

FAST_MODE_DISABLE Cbox CSR, 4-30 
defined, 5- 34 

Fault reset flow, 7- 8 

Fault reset sequence of operations, 7- 9 

FAULT_RESET reset machine state, 7- 18 

Fbox 
described, 2- 10 
executed in pipeline, 2- 16 

FEN fa ult, 6--13 

FetchBlk, 21264B command, 4-2 1, 4-39 
system probes, with, 4--4 1 
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FetchBlkSpec, 21264B command, 4-2 1, 4-39 

Field notation convention, xxi 

Floating-point ari thmetic trap, pipeline abort delay 
with, 2- 16 

Floating-point control register, 2- 35 
PALcode emulation of, 6--1 I 

Floating-point execution unit. See Fbox 

Floating-point instructions 
IEEE A- 9 
inde~ndent, A- 11 
VAX, A- I I 

Floating-point issue queue, 2- 7 

Forwardi.ng clock pin groupings, E- 1 

FPCR. See Floating-point control register 

FQ. See Floating-point issue queue 

FrameClk_x s ignal pins, 3---5, 4-30 

G 

GCLK, 7- 19 

Global predictor, 2-4 

H 

Heat sink center temperature, 10- 1 

Heat sink specifications, I 0-3 

HW _INT_ CLR hardware interrupt clear register, 
5-12 

at power-on reset state, 7- 15 
updating, D-18 

HW_LD PALcode instruction, 6-3, A- 9, D-18 

HW_MFPR PALcode instruction, 6-6, A- 9 

HW_MTPR PALcode instruction, 6-6, A- 9 

HW_REI PALcode instruction, A- 9 

HW_RET PALcode instruction, 6--5 

HW_ST PALcode instruction, 6---4, A- 9 

1/0 address space 
instruction data merging, 2- 29 
load instruction data merging, 2- 28 
load instructions with, 2- 27 
store instructions with, 2- 29 

J/0 write buffer, 2- 11 
defined, 2- 32 

lndex-5 

I_CTL lbox control register, 5-15 
after fault reset, 7- 8 
after warm reset, 7- 1 I 
at power-on reset sta te, 7- 15 
PA.Lshadow reg isters, 6-11 
through s leep mode, 7- 10 
VA_48 field update, D-17 

!_DA pin type, 3- 3, 9-2 
values for, 9-3 

I_DA_CLK pin type, 3- 3, 9- 2 
values for, 9-3 

I_DC_POWER pin type, 9-2 

I_DC_REF pin type, 3- 3, 9-2 
values for, 9-3 

!_STAT !box status register, 5- 18 
at power-on reset state, 7- 15 

IACV fault, 6--13 

!box 
branch predictor, 2- 3 
clear virtual-to-physical map register 

CLR MAP, 5- 2 1 
exception addfess register EXC_ADDR, 5-8 
exception and in terrupt logic, 2- 8 
exception summary register EXC _SUM, 5-13 
fl oating-point issue queue, 2- 7 
hardware interrupt clear register HW _INT_ CLR, 

5-12 
!box control register l_CTL, 5- 15 
lbox process context register PCTX, 5- 21 
lboxstatusregisterl_STAT, 5- 18 
!cache flush ASM register IC_FLUSH_ASM, 

5-2 1 
!cache flush register !C_FLUSH, 5-2 1 
instruction fe tch logic, 2- 6 
instruction virtual address formal register 

IVA_FORM, 5- 9 
instruction-stream trans lation buffer, 2- 5 
integer issue queue, 2-6 
internal processor registers, 5-1 
interrupt enable and current processor mode 

register IER_CM, 5-9 
interrupt summary register ISUM, 5- 11 
1TB invalidate sing le register ITB_IS, 5- 7 
1TB inva li date-a ll ASM (ASM- 0) register 

ITB_IA P, 5- 7 
1TB invalidate-all register ITB_IA , 5-7 
1TB PTE array write register ITB_PTE, 5-6 
1TB tag array write register ITB_TAG, 5- 6 
PAL base register PAL_BASE, 5- 15 
performance counter control register 

PCTR CTL, 5-23 
ProfileMc register PMPC, 5- 8 
register rename maps, 2-6 
retire logic, 2- 8 
retire logic and mapper, required sequence for, 

D-1 
s leep mode register SLEEP, 5-2 1 
sollware interrupt request register SIR R, 5- 10 
subsections in, 2- 2 
virtual program counter logic, 2- 2 

lndex-6 

IC_FLUSH !cache flush register 
at power-on reset state, 7- 15 

IC_FLUSH_ASM !cache flush ASM register, 5-2 1 

lcache 
data errors, 8- 2 
error case summary for, 8- 10 
fill from Bcache error, 8- 5 
ti 11 from memory error, 8- 7 
flush register!C_FLUSH, 5-21 
initiali7.ed by BiST, 7- 12 
tag, initia li ,,c,d by BiST, 7- 12 

IEEE 1149.1 
notes for compliance to, 11 - 7 
test port reset, 7- 1 6 
test port, operation of, 11 - 3 

JEEE floating-point conformance, A- 14 

IEEE floating-point instruction opcodes, A- 9 

JER _ CM interrupt enable and current processor mode 
register, 5-9 

at power-on reset state, 7- 15 

IMPLVER instruction values, 2- 38 

Independent floating-point function codes, A- 11 

INIT_MODE Cbox CSR, 5-39, 7- 12 

Initialization mode process i.ng, 7- 12 

Input de reference pin . See I_DC_REF pin type 

Input differential amplifier clock receiver. See 
l_DA_CLK pin type 

Jnput differential amplifier receiver. See I_DA pin 
type 

Instruct ion fetch logic, 2-6 

Instruction fetch, issue, and retire unit. See Jbox 

Instruction fetch, pipelined, 2- 14 

Instruction issue rules, 2- 16 

Instruction latencies, pipelined, 2- 20 

Instruction ordering, 2- 30 

Instruction retire latencies, minimum, 2- 21 

Instruction retire rules 
F31 , 2- 22 
floating-point divide, 2- 22 
floating-poin t square root, 2- 22 
pipelined, 2- 21 
R3 1, 2- 22 

Instruction slot, pipelined, 2- 14 

Instruction-s tream trans lation buffer, 2- 5 

lnt_Add_BcClk internal forwarded clock, 4--44, 
4-48 

lnt_Data_BcClk internal forwarded clock, 4-44, 
4-49 

INT_FWD_CLK clock queue, 4-30 

Integer ari thmetic trap, pipeline abort delay with , 
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2- 16 

Integer execution w1iL Sec Ebox 

Integer issue queue, 2--6 
pipelined, 2- 15 

lnlcmal processor registers, 5---1 
accessing, 6-7 
explicitly wriUen, 6-8 
impliciUy wriUen, 6-9 
ordering access, 6-9 
paired fetch order, 6-9 
scoreboard bits for, 6-8 

INTERRUPT interrupt, 6-14 

INVAL_TO_DIRTY Cbox CSR, 23 
programming, 4-23 

INVAL_TO_ DIRTY_ENABLE Cbox CSR, 5- 39, 
7- 12 

lnvalToDirty, 212648 command, 4-12, 4--22, 4--40 
system probes, with, 4-41 

lnvalToDirtyVic, 212648 command, 4-22, 4-40 

IOWB. Sec 1/0 write buffer 

IPRs. Sec lnlcmal processor registers 

IQ. Sec 1.ntcgcr issue queue 

IRQ__H signal pins, 3- 5 

lslrcam, 2- 5 

Istrcam memory references 
translation Lo exlemal references, 4-5 

ISTREAM_BC_DBL error sta tus in C_STAT, 5-4 1 

ISTREAM_BC_ ERR error slatus in C_STAT, 5-4 1 

ISTREAM_MEM_ DBL error status in C_STAT, 
5-41 

ISTREAM_MEM_ ERR error status in C_STAT, 
5-41 

ISUM interrupt summary register, 5- 11 
al power-on reset slate, 7- 15 

1TB, 2- 5 

1TB lill, 6-16 

1TB miss, pipeline abort delay with, 2- 16 

ITB_IA invalidate-all register, 5---7 
al power-on reset stale, 7- 14 

ITB_IAP invalidate-all (ASM=0) rcgislcr, 7 
al power-on rescl stale, 7- 14 

ITB_JS inval.idalc single regisler, 5- 7 
al power-on resel stale, 7- 14 

ITB_MISS fault, 6-14 

ITB_IYfE array wrilc register, 5-6 
al power-on resel state, 7- 14 

ITB_TAG array wrile register, 5- 6 
al power-on rcsel stale, 7- 14 

IVA_FOR.M instruction virtual address fomrnl 

Alpha 21264B Hardware Reference Manual 

regisler, 5--9 
al power-on reset slate, 7- 14 

J 

JITTER_CMD Cbox CSR, dclined, 5--38 

JM.P mispredielion, in PALcode, D-15 

JSR misprediclion 
in PALcode, D-15 
pipeline abort delay with, 2- 16 

JSR_COR misprediction, in PALcodc, D-15 

Junction temperature, 9- 1 

L 
Late-write non-bursting SSRAM pin assignments, 

E- 2 

LDBU instruction, normal prcfolch with, 2- 23 

LDF instruction, normal prcfctch with, 2- 23 

LDG instruclion, normal prefetch with, 2- 23 

LDQ instruction, prcfctch wiU1 evict next, 2- 24 

LDS instruction, prefetch with modif)' intent, 2- 23 

LDT instruction, normal prefotch wiLh, 2- 23 

LDWU instruction, normal prefctch with, 2- 23 

LDx_L instructions 
in-order processing for, 4-14 
locking mechanism for, 4-14 

Load hit speculation, 2- 24 

Load instructions 
ECC witl,, 8--3 
1/0 reference ordering, 2- 31 
Mbox order traps, 2- 3 1 
memory reference orderi.ng, 2- 30 
translation Lo exlemal interface, 4-5 

Load queue, described, 2- 13 

Load-load order trap, 2- 31 

Local predictor, 2-4 

Lock mechanism, 4-14 

Logic symbol, u,c 2 1264B, 3- 2 

LQ. See Load queue 

M 

M _ CTL Mbox control register, 5-29 
at power-on reset slate, 7- 15 

MAF. Sec Miss address file 

MB instruction processing, 2- 33 

MB, 21264B command, 13, 4-2 1 

MB_C NT Cbox CS R, operation, 2- 32 

MBDoue, ysDc command, 4-13 

lndex-7 

Mbox 
Dcache conLrol register DC_CTL, 5- 30 
Dcache status register DC_STAT, 5- 3 I 
described, 2- 12 
Ostrcam trans lation bullCr, 2- 13 
DTB address space number registers O and I 

DTB_ASNx, 5- 28 
OTB alternate processor mode regisler 

DTB_ALTMODE, 5- 26 
DTB invalidate-a ll (ASM=0) process register 

DTB_IAP, 5--27 
DTB invalidate-all process register DTB_IA, 

5--27 
OTB invalidate-single registers O and I 

DTB_ISx, 5- 27 
DTB PTE array write registers O and I 

DTB PTEx, 26 
DTB Lag array- write regislcrs O and I 

DTB TAGx, 5- 25 
inlemal proccSSor registers, 5-2 
load queue, 2- 13 
Mbox control register M_CTL, 5- 29 
memory management status register 

MM_STAT, 5- 28 
miss address file, 2- 13 
order traps, 2- 3 1 
pipeline abort delay wilh order trap, 2- 16 
pipeline abort delays, 2- 16 
store queue, 2- 13 

MBOX_ BC_ PRB_STALL Cbox CSR, dclincd, 
5--35 

MCHK interrupt, 6-14 

Mechanical specifications, 3- 17 

Memory 
error case summary for, 8- 11 
filli.ng Dcache errors, 8- 8 
filling lcachc errors, 8- 7 

Memory address space 
load instructions will, , 2- 27 
merging rules, 2- 30 
sLorc instructions with, 2- 28 

Memory barrier inslructions 
trans lation Lo ex ternal interface, 4-5 

Memory barriers, 2- 32 

Memory reference w.Ut. See Mbox 

MF_FPCR instruction, 6-12 

Microarchilcclure 
summarized, 2- 1 

MiscVrefsignal pin, 3- 5 

Miss address file, 2- 13 
1/0 address space loads, 2- 27 
memory address space loads, 2- 27 
memory address space slores, 2- 28 

MM_STAT memory management status register, 
5- 28 

al power-on reset stale, 7- 15 
MT _ FPC R instruction, 6-12 

lndex-8 

MT _FPCR synchronous trap, 6-14 

N 

NoConnecl pin type, 3 

Nonexistent memory 
processing, 4-38 

NOP, 2 1264B command, 4-2 1 

Nole convention, xxi 

Numbering convention, xxi 

NXM . Sec NonexisLcnt memory 

NZNOP, 21264B command, 4-2 1 

0 

O_OD pin type, 3- 3, 9- 2 
values for, 9-4 

O_OD_TP pin type, 3- 3, 9- 2 
values for, 9-4 

O_ PP pin type, 3- 3, 9-2 
values for, 9-5 

O_ PP_CLK pin type, 3- 3, 9-2 
values for, 9-5 

OPCDEC fault, 6-13 

Opcodes 
IEEE floating-point, A- 9 
independent lloaling-poinl, A- 11 
reserved for Compaq, A- 8 
reserved for PA LcO<le, A- 9 
summary of, A- 12 
VAX lloaling-point, A- 11 

Open-drain driver for test pins. See O_OD_TP 

Open-drain output driver. Sec O_OD pin type 

Operating temperature, 10-1 

p 

Packaging, 3- 18 

Paired instruction fetch order, 6-9 

PAL_BASE register, 5- 15 
afler fault reset, 7- 8 
after warm reset, 7- 11 
at power-on reset state, 7- 15 
through sleep rnO<lc, 7- 10 
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PALcode 
conditional branches in, D- 14 
described, 6-1 
entries poinls for, 6-12 
exception entry points, 6-13 
guidelines for, D-1 
HW LO instruction, 6-3 
HW = MFPR inslruction, 6--6 
HW MTPR instruction, 6-6 
HW- RET instruction, 6--5 
HW- ST instruction, 6--4 
required function codes, 6-3 
reserved opcodes for, 6--3 
restrictions for, D-1 

PALmode environment, 6--2 

PALshadow registers, 6--11 

PCTR_ CTL perfonnance counter control counter 
register 

updating, D-17 
PCTR _ CTL performance counter control register, 

5- 23 
at power-on reset state, 7- 15 
updating, D-18 

PCTX Tbox process context register, 5-2 1 
aft.er fault reset, 7- 8 
after warm reset, 7- 11 
at power-on reset state, 7- 15 
through sleep mode, 7- 10 

Phase-lock loop. See PLL 

Physical address considerations, 4-4 

Pipeline 

PLL 

abort delay, 2- 16 
Dcache access, 2- 16 
Ebox execution, 2- 16 
Ebox s lolling, 2- 18 
Fbox execution, 2- 16 
instruction fetch, 2- 14 
instruction group definitions , 2- 17 
instruction issue ru les, 2- 16 
instruction latencies, 2- 20 
instruction reti.re ru les, 2- 2 1 
instruction sloL, 2- 14 
issue queue, 2- 15 
organization, 2- 13 
register maps, 2- 15 
register reads, 2- 16 

description, 7- 19 
output clocks, 7- 19 
ramp up, 7-6 

PLL_TDD, values for, 9- 3 

PLL_ VDD signal pin, 3- 5 

PLL_ VDD, va lues for, 9- 3 

PII Bypass_H signal pin, 3- 5 

PMPC ProfileMe register, 5- 8 
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Ports 
IEEE 11 49. 1, 11 - 3 
serial terminal, 11 - 2 
SROM load, I 1- 2 

Power 
maximum, 9-1 
sleep defined, 1)..-3 

Power supply sequencing, 9-5 

Power-on 
flow signals and constraints, 7- 7 
reset flow, 7- 1 
self-lest and initialization, 11 - 5 
timing sequence, 7- 3 

PRB_TAG_ONLY Cbox CSR, 4-28 
defined, 5-34 

Privi leged architecture library code 
See PALcode 

Probe commands. system, 4--26, 4-40 

Probe queue, 2- 11 

PROBE_BC_ERR errorstatus in C_STAT, 5-4 1 

ProbeResponse, 2 12648 command, 4--21, 4-24, 
4-39 

ProfileMe mode, 6--20 

Push-pull output clock driver. See O _PP_ CLK 

Push-pull output driver. See O_PP 

R 

R31 
load instructions with, 2- 23 
retire instructions with, 2- 22 
speculative loads to , 2- 25 

RAMP I reset machine sta le, 7- 17 

RAMP2 reset machine slate, 7- 18 

Ranges and extents convention, xx i 

RdBlk, 21264B command, 4-39 

RdBlkl, 21264B command, 4-39 

RdBlkMod, 21264B command, 4-39 

RdBlkModSpec, 21264B command, 4-39 

RdBlkModVic, 21264B command, 4-39 

RdBlkSpec, 2 I 264B command, 4-39 

RdB lkSpecl, 2l 264B command, 4-39 

RdBlkVic, 2 I 264B command, 4-39 

RdBlkVicl, 2 I 264B command, 4-39 

RdBytes, 21264B command, 4-39 

RdLWs, 21264B command, 4-39 

RdQWs, 21264B command, 4-39 

ROVIC_ACK_INHTBIT Cbox CSR, 4-25, 4-26 
defined, 5-34 

lndex-9 

ReadBlk, 21264B command, 4-21 
system probes, with, 4-4 1 

ReadBlkl, 21264B command, 4-2 1 

ReadBlkMod, 2 1264B command, 4-2 1 
system probes, with , 4--4 1 

ReadBlkModSpec, 21264B command, 4-21 

ReadBlkModVic, 2 1264B command, 4-2 1 

ReadBlkSpec, 2 I 264B command, 4-21 

ReadBlkSpecl, 2 1264B command, 4-2 1 

ReadBlkVic, 21264B command, 4-2 1 

ReadBlkVicl, 2 1264B command, 4-2 1 

ReadBytes, 2 I 264B command, 4-22 

ReadOata, SysDc command, 4-10, 4-11 , 4-12 

ReadDataDirty,SysDccommand, 4-10, 4-1 I, 4-12 

ReadOalaError, SysDc command, 4-10, 4-11 , 4-12 

ReadDataShared, SysDc command, 4-10, 4-11 , 
4-12 

ReadDataShared/Dirty, SysDc command, 4-10, 
4-11 , 4- 12 

ReadLWs, 2 I 264B command, 4-22 

ReadQWs, 2 I 264B command, 4-22 

Register access abbreviations, xix 

Register figure conventions, xxi 

Register maps, pipelined, 2- 15 

Register rename maps, 2----6 

Replay traps, 2- 31 

RESET interrupt, 6-14 

Reset slate machine 
major operations of, 7- 1 

Reset_L sibmal pin, 3- 5 
power-on reset flow, 7- 1 

RET misprediction, in PALcode, 0-15 

Retire logic, 2- 8, D-1 

RO,n convention, xix 

RUN reset machine state, 7- 18 

R W ,n convention, xx 

s 
SAMPLE public instruction, 8-1 

Scrubbing single-bit errors, 0 - 19 

J_CTL Tbox control register 
updating J_CTL, 0-18 

Second-level cache. See Bcache 

Security holes 
with UNPREDICTABLE results, xxi i 

lndex-10 

Serial terminal port, 11 - 2 

SET_DIRTY _ENABLE Cbox CSR, 4-23, 5-39, 
7- 12 

programming, 4--24 

SharedToDirty, 21264B command, 4-22, 4-39 
system probes, with, 4--4 1 

Signal name convention, xx i 

Signal pin types, defined, 3- 3 

Signal pins 
test, 11 - 1 

Single-bit error scribbing, D-19 

Single-bit errors in hardware, correcting, 8- 2 

SJRR software interrupt request register, 5- 10 
at power-on reset state, 7- 15 

SKEWED_FILL_MODE Cbox CSR 
defined, 5-34 

Sleep mode 
flow, 7- 9 
timing sequence, 7- 11 

SLEEP mode register, 5-2 1 
al power-on reset slate, 7- 15 

Spare pin type, 3- 3 

SPEC_READ_ENABLE Cbox CSR, 4-23 
defined, 5-35 

SQ. See Store queue 

SROM content map, 11 - 6 

SROM ini tialization, 11 - 5 

SROM interface, in microarchilecture, 2- 13 

SROM line, )cache bit fields in a, 11 - 6 

SROM load, 7-6 

SROM load operation, I 1- 2 

SromClk_H signal pin, 3-5, 11 - 2 

SromData_H signal pin, 3- 5, 11 - 2 

SromOE_L sii,rnal pin, 3- 5, I 1- 2 

SSRAMs 
dual-data rate pin assibmments, E- 3 
late-write non-bursting pin assibrnments, E- 2 

STC_ENABLE Cbox CSR, 4-24 

STCChangeToDirty, 21264B command, 4-13, 
4-22, 4-39 

Storage temperature, 9-1 

Store instructions 
Dcache ECC errors wilh, 8-4 
1/0 address space, 2- 29 
1/0 reference ordering, 2- 3 1 
Mbox order traps, 2- 3 1 
memory address space, 2- 2 8 
memory reference ordering, 2- 30 
Lranslation to external interface, 4-5 
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Store queue, 2- 13 

Store-load order Lrap , 2- 31 

STx _ C instructions 
in-order process ing for, 4-14 
locking mechanism for, 4-14 

Supply voltage signal pins. See I_DC_POWER pin 
type 

Synchronous static random-access memory. See 
SSRAMs 

SYS_BPHASE_LD_ VECTOR Cbox CSR, 4-17 
defined, 5-38 

SYS_BUS_FORMAT Cbox CSR, defined, 5- 34 

SYS_BUS_SIZE Cbox CSR, 4-20 
defined, 5-34 

SYS_CLK_DELAY Cbox CS R, defined, 5-36 

SYS_CLK_LD_VECTORCbox CSR, 4-17 
defined, 5-38 

SYS_CLK_RATIO Cbox CSR, defined, 5-34 

SYS_CLKFWD_ENABLE Cbox CSR, defined, 
5-36 

SYS_CPU_CLK_DELAY Cbox CSR 
defined, 5-38 

SYS_DDM_FALL_EN Cbox CSR, 4- 18 
defined, 5-36 

SYS_DDM_RD_FALL_EN Cbox CSR, 4-18 

SYS_DDM_RD_RIS E_EN Cbox CSR, 4-18 

SYS_DDM_RJSE_EN Cbox CSR, 4-18 
defined, 5-36 

SYS_DDMF _ ENAB LE Cbox CSR, 4-18 
defined, 5-36 

SYS_DDMR_ ENABLE Cbox CSR, 4-18 
defined, 5-36 

SYS_FDBK_EN Cbox CSR, 4-17 
defined, 5-38 

SYS_FRAM E_LD_ VECTOR Cbox CSR, 4-18, 
4-3 1 

defined, 5-38 
SYS_RCV _MUX_CNT_PRESET Cbox CSR, 4-3 1 

defined, 5- 36 
SYS_RCV_MUX_PRESET Cbox CSR, 4-33 

SysAddln_L signal pi.ns, 3- 5 

SysAddlnClk_L signal pin, 3-5 

SysAddOut_L signal pins, 3- 5 

SysAddOuLClk _ L signal pin, 3- 5 

SYSBUS_ACK_LIMIT Cbox CSR, 4-25 
defined, 5-34 

SYSBUS_FORMAT Cbox CSR, 4-20 
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SYSBUS_MB_ENABLE Cbox CS R, 4-23 
defined, 5- 34 
operation, 2- 32 

SYS BUS_ VIC_LIMIT Cbox CSR, 4-26 
defined, 5- 34 

SysCheck_L signal pin, 3--5 

SYSCLK, 4-3 1 

SysDala_L signal pin, 3--5 

SysDalal.nClk._H signal pin, 3- 5 

SysDatalnVaHd_L signal pin, 3-5 
rul es for, 4-34 

SysDataOuLClk_L signal pin, 3- 5 

SysDalaOuLValid_L signal pin, 3- 5 
rules for, 4-35 

SysDc commands, 4-10 
system probes, wilh, 4-4 I 

SysDc field, system lo 21264B commands, 4-29 

SYSDC_DELAY Cbox CSR, 4-32 
dcfu1cd, 5- 38 

SysFillValid_L signal pin, 3- 5 
rules for, 4-35 

System clock ratio con.figurnlion, 7--4 

System i1.1jtiali1..ation, 7- 7 

System interface clocks, progrnrnming, 4-17 

System port, 4-16 

SysVrcf signal pin, 3- 5 

T 

Tag parity errors , 8- 2 

TB fill tlow, 2- 34, 6-- 14 

Tck_H signal pin, 3-6 

Tdi_H signal pin, 3---{i 

Tdo_H signal pin, 3-6 

Temperatures 
maximium average per frequency, 10-2 
operating, 10-1 

Terminology, xix 

TestStat_H signal pin, 3-6 
purpose for, I 1-4 
with Bi ST and SROM load, 7- 6 

TI1ermaJ design characteristics, I 0- 6 

Tms_ l--l signal pin, 3- 6 

Traps 
load-load order, 2- 3 I 
Mbox order, 2- 31 
replay, 2- 31 
store-load order, 2- 31 

Trsl_L signal pin, 3-6 

lndex- 11 

u 
UNALIGN fa ult, 6--13 

Una ligned convenlion, xx 

UNDEFINED, xxi i 

UNPREDICTABLE, xxii 

V 

VA virtual address register, 5-4 
at power-on reset stale, 7- 15 

VA_CTL virtual address control register, 5-4 
al power-on reset stale, 7- 15 
updating VA_ 48 field, D- 18 

VA_FORM virtual address fonnalregisler, 5- 5 
al power-on reset stale, 7- 15 

VAF. See Victim address fi le 

VAX floaling-poinL instruction opcodes, A- 11 

VBIAS defined, 9-2 

VDB. Sec Victim data buffer 

VDBFlushRequest, 2 1264 B command, 4-2 1 

VDD signal pin list, 3- 16 

VDD, values for, 9-3 

VDF. See Victim dala ti.le 

VdilTdcfi ncd, 9-2 

Victim address fil e 
described, 2- 11 

Victim address fi le, described, 2- 11 

Viclim dala buffer (VDB), 4-8 

Virtual address support, 1- 2 

Virtual program counter logic, 2- 2 

VPC. See Virtual program cow,tler logic 

VREF, values for, 9- 3 

VSS signal pin list, 3- 16 

w 
WAIT_BiSI reset machine slate, 7- 18 

WAIT_BiST reset machine stale, 7- 18 

WAIT _ClkFwdRsl0 resel machine stale, 7- 18 

WAJT_ClkFwdRsll reset machine stale, 7- 18 

WAIT_INTERRUPT reset machine stale, 7- 19 

WAIT_NOMINAL resel machine state, 7- 17 

WAIT_RESET reset machine slate, 7- 18 

WAIT_SETTLE reset machine state, 7- 17 

WAKEUP interrupt, 6--14 

WAR, eliminating, 2-6 

lndex-12 

Warm reset flow, 7- 11 

WAW 
eliminating, 2-6 

WMB inslruclion processing, 2- 33 

WO,n convention, xx 

Wrap order 
double-pumped, 4-38 
interleaved, 4-37 

WrBytcs, 21264B command, 4-22, 4-39 

Write hint instructions, translat ion Lo exlemaJ 
interface, 4-5 

WRJTE_MANY chain, 5-38 
example, 5- 39 
values for Bcache initialization, 7- 12 

WRITE_MANY register 
al\cr fault rcsc~ 7- 8 
aHcr wann reset, 7- 11 
Lhrough sleep mode, 7- 10 

WRITE_ONCE chain description, 5- 33 

Write-after-read . Sec WAR 

Writc-aHcr-writc. Sec WA W 

WrLWs, 21264 B command, 4-22, 4-39 

WrQWs, 2 1264 B command, 4-22, 4-39 

WrVictimBlk, 21264 B command, 4-22, 4-39 
system probes, with , 4-4 1 

X 

X convention, xxi 
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