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l . l Overview 

Figure 1-1 Systw.fmock· 
Diagram · · · · · 

Theory of Operation, First Edition 

Introduction 1 
The CONVEX C3800 Series computer can have up to eight processors and up to 
four gigabytes of physical memory. Interprocessor communication and memory 
transfers are controlled by a central crossbar (see Figure 1-1). 
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The processor cabinets for the C3800 Series are physically configured around a 
central cabinet that contains the crossbar (see Figure 1-2). There can be from 
three-to-six cabinets per system: one central crossbar cabinet, up-to-four 
processor cabinets and one I/O interface cabinet. 

Each processor cabinet may contain two heads. A head is defined as a single 
processor and one memory board. 

Figure 1-2 Cabinet Cci~ig~~to.n (Top View) 
-=··· ·· ··· ·: ::: ::- . 
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1.2 Description of 
Major Units 

The following major units comprise a C3800 Series computer system: 

• Central Processing Unit 
• Memory Subsystem 
• Crossbar 
• CPU Utilities Hardware 
• Service Processor Unit 
• Oock and Diagnostic Hardware 
• I/0 Subsystem 
• Power Subsystem 

.. h2.1 Central Processing Unit (CPU) 
j;~l:l CPU consists of two boards: a scalar processor board and a vector processor 
·• board. 

.. .... · •• ••. 1.2. 1. 1 Scalar Processor 
.· .. ·· The sc~l~fprocessor executes scalar instructions, performs address generation 

an¢ translation, and dispatches the vector processor. The scalar processor 
.. . contains the following major functional units: 

• Address Scal;:tf(AS) Unit 
• Instructiori]~fb~essor (IP) 

;.;;ti:i~i*~ 
.);i) /\):· 

The AS~fr exe¢ih¢$1~arfostructions under microcode control. Decoded 
instrrictions are cij~p#,t¢<hed to the AS from the instruction processor (IP). Each 
scalar instrucij<>.t{fois a corresppllding set of microcode that resides in the control 
store locat~JrHhe AS. · •.•.. . 

The AS al~ receives.v:~88~ ~nstructrons from the IP. These instructions are 
passed on to th~y~d~ proc~mf J~!ti~ecution. 

The instructio~ ;:c~~S<Jt ~~/iij~@J.,~:¢*-Me memory where it stores all 
instruction data receWe,cf fri:Jir1!#@.#fu.emory. The instruction processor 
maintains the program counJ~tjd.~xefutes instruction cache read/write 
operations. When data is~@)froitt the instrµqtjcm cache, the instruction 
processor decodes and pa#ies the infp~q#~i.14• sends it to the address scalar 
unit for execution. ·. · · ·< •• •••• ·· · · · 

The data cache arbitrates mei-ri;ry reques(pribrities, coptrols access to the data 
and PTE caches, and handles all reque.s~id.iat involwait.ce.ssing the crossbar 
(that is, all memory and communicat:iptj+egiste.r: ®*sfors}j 

Return control retains the control iJ~!~t:it ~t~•~ll f~d requests that go out on 
the crossbar to memory or the commurtidibon regW,ters/ yvhen the requested data 
arrives, the RC matches the incoming data with#'{e correct contajl information 
and forwards the data to its destination. 

1.2. 1.2 Vector Processor 
I. The primary function of the vector processor is t(j ~#ittt.(! allvectdr iristiuctions. 

Vector instructions are dispatched from the scalaFprocessor and input by way of 
the vector dispatch interface. Operands are input from either the scalar processor 
(if they are cache resident) or from memory. Inside the vector processor, operands 

Theory of Operation, First Edition Description of Major Units 1-3 



Description of Major Units 1-4 

are stored in the vector register file until needed. Data produced from vector 
operations may be sent to either the scalar processor or memory. 

1.2.2 Memory Subsystem 
A C3800 Series system may have up to 4 GB of addressable memory 
implemented using up-to-eight memory boards. Each memory board has a 
capacity of from 128 MB-to-512 MB, depending on the size of the DRAM (1MB or 
4MB) being used. 

Each memory board can accept requests and return memory data to the 
requesting processors at the rate of 64 bits of data per clock cycle. Thus, each 
bq~ has a bandwidth of 500 MB per second; a fully configured, eight-board 
ajemory system has a bandwidth of four GB per second. 

· The ~ :tj~~_of data that a memory board can handle is divided into two 32-bit 
w.ords/caU&f even and odd. Each even and odd word can be addressed 

./1,A~~pendetttly, and each one has a separate send and return datapath. 

1.2.3 Crossbar 
· · •·• The cro#bar provides the link between the processors, the memory boards and 

theqtJ utilities board. By definition, a processor may be either a CPU or an I/O 
ptqcessor. 

E:cw processqr~ci~:~c.g~~ with the crossbar on a separate point-to-point bus. 
No multi~aj:i=buses ar~.J;1s¢<i(:!The same is true for the memory boards and the 
CPU utilitks board . .. ··::·. 

The crossb~.#,µt~ -datl{ij~~i(~tn the memory boards and arbitrates between 
requests to identical mem,.();i'Ybtfards. The memory boards can accept one even 
and one odd request ~)#um one ey~ and one odd request per clock cycle. 
The crossbar dete@ine:s·which p~~f wins access to a particular memory 
board and to which processor.a,J)-f :fufuming,fiata must be sent. 

-: -:.:-:-·-· -:-:-· 

The crossbar has a total pf rti'he proc~~f p(),tts, eight memory board ports and 
one port for the CPU Ub:l.lties bo'1ajc; ~#ij~-bit(plus parity) port is divided into 
an even and an odd half. Th~pf~~if(pl#s,!paj:ify)pp.d and even halves function 
completely independent ofe~~l/i:othef{// 

1.2.4 CPU Utilities HardwQre .. ... .................. .. 
The CPU utilities hardware resides .on:tfui CBQ)itilititeS(CU) board and consists 
of the following major functional uni6(> • 

;:::w 
.:1:lj// i1t 

• Communication Registers 
• Control Register Address Space 
• ASAP 
• Microtrap and Interrupt Structure 
• Deadlock Detection Logic 

1.2.4. 1 Communication Registers ·.·.·.·. . .. · . 
The communication registers provide a mechanism for multipl~.threaki~xe6utipn 
across more than one CPU. A communication register is* 154+bit~ddressabfe'" · 
register with an associated lock bit that is maintained by hardware. The lock bit 
is used by software and microcode as a semaphore for the contents of the 
individual communication register. 

Theory of Operation, First Edition 
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1.2A.2 Control Register Address Space 
The control register address space contains special purpose registers that require 
system-wide accessibility. 

1.2.4.3 ASAP 
Multiprocessing requires a method for scheduling the use of the available 
processors in the system. The goal is to divide and conquer the workload. The 
C3800 Series processors use a scheduling scheme called Automatic 
Self-Allocating Processors (ASAP). A fundamental characteristic of ASAP is that 
each CPU within the complex is solely responsible for scheduling itself. There is 
no master process for finding idle CPUs and scheduling work for them. 

The CPU Utilities Board includes much of the hardware that is used to detect 
work (processes or threads) as well as various mechanisms that permit a 
processor to associate and disassociate itself from a given process. 

Microtrap and Interrupt Structure 

,Deadlock Detection Logic 

1.2.5 Serv.ice Processor Unit 
The servi~:p~ssor unit (SPU) initializes the computer system, boots the 
CONY~ -0perating,system, monitors system operation, and executes system 
~g®stics duril:l!fmaintenance. These functions are performed by SPU-based 

.p#<>grarns ~(#ijµte unter the SPU operating system. 
. . . . . -: . . . . . . . . . . . . .. . 

The $I}q:~i~e{:i~~!~t~fi~Jalone cabinet separate from the processor and 1/0 
cabinet's. The SPU:,c::qµthlns the following functional units: 

-:;:: :::::::= ·· 

• SPU Wor~taH6'n 
• Key Switdi~ 
• Workstation Interf:aii!(! &ard <> 
• Peripherals <::)! 

·-: -

The SPU workstatiotj)i~ifiewl~I?~~hfproduct that is based on the Motorola 
68030 microprocessd~>' · ·· • •· • ,,.· 

The workstation interfaq¢@hf provid!;:!~Jl~)fo~rconnecting link between the 
SPU workstation and thekri.011_5.f-µ.µi±tj~:foat:i#]li:fo ·of the C3800 System with 
which the SPU must interac:t/1$.wfri.~~~o.fui#ting links include a parallel 
interface to the CPU UtilitieS'b&ard for a~~ to both system memory and the 
clock and scan control circuits. There i~aj~ a serial ill:tll!riace through which 
control can be exercised over the Bayt~Wer Coni;.t'.tjllets)ocated in each cabinet. 
In addition, there is an interface fo1:j1,ifSPU ~ey$tchesahci an RS-232 printer 
interface. ::: ,=,· · · · · · · · · · · 

The peripherals include a disc drive, t~~••drive,,~dd~) a'nd a s~rial printer. 

A key switch mounted un the workstation cai).iM~{ determines thioperating 
mode of the SPU Workstation. Operating modes include: OFF/ l.OC:AJ.-, CPU 
ONLY, and SECURE. A second key switch deten:nit:l~ ti:\¢ access r;itodtfof the 
SPU modem. The access modes are: OFF, SPU, atj!:(CPlJ/ ·.· .· · 

Tables 1-1 and 1-2 define the switch positions for the SPU and modem key 
switches, respectively. 
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1.2.6 Clock and Diagnostic Hardware 
Operations performed by the clock and diagnostic hardware are based on 
commands received from the SPU through the workstation interface board. 
Clock and scan operations are perfonned through use of scan control modes, 
which control the individual boards in the system, and the contents of the clock 
and scan control registers. These control registers reside in memory located on 
the CU board and are part of the clock generator and scan engine. 

The clock and diagnostic hardware is partitioned across the CU board, the 
::: crossbar control board, and the crossbar backplane. Functionally, there are five 
> areas: 

,: ,:.• -. 

/ ,. \Qpck generator 

!!!//ii::\::[!~ ;:::ry 

Description of Major Units 1-6 

• Wo~tation-to-CU interface 
,XP~~t&~e 
·. •:•.· 

1.217 1/Q $0bsystem 
The basic ¢~fuponents of a C3800 Series Input /Output Subsystem consist of an 
Interfytc:fAdapter (IA), a high speed channel, the PBUS, ~nd the Channel Control 
ypµs{CCUs). See Figtlf:~ 1-1. 

Th~J/0 chaptei:t#)hl; book focuses primarily on the interface adapter and the 
PBUS'. Infor1:i,,a.#6n about.$¢,other components in the 1/0 Subsystem can be 
found in. tjil~:Oser Guj,~¢fb.fthat product 

·:=:t/··· -:; :( :(:j:\=·- •,·- ·-· 

The Interface A4~ifu~\I!A.'.j/~zy,~:ii.S a memory interface for input/ output 
controllers m i~ 'C380Ci's&i~/lhe IA connects PBUS resident Channel Control 
Units to mefuory througl:t~~~'C:-rossbar. Both data and interrupts are handled by 
the IA. Interrupt ha.t.t<i.l.i~fffor the C31M)(}Series computer systems differs 
significantly froni)hiC:100 and 9,PQ&iries computers. 

Four separate PBUS inteliaj:ifiifud a n~o/)Y~fined 1/0 interface, called the 
Expansion Port, are s-uppprted by ~ ft\?:I)te PBUS is the general purpose 
input/output interface bus. Th~~~~i4'iiPo.qJ)CP) is a fast, special purpose 
input/output channel that p~yiqiis~ijghe,t:i¥:#ormance alternative to the 
PBUS. ., .,.,. ,.,.,,· · ·. ·-:,,-,·· · · · · 

To the CCUs, the IA looks like tl:if m@pheral Int<:!r,f,11~}\dapter (PIA) used on 
other CONVEX C-Series comput~r.s'.·to tl:l~,Qaj#~f *(lµ 'memory, the IA looks 
like a processor. · · ' 

1.2.8 Power Subsystem . . . . . . . . . . . . . . 
The Power Subsystem uses a distributed pdW.~ archi~~@ff Inpuf AC power is 
rectified into unregulated DC and then distril:foteci ~bt~tqHPC coily~rters that 
are physically located close to the load. The con.@fand mqi#~qtj:Ilgof power and 
environmental functions is also distributed. ·.· u!il/1 -----

Theory of Operation, First Edition 



Table 1-1 SPU Operating Mode Key Switch Defintions 

OFF 

SECURE 

Table 1-2 SPU Modem Key Switch:Q~futltions 

OFF 

SPU 

CPU 

Theory of Operation, First Edition 

Disables SPU and CPU access. Titls signals a power 
shutdown to the CPU. Hardware on the workstation 
interface board immediately resets the Bay Power 
Controllers (BPCs), which in tum reset their PPCs and 
removes power from each board in the system. Moving 
the keyswitch to one of the other positions does not 
cause power to return until the SPU software 
commands the BPCs to return power. 

Allows both CPU and SPU access. Same as using AP 
and AD on the ClOO or C200 SPU Console. 

Allows only CPU access. This makes the SPU 
Workstation the equivalent of just another terminal tied 
to the operating system 

SPU keyboard and mouse are mechanically disabled. 
This permits the SPU to continue with output, but user 
input is not possible. SPU software ignores the modem 
even if the modem key switch is in the SPU position. 

No t:W4~m~ccess permitted. 

M~~m•physicaUy connected to SPU' s serial port. 
Qufy~tj(~Y pp¢rating mode applies to SPU access via 
mo4~#. •••••••••••••••... 

M~d,@f physically cqrmected to AUX serial port on 
•• • Wffekstation. P'~<?aj~l.~~ble from AUX port to 
· SYSTE.Q'i. t,#1/.A5¥N¢:port will enable remote access 

topMii@ng'~~~tjf ~gardless of SPU operating mode. 
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2.2 Overview > · .. -

2.3 Register sets 
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CONVEX PRELIMINARY/ DO NOT COF 

Architecture Overview 

• Register Sets 
• Memory Management 
• Multiprocessing 

< _• Automatic Self-Allocating Processors 
·:::) -Communication Registers 

• Deadlock Detection 
,ncM.r Timers 

I 

This cham~. provides an introduction to the system architecture for readers wh 
have .n.tj:p.nbr experience with CONVEX computers. More knowledgeable 
r~tj~\vill finq it useful as summary or refresher material. This is not intendec 

_ .• A4 be an exl:\<l,'µ~t;ive, in-depth treatment of the subject. It is only an overview of 
· > some o,fJliffupst important aspects of the system arhitecture. Key among them 

a~m#,i:nofyffi.arlc:lgt?p,ent, the concept of automatic self-allocating processors, 
.JmWtne rotf if W~:~pnununication registers. 

,:::i://::· 

The~~~'f~ur regis~~s.¢tfiind two status registers. The four register sets are: 
·.·. · -:: •: -· -· . · 

• address regaj¢t"t\~'ight 3i".l!i(registers, called AO-A7. 
• scalar rw#tJis .. -eigr,t;~~t,fJ!Psters, called S0-S7. 

: ;:=;~rc::;-k,a 1t:;~Tut::::\~~ctua~eu!:t~;;·32 or 64-bits wide. 

:::::::j:i:: :;::-· 

The address, scalar,}lgq:/#Hor registers a,r,e sometimes referred to as general 
registers; as their re$pEictive naIIle.~j~(i,ipi4¢.; these registers have been partitiom 
according to the typeof_ci.a,t,.i.J ~~fiitiin(i,l~i/ :fach CPU has a set of general registe 

··· ···· ·-· ::-· -•.-,•,• .·-·.·-· -· .. . .. 
-:- :-:- :;:;::-: 

The fourth register set, the commq.wc:~uon registers, provide communication a1 
synchronization between proces59:fftjuring mt1~ti:Pf9Fessing operations. The 
communcation registers physiqiil!yfeside 9~ ~e=CPpptilities board. Thus the) 
have a central location outside$.findi~tja:1 processors. 

Each CPU has two 32-bit status regfut[t~'.·Trt~]~~C 

• Program Counter (PC) 
• Processor Status Word (PSW) 

·:< • 

The 32-bit Program Counter (PC) contains jpfyi@al acklress bfihe cur­
instruction. The PC format is shown below fr(Figure 2-1. The segment i 
specifies one of eight 512 MByte segments of virtual memory; the offset field 
specifies the instruction address within the 512MByte segment. 

2-1 Conte 
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Figure 2-1 Program Counter 
Format 

2.4 Memory 
management.: 

2.-2. Memory management 

31 29128 

: Segment I 
' I 

Segment Offset 

The 32-bit Processor Status Word (PSW) contains flags that enable or disable 
exception processing and show the result of numerical operations. Appendix A 

\ contains a brief definition of the individual PSW bits. For a more detailed 
description of each bit. reier to the Architecture Reference Manual. 

/(:/:fhe Jy~~~;m architecture defines a four gigabyte virtual address space that is 
) ;4ivided iii:cording to use. Memory management includes access control, 

· Vtrtual-to-p.nysical address translation, and various mechanisms to assure 
etficie11t transition from one software operating context to another. 

. 2.4. l Virtual Q,Qdress space 
· ••• Each processe>,r, '~*r:diccess up to four gigabytes of virtual memory. This address 

· <$pace is diyii;i~ foto eight segments, each of which is 512 Megabytes. The eight 
equal::~i¢.¢dsegmen,t,s,Afe,allocated to five memory partitions called rings. Rings 
p~yi.(jifa strucw.irffqfs.pecifying where different types of software and data 
mti~freside '11'#:)fu~es it possible to control access where needed. 

:.: ::: :::· · . . . . . 

Table t Jiish~ws hoJ}R.~if.iri~ and segments are allocated across the four 
gigabytes of virtu.ajJtj~ory. As the table shows, four segments (0-3), which is 
one half the t9t,a,f #.vaHable adci~S. ispace, are assigned to Rings 0-3, respectively. 
Rings 0-3 are:i.or use by th~ 9.pef.=tting system and its associated data. The other 
half of the address spa~~/\,fhich is co~ptised of segments 4-7, are assigned to 
Ring 4. Ring 4 is f°-Pf~rsoftwar~ .~AA i;pta. 

The virtual memo~ nng~ pf~ti~~ /~ )~~i;\ll!lJor a simple memory protection 
structure that assures .t!*~y=i:tet&titjP:/~I'l~)l~hctling of protection violations. The 
ring structure is arranged so thflt~1;1perating system kernel is located in the 
innermost ring (Ring 0), oper~tj~)fystem data structures are located in Rings 1, 
2, and 3; all user processes ~i;g,lqciited in tl:W p~t¢t:inpst ring (Ring 4 ). The 
privilege-level of a ring is inWrsely p,:ppqtj,ip.haj)cf the ring number. Thus the 
operating system (Ring 0) has ,t;i}ft,4gh..esfptj~~~ge level. 

: : : : :;:: : ::. . . .... . .. . 

2.4.2 Process structure and confrot 
A process is one or more instruction str~~ (thr~ll,$.h1¥1t reside within a single 
virtual address space. Every process is defiµajh)'a co*te,xt. Th~is both a 
hard ware and a software context. The hardwiite contexf fuMists of the contents 
of all the registers, including the Program Counter,@~ tlfo Prngrart!\Status Word. 
The software context includes all the program vatjia.l:iies and other9~ta within 
the user program as well as the operating systerriV:ariables that support 
execution of the user program. · · .·. · · 

Every process also has state associated with it. The g~a~W Jfk pro~~~s is ~: 
condition of the process at any given time. The state of a process changes in 
response to system events. 

Theory of Operation Manual 
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Table 2-1 Virtual Memory Rings and Segments 

1 

2 

3 

4 

Theory of Operation Manual 

1 (512 MBytes) Operating System 

2 (512 MBytes) Operating System 

3 (512 MBytes) Operating System 

4 (512 MBytes) User 

5 (512 MBytes) User 

6 (512 MBytes) User 

7 (512 MBytes) User 

Proc~~s, control involves the use of stacks, stack _frames, and process return blocks to 
rajtnage process activity. Stacks contain the hardware and software context 
foformation as well as the current process state. All of this information is 
contained within the s.tack in units called stack frames . Return blocks, of which 
there are s~~ral different types, are simply data structures that are used to 
manage,J*-rdware context . 

. )~i~~~:, ?~~i#Je used as dynamic storage that is allocated and deallocated 
) } during _tl:1~:#X.~tjtion of a user program. Push and Pop instructions are used to 

. store, ,m~re~11t~fm~:1.ata . 
. )/\:·:-- :::((\ : . 

2.4.3 J~grirhology ......... . 
It is es~ijal that som~ p(U\e basic elements of the system be understood before 
a descnption of aci.<1/,##iHranslatiq~ will be meaningful. Below is a list of essential 
terms with defjf:li:fi.9ns that hav~~n reduced to their simplest form. For a more 
comprehens~·@dfscriptipl'l/ #li'e{fo the Architecture Reference manual. 

Thread - a single ,s,~~~,lli~J~i;P:m~J: 

Process - a collectibn of i@~ti&ri streams (threads) that reside within a single 
virtual address spaceAi.'@~Jiilifshare th~.~@SDRs (defined below). 

·:: :: ::: :::> .-. -.·-·-·- ·-· .·-·,•.· . 

Page - a contiguous 4-Kqy~f P.~®.~ d.(¢.etll~fy; both the virtual and physical 
address of a page are contiguoui 

Page Frame - a page stored in ph}'~t~~j~~mory,, 
-:-·-

Segment - a contiguous block (5i2JJiegc1py~fh8f yirtuaLrrtemory addresses. 

Segment Descriptor Register (SDR) ~ g[~:ns.~~wi~~ trtslati:on and validity 
information used in the first level of virtual-~-fuphysical address translation. 

Page Table - a memory resident (or, cache J[d~nt) table oia~dres,5, .translation 
and validity information; the information is con~inep. in4-l:Jyte wqrcds that are 
called page table entries. · · .·.·. ·.· · • · ·· · 

Page Table Entry (PTE) - contains address translation and validity information 
for one page frame; a minimum of two page table entries must be looked up to 

2-3 Memory management 
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2-4 Memory management 

complete the address translation process; a third PTE is required in some 
instances. 

Communication Index Register (CIR) - defines which subset of the 
communication registers is being used by the program running on a CPU. Each 
CPU has one CIR, and each process has a different CIR value . 

. ·. Thread Identifion (TID) Register - used to subdivide a process into disjoint 
} .. threads. Up to 32 threads may be running in the same process (i.e., have the same 
< > CIR). The TIO makes it possible to have a unique identifier for each thread. The 

TID is used primarily for operations that involve unshared memory. Unshared 
.. < §emory, in this case, is defined as one or more threads in a process using the 
: \ same logical address to access different physical locations in memory. 

::~Jt4 <$~ment descriptor registers 
: A!§egmentOescriptor Register (SOR) is used in the first level of 

virtual-to-physical address translation. The SOR specifies what segment of 
virtual mempfy a process is associated with and whether or not the segment is 
valid. . 

. : . . . 

. . · 'flle four gigabytes of addressable memory is divided into eight 512 Megabyte 
· .... ~ents. There ¥.f~ight SORs, one for each of the segments. Each SOR is 32-bits 

lopg. . .... . 

TheSp~Wf~:;~ysic:ajiyijbbted in the communication registers. When a process 
is loaded for ex~tiibn;)tpe appropriate segment descriptors are loaded into the 
CPU'sSDRs. • . . . . . 

2.4.5 Page tqplEfentries .·. ·.·.·. ·. · 
A PTE is a 32-bitWbi-d. It indi~tefffie validity of a reference and is used in 
determining thephysical !1:Wmory locatjpi+pf a valid reference. 

The second and third] tages of vi@aj.,t<>sphysical address translation are 
accomplished using Page Taplf prtt±ii;#, W'ff~); Jhese are similar in function to 
segment descriptors, whi~li]pr.m th~)ppj~Y,Ellof the translation tree. 

If there are multiple threa<l~•wit~4/¢if~~s and th~ individual threads require 
unshared memory, then an adcfiJwal level oftr~:sl,i}t:i.qn is invoked using the 
Thread Identifier (TID) registefand a q*q)rrn;)fttifthreads within a process 
all share the same physical memo:ry;)~~p!rid:#,ic:i~ti.()nal thread-level translation is 
needed. .. .. :., •, ••·· · · · · · · · · · · 

The C3800 series uses a scratch RAM and~~~ ~~che tc:i sp~ up the address 
translation process. Both are physically lqsa~t:?d on tl,,¢ $c~lar Processor board. 
The scratch RAM is used to store a copy dHhe ;,QR.,sand,in sometases, the first 
level PTE. .•.• .·. ·.·. · .. •.· . . .. . · 

2.4.6 Address Translation 
The basic steps involved in virtual-to-physical addr~J~ translation areillustrated 
in Figure 2-2. The process involves accessing the apprqptj~f$PR fol1ciwedby a 
series of page table lookups. Each lookup is pointed tdl}ytM contents of the 
previous table entry and an offset value from the virtual address. Figure 2-2 
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shows that two levels of PTE access are required to complete the address 
translation and arrive at a physical memory address. 

When a multi-threaded process contains threads that need to have their own 
unique region of unshared memory, an additional level of translation is required 
beyond those shown in Figure 2-2. In such cases, the contents of the Thread 
Identification (TID) register is used as an offset value, and a third PTE access is 
performed to make the virtual-to-physical memory address translation complete 
down to the individual thread level. 

The address translation process is described in more detail in the Scalar Processor 
chapter of this manual . 

. ·. :2.4.7 Shared and Unshared Memory 
•• :$™3red memory means that more than one thread uses the same virtual address 

fo\iccess the same physical locations in memory. · 

Un$hJred memorv means that each thread uses the same virtual address to 
a&ess different physical location in memory. The Thread Identification (TID) 
Register makes this possible. The TID modifies the virtual-to-physical address 
translation fqr the thread to allow each thread of a process to have private 
physical m~mbry for variables that need to be unshared . 

. · .·- ·-·.; -· 

:/2~4.8 Reference and Modified Bits 
••••• • Refer~nt:~{~h~iM.'odifiaj (Rand M) bits are used by the operating system to track 

n:1e.~t.ic:frfusagfl:>y)~~9'Us. One reference bit and one modified bit exists for 
~~clfphysicaT~fudfy page (four KBytes). Unlike previous CONVEX computer 
systems, tlle,}ftiind M bits in the C3800 series physically reside in main memory. 

The Ri~rid ~ bits a~.a:l~~ :henever a successful memory access occurs. 
Successful mem9cyiid:esses a~l'.i~ed as ones that do not cause a PTE 
violation. Re~d/ write, or eX..~sets the reference bit. A write access sets both 
the reference bffand the m&iified bit. In addition, the Rand M bits can be 
directly accessed tlµ,:lt1gtj}i~d1h0:wti:te memory byte operations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . 

The Rand M bici~hl; refl,~ci@¢dJ~ful memory access from the CPUs; they do 
not record memory acs~/ff9rii>the Input /Qutput subsystem. 

The 0800 Series permits a tightly@4J:led set ()f prffe.essors to allocate and 
deallocate parallel code streams.(Wl.'eads) a:ut@laticallya,t the hardware level 
without operating system interveittion .• tNtjCPQ~ver has to wait for another 
CPU to become available; thus, fullµ$e:jsfuade/pf(:!y~~vailable CPU executior. 
cycle. This combination of multiprdci~ising a,&i]pam~ielproc~ssing is completely 
flexible and permits the software to run withptjfregard for the number of 
available processors , : > • ••••• 

=::···· 

The following definitions apply: 

• CPU - One physical Central Processing u&{ \ 
•Complex-The entire set of one or more physical CPUs in a 

configuration 

2-5 Multiprocess- ing introductioi 
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• Process - A collection of one or more threads executing within a single 
virtual address space 

• Thread - Any single instruction stream executing within a process 
• Multiprocessing - The creation and scheduling of processes on a 

complex or any subset of a complex 

2.6• Automdficf / ij \ Multiprocessing requires a method for scheduling use of the available processors 
self-allocating:: / ) in the system. The goal is to divide and conquer the workload. For example, a 
processors ·•• process that takes ten seconds of CPU time will run in five seconds if two 

p;qcessors are available and the work is equally divided. 

The C~SOO Series processors use a scheduling scheme called Automatic 
Selfr-NipFating Processors (ASAP). The fundamental characteristic of ASAP is 

. ) Jiateacl.(q:pU within the complex is solely responsible for scheduling itself (that 
. .;:)/J ~; associatfog and disassociating itself from an executing process). There is no 

iriast.er process for finding idle CPUs and scheduling processes or threads. 

Th~ ASAPil;,.ichanism also allows the operating system to schedule threads. 
Both the operating system and the processor microcode can create and terminate 
threads independently. 

<:~ AP makes itpp~~ii,.i~for CPUs to migrate automatically between processes so 
anf combinact@f ofserial.an.ct parallel processs may execute simultaneously. 

All CPctrif V~nts g~@t.a.it~) ocally, such as system calls or page faults, are 
processed witlajt,Jhln;:It1/.~tiajtiated those events. Externally generated 
events, sug( #fhi.'terrupij/ #fqelivered to any available CPU that is currently 
accepting th'ein. This apwm eliminates the need for a master CPU and permits 
each CPU to functiCJ,f\~dependently.:. 

Figure 2-3 illusJJi~ ~he sigaj~j;4h{~~~antage that the use of automatic 
self-allocating processors)#:# over conytj\#.?nal forms of parallel processing. 

2.6. l 
A CPU always operates ik tfoibof ti ()) ~~~ {} 

• Allocated 
• Idle 

An allocated CPU is one that is cllirtihtiy.exetutj~g li thread within a process. An 
idle CPU executes a microcode idle loop in s~@Jiof a process:.Qr thread in need 
of service. Only two events cause the proce.5:@ffo exit tpt} @ ci:ocode idle loop: 
(1) detecting a process or thread that reqt1i#,jfservic~ pf~?)an interiupt. 

2.6.2 CPU scheduling . ·.·.·. 
Two different types of scheduling are used to start Cl?tJfexecution on b~half of a 
process. One occurs when the CPU changes from theidle to allocated~tate 
(called thread creation). The other type occurs when the CPU stops exectiting p11e 
process and starts executing a new one (called context srp.if~~ir1g}. · .·. ·.·.· · ··· 

Both transitions involve the hardware communication registers and the 
communications index register. All process context necessary for a threads 

2-6 Automatic self-allocating processors Theory of Operation Manual 
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execution becomes available to a CPU when a communication register set is 
bound to it. The act of binding a CPU to a communication register set establiches 
a process context for thread execution. A communication register set is bou 
loading the Communication Index Register (CIR) located in the CPU with a 
communication register set index. Once a CPU's CIR is loaded, it immediately 
shares all process context with any other CPU whose CIR contains the same 
index. 

2.6.3 Forking 
Allocating a CPU to a new thread involves a process called forking. A fork is an 
event with two possible states: posted or cleared. Posted means there is a current 
need for another processor to begin a thread. Cleared means there is no pending 

::_work to be done. A CPU posts a fork when it would like to have more CPUs 
/ ii~ist in the work. This is a request, not a demand; that is, if there are no available 
¢fps the posting CPU does not wait until there is one; it just continues with its 
thread of execution. This satisfies the goal that programs written to exploit 
availaple multithreading must work if only one CPU is available . 

.. J]i>e/~~~tware can use the following isntructions to manage CPU processing 
· functions without operating system intervention. 

All user <:::gt.Ji management functions are supported by the following five 
instructicfos: > 

< M;,fbt~i / Po~M f~t-k event (request allocation of a CPU) i• spawn ~)fo~ti/ork event for multiple CPUs (request allocation of CPUs) 
• ctgrt(+D.cie~'.ti:~Je.r~•~V~nt (clear need for CPU allocation). 
• •~bfi~ - wkttfd.f ~!/~tk event (deallocate CPU and wait for a pfork) 
• /~in - WaiH4f i%°rk event .if the executing thread is not the last thread 

(conditjoi/iill'deallocation:ot a CPU) 

Additional instru@ri{are av:<li:1~1$<:! for use only by the operating system. They 
include the i,.d/4i iMtructio~(}me:fty/described later in this section) and 
instructions fof loading~Atopqg, ~hd moving process context information. For 
more informationr!:!gaj'qmg)ljf11.5=~9f #iese instructions, consult the 
Architecture Refere,*eMai\;@)~pter, "Multiprocessing Management." 

.·.-. ·. ·.·-: ::-·-·.·-·- · . ;-· 

There are two types oU?t@i~JJ{~y bep<>~: (l)request for a single CPU to 
initiate a thread or (2)aJ equest for~m~tjfpl?:Us as are available to initiate 
threads. This posting is do~py~*-@llilg~Jifork or spawn instruction. These 
instructions differ only inth,~)iumber§f@Us they request. The pfork 
instruction requests a single ·cPU, wlµl¢)~pawn reque:sts all available CPUs. 
These instructions load a group of stj~unicatioµfigi5cters (fork event registers) 
with enough information to start i(@ead. Thifµifbrination consists of a 
program count to execute from, a*µ\itiall?,rqgt{lµ\StatusY..,ord (PSW) value, and 
stack, frame, and argument pointers te>:4:¢iine loca:1 pemory structures. The 
addressing of communication registerfhere is,qfflWs¢d; so the fork is posted 
relative to a particular process. Idle processo#~an throughJh.~ fork event 
registers in each CIR, looking for a posted f(),t~( If one is fou~<i/ the idle 
processor enters that CIR and loads the infori&tion from th¢Jork event registers 
into its own CPU registers. If the fork was posted with pfeir~)Ntftjtl,< is cleared. 
If the fork was posted with spawn it is left pos.taji:ti;tliekif~ev.entregister~ ""r 
other available processors to take. In addition, theifork instruction is prov to 
clear a fork. 

2-7 Automatic self-allocatipg processors 
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At the end of a thread of execution, each CPU may terminate its thread 
(relinquish and deallocate the CPU). There are three instructions to do this: 

• wfork 
• join 
• idle (a privileged instruction) 

The wfork terminates a single thread of execution initiated through pfork. After a 
thread is terminated, the CPU is returned to the idle state, where it looks for 
more posted forks in other ORs. 

posted through spawn should be terminated with join. If the processor is 
not the last thread to reach the join, the CPU is returned to the idle state. The last 
CPlJ.Jp reach the join instruction continues to execute instructions after the join. 
)p\isJiipr process continues executing as a single thread after the join. 

H;e opetabng system uses the idle instruction to reschedule the CPU. Executing 
this instruction sends the CPU into an idle loop where the CPU searches for 
pOsted fork!; fri 'the fork event registers of each CIR. The CONVEX Architecture 
Reference Manual describes these instructions in greater detail. 

) Ui6.4 Parat!~[ processing 
'•i).w ASAP ~fusm prpvides for two types of parallel processing. They are 
called: 

:~~~~:::!! 
1n symmetric para.ll¢f pfucessing, a.ll,J~reads in a process execute the same 
instruction st~@Mpon compl~i,'@J each thread executes a join instruction, 
which forces a miilti-threacfaj:process bapc to a single thread. Symmetric parallel 
processing is what the cprtjpHer typica,l:ly) ~s,es to parallelize loops. Fer example, 
a loop that requires ~tj)t-efations ~tjl.Jf~pread across two CPUs (using spawn 
and join). The loop itefation C()tm,q~1h#red \:)~tween the two CPUs, and each 
CPU computes tive of the)~¢ijtjbnslj\ . : .. .. 

. . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . 

Figure 2-4 provides a sy'Irifu~triC::~f,aj!#lph,cessing example. 
;. ::{(/(/::: 

In this figure, a single process[plfu'.ttges frCJ:rµ, :;~gl~!?<lded to parallel and back 
again. The initial single thread po!>~i,,~,tj@JqiVif@jthreads by executing a 
spawn. Each thread that enters t~~( pfoc-ess"iil) ~s.pprise to the spawn leaves the 
fork posted. When the first thread completes}tj;Jdb, it executes the join 
instruction; join marks the fork event regist~~iifo that no ilgd:itional threads will 
accept the fork, then deallocates the CPU~Vf~en theJ~) hreadexecutes the join 
instruction, it clears the fork and continu~fo'n a5c ~:s,ipgif threaded:process. 

The second form of multi-processing, called'•:~trii:'pw~llelprCJ~essing occurs 
when multiple threads within a process execute diffe~~t ftirictions by,creating a 
single additional thread of execution analogous to th~/-brk system callitbnstruct 
under UNIX. The child thread may or may not coriu!riimicate withtll;e parent; 
the parent thread may terminate leaving the child thread in eJ<ecutiqn;~rc;i;either 
thread may fork additional threads. · · .•.•.·.· .·.· . . · · .. · · · · · 

In general, asymmetrical threads are disjoint, executing different code streams 
with different data, but within the same process address space. Asymmetric 
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Figure 2-4 Symmetric Parallel Processing 
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processing differs from the multi-threaded execution in symmetric processing in 
that the posting thread usually requires another thread to accept the fork to 
perform the specific task, and then communicates with the created task. An 
asymmetrical thread is initiated with a CPU requesting the execution assistance 
of one other CPU as opposed to a CPU requesting execution assistance of all 
available CPUs as implemented by the spawn/join instruction pair. 

With asymmetric parallel processing, the pfork instruction is used to post a fork 
for a another single CPU to execute. Normally, this will be a separate instruction 
stream that can be carried to completion independent of the posting CPU. The 
key point is that the multiple threads within the process execute different 
functions. The accepting CPU tenninates the additional single thread with the 
wfork instruction. If the fork is not taken by another CPU, then the posting 
thread (CPU) should clear the fork with cfork. 

Nqrrnally, the compiler does not use asymmetric parallel processing. However, it 
%Y be used by the operating system and some user applications. 

Figµr~:}5 shows an asymmetric parallel process with three threads. 

Tfu~~d B posts the need for an independent thread to be run concurrently. 
·· Thread A is started, and notifies B that it is running. B finishes its work and 

terminates'. Tfuead A posts the need for a new thread C to perform another task. 
Thread q:~farts, and notifies thread A that it is executing; Tirread A completes 
anci.t¢rifohates. Thread C determines all tasks have been completed and clears 
tM}teed for cipp~t thread and continues on as a single threaded process. 

Th~f8fumuniJtib,~ijgisters are a single set of registers shared by the entire 
complex for cqJ#rriurucation between the threads of a process. All CPUs in the 
complex Mffequal access tp)l1e communication registers. Threads within a 
process}:dfumunicate i:,y s~ding and receiving data through these registers. A 
special set of instn.i..qtjqfui control. q:,rnmunication register access. 

A comrnunic!i:tilih ;1;sterisVi~tl}jJ from software as an addressable 32-bit or 
64-bit registefwith an.;,t~s.¢dia:tt@lock pit. The data portion may be manipulated 
by some instructiqJ;i~@H19}i.qf~@.he the state of the lock bit. Lock bits are: 
(1) used by both sciftware~c:i}#ic:i+,are as a binary semaphore and (2) 
manipulated by the coII1IIW~tibn register instruction set to control and 
synchronize access by mw~ple CPUs t() ~~F()mmunication register. 

2.7.1 Communicatiori1rideir~1sters 
The communication registers are divi.9@into group~, called partitions. There is 
one partition for each process, and ~a$ partiticm cpritains information, called 
context information, specifically re~ated to c1 partj¢ular prqc:ess. 

The Communication Index Regist~~ ((:IR) I;:iies\yilich i~tition is associated 
with a particular process. The CIR contains arliiryaexValue that binds a 
particular set of physical communication regi#~s to a proc~s; Each executing 
process is associated with a different CIR inqi:p<'. Figure 2-6 pfyvides an example 
of CIR-to-Register Set binding. This example is only one of~y possible 
binding combinations. · .· . . ·.•. · · .· ·.· ·. 

2-9 Cornrnunica- .tion registers 



COMPANY PRIVATE CONVEX 

Figure 2-5 Asymmetric Parallel Processing 
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Except for a special physical addressing scheme that is independent of the CIR, 
the CIR completely restricts the processor to one partition of the communication 
registers. 

There is one CIR per CPU. Each CIR is a five-bit register and may represent 32 
different index values. It should be noted that the five-bit CIR does not limit a 
complex to managing and executing a total of only 32 processes; 32 is simply the 
maximum number of processes that can be mounted at any given time. 

< : / A process whose state is currently represented by a partition of the 
·• ·•· 9ommunication register set is said to be mounted on the CPU complex. Any CPU 

sa,.n. execute any mounted process by changing the index value in its CIR to 
reference the partition describing the process. This action binds a 
communication register set to a CPU when a CPU mounts and begins executing 
a thr#.4. When multiple CPUs in the complex are executing multiple threads of 

• :aj pfodh$J: these threads use the communication registers within the partition to 
//~pmmuNq~te with and synchronize operations with each other. 

2-10 Communica- tion registers 

JLlltiple CPlJssan be bound to the same communication register partition; this 
occurs whe1:1 each CPU loads its CIR with the same index value. 

2~7 .2 Commun~.ation register partitions and rings 
'fhere are 4,096:~0irltrnunication registers divided among 32 partitions. Each 
partition contajrili ·a totalp( 128 communication registers. Each partition is further 
divideci iajc:f protecti<:>t( r#:igs. The rings are designated for specific use and 
labele:lf Rmg O Iici#.W-#ij/ Ring O Software, and.Ring 4 Software. Figure 2-7 
illustrates the,pfut&#qtj#p~}qr register set two. Each register set contains the 
same pro~e,l#~lfnng•c.tf\ri#~<ffi. )~l that shown in the illustration for register set 

-:-: .:: :-two. --=-= -= <·=· 

The communicct:t@f J~sters al"E;!diti~ed among the rings within each partition: 

• Ring O Hard: ~re - con.~~ :§i ~Omn:ll1tj~cation registers (each partition) 
• Ring O Software - C:()~fJi&; 32 cornpi~tiLlfa'tion registers (each partition) 
• Ring 4 Software - bcihtains 64cbIJ@~~ati.<?l1 registers (each partition) 

_: :; : l i! ! ! ! ii! ii!! I~!;: 

Across all 128 partitions, fil.rtg'o l)artj~kiji ~ct Ring O Software each have 1,024 
communication registers; Ring.4.$<#fuhire has 2,048 c;:ommunication registers. 
The total equals 4,096. · · · · · · · · · i 

Every communication register ha~~~R8 p~y5=i9.1laddress. Each ring is 
assigned specific communication register addfy!s.s. f.inges within the partition. 
Figure 2-8 illustrates the virtual address range.~#Jr each rin.g; ~11d Table 2-2 lists 
the physical address ranges divided among fu,~'differei:1t,tj~g~!i:nd partitions. A 
description of communication register a~9i:'¢;'sing i5c ptj.iyi:ded later in this 
chapter. 

Ring O programs have access to all communi2~tion re~t¢rs $rid can ~e any 
virtual communication address with no protection. ch~ ~ng. Howev~;~n invalid 
communication address system exception occurs if a pf~ess executing ill Ring 4 
violates its ring protection boundary. · · · · · · · 
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Figure 2-7 Co~ru~tj_on 
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Table 2-2 Ring Physical Address Ranges 

00 > OOO--OlF 020-03F 040-07F 

01 U/ ' 080-09F 0AO-OBF OCO-OFF 
;· -:: 

02 , {/ ,,. . 100-llF 120-13F 140-17F 

03 ., ; }(/ 180-19F 1A0-1BF 1C0-1FF 

220-23F 240-27F 

2A0-2BF 2C0-2FF 

320-33F 340-37F 

3A0-3BF 3C0-3FF 

420-43F 440-47F 

4A0-4BF 4C0-4FF 

520-53F 540-57F 

11 / . 580-59F SAO-SBF SCO-SFF 

12 620-o3F 640-67F 

13 6C0-6FF 

14 740-77F 

15 7C0-7FF 

16 840-87F 

17 880-89F 8C0-8FF 

18 900-91F 940-97F 

19 980-99F 9C0-9FF 

20 AOO-AlF A40-A7F 

21 A80-A9F ACO-AFF 

22 BOO-BlF 

23 B80-B9F 

24 COO-ClF 

25 C80-C9F 

26 000-DlF 

27 D80-D9F DAO-DBF _,. i ' ·,•• bc0-0Ff 

28 EOO-ElF E20-E3F E40-E7'.F 

29 E80-E9F EAO-EBF 

30 FOO-FlF F20-F3F 

31 F80-F9F FAO-FBF FCO-FFF 
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2.7.3 Communication register addressing 
Each communication register is addressable with two communication addre"""''i; 
one is CIR based (virtual) and one is CIR independent (physical). 

Virtual communication register addressing uses the address (Ceffa) contained in 
the assembly language instruction, the base address for the particular ring, and 
the CIR index value to generate the correct physical communication register 
address. Figure 2-9 illustrates the components of this virtual-to-physical 
addressing scheme. Virtual-to-physical translation of communication register 
addresses is a function of the processor's address generation logic. Note that 
Ceffa is assembly language syntax; it means Communication Register effective 
address. Ceffa originates from the communication register instruction that is 
about to be executed by one of the processors. As Figure 2-9 illustrates, Ceffa is 

-::,. used as an offset value for the physical base address of the particular ring and 
j:: fegister set involved. 

,. d m-independent access to any physical communication register set is possible 
through the Ring O virtual address space. Tius is possible regardless of (and in 
aq(ijtidn to) the current communication register set mapping. Physical 

< <1ddressing is accomplished by defining a fixed virtual-to-physical translation for 
< a portion of the virtual address space assigned to the hardware communication 

registers. This mapping allows Ring O software to access all communication 
register ~:!$ :regardless of which communication register set is currently bound tc 
the qn;f !hfuugh its CIR index. 

t;.7 .4,/~;r+tunication registers modified bits 
TI,,ir~ifurm~~t:iqt(OOsters contain information about the current proces~ ""1-ie 
ci),#imunican&r(~~t~rs are saved and restored by the operating system \\ 1 

process is Te.!ic.@driled. Rescheduling is defined as terminating the current 
process .µiq)◊ad.ing inforIN~on for a different process into the communication 
registe~>· ·.•.·.·.·.· 

. 
The commuriipatitirt ~gistei:-s. ~~~¢a structure, called modified bits, to facilitate 
save and restgiiloperatio1:1s;fiiii!-/th~ communication registers. The 
communication regi~~¢tj,)'np~W~ l?i,t:s,,;ue similar in function to the memory 
reference and mptjjfypits/ fthe M'i#ware uses the communication register bits tc 
save and restore 8nfy-'th~ ~futication registers that have been modified. 
Each individual registeri~q~~i~bt have a modified bit; instead, a modified bit 
covers a contiguous rw.t>:tfol the coi:wp~~~tion register address space. Any 
time a comrnunicatioriregisteq>:r:lq~ p~t.itjJhe particular region is altered, the 
modified bit correspondillgj)fjatf(!gi9i:i# set. 

.. • . 

2.7.5 Hardware commul.'l.iqotion r~i~ter$ 
Half of the Ring O communicati(),niddctressAp.i.¢¢)s alloc:a~ro to hardware. These 
registers are used by the hardwa& and..:wg O S()ft»,are tc>) rnplement 
multi.threaded execution. · · .· •.• · · ·. ·.· 

The hardware communication register set cql)Jins all proc~pecific states 
necessary to schedule a process and creat~ pf t erminate executing threads. Tius 
remster set is only accessible from Ring O and is the primary S:tn.i,®re for process 
scheduling. Figure 2-10 illustrates the hardwa~pqllln1unicatjqii.iegisters in 
relation to the overall communication registerfNerarchy. 

2-11 Communica- ti.on registeri 
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Figure 2-9 Comm Reg Virtual Addressing Scheme 
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Figure 2-10 Communication Register Hierarchy 
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The text that follows provides a brief description of the hardware communication 
registers. The purpose is to give the reader a very general overviewof their 
functions. If you need more detailed descriptions of the hardware 
communication registers, refer to the Architecture Reference Manual. 

Table 2-3 lists the hardware communication registers along with the effective 
address ( Ceffa) of each register. Ceffa is assembly language syntax; it means 
Communication Register effective address. For more information regarding 
communication register addressing, refer to that topic title in this chapter. 

Trap instruction registers 
is one Trap Instruction Register (TIR) for each ring and CPU combination. 

TIR is a 64-bit register used by the trap and pbkpt instructions. The trap 
instrµ¢tion can selectively force all threads sharing the same communication 
J~~ttif ¥t to enter the exception handler. The pbkpt instruction is used to force 

/}rill threajs, :within the current process to stop execution. 

/ d/> 
· .·.· .·. ·.· 

Tlielock bits on the TIRs are ignored. 

For more d~h:tive information, refer to the "Exceptions and Interrupts" and 
" Instruction Set" chapters in the Architecture Reference Manual. 

< 2.7 .5.2 Thread. 0docation mask and count 
ThE? thread aUogz@l'i~ask is a 32-bit mask and is the primary means for defining 
how rnan,y:ii,ct:i.Ve threaw, ¢xist for a particular process. Each bit position in the 
threa<:i <:til.odition m~/feptesents a unique thread identification (ID), which 
allows a proce~ l:tj)ire~Wup to 32 unique threads. 

2-12 Communica- tion registers 

To create ,a~~~~ (dti\±~tlb~ from idle to allocated), a unique thread ID is 
generated by clearing}@irigle bit in the thread allocation mask; this is performed 
by the CPU idle Iq<>#hhe idle loops¢'clrches the communication register sets for a 
posted fork eve~W'The CPU '!A;-e*d ID (TID) register is then loaded with an 
allocated thread ID to iden,tify th~ new t.li.r.ead throughout its existence. When a 
CPU changes from allo~tiffo idle, it~tj;ithe bit associated with the CPU's TIO 
register in the thread ajlotation ~ sl<; @!;lis a function of the CPU idle loop. 

The allocated thread co~nq~~j~i~1~lxjf~~ ~pecifies the number of thread 
IDs allocated from the thre<l-d allo¢$~#i11sk When a thread is created, the 
thread count is increment~, andw hihlUhhread is terminated, the thread count is 
decremented. The thread co1,1µ f i/$ 6~ in conj~p9µ@ with the join instruction; it 
can also be used to determine the' curregt A'!µl)tiJ~fAA#irig extent of a process. The 
lock bit for this register is shared ,wi.t:l(t:fui)h#¢~dJrllpcation mask and is 
governed by the protocol definedf&Hf 

The lock bit for the thread mask and threaci:¢88h~ (threaciajl&ation register) is 
interpreted as a "valid" bit, so this regist~~ii.rt be ~ptxfated With snd and rev 
operations. This lock bit is the central syr®troni~rt poiJ:l.t for all fork 
operations. An idle CPU waits until it can sµ<!~sfullyrij~yl:! this:register to 
ensure that a valid fork is taken, and then allocates a tl@ad@the fork: By 
locking the thread mask/ count (i .e., making the thr~a,tj) fount/mask ) 
unrecel·vable) software can ensure that no tnrL-c:: ::ir<> ':iiic:t>ptPrl in th::tt >> , ... ~ ...... , ... _ .. ~ :~~ .- - ,. __ --· ··---: -.: :;:-·• 
communication register set. · · · .· . ·· 

2.7.5.3 Fork event communication registers .... . ..... . 
The fork event registers are hardware communication registers used for holding 
the information required to create an independent thread of execution. Basically, 
thread creation begins when one process executing on a CPU requests the 

Theory of Operation Manual 



Table 2-3 H/W Communication Register Allocation 

Trap Instruction Register Ring 0 

C(0003) . Trap Instruction Register Ring 1 

C(0004) 'fr;;tp Instruction Register Ring 2 

C(0005), . J#lt Instruction Register Ring 3 

C(0006) 
;.· 

ap Instruction Register Ring 4 

C(0007) CPUMask Thread Count 

C(0008) fork.AP 

C(0009) fork.PSW 

C(OOOA) fork.source_pc 

C(OOOB) fork.SP 

C(OOOC) SDR(l) 

C(OOOD) SOR (3) 

C(OOOE) SDR(S) 

C(OOOF) SDR(6) SDR(7) 

C(0010) CPU 0 Execution Tunef ~~fuf / Ring 0-3 

C(0011) CPU 0 Execution T.~i~gister / ~g,4 
C(0012) 

C(0013) 
. . . . . . . . . . . . . : 

C(0014) CPU 2 Execution Tuner Regist~ / W,#t.pi-S 

C(0015) 
· . ·.·.·-:- :•,• 

C(0016) CPU 3 Execution Tuner Register /JWiigi~3 
C(0017) CPU 3 Execution Trmer RegistJt { fuhg4 . 

C(OOIB) CPU 5 Execution Timer Register / Ring 4 

C(OOlC) CPU 6 Execution Timer Register/ Ring 0-3 I .-----+---------~~----! 
C(OOl D) CPU 6 Execution Timer Register / Ring 4 

C(OOlE) CPU 7 Execution Timer Register/ Ring 0-3 j i.-------+----~_____;;;__---~----'-"---_I 
C(OOlF) CPU 7 Execution Trmer Register / Ring 4 

Theory of Operation Manual 2-
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addition of other CPUs by storing infonnation in the fork event registers. An 
idle CPU then creates a thread and executes on behalf of the process by loading 
this information from the fork event registers into its own state registers, such as 
the program counter. 

The fork event registers are listed and defined as follows: 

• fork.FP- initial frame pointer for the thread 
• fork.AP-initial argument pointer for the thread 
• fork.PC - program count to begin execution of the thread 
• fork.PSW - initial program status word for the thread 
• fork.source_PC -program count for the thread posting the fork 
• fork.SP - initial stack pointer for the thread 
• fork.type - defines the fork type of a posted fork to prevent mixing 

< pfork, spawn, and join instructions in a multithreaded process; this 
\iparameter is passed from posting to acceptance of the fork; fork types 

include: pforked, spawned, and stopped. 

·.:-· :.:-· 

Vl/:hen a fork is posted with pfork or spawn, the program count of the instruction 
following the pfork or spawn instruction is loaded into fork.source_PC (located in 
the fork event registers). When a fork is taken, the value in fork.source_PC is 
loaded i~tp)Jie an idle CPU's program counter to establish a current ring of 
executiprjias that CPU changes to the active state. A current ring of execution 
mustbe established since an idle CPU has no state. 

·H/fhe lo4j:i~~i~ !~e fork event registers, called forklck and forkposted, are used to 
cony~flhls~~~p(tl:l~Jprk during its transitions from cleared-to-posted, posted­
to;,$en, anditak~iHii-deared. 

-:.: - -: :::(:): : 

Forklck i~.,J~kbit on thefpr:fc.FP and fork.AP register combination. When this 
lock bit:ij){bne, the ~r4W.are is changing the fork from dear-to-posted or from 
posted~to-taken. · · · · · 

Forkposted.J$4 i8J bit oµ ~ itofttype and fork.SP register combination. When 
this lock bit is a one,<~~ i~ ~i #fidfp~.k posted that is ready to be taken. 

2.7.5A Segme6.f descripfqt.)~i~ers 
The Segment Destnptoi::~W:~~tS.(SDRs) define the extent of the virtual address 
space associated wit11;:.ti}#¢.ess. Loca~pg@SDRs in the communication 
registers causes the entjrifaddr~!S~~~l.a.tjqfyfor a CPU to change whenever the 
cm index is changed. Lqc:,l•J:>,ij#i¾J@~ ~~sters are ignored. These registers 
are accessed with put andg'e.foperatfo#H / 

. .) }(", "· 

2.7.5.5 CPU execution timer r~Q.1$,ers .·.•.·· ····· ·.·.• .. 
The CPU execution timers (CTRs)ai~f64-bit i:nkrbsecoriid timers used to track 
execution time per CPU within Jkbh'ring.1.Ih~ p1pcks al"¢ µpdated on ring 
crossings, CIR changes, and when cqJ##.irirucatjo.µ register state is saved. 
Execution of the ctrsg instruction ford~s an upc:i~ti!"o(the timer: Software must 
ensure that these timers are updated to obta@iift accurate reading. 

More information on this subject is provid~ /il ter in this chzii t~r ...• 

2-13 Communica-:- tion registers 
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2.8 CPU 
deadlock 
detection 

The hardware can detect when the currently executing threads within a process 
have reached a deadlock condition. By definition, a process deadlock occurs 
when all the currently executing threads of a process are doing a synchronization 
instruction followed by a branch back to that instruction. Deadlocks are 
considered system exceptions and are passed to the process deadlock handler for 
resolution. 

Synchronization instructions attempt to change the value of a lock bit and return 
,, status on the success or failure of the lock/unlock operation. Examples include 
·,·.·.·, thetas, snd, rev, and inc instructions. For a complete list of thesynchronization 

instructions refer to the Architecture Reference Manual. It should be noted that 
/Jh~ instructions are sometimes referred to as deadlock detection instructions. 

2. 9 CPU timers 

2-14 CPU deadlock detection 

The.s!:i/i:n.structions all perform some sort of semaphore or synchronization 
?~tatiO'Il and return status to the Program Status Word. 

< w 1:1en a d~~dlocked process is detected, each thread within the process 
1n:unediately eriters the Ring O process deadlock handler. The process deadlock 
handler schedules other threads within the process to resolve the deadlock 
conditibrt 

.. ,.,· T}le concept of deadloc:k also extends to certain cases of thread termination. For 
\ ~}(ample, if the la;st thtead in a process executes a wfork instruction and no other 
'(o* is posted u( the CIR, a last thread tennination deadlock has occurred. 

Anottl¢dri~tance 9H~~per thread termination that will cause a deadlock 
involves execut:iq# dt cl. rpfork instruction in place of a join instruction. 

:: ::::: 

The fundaifu~tal rulih~1'¢jftfuit the last thread of a process should never 
execute a wfork sin~ @process cannot continue. The acceptance of a fork in 
the current CIRJ~=pfovided as a la,$,@pportunity to avoid deadlock, but if the 
fork is of the wrong type, it ~,ti;ltfauses deadlock. 

Each CPU contains .. > timers,w.B~~~~ihste.q here and described in the text 
that follows. 

• Execution Timer 
• Thread Timer 
• Other 

2.9.1 Execution Timer 
To provide accurate accounting informati9f ~ !:the oper.a.®g~y:;tem, CPU 
Execution Timers (CTR) are included for: J,@1.f proce~;)~e 'timers:track (in 
microseconds) the time each CPU spends ht RingQ/tsYstkm, tirrie) ~nd Ring 4 
(user time). The Cills are visible to the opep,\t;ingsyste,rnjgJhehcridware 
communication registers. There is a set of th~~ timer:;:(i;i{~a~hCIR. 

···: : :::> .. 

The CPU microcode me>intams· the r-T'T) ., --~., dnm-,'nU\Ls1·c t::--~ 0 ~am>p·•·1e if a .. ,. u .u. l£LI,. Llr'""' v ..... u. -.J..a.U:'!'._- ~ :L.I""- .., • .i.. ...., .. "-"'.--<·> , 

CPU is running in Ring O and executes a get of the Rirtg O CTR forti)e<:Pµ, the 
time will not be current. .·.· .·.·.·.·.·.·.·.·. ·. 

The events that cause the microcode to update a partibh1i/Jiner a~ ; ::~y 
ring crossings and execution of the ctrsg instruction. The operating system uses 
the ctrsg instruction to instruct all CPUs to update their CTRs. For example, if 

Theory of Operation Manual 
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one thread of a process is the operating system kernel executing on CPU0 (in 
Ring 0) and the other thread is a user program in Ring 4, the operating system 
thread can execute ctrsg and then read the Ring 4 or Ring 0 CTR and know that 
the time is accurate. 

The CPU execution timer includes a single hardware delta timer on each CPU that 
counts by microseconds and is clearable. An update oi the CTR is performed by 
reading the current C1R value from the communication register, adding the 
current delta time to the CTR value, and writing the sum back to the 
communication register. The delta timer is cleared immediately afterward. 

2.9.2 Thread timer 
, ::, Each CPU contains one 64-bit microsecond timer per thread . The Thread Timer 
/ (JTR), which is implemented in microcode and accessed by nonprivileged 

~~~ctions, allows each thread to determine the CPU execution time of any code 
~on without the overhead of a system call. This register only reflects the CPU 
time cm a ring-specific basis and cannot be used to time inner ring calls. Titls 
tirneidhcrements in bit whenever a CPU is executing a thread. It can be read or 
~~tten at any time by the currently executing thread. 

The thread ti.mer is updated by the same delta timer used for the CTRs. The 
delta timerJiVihnicrosecond timer that exists on each CPU. It is used to time 
intervals'b¢hveen accesses to the Thread Tuner(TTR) or CPU Execution Tuner 
(q;R.)/The thre~qJimer is updated by adding the delta timer count to the 

, qµi:rent TTR.::s.Jajµe and clearing the delta timer. 
--• -•,• ::::·· ·--- •-•, •-:: 

· This.,~fi~·P~Y:t,is.ed for timing sections of code running in Ring 4, 
w~tfjbrit including ~ipe'spent in asynchronous events such as interrupts and 
page faults. Tu~Jhrifad timer is not as effective in Ring 0, since there are many 
events tru:i,t@&ange their q~n CIR and TID in Ring 0 and not affect the thread 
timer. ,Th@e'events do ndtM!ect the TTR since the old CIR or TID's thread timer 
is not ~t~, as it is.ji;qBl~xtendaj frame on ring crossings. 

The thread tiaj~/~gisteri.s:~@b~ the stack on all cross-ring calls, and restored 
from the stack on all g~itl"itjg fi;ifu~;,. Titls enables the timer to track a 
particular thread~s.t<),'tj:t¥O(fu~J~qrnigrates between CPUs during its 
execution. · · · · · · · · · · ·· · . ., ... · · · · · · · 

2.9.3 CTR and TTRifime.r:~pqqtiijg ? 
The CTR and TTR timers,,i.t.~:fqiq~y!f~a.t~imce both timers are maintained 
with the same delta timer/ When an ~hfforces the CTR to be updated, the 
delta timer is cleared so the TTR mu~f~~{1pdated aHl:le same time. Similarly, 
when an event forces the TTR to b~µpdated, tl\~Pl.Rrimst be updated also. 

2-is CPU timers 



:::: . 

::::_}/ 
Contents ,=•=•••• •:• 

;. ;.:- : -: 
=·=: :: ;: : 

3.2 Instruction 
Cache 
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Instruction Processor 

.•. The instruction processor performs the following major functions:: 

~,Fetches intstructions for the instruction cache 
• /fyf.aintains the program counter 
• Dispatches the scalar processor 
• De<:Qdes instrutions??? 

: -. @rierates memory fetch addresses?? (for instructions only???) 

The instruct:i9~ processor can be restarted from three different address sources: 
(there ~fuore than three; see block diagram) 

Tuti.i.ilihructior pr,qcessor hardware consists of the following major functional 
->/_µruts: ._ ,;_:::::: . 

. -:-.;:- . -

• lns®.¢tibn,Ciiihe,>:• ··· 
• ~hirich Histdij:@Hl 
• Lookahea~h!\.~filess Logic .•• 

: ~:J§~kl~~et:ce. ,///}(/ ,. 
• Instruction Vc11:iqJtf c 
• Instructio~R~fhng Logi< 
• Parse Add.rt:!Ss Lo~/// 
• Branch Tags . /:i/}/ 
• Instruction Dispatch Iajqtji@.tj.qri 
• Instruction Queue :::=:::: := · - :-- --

-Overview 3-



4.1 Oveniiew 

4.2 Data Return 
Queue 
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Scalar Processor 

Overview 
Major Functions 

• Major Units 
• Scalar Data Structure 
• Address Generation Logic 
• Data Return Queue 

••~ _Scalar Processor Microsequencer 
~alar Processor Operations 
·-:-:-

4 

JMllif~nnation in this chapter provides a brief description of all the major 
hardware units that comprise the scalar processor. The last section in the chapter 
describes the major operations performed by the scalar processor, including 
sequence q(ifyents and data flow. 

Th~N~Jf;' Scaµi.:r Processor physically resides on the scalar board along with 
<J@ilistructi.9Aj/fr9&ssor. The instruction processor is described in a separate 

··· ·• •chapter . . , ::::i:n: •• :••···••= 

T,IJ#.:y.~~~:r 'prb&~f ~~ffispatched from the scalar processor instead of from the 
instruction pt:9c#s.sdfTwo separate 64-bit buses are used to transfer data to/from 
the scalarpr®essor (or mempiy) and the vector processor. A 32-bit bus is used to 
transfer; lp~d' and sto~ iJ:4.dt&es to the vector processor. 

. : . . . . . . . . . . . . . . 
:::-:, :-· 

• Executes Scalat.iri1triictidM/) .. 
• Performs Addr~~ Ge~$.ti8Kiih'.d Translation 
• Dispatches the VectqJ:"f@Jbr 

4.1.2 MajorUnits ..... . 
The major units that comprise the sc,aj4f processor .ire)isted below and 
illustrated in a simplified block di~muh (see f)g#~'4µR 

• Data Return Queue 
• Scalar Data Structure 

Address Generation Logic 
Scalar Processor Microseqencer 

-,.__~ 

A description of each functional unit is pro jill~d int~~ ~9~6-11rt1pi~ follow. 

The memory return data queue accepts read data from the memory system and 
transfers it to the appropriate destination. A 24-entry queue exists for memory 

· Overview 4-1 



Figure 4-1 Scalar Processor Simplified Block Diagram 
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4.3 Scalar!Ddto 
Structure 

return data. The queue allows the processor to accept all memory return data 
independent of whether the final destination (i.e.,vector processor, instruction 
processor, scalar register file, or data cache) is ready. 

Scalar Data Structure includes the following major components. Refer to Figure 
4-2. 

Register File 
•• · • ALU 

) \ . Data Cache 
•)floating-Point and Miscellaneous Integer Function Units 

4.3.J \ Register File / ALU Gate Array 
TofIW/~U gate array contains a two-stage register file and the ALU data path. 
(l:J;fo regis~t:ple has thirty-two 36-bit registers organized as: 

} fught 32~~i~A,qdress (A) registers 
·· -:-:.:: 

2. Eight (jl!~bitScalar (S) registers 
=:=:::::. ·· 

} ;! Eight 32-bit temP?f<lW registers 

fh¢ii:egister fil¢ ,{~ree 6-4-bit input ports (A, B and C) for writing results from 
the A, B, ~¢buses. Jl~~A/bus inputs results from the integer ALU logic. This 
bus reqµires no arl,~~i.j@~>~{since writes are controlled by the microcode. The 
floatinfpoint/~~~~:ll? µi~eger unit writes results to the register file using 
the B bus. Tofglhe arr~yfm~the floating point unit must arbitrate for access 
to the B bus.!the C portJs.;~ to input cache read data, vector-to-scalar 
processor transfers, ~memory retl.J.ql data. Transfers from these three sources 
must arbitrate fClrJi~ibf the C bus;, > 

4.3.2 Data Cache / '> 
The data cache contairi~ oper~qci p4taJ~{is µ~ during the execution of scalar 
and vector instructions. · •· · 

The data cache has a 16K Byte cap,ijity~t}lii'~ four pages of data may reside in the 
cache simultaneoulsy. The cad:i~i~prganized ~~.i.l~i~P and an odd bank of 
2K-locations by 32 bits each. Tfohkid ~ :¢.Y~~(r:iabh:fb~nks have their own tags 
and validity bits and function inde~tj.fd(AAqt,~ther. 

:::: ::;::::.. . . . ·-: ; :-: . . 

4.3.3 Floating-Point and MisceUgijijbus IQt¢ger,if4nction Unit 

4-2 Scalar Data Structure Theory of Operation Manual 



Figure 4-2 Address and Scalar Data Structure 
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4.4 Address 
Gen~rqgpn Logic 

:.;. : -: ... 

4.5 Scalar 
Processor 
Microsequencer 

Theory of Operation Manual 

The address generation logic accepts memory requests from the scalar processor 
and the instruction processor. The address generation logic is contained in the 
Address Generation /Data Cache gate array. See Figure 4-2. 

4.4. 1 PTE Cache 
The Page Table Entry (PTE) cache contains physical memory addresses that are 
used during logical-to-physical address translation. Each PTE cache consists of a 
logical PTE tag, two validity bits, a physical PTE translation address, and 
reference and modified bits. The physical page address (address bits xx-yy) is 
read from the PTE cache and then combined with the offset within the 

•· page(address bits aa-bb) to form the complete physical address that is sent to 
: #trmory. 

4.4.2 Scratch RAM 
J:hfsc~atch ram contains a copy of the segment descriptor registers (SDRs) and 

. serves as a first-level PTE cache. , 

The scal~ifu~essor's rnicrosequencer controls the order in which operations 
~ideilie SCalaI'.p~cessor are performed. The rnicrosequencer includes the 

<f ii>lloWing P:J~-&mponents: 

. · 4I<J&Wh~~:f~tfbl~8k 
• 'Mi&~pro~~q~t~r logic 
• Eight-deep,~t:itddor the rniquprogram counter 
• Test ccm,ditidn and bran,ch $elect logic 
• Microifiltruction ~~~if 

A block diagrafu bi~~ scal~t ~f J~~r rnicrosequencer is provided in Figure 4~ . ············ · 

Microcode for ead@&lar ~@#¥.bri>executable by the scalar processor resides in 
the control store. Each ~)~fffistruction processor decodes a scalar 
instruction, it will send' iib.e.fu.icrocod~ ~~PY pbi,nt for that particular instruction 
to the scalar processor wherei.t. ~ll)>~#se~ftc{access the appropriate control 
store starting location. Thl'l(ij@(\i:114.e)f ajsb input to the microprogram 
counter logic. That initialpfogram coµh(vaiue is incremented once each 
machine cycle until the operation is.f pt,iwleted or.i:w~tcl branch or interrupt 
occurs. 

4.5. 1 Source Hazard Logic<> ' . ·.·.·. · . 
A hazard is defined as a condition that will t$,pbrariiy halt e~~ution of an 
instruction until the hazard is cleared. A ha~f.i:h:ondition is not always an error 
condition. In some cases, for example, a haifu-d is simply a flag tllcl,t is set to 
indicate that something must happen (an operand I"etµrrungµ"cn:n ajemory) 
before execution of a given instruction can contitt.{i,e. Qperatidris>uruelated to 
the hazard conditon continue without interruptii:>n'. · 

Address Generation Logic 4-3 
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4.6 Scalar /•· 
Processor 
Operations 

4-4 Scalar Processor Operations 

The purpose of the hazard logic in the scalar processor is to assure that all 
resources required to successfully execute a given instruction are available. Items 
checked include the following: 

1. Microinstruction register is valid. 

2. If a macro-PC branch occurred previous to this instruction, assure that it 
branched correctly. 

3. The operands are ready. 

4. If this instruction specifies writing to a register file, assure that the register file 
is not haz.ard locked. 

5. If this instruction requires accessing the PSW, assure that it is not hazard 
)9ci<ed. 

t:_i\ssure that all selectable hazard conditions are cleared. 

< Sdlt1/~rocessor operations include address translation, cache read, indirect 
< : cache read, cache write, memory read, and scalar instruction execution. This 

section desctjl:>es the basic steps involved in each of these operations. 

M6:.1 Address Translation 
\l11us ~<>1{d~~.ll<>w virtual-to-physical address translation is performed . 

. .: :: ·. :i( 

4.&1h : Mempry ~c:iiiagement Terminology 
It is essentiajJh?tthe basic el~ents of the memory management system be 
understqq<;ipclore a descriptji-in of address translation will be meaningful. Below 
is a list Ofessential tenns(wii:h definitions that have been reduced to their 
simplestform. Fqr~fudf~ comm~ensive description of memory management 
refer to the Ar@itecture R~!?f¢ffe1drianual. 

Thread - a single s~~htis@s~ii 

Process - a collectidh~f ins@<:~oh•;trearns (threads) that reside within a single 
virtual address space ap.i;ij:ljtshare the ~@SDRs (defined below). 

Page - a contiguous 4-~~t~ plq~!~#terricify; both the virtual and physical 
address of a page are conHgtfofoL · · · · · · · · · · 

Page Frame - a page stored in physi~ib~~ory: : j 

Segment - a contiguous block (sd ~~apyt~j d~ ~ ~al Iriemory addresses . 
. - . · . · . · .· . · . . . . . .. . 

Segment Descriptor Register (SOR) -'2bh:insA~4.~l~~ tr~sla~on and validity 
information used in the first level of virtual-t()j)hysical addnisstranslation. 

Page Table - a table (memory resident?) of ~dtt:ss translati~n ,md yalidity 
information; the information is contained in 4·:l:>yt~ y.'qr<is.tll,atA1fc:alled page 
table entries. · · · · · · · · · · · · · · · · · · 

Page Table Entry (PTE) - contains address translation and validity information 
for one page frame; a minimum of two page table entries must be looked up to 

Theory of Operation Manual 



complete the address translation process; a third PTE is required in some 
instances.(see thread-level PTE). 

Communication Index Register (CIR) - defines which subset of the 
communication registers is being used by the program running on a CPU. Each 
process has a different CIR value. 

Thread Identifier (TID) - used to subdivide a process into disjoint threads. Up to 
32 threads may be running in the same process (i.e., have the same CIR). The TID 

,. makes it possible to have a unique identifier for each thread. The TID is used 
/ / : / primarily for operations that involve unshared memory. Unshared memory, in 

this case, is defined as one or more threads in a process using the same logical 
ae;iqress to access different physical locations in memory. 
/;/:::-
4.6.1.2 Basic Steps 
The!¢!~~ either five or seven basic steps involved in the address translation 
pt,pc~s!Lmgure 4-4 provides a flow chart of the basic steps, and figure 4-5 gives a 

. : ' / fupre detailed view of the same process. The text that follows outlines the seven 
·.·.·.·.·. · bi:isi~.steps. 

1. Acces~ so.f ~e segment number is used to access the appropriate segment 
des¢ptof register (SDR). The segment number is specified in the three most 
significant bits (31 .. 29) of the virtual address. Go to step 2. 

2J A,ccess first-le,y~ fu. The SDR contains a base address (called page frame 
base). A sey~~itoffset yaj1.1e taken from the virtual address is added to the page 
frame ~ )td arrive 13,t ~ ¢ffective address of the first page table entry. Go to 
step3;// ' 

3. Access ~ rtd-Ieveb~ Viit,{i fust page table entry also contains a page frame 
base. The page frame ~ :arid a ten-bit offset value taken from the virtual 
address are addajJtjgellier to find t}1¢~ffective address of the second page table 
entry. Go to step: /4Ll/' ···· ···· ·· ·· 

4. Is the thread-level PT9 ~g ~t? H1.1q~~ tb step 5. If yes, go to step 6. 
. . . ; . . . . . . . . . . . . . . . . . . . . . . 

5. Access physical mi :ry. TM i~rj4/~l~e,:~ple entry also contains a page 
frame base. This page frarr@~#s/e ati<i~J~-mfoffset value taken from the virtual 
address are added together/The rt!~(~ ~ 32~6it physical memory address. Go to 
step 8. .·.:-, .:-,,=-·· ······ 

6. Access thread-level PTE. ~e ~ ~.4 p~g~)~~tW.~~ contains a 24-bit page 
frame base. This page frame base i,ll\<{~)i✓~(q#@value taken from the 
Thread Identification (TID) registeHfre added tqgfther to create the effective 
address of the thread-level page table entry. Gil;)o step 7. .•. ·. 

7. Access physical memory. The thread-leV~;~~ge t~J~1¢~try c6ri~ajns the 
physical memory, base address for a specific: thl'¢~dlThls~~ addfess and a 
12-bit byte offset value taken from the virtual~ddress .itif#®@fogether. The 
result is a 32-bit physical memory address. Go to step:~{/ ·.· ·.· · 

8. Address translation completed. 

4.6.1.3 Segment Descriptor Registers . .· .. 
The 4 Gigabytes of addressable virtual memory is divid~ irito e1ght 512 
Megabyte segments. There are eight SDRs, one for each of the segments. Each 
SDR is 32-bits long. 

Theory of Operation Manual Scalar Processor Operations 4-: 



Figure 2-4 Address Translation Basic Steps 
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4-6 Scalar Processor Operations 

When a process is loaded for execution, the appropriate segment descriptors are 
loaded into the CPU's SDRs. 

Each segment descriptor register points to the beginning of a first-level page 
table, and contains protection information as well. 

4.6.1.4 Page Table Entries 
The second and third stages of virtual-to-physical address translation are 
accomplished using Page Table Entries (PTEs). These are similar in function to 
segment descriptors, which form the top-level of the translation tree. 

A PTE is a 32-bit word aligned on an integral 32-bit boundary (the least 
significant two bits of the byte address are 00). A PTE is one of 128 entries for the 
first index-level or one of 1,024 entries for the second index-level. A PTE 
.determines the validity of a reference and the physical memory location of a 

/ yruid reference. A valid reference meets two requirements: first, the PTE must be 
< yilµd; second, the type of access being made (read, write, or execute) must be 
~ed by the appropriate protection bit of the PTE. 

An AAditional level of lookup tables is needed in order to accommodate multiple 
. tmads within a process. The PTE is one of 128 entries for the first index-level, 
◊rte of 1,024 entries for the second index-level,-or one of 32 entries for the thread 
index-level. 

In orde1J~t'~1cll thread within a process to have a unique address space, a 
t~c,i;fo~el PTE. i.~(µtdexed by the Thread Identification (TID). Refer to Chapter 
~/ $iultiproc.:Ei~~f,f..{anagement," for more information regarding thread 

· • • H • identificatidrtJ: • · • ....... . 
•.•.•.·.·-·- ·-·-·=· -•.•:: 

If tMii~~~~ T bi{@.;j /it:the second-level PTE is set, the page frame base in t 
second-level ~ilfexpanded to bits .8 and is used as the base address of a 
TID-ind~!table of threa<:Hii!vel entries. These thread-level entries provide the 
final-lev¢{t>ftranslatio~19ffie data page. 

If the level T bi~.i$JlJ~, onlyW~i/~~i of the second-level entry are used as the 
page frame ba~bf the ci;J;tli p#g¢.! The TID does not enter into the translation 
since these pages do l'.lqt~t#ti:any W~ad-level translation. 

. . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
)\/\ 

The level T bit detei.-mfues #l).e.ii}i¢.f data pages are shared or unshared between 
threads. When the levE:tJ)>.i(i~iset, the dat.i. pages for different threads in a 
process are unshared. :WJ:t¢ri the lev~l;fpifls¢1~ar, the data pages are shared 
between all threads in the pr9.9,~~{ / ........... . 

·.·.·-:- :- :-:.· -·. 

4.6.1.5 Address Translat16ri Hardw.cir~Operation 
The scalar processor has a scratch ra,#Jh.~t contai~ i copy of the segment 
descriptor registers and serves as .i~•level l:'Tii~iithit.t\n associated validity 
bit indicates whether the first level PTE has b.etffi encached;. 

The first level PTE valid bit will be ~Ji[f ~ testc]hdhidn. ~n a PTE Iniss, first 
the scratch ram will be accessed to obtain the.~le.Jelpage ~!:,le entry. If the 
validity bit indicates that it has not been enca@d yet then thfappropriate SOR 
in the scratch ram will be accessed and usecf fo access main rileinory for the first 
level PTE. The first level PTE will be written i~ the scratchtafuw~t:lt~ts validity 
bit set. Once a valid first level PTE is obtained/ ajaµi i&fuory is acc~ised for the 
second level PTE (and possibly the thread levelPTEf 
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Ring 

0 

1 

2 

3 

4 

(0 Spec page 2-7 is source for paragraph that follows.) Each PTE Cache (there is 
one odd and one even PTE cache) consists of a logical PTE tag, validity bits, a 
physical PTE translation address, and reference and modify bits. The physical 
page address is staged after being accepted from the ram and then combined 
with the offset within the page to form a complete physical address. 

[The C200 Series architecture has one 64-bit microsecond timer per thread 
implemented in microcode that is accessed by nonprivileged instructions. The 
thread timer (lTR) allows each thread to determine the CTU execution time of 
any code region without the overhead of a system call. This register only reflects 

CPU time on a ring-specific basis and cannot be used to time inner ring calls. 
more see Arch Ref manul page 5-39) 

Segment (bit~ 31 ~:;?~}, ~gwent Byk Offset (bits 28 - 0) 
Effective Virtual Address 

1 

2 

3 

4 

5 

6 

7 

0000 0000 - 1 FFF FFFF 

0000 0000 4 lFFF FFFF (512 MBytes) 2000 0000 -· 3FFF FFFF 

00000000 - lFFF FFFF .·· (512 MBytes) 4000 0000 - SFFF FFFF 

()(}(}Q 0000 - 1m· Ft.FF /.. (512 MBytes) 6000 0000 - 7FFF FFFF 

0000 0000 ~ U,fFfl'FF .::uJ s12 MBytes) 8000 0000- 9FFF FFFF 

0000 OOOQ21FFr ff.f.~:i/; !ii (512 MBytes) AOOO 0000 - BFFF FFFF 

0000 0000 - H4flflii-FF ·:: ):::/ ;~µ j¥13ytes) COOO 0000 - DFFF FFFF 

4.6.2 Cache O .. .. . 
Cache operations inclb 

4.6.2.1 Cache Read 
Cache read operations ... 

EOOO 0000 - FFFF FFFF 

Output data through ZBus Enable address select 
port 

Generate hit 
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4.6.2.2 Indirect Cache Read 
Indirect cache read operations .... 

Cycle3 

Access PTE / DC 

Cycle4 Cycles 

EnableC Generate 
bus effective 
bypass address 

Output dat( through. :E@bl~.id(l~s select Generate Hit Enable 
ZBusport · · 

Read register file 

Output data through 
ZBus port 

address 
select 

4.6.2.3 Cache Write 

Generate eff&tive 
address 

Merge zone/data 

4.6.2.4 Cache Purg~{ : > 
Cache purge is used td:;gD ' 

4.6.3 Memory Operation~ :) 
Memory operations include .... 

4.6.3.1 Memory Read 
Memory read operations .... 

Table x-y. Memory Read 

enerate physical 
. ss 

Cycle6 Cycle 7 

Access EnableC 
PTE / DC bus write 

Generate Enable 
Hit read 

bypass 

Issue memory 
request 

Crossbar transfers 
data to memory 
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1wtiii 
Erlf'. 
@ourif 
P¢v.Mrn 
Cycle 1 Cycle3 Cycle 4 Cycle 5 

Read G~*¢rate hl-f¢<;tive Access PTE I DC Generate 
physical 
address 

Issue 
memory 
request 

regist~p address 
file ; 

Output 
data 
through 
ZBus port 

Board 
Transition 

0 0 

1 1 

2 2 

4.6.3~ 1.1!~ Write 

Crossbar 
transfers 
memory 
request 
to 
memory 

Memory write operations .... 

4.6.4 ScalarJo#ffiction Ex~ution 
Scalare instructii>ib:bcecutions ~ .J? 

Select Access 
Control Store Control 
Address Store 

Fanout from Register File 
Control 

Segment Byte Offset (bits 28 - 0) 

0000 0000 - 1 FFF FFFF (512 MBytes) 

0000 0000 - 1 FFF FFFF (512 MBytes) 

0000 0000 - 1 FFF FFFF (512 MBytes) 

Cycle6 

Crossbar 
transfers 
data 
from 
memory 

Issue 
memory 
ready 

Cycle 7 Cycle8 

Data Bypass 
enters Cbus 
return write 
queue 

ROT??? 

Write Result 
to Register 
File and 
updatePSW 
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3 3 0000 0000 - lFFF FFFF (512 MBytes) 

4 4 0000 0000- lFFFFFFF (512MBytes) 

. ,, ::f }:t\ 0000 0000- lFFF FFFF (512 MBytes) 

0000 0000 - lFFF FFFF (512 MBytes) 

0000 0000 - 1 FFF FFFF (512 MBytes) 
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5. 1 Overview 

5.2 Input Staging 

5.3 Vector 
Dispatch Interface 
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Vector Processor 
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• Function Pipes 

•• •~ Pipe Control 
• f )'ector Register File 
i(;)µtput Staging 

5 

. J.lti ihl~nnation in this chapter provides a bri~f description of all the major 
hardware units that comprise the vector processor. 

The vector,pt:"q&ssor resides on the vector processor board, which is one of the 
two c~boards that comprise the central processing unit. 

"::~:~::; Ma' )Functions .. ,.,.,. ,.,.. JOf,.,. .•. 
The ptj#iafy fajli±:t:~¢(9.ft.he vector processor is to execute all vector instructions. 
Th~vector iris@~ are dispatched from the scalar processor and input by 
way of the ve<;,tr;if µispatch int~face. Operands are input from either the scalar 
processor(i(t:hey are cach~,~dent) or from memory. Internal to the vector 
processci.'~ands ar~;~p~ in the vector register file until needed. Data 
produced from ve<::tpf qperations, IT:¥1Y be sent to either the scalar processor or 
memory. 

5. 1.2 Major Utul$> ,. .. . 
The major units thifl:omprr,-;W,Jfuf ~iftor processor are illustrated in Figure 5-1 
and briefly defined in ~)#,( that follows. , 

;.:-:-: -: ;:-

The input staging(IS) logidfu<iciV~s artd.qµ¢ties data from the scalar processor 
and memory. Memory data(:tviXV) ancf#tjlfar data(SX'() are queued in separate 
three-level deep queues. . ( = · · · · · · 

The vector processor receives instrudibh{ ~om@eii ci~~r p; ;cessor through the 
vector dispatch (VD)interface. The VD selectsJ~~fun:ttion pip(!'. to execute the 
instruction, determines whether the vector ~gJS~r file ports ari,if other required 
resources are available, and determines whellli:?t chaining op~c:celerated 
execution may occur. The VD waits for a seed from the sci:ila:r: pf9Ce$or if one is 
required. When all required conditions are metA l:\¢, Y9<li$p~~~hes the instruction 
to the selected function pipe controller. This dispatchincludes an entry-point 
microaddress, vector register and port selects, source and destination data sizes, 
execution rate, and the scalar seed. The pipe controller then may initiate 
execution of the instruction without needing to perform resource checks. 

5-1 Overview 



Figure 5-1 Vector Processor Simplified Block Diagram 
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5.4 Function Pipes Three functional units, called function pipes, make up the heart of the vector 
processor. All the instructions executed by the vector processor are divided 
among these three function pipes. 

5.5 Pipe 
Controllers 

5.6 Vector 
Register File 

5-2 Function Pipes 

The add function pipe executes the following vector instructions: 

• Add 
• Subtract 
• Compare 

:. • Convert 
•Logical 
i•~ 
/Min and Max 

• Integerize 

.:;:~!~~~;= 
:t multi~~; f1;1p.ction pipe executes the following vector instructions: 

•Multiply > 
•.Divide 

< fSq~are Root 

~~load f'.µ~ctii,[Jti: is. .@eel to perform all load and store operations. These 
includ~ :v,itor regis~r.)pild and stores, vector length register loads, moves 
betweerf a scalar,.~sl#f:~d a vector register element, and load and stores to the 
vector merge.:~for.:{l#t:~~:~,:ntences from C2 Maint doc.) 

. ... ·-: :):/·· ... . ... . 

The add and majt:iply'pipe contrpl@i~are responsible for reading vector 
elements from th.~Vector Regj.~~ffi1e, senciing those elements through a function 
pipe, and writing the resajt'f pack into_ µt~ )fygister file. The load pipe controller is 
responsible for all loc1p:ajidstore o~;ii@.'fys: All three pipe controllers may send 
data to the scalar processor an1 ~tll()ij{ / 

Each pipe controller con~J)Hlfaj~~itj~:J 
. . . . .;.·. ·- :-· -: ::=::::=: > 

:m:@/;: 
• Microsequencer 
• Vector Element Counter 
• Vector Merge Register 
• Control Queue 
• Backdoor Controller 

In addition, the load pipe controller has 

The vector register file contains the memories for the vJ~~r 1~~umulafors 
(VO-V7), along with data selection and st.aging regis~efs: Eac.l-\ vector;#chmulator 
may contain from O to 128 64-bit operands called vector elements. : · 

It should be noted that vector accumulators are sometirng$ ~ei~e~ td By ihl> 
more general term, vector register. There are four types b{~ector registers. 
Specifically, they are: vector accumulators, the vector merge register, the vector 
stride register, and the vector length register. The vector register file being 
described here contains only vector accumulators. 
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The vector register file consists of four RAM banks, labeled for the two vector 
accumulators each bank contains: VO /V 4, Vl /VS, V2 /V 6, and V3 /V7. Each bank 
is 256-locations by 72-bits and is divided into two halfs. Each half bank is 
256-locations by 36-bits and is separately addressed. 

5.7 {(;).ufpQt The output staging .... 
Stdgin,g . 
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6. 1 OveP.11$W 

6.2 Crossbar 
operations 

Crossbar 6 
All communication between memory, the CPU utilities (CU) board, and the 
processors is through the crossbar. The crossbar has a total of nine processor 
ports, eight memory board ports, and one port for the CU board. Figure 6-1 
provides an overview of the relationship between these major components. 

//f A:processor may be either a CJ'U or an I/O processor. Each processor 
· · &ijµnunicates with the crossbar on a separate point-to-point bus. No multidrop 

buses are used. Point-to-point buses eliminate bus contention and significantly 
increa.~ overall throughput. 

'fhw ~:nory boards and the CU board also c~mmunicate with the crossbar over 
point-to-point buses. 

Physically)Jlil6-ossbar consists of seven circuit boards that reside in the 
cent:r.ajly+J&ated gossbar cabinet. 

.. )})i( 
.,/~onajly/~ijossbar is divided into three areas. They include two 32-bit 
> data paJ~Jdf~~Sfeffll.lg odd and even data words between the processors, 
m~ind tl,i~®!~- The third path is used exclusively to transfer control 
ari<htatus infdrfu;l.tjoribetween the processors and the CU board. 

. . . · :: :: 

By defutlti~n, send mt¥.iiJ~ go fr.o.l.ll a processor through the crossbar to either 
memory or the o..J:~rd. Retµef(~fers, on the other hand, originate from 
either memoi:y);>tfue CU bo~#.fl1=#f go through the crossbar to a processor. 

CU board ~f~µ\t:thd~ i~)j:~fatatus, and read/ modify I write 
operations. Theseli:#fu;fersfu#.Ymw•~e the communication registers or other 
hardware located dn the CUboarff. Most transfers to and from the CU board use 
the crossbar's odd anq:~l~}f1ta paths)ip~ver, some operations bypass the 
odd and even data pathiiind u~ ~~~ffitjij #i.i'e.Ct crossbar control path; these 
include deadlock status frP.~=@¢.ffis; ~s 'w#il as communication register status, 
and trap dispatch transfers)cinifo .. pr~ij: 

. --· -:-·-· 

The crossbar routes data to and fron{~'~emoi;y~<.is and arbitrates between 
requests to identical memory boatj3.s.;!The m~~boards can accept one even 
and one odd request and return oooeve~~@.J=o'ii)x.id reqµest per clock cycle. 
The crossbar determines which proc~\'vms ~~~Jo ct.particular memory 
board. Similarly, the crossbar must kifow whic:ijptck~r sho.llld receive data 
being returned from memory. << · 

6.2. 1 Memory transfers .·. . .· . . .. · . . . . . . .. 
The following memory transfer operations are j~ied by'the crossbar: 

• Memory read request 
• Datareturn 
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Figure 6-1 Interconnection overview 
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• Memory write request 
• No operation 
• Test and modify (TAS or TAC) 

6.2.1.1 Processor-to-crossbar handshaking 
When the crossbar is able to accept a memory request from a processor, it asserts 
the request next signal. If a processor needs to make a memory request, it will 
issue a ready to the crossbar the following clock cycle along with the necessary 
request information. 

6.2.1.2 Memory read or write request 
The crossbar handles memory read and memory write requests the same except 
for one significant difference. For memory read requests, the crossbar must track 
which processor originated the request and in what order the request was made. 

: ;'This is necessary to ensure that the returning data goes to the correct processor 
< •••iiJ:ld that it does so in exactly the same order as the orignal request was made. 

Tc/perform a memory request, the processor waits for the crossbar to issue a 
request next signal. The following clock cycle the processor will initiate the actual 
transfftby issuing a ready signal to the crossbar along with a cycle code that 
specifies the memory transfer type. At the same time, the processor also sends 

· · the memory address; the memory address contains a board select code that 
identifies th~ 01emory board the memory request should be sent to, the memory 
bank ontll# poard, and the memory word address. The XARB uses the memory 
boardatt,dbank cqdes to determine the destination of the memory request Of 
cp~f for mem<#y, write requests, data, parity, and zone information will also be 

• / ~hided. JM:#.).~ information is applicable only to byte write operations; the 
· zone b~t;;•~peclfy:which byte location in the memory word will be the recepient of 

Theory of Operation, First Edition 

~ :#:#a'byte~~~•~ :, :/):;::- -: .. . . . .. . 

The memory ~J~t waits in. the XARB send path until XXXX. The length of the 
wait is itaj¢t~te. On.ceJhe request is actually delivered to the memory 
board, ~requested c!,aµi;(for memory read requests) will return within a fixed 
period of time. (\4/~qiiif???? . 

:';:::t~:~ n;;f~i&arr~~t~s ab~:,,~~earC:::'r~~~ti~~r 

;y ;::~:1r~m~ij fo :~~:-ijbank until a bank done signal is received 

6.2.1.3 Data returr( ! :) '"' . , , <) : , 
Figure 6-2 is a simplifiedillt1~~tj,<m:9fthfe;i~ta return interfacing between 
memory, the crossbar, aru;lm~:~r,t ! 
When return data is valid for a pJ the cro~ will assert the ready signal 
and transfer the returning data al9#:g)with valWpa.rifytothe appropriate 
processor. · · · · · 

There is no handshaking between>:~:~ ~~~ ~2i~g processor for 
returning data. The processor must always ac#ept t~ data during the same clock 
cycle that the ready signal is asserted. Since)lj@processor willj llways accept 
returning data, there are no overrun registersjn the return dafa path. Return data 
flows without interruption from the memory board througl:ltl:le~ar to the 
processor. 

The memory bank done signal is issued by the memory bank controller from 
which the return data originates. Memory bank done infonns the crossbar that 
this bank is returning the requested data and is now free to accept other requests. 

Crossbar.operations 6-3 



Figure 6-2 Memory transfers 
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6.2.1.4 No operation 
A no operation is used for test purposes only. However, it fully exercises the 
crossbar. 

6.2.1.5 Test and modify 
Test and Modify operations are used in the execution of the two CONVEX 
assembly language instruction, Test and Set Byte (TAS) and Test and Oear Byte 
(TAC). They provide a means for passing information between processors and 
manipulating semaphores in the communication registers. 

6.2.2 CPU utilities board transfers 
Transfers between the CU board and the processors use the same two 32-bit, odd 
and even crossbar data paths that are used for memory transfers. However, there 
are some differences in the way the data transfers are handled. In addtion, there 

) ~s a third path that is used exclusively to transfer control and status between the 
' CPUs and the CU board. 

6.2:.2.1 Data transfers and s1atus request 
The fpl)pwing CU board transfers are handled using the crossbar's odd and even 
4,~paths: 
• Read data 
• Write data .. ••. 
• Read Il:l@fy write 
• s~~t@. request 

<i!cti ~~µde the following information: 

• ~~i~,~~~~i~~es the transfer type (also called a cycle type) 
• ~bit addres!!;:j)/'''· 

• 32-bits of:~ rir write data< 
• eon~~d parity ,::: / 

The read, re~Write, anq:r:e~~H~-write data requests involving the CU 
board are handled by tl.1#)#~~ evl;?Il and odd data paths much the same as 
memory transfers (~iri~ (f~>,di#%ver, there are some significant 
differences; those4i.ffere~~~~bied in the text that follows. ·.·.· .· ·.• , :-·- · .:-:- :.:;:•·- •. 

_::=:):! :==) .. 

6.2.2.2 CU board~!~ transt~\(iifferences 
To the crossbar, the ctJ~d ap~$/~sl~ ~-latency, non-blocking memory 
board. Fixed latency ~,~t.i1)#itj~J6, the CU return within a fixed period 
of time. Both memory boar,i;i~{artd ilif!¢µ/l>ofud have fixed latency periods, but 
they differ in length. The CU board hcls.*Jatency of ei~er two or three cycles, 
whereas for memory boards it is x,q<!icycles. Nof):~p~g means that the CU 
board (unlike a memory board) is,tj~ too l:)1;1~yfo accept a transfer request. The 
cu board can accept one new requi:ist evl!cyj cycle( 

Other differences between memory «iliif cu oo,~@f b~fJtt~ns ~e noted in the 
text that follows. · ·· · · · 

) }(( ::}Hit 
It is important that both words of a longwOrtl ~uest arrive~t tl,,~ <::U board at 
the same time. To assure this, processors make only lqr~f~iriajtj~ts and do so 
only if the processor queue on both the even atj.µ).,4<i s.i«:lers of the crossbar are 
empty (i.e., request pending not activated). · · · ._______-
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Figure 6-3 Utility board transfers 
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6.3 Crossbar 
functional units 

For CU operations only, the processors pack the 26-bit odd word address with 
command and status infonnation. The CU board interprets the command and 
status infonnation it receives in the odd word address field and applies the 
command to both the even and odd word data streams. 

6.2.2.3 Crossbar-to-utilities board handshaking 
The crossbar-to-CPU utilities board interface uses only a ready signal to inform 
the CPU utilities board that a request from the crossbar is being sent; there is no 
other handshaking between the crossbar and the CPU utilities board. 

6.2.2.4 Status request and return 
Status request and return is used for interprocessor communication during 
semaphoring operations.The status request is sent by way of the odd and even 
crossbar data path. The status information being requested is the state of the lock 
bits for a particular communication register. Returning lock-bit status bypasses 

: the odd and even data path and is sent to the requesting processor by way of the 
< XCLboard. 

i.i2.s Status and control transfers 
The £«?µowing transfer types pass through the XCL board: 

• [)e~~lock status from the CPU to the CU board 
•~· Traps dispatched from the CU board to the processors 
• Commuaj~tion register status from the CU board to the processors 
• Micrq~ps 

</{4~2.3 R®tlij$t pending and stores pending 
Reqt,t~fp<fu4ws:.~4~t:ores pending are asserted u the crossbar queues for a 
p~r ant@t:~pfy.'The following signals are defined for this function: 

. . . . . .. :- · ..... . . . 

REQ_P~/niP.~g Sta~ 1,1ctive 

ST_PEND- Pend~~~~~requ~ts active 

6.2.4 Processo1c.~ijjf oy~~{low 

~rf~taf:,rJr~~~~=: :=~i ~~:::.the 

When a proc~r por:t:f~Jf~t acefc!~Jq * ~uested memory board, it is said 
to be blocked and the crossbar infumisthe <<< r b deassertin the R uest . .· .·. ·.·•·· ··· ····• <· .· > ptpcesso y g eq 
Next signal. The process()r,m,af ~riq ~~~g<litional requests before realizing 
that the requests are blocked>'This ca~~ overflow condition. A ~eep 
queue exists in the crossbar to store @pests from til(! processor when overflow 
occurs. . . . .... 

The crossbar has a total of nine process6/portt>;~i~tmefu~ry board ports and 
one port for the CPU utilities board board. Eaifu:64-bit (plus parity) port is 
divided into an even and an odd half. The ~f:@t (plus parity),C>dd and even 
halves function completely independent of$:tch other. · · · 

Figure 6-4 provides a simplified view of the er.®~ SEln.d ~cl. data paths 
and their respective arbitration and return coiitfufdttuits. This block diagram 
depicts only one half (odd or even) of the crossbar. 
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Figure 6-4 Crossbar data paths 
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6.3.1 Crossbar boards 
Seven circuit boards comprise the crossbar. One board, labeled XCL, handles 
only control transfers. The remaining six boards handle data. 

The six boards involved with data transfers can be further divided into two sets 
of boards, one board set for even, 32-bit data words and the other set for odd, 
32-bit data words. Each even and odd board set contains three boards, labeled 
XSO, XSl, and XRT. 

Figure 6-5 gives a more detailed illustration of the functional units within the 
crossbar, including board partitioning and the primary gate arrays. 

6.3.2 Gate array functions 
The crossbar data path boards contain four different gate array types. They are: 

'\ ~B-arbitration gate array 

SXBR ~ send from processor to memory ( via crossbar) 

: Roff :~,return control 

RXBR- return data to the processor from memory (via crossbar) 

If mo~:~ :b~e processor is in contention for a particular memory board, the 
arl>i@tion (ARBtgate array detennines which processor wins access. . . . . . . . . . . . . . . . . . . . . ; 

-·: :;:::·- ·-

:: (Th~ senc;i:~iji(SXBR) consists of input queues for processor data and a 
· mult;iplizjrer ~ :~Je.q:AA~ from these queues for each of the memory ports. The 

~'4~lexer seJ«#.!a,ijf rontrolled by the XARB gate arrays as are the queue 

Theory of Operation, First Edition 

coritrols. ..>:, :;:: '· .,.. 

The ~ {:ri~trol ga~ c1;@f (RCfL) notes when a read request is issued to a 
memory board so ~tJfdm gen~rate the appropriate mulitplexor selects and a 
read ready (RD,J~QY)' for thatci*~)lt the proper time. 

·::::::;::.· _.;:;:: :=::::::::::· 

The return cfu~sbar (~~t ~ ~~1rr;:iy~, like the send crossbar gate arrays, simply 
multiplex data. 'fhe.Y:is.#~AAt~(~gi,nput from one of the eight memory 
boards or the contj#µ~jflx:ia.;ijf~ }-dute it to the appropriate processor's return 
data port. :. .. . . .. ' . 
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Figure 6-5 Crossbar functional block diagram 
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6.3.3 Arbitration 
The sequence involved in arbitrating processor transfer requests is illustrated in 
the arbitration flow chart (see Figure 6-o ) and described in the text that follows. 
It should be noted that this process applies to send transfers only. Send transfers 
go from a processor through the crossbar to either a memory board or the CPU 
utilities board . 

. Figilii~, Ar~~~.ition flow chart 
· .: ·. · . ... : .. ;:;: :•:. 
·::::j:i !ii! ====· 

:; : ::: :- · 

NO 

SEND CURRENT 

POP 
QUEUE 

ASSERT BLOCK 
DEACTIVATE 
RE UEST NEXT 

REQUEST TO .-------------,~..;.;..;.~ 
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When a ready is received from a processor, the arbitration logic performs two 
tests. One test is to determine whether the requested memory bank is free. The 
other test is to see if any other processors are currently contending for access to 
the same memory board. 

If multiple processors are requesting access to the same memory board, then the 
arbitration logic will decide who wins. The win mechanism is based on a modified 
round robin approach. The term round robin means that each processor has its turn 
at having the highest priority. However, it is modified slightly from a pure round 

:. robin approach to permit a processor to retain its position of highest priority if it 
'\ encounters a busy bank. Whenever a busy bank is encountered, the processor 

\Vill retain its position of highest priority until the bank is not busy and the 
>~ry transfer is successfully initiated. In addition, once a processor wins 

. )i«ess to a particular memory board, it is permitted to retain access for up to 16 
, < / =:: )=:docks provided the requests are made at the rate of one per clock cycle. 

ij ~~~~r does not win the arbitration contest, the crossbar deactivates the 
;;})j:quest ~tsignal to the processor. This action tells the pros~ that it is 

, :::,:::,,:: •:blll<;ked and that it should refrain from sending additio~reqes_!S( In the interim, 
· · th~data and/o:t;address information associated with the prc,ressor's request is 

put (PUSH) in the crossbar queue. If the processor continues to send requests, an 
overflow condition occurs. 

< !JI~ the processor ~files an overflow condition is described in the next section. 

6.3.4 .;.Qvertlow qµijue 
Overfl9:w occurs W~~~ the processor continues to send requests to the 
crossbar after~~: t99,'i~ ~~ memory board cannot be obtained. 

Both the ~;:and ~ ~; :~ys are designed to handle overflow. A 
five-deep queue ~~jin=the SXBR .Si"~ array to store requests from the processor 
when overflow~; .< < •:: ;:: 

The push signal from th~~rfbiti~tion ~~f~y informs the SXBR that a 
processor port is bl~iarid thatJ~#:qµl;!Sts should be queued. The pop signal 
tells the SXBR that the port is J:l(:) M~1_t~f plockaj and that it should empty its 
queue to memory. · 

6.3.5 Physical configu.,qttprfmap . . . . :\ 
A software-loadable table, the:J?¢M, resi,<,l~:m!~t.Cf ~lj~tration gate array. This 
table contains a definition of the ~~4sjii~t in this particular 
computer system. If a processor raj~ts·acc~#f a.=non-present memory board, 
this will be detected in the arbitration gate ~y~tid a PCM Jwor will be 
generated. .//j/ . ;:/ j . 

,;.;-·.· -: .•.·-···· ·· · · . • , • , • . 

·;;;;: ,::: / ;= 
6.3.6 Parity checking . : /.. . ... •.·.· .... ·. ·.· ... .. 
The crossbar perfonns no parity checking. However, a. ~PY of the last Uu'ee 
transfers are kept at the output staging registers for ~tl:1 the send anci.!~ 
data paths. If a parity error is detected by a process()t:qr memory after ii crossbar 
transfer, the data in the crossbar's three-deep queue cifu be scanned tq:(i~~e 
whether the data was bad before or after it reached theqq~ · · · · · .· ·.·. 

6.3.7 Control crossbar 
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7. 1 Confen~::j/: \ 

7.2 

7.3 Memory 
Boards 

Memory Subsystem 7 
• Overview 
• Memory Boards 
• Major Functional Units 
• Interface 

.. " :l!rror Detection and Correction 

.. < • The m~c;>ry subsystem includes the following features and characteristics: 

• •ftfut ; gabyte address range provided by 32-bit address 
. \ ~ Up-to four gigabytes of physical memory 

• Up-to-eightm~wory boards 
. . . . • l28~~$~2l,m per board (depends on DRAM size) 
<\ • lMBdtAMB DRAMS 

~~~'i!G~~on 
A C3800 Seri~,~~in may hay~t HP to 4 GB of addressable memory 
implement~)ising up-~glifinemory boards. Each memory board has a 
capacity oflrom 128 MJMtj;$t2 MB, c;:l,epending on the size of the DRAM (1MB 
or 4MB) being useci . .:' \ > • •• · 

Each memory board can ~f~u~~,tf~r#(~~•memory data to the 
requesting processors at thlraJ~•Pf~ ),~ij:&4.~~f per clock cycle. Thus, each 
board has a bandwidth of SOO,~per sea>r.tpf afu.uy configured, eight-board 
memory system has a bandwit:h of four G.~!p& second. 

The 64 bits of data that a memory boa,r#.~~{hancµf ~ d i~de<:i into two 32-bit 
words, called even and odd. Each everi:and o4d:Wdri:i can be addressed 
independently, and each one has a se~~~ ~hffan4. ij~ datapath. 

:::: :: ::::-= -·· 

Each memory board has two independent, 32-bit ,~i4.J~ ciiG bankf !:!ach. One side 
of the board is addressed as even memory <adciJ:¢$ bit two equc):.l)g 0), the other 

as odd memory (address bit ~o equal to 1). • ···••••••·••···· · .. ·.•. 

A memory board physically consists of the motherl;>p~f~ ajld th~ftifid~~g major 
components: ............ ... ... . · 
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7.4, Nh:1jor 
Functional Untts 

7 .5 Interface 

7-2 Major Functional Units 

• 32 daughter boards (called memory cards; 16 on each side of the 
motherboard) 

• Four bank control gate arrays 
• One read EDC (error detection and rorrection) gate array 
• 32 write EDC gate arrays (one on each daughter board) 

• Input staging and multiplexing logic 

The major functional units of a memory board are listed below and described in 
=,.the text that follows: 
\>: 

• Input Staging 
~ Bank Control 

<!~ ~d Error Detection and Correction (REOC) 
. ' .>. Write Error Detection and Correction (WEOC) 

•M~~<MO 
-•::::=::: :;-

;:;n)ili! ): . 

7 .4Jl lnpufStoging 

· 7.4~2 Bonk Control 
~ control gen~~:k'ddress and control strobes for the memory banks. Each 
memory boarq§,iit'ains fo~Bank Control Gate Arrays (BCGAs). Every BCGA 
controls eigl'@nemory ~ ;= 

7 .4.3 React:mc ·:: ::=:=::: \ 
There is on~R~d EDC g.l:~lifuy on each memory board. The RDEDC gate 
array handles error d.~~~on and co~on for all return (read) data, including 
both even and od9 4*fa words. 

7 .4.4 Write EDC </> > .<> > = , , 

The Write EDC performs parity Sll~g ajid gt!p~rates Error Correction Cod.es 
(ECC) for all memory writesJtji:i parlictf@.@th.at are destined for a particular 
memory bank. Each memorytjoard cq~~fos$2'Write EDC gate arrays, one for 
each memory bank. The Write EDq~~#fuys are physically located on the 
memory cards. Each memory caz:4.ci:o~ one yYtjt~f~:)?C gate array. 

7 .4.5 Memory Cord .. ... 
The Memory Card (MC) is a small daughter ~~ mounted cm the memory 
board. Each memory card represents one meajpfy bank ~4.~bntain,s 39 RAMS, 
32 for data bits and 7 for ECC. With 1MB }¼M~; this 1:p~ponds to 4MB of data 
per memory card or 128 MB for all 32 banks.'Wit:l1,4Ji4BltAM~; there ar~ 16MB 
per memory card and 512 MB for the entire 32 ¥1:lk memqry-: ,bq~{ 

Memory boards interface only to the Crossbar. No oth& bc>ard in the sy~tJm.can 
access a memory board without going through the Crossbar. ~cl1rnen1otyl,p~tp. 
has a single, even-side crossbar interface and a single, od<:11 iq¢qpssbar interface. 

Table 7-1 lists and defines the Crossbar to Memory board interface signals. 

Theory of Operation Mam_xal 



7.6 Error 
Detection and 
Correction 

Theory of Operation Manual 

The memory system in the C3800 Series systems use the same error detection 
and correction code as the C200 Series systems. This code requires seven bits of 
ECC for 32 bits of data. 

For read operations, error detection and correction are performed in the same 
clock cycle. Thus single-bit error ronection does not delay returning data; single 
bit errors do not affect the fixed return rate feature of the memory boards. When 
a correctable error is detected, the data and its address are registered in a log 
ring. The Service Processing Unit can scan this information while the memory 
board is still functioning in the system. 

Multi-bit memory errors cannot be corrected, and they will generate a hard error. 

Error Detection and Correction 7-3 
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CPU Utilities Hardware 

The CTU Utilities (CU) board contains the master clock and both diagnostic anc 
utility hardware. Tius chapter describes only the utility hardware portion of the 
CU board. The utility hardware includes the following: 

• Communication Registers 
Control Register Address Space 

,, .., ,r,...;,ru Accelerator 
• Microtrap and Interrupt Structure 
>• [)¢ad.lock Detection Logic 

Figure 8-1 illustrates the relationship between the CPU utility hardware and the 
rest of the :System. 

Overview t 



-:-i!sure 8-1 Ctility Hardware Simplified Block Diagram 
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The communication registers provide a mechanism f~r multiple lhJ~~d exeeution 
across more than one CPU. A communication register is a 64-bit aqi;if ~ssat>l.e 
register with an associated lock bit that is maintained. .l:>y l1i:i~dv,iar~.Tfi~lp~k bit 
is used by software and microcode as a semaphore fof t}ir{tbntentsot the 
individual communication register. · · 

The communication registers are physically located on the CU board. 
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8.3 Control 
Register Address 
Space 

The control register address space contains special purpose registers that requu 
system-wide access. Access to these registers is limited to the processor 
microengines; they are not directly accessible from the processor's assembly 
language instruction set. The microcode commands used to access the control 

. ,,,,;) ::.te~:~:::::~h~n:~::::;::.::;~:~:.:::~::on. 
·•••· T~bletli' Qi)#itrol Space Address Allocation 

-:-:- ::: •· 

\/j Riad / Write Communication Registers Lock Bits 

!ocn : 
I 002-003 < • :• 

j 1irn,~p(Century (TOO 

; 005 
' 

i All Zeroes •· 
l:c 

006 1 1TSR 

007 • JAIi Zeroes ITIN 

008 lAII, Zeroes Type I Purge Address I Int Vee 

009 I/O Install 

OOA O'U Install 

00B-00F Reserved, .,• •••••••••• 

010 j All Zeroes> PO CIR 

011 I All Zeroes Pl CIR 

012 ! All Zeroes P2CIR 

013 1 All Zeroes I P3 CIR 

: 014 ; All Zeroes ! P4 CIR 

I 015 I All Zeroes P5CIR 

i 016 J All Zeroes P6CIR 

017 i All Zeroes P7CIR 

018-0lF ! Reserved 

020 I All Zeroes PO IDLE 

021 I All Zeroes Pl IDLE 

022 All Zeroes P2 IDLE 

023 I All Zeroes P~ IDLE 

024 
I 

I All Zeroes 

025 
I 

I All Zeroes PSIDµ: 

026 I All Zeroes P6IDLE 
027 I All Zeroes P7 IDLE 
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,.:.ble 8-1 Control Space Address Allocation (continued) 

GP 

GE 

. 1)32 TCPU 

033-037 

POLE 

· 039 Pl LE 

03A P2 LE 

, Ll3B P3 LE 

rAfJZeroes . P4 LE 

.)30 lrs LE 

03E P6 LE 
I 

; 03F All Zerd~f . P7 LE 

040-0-17 Reserved 

048 All Zeroes LOBE 

049 All Zeroes LlBE 

0SA All Zeroes L2BE 

0SB All Zeroes L3 BE 
I 

' 05C All Zeroes L4BE 

I All Zeroes L5 BE 
I 
I All Zeroes I L6 BE 

, lJSF All Zeroes I L7BE 

; 060-067 Reserved 

! 068 All Zeroes rem 
' 
: 069-FFF Reserved 
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Control address O refers to a 64-bit shift register that is manipulated by the snd_; 
and rev _x commands. This register supplies the lock bit portion of the data 
during a write communication registers (wrcmr, command and receives the loci 
bits during a read communication registers {rdcmr) command. CPUs executing 
either a load anr (ldcmr) or store anr (stcrnr) assembly language instruction vie 
for access to this register using the snd_x command and relinquish access with 
the rev _x command. 

Control address 01 contains the lime of Century (TOC) counter. The movTOC, 5. 
assembly language instruction is executed by using the get_x command. The 
TOC keeps wall clock time. not user time. Normally, initialization is performed 
immediately after power up, initialization involves loading a value into the 
counter;. The roe is not saved or restored during a context switch. 

Control addresses 04-07 reference the next interval timer count (NITC), the 
:=::: interval timer counter (ITC), the interval timer status register (ITSR), and the 
· './ Jrterval timer interrupt number (ITIN). Brief definitions of these registers are 

·• provided in the text that follows; for more complete information refer to the 
Architectural Reference Manual. 

The interval timer is used to interrupt the pt;0cessor at a programmable rate. Th 
• ire is loaded with an initial count value from the NITC. The ITSR controls both 
the operation oi the ITC and interrupt generation. The !TIN contains the numbE 
oi the vir;tii.#lchannel that is to receive the next timer interrupt. 

. . . . . . . . : . . 

c:cmtfui~ddre~~·Q8 is the trap command register. CPUs and 1/0 interface 
,;:Jifapters iajtj~t¢}irmware generated traps and interrupts by contending for anc 

·://' depos~tjmtf~nds in this register using the snd_x command. The trap type 
deM~~the -,.,c.tjpi;i.,tq.p¢ performed, qualified by a purge address or an interrupt •:Y~&E ... ,.. ... ............ ....... . 

Theorv of Operation, First Edition 

Control ,¥#!.~ii 09 con ta~~ a bit mask that defines the crossbar ports accessed l 
I/0 i~~~#li'ce adapter:s,.~fmask determines the destinations of 1/0 interrupts 
that are .intended)pf!it.lHnterfa~~ adapters. 

Control adq~~{()~ con~i~ [@&mask that defines the crossbar ports accessed 
by CPUs. This rnaskp.~tefu'µ»,~s the tjestinations oi traps that are intended for a 
CPUs. . ··.• .· ... 

Control addresse; 10-ltkt>rtt~h{the current cm of each CPU. 

Control addresses 20:ifspecifyJl:l!fip.l~is.~jfof the associated CPU. A one 
indicates the CPU is idle;.a:ieroifodkatesHibs not idle. 

-·-·-·-· . ·-·.·. ·. · .•.• . • ·.·.·.·- · .·.·.::::· ·=!:!:!::: . 

Control addresses 30-SFc;ntain r~~~i~ associa~~g .with CPU interrupt 
arbitration. This includes a globc;1~ip#ilding r~~t¢t:J§P), global enable register 
(GE), target CPU register (TCP{Jklbcal eI'4,b.l.¢JegistersJor each CPU (PxLE), ar 
a set of eight broadcast enable (Illi) re~~ts.<ttj¢ Architectural Reference manu 
defines the purpose of these regist~t'.${/.. •.• .· ·. •. · · · 

·: :- · •· · 
:-· ;.;.:-:-:- :-:-:- ;.:- · 

Control address 68 contains the CIR of the n~J{a~~ilable fo~lc. for the CPU 
accessing this register. 

Control Register Address Space 



8.4 ASAP 
Accelerator 

The ASAP Accelerator provides a fast mechanism for polling the communication 
registers for posted forks and spawns. A requesting CPU initiates the activity to 
determine whether or not an available process has been posted. For more 
information about ASAP (Automatic Self-Allocating Processors), the role of the 
communication registers. a definition of processes and threads, and other related 
information, please read Chapter 2 of this manual or reier to the Architectural 
Reference Manual. 

The ASAP Accelerator consists at a state file, a barrel shifter, and the PCIR 
register. 

> Jhe state file. which is implemented using a set of latches, contains 32 entries, 

)l/1!/l//): :::t!::h;sp:~~~:~X:n~~~:~fiisr~:~: :::; !:p:=~ :; :n;a~~:nn 
\/ 'i i · oftl:\~fommunication registers. Each mounted process is represented by an 

/!)' ,, itjiilexj'ir,ajue. When this value is loaded into the CIR of a particular CPU, that 

8.5 Interrupts and 
Microtraps 

ASAP Accelerator 8-6 

, )/CPU cajfpegin executing the associated process (or its thread). Each CPU has a 
' "\( f:iye-bit cm. that may hold the index value or any one of the 32 processes that 

>qi~y be mou;11ted. 

Each,st,He\ iie entry is associated with one mounted process and consists of 
] 2/ p~ts: The 12 bits contain information that tells a requesting CPU whether it can 

., ) dad and execute a .thread for this process. Specifically, the 12-bit entry indicates 
·=• j y,hether the forl<j~*&essible (locked or unlocked), posted (requesting service), 

J r,d whether. qf /-h6't the fork is stopped. It also specifies the CPU mask and 
irldicate.s.cW,~ether theJ}#¢ad allocation mask (TAM} is equal to zero or not. The 
CPl.l aj#5kspecifi~\~N~h CPUs can take the fork, and the thread allocation 
mas1dndicat~t@:il~r of active threads that exist for this particular process. 
The actuaj A#rriber tjrn~tjy~f ~~ads is not important provided the number is 
greater ~ifiero. <?:\/:/ii/'' 
The barrel shifte.r.:~if :ailing z~1:i::1:i;:ount is used to determine which one of the 
available for~~aithe highe~tp~&hty. The index value for the highest priority 
fork is placed i'.n the priorjt.y/'qjtiimunico..@11S index register (PCIR) . 

. . . . -: . . . .. 

Interrupts result from asmcfmirib~~~~~t~.ifp.r example, incoming data from an 
1/0 device is an asynch#>:ti~fo.i ey~1itt.{W¢~hfo interrupt is issued it is first sent 
to the CU board, the CVboardJ@#/ftjfwards the interrupt to the appropriate 
destination. The processor tt:aj:~~Ves the intefl}lpt from the CU board will also 
receive the address of the app#,)priate in~~W.¢:h,#nq.Jer. The processor then 
vectors to that address and perto~j~fi#,ti#ri,tp( ¥rvice routine. 

:; ···-·-::: ·-· ·.: .· . ·.:. :.: ... ·:;:: 
::::;:;:;::-:-· 

Micro traps result from situation's~here oni ¢P:D needs to tell the other CPUs in 
the complex to perform a particular oper~tjq~!':For exar:np~f{the ctrsg instruction 
causes a micro trap to occur. This co~/which t~l:l~ the C:Pµ timers in the 
entire complex to update their currendl'tji,~. is ~xeqite(f by firstilotifying the CU 
board. The CU board then coordinates send~g the micro.trap.to U,e rest of the 
complex. · 

The CU beard provides the following trap and in~~~tt fu~ctions: ) 
. : . . . . . . . . 

• receives all interrupts initiated by CPUs and I~t~tface Adapters , > • < 
• notifies the appropriate CPU(s} and I/O devices to p~rin intemipt/ • 

service .·.· . . •.•.·. · ·. · · · · .· · 

• maintains all interrupt registers 
• receives all rnicrotraps that originate from CPUs 
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Table 8-2 Trap Priorities 

• coordinates tirmware microtrap service by notifying the CPUs in the 
complex 

• continuously monitors process deadlock conditions 
• issues a deadlock trap if a proces.s deadlock condition is detected 

8.5. 1 Interrupts 
To initiate an interrupt, a CPU or Interface Adapter executes a snd_x command 
to the CU board's trap control register (control space address 08; see Table 8-1). 
An eight-bit interrupt vector address must be included with the command and a 
transmit interrupt (xmti) must be specified. as the trap type. 

If the snd_x command is succes.sful, the CU will test the interrupt vector to 
determine whether the destination is a CPU (vector les.s than eight) or Interface 

. Adapter (vector greater than seven). If it is a CPU, a bit corresponding to the 
j i,lterrupt vector will be set in the global interrupt pending register (GP). This 
>~ster is part of the Control Address Space contained on the CU board (see 

Tab!~ 8-1 ). If the destination is an Interface Adapter, an interrupt trap with a 
ye¢t()r composed of the vector from the trap control register will be sent to all 

.[/0 ports. Control space addres.s 09 defines r,-hich ports are I/0 ports. Upon 
·•· receipt of the vector, each Interface Adapter must match the vector against a set 

of bounds registers to determine the I/0 device that is the final destination or ti-. 
interrupt<ift:he comparison results in a match, then the IA must contend for 
acce~J~lklocal interrupt bus and forward the interrupt to the appropriate I/C 
d~s,µnafion. Tit!!JA that has a match, sends a trap complete (TRAP_ COMP) 

< ~igrial baclqc(@~CU board as soon as the interrupt is forwarded to its 
< > ciestina,t:i~~;i.t~f that do not have a match, send a trap complete signal back to tl­

ClJ:.R9:il.r<fh~ffi'laji~~l.Y:. After the respective IAs issue the trap complete signal, 
.~~iiytesu~:rio~~ operation. 

. . . ..: ::· ·: ·:: •· 

a.s.~::.\MicrotraP$/•••• >•· 
Wherdi CPU isst.µ?s. i fitinwa~ .µucrotrap or interrupt, it is sent to the CU board 
by way of tht?,(#pssbar. The qt/ l;j()ard then assumes responsibility for 
coordinati~gihe trap or,,itj~e@.pt sequence by issuing traps to the appropriate 
target CPU(s) or l/Qp#yi,{¢f~rd W1:1itoring trap compietion. 

To initiate a m.iaj)~ra;, ~ cyq)~ t~~ a srui _x command to the CU board's tra F 
control register (contrc};l ~•:faddres.s 08; see Table 8-1) specifying the 
appropriate trap~; ff~ snd_x-)(>~R~ITTlil.nd is successful (status= 1 ), the 
originating CPU cari~S$umeJnE::t~P ~B~ffee has begun and proceed with its 
portion of the trap opef~$.itjl)ifyi::eaµW,h.µ~; Ule CU will issue a trap request to all 
required CPUs (except ffie:originatbff~<ifording to the priority sequence shown 
in Table 8-2. Each CPU (including ,l!li)<>iiginator>mµst acknowledge acceptance 
or completion of the trap using t@tir'J:ip compl~t~ffflAP _ COMP) signal; 
afterward they may independ~11ilj,fesuIT\~ t;l1,t'iifprevi91.1s operation. For ctrsg 
type traps only, the CU notifies the miq'gtrapptiginato((with a MT _COMP 
signal) as soon as all CPUs involvaj ¢'omplet¢tl¥i~rtrap operations and responc 
with a trap complete signal. >>: · : '>> ·. · 

0 

1 FitfuW!ir~ iru~~~aps or I/0 interrupt: 

2 Process deadlock trap 

Thenru of Overation. First Edition Interrupts and Microtraps E 



3.6 Process 
Deadlock 
Detection 

8.7 Hardware 

A deadlock occurs when all the currently executing threads of a process are 
executing a synchroniz.ation instruction followed by a branch back to the same 
instruction. Synchronization instructions are defined as instructions that attempt 
to change a lock bit and then return status on the success or failure of the 
lock/unlock operation. Examples of synchronization instructions include thetas, 
srui, rev, and inc instructions. 

Deadlocks are defined as system exceptions and are passed to the process 
deadlock handler for resolution . 

. The CU board monitors process deadlock conditions and issues a deadlock trap 
if a process deadlock condition is detected. To facilitate deadlock detection, each 

'CPU sends the CU board a deadlock status signal. The CU board also receives 
the current CIR for each CPU and stores this information in control space address 
Wtl,?, If all CPUs that are executing the same process (i.e., they have the same 

/ qm v~l11e) indicate a deadlock condition, the CU assumes the process is 
/ UC aeadkit,li;~. However, this same symptom can occur for simple synchronization 

:y '? } cielays. '.E'.ven if the deadlock is legitimate, it may clear if a latent arithmetic 
,i xception OC,<::Urs. To make sure the deadlock is legitimate and not about to clear 
due tq.!1,}#~~fa arithmetic exception, the CU will wait for 32 clock cycles before 
issU1r:1!fa deadlock trap. 

' / fhe major hilaj'Wiire components on the CPU Utilities board are listed as follows: 
. . :::;. .. - .·,•-• , • 

: i!!!~i!!::u\ 
• Mast~jpock ge~tatpfgate array 
• Scan ~~gine gat~:fW-Y::-· 

: < < · 

Eighteen self4:ifu~ RAM~,q@'ili:i~ the ,communication registers and their 
associated lock bits. B(;)tj!t) ht:HnterrtJ:p( qc1ta structure and the access control logic 
fo r the communic~(ip~tegister q~~j®cture are sliced across two identical 
NDAT gate arrayiWA'singl~NA1P1{g~~ ary:ay contains the address structure, lock 
bit data path, crossbar a,qgf~~fa~~J P,,tl,tffiHtj~erface registers. and the ASAP fork 
accelerator data structtitj;J'he JNP:4.'T#:tjplNADR gate arrays each contain part of 
the control register address s~#i¥f ijif master clock generator and scan engine 
reside on separate (TBD) ga.t~r ~tjt#:ys: 

Process Deadlock Detection 8-8 Theory of Operation, First Edition 
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Clock and Diagnostic 
Hardware 

This chapter describes the basic scan operations and the clock and diagnostic 
hardware contained on both the CU board and the control crossbar board (XCU 

:\ Operations performed by the clock and diagnostic hardware are based on 
\\ commands received from the SPU through the workstation interface board. 

\ §lock and scan operations are performed through use of scan control modes, 
':\Vhich control the individual boards in the system, and the contents of the clock 
and !)Can control registers. These control registers reside in memory located on 
~h¢PJ board and are part of the clock generator and scan engine. Topics related 

/ ) bdock and scan opeartions located in this chapter include: 

• Operations 
• Scan co.nt:fu.l modes 
• a~ililid ~n control registers 

·· ::: · . 

.. : ·The clock4ndJ~gnostic hardware is partitioned across the CU board, the 
· crossbar:(iontro.l board, and the crossbar backplane. Functionally, there are five 

Theory of Operation, First Edition 

ads{=''' ,.,. ,. ,.,-,,:;:,<:>'· 
········•:-· :::::( .. : . 

. ~: Clock gerwr~fuf(" 

• Scart}~~gfhf 
• Scarthrtemory ... , / 
• Workstation~toielr'i:nterface) :, 
• XP interJ~¢1ii(/ 

See Figures -9- a@}!fj :-;~l ~~l~b the clock and diagnostic hardware in 
relation to the ri~it'of t~ ~Y~@i#) arid Figure - provides a simplified block 
diagram of the major,1,1tjl:@/' ,. 
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fi gure 9-1 Clock and Diag H/W - System-Leve! View 
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Figure 9-I Clock and Diagnostic Hardware 
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Overoiew 9-4 

9.1.1 Operations 
The clock and diagnostic hardware is used to initialize the scalar and vector 
processors, periorm scan-based testing oi the boards in the system, and operate 
the system boards at different clock speeds for testing and troubleshooting. 
Operations described in this chapter include the following: 

• Writable control store initialization 
• Writable control store verification 
• Scan-based testing 

- Scan writing to system boards 
- Scan reading and ring verification 
- SST and CAST 

and rnicrostep operation 
• B4r,ft mode operation 

<>9.1.2 \ Scan Control Modes 
· 1ne scan rn~trol modes are the most basic scan operations. There are eight 

modes; these eight modes are implemented by way of three scan control lines 
that g<pti~ach board in the system. 

( 9. 1.3 ClocK: ciind Scan Control Registers 
Jpe clock ~~~(#.ikn contJ'(}l registers reside in memory located on the CU board. 
They a%~rifral to aµ qo.¢-k and scan operations. There are two sets of registers: 
on~:~¢:t)bf the clqf~:~~~tor and another set for the scan engine. Some of the 
registers bet\'f~'rftheJw'o sets ,have identical names. •::i•\ ? =· .... .•,;. . . 

9.1.4 Clock ~erator . 
The clock gen(!i:-*~tb-eates and.cptitrols the system clocks. A master oscillator 
produces a 2 ~riosecond ~~f.dock. From this clock, three controllable clock 
rates of 4, 6, and 12 nal)l;)~rids are <:i¢nv,ed. Each of these three clocks may be 
sent to any board irq@ijstem, a,111;f~~~l:i:tnay be operated in one of four modes: 
free run. burst run) i:irtgle/miq§s,~fp/ #nd disabled. Commands issued from the 
SPU determine the clock fa.~f~@. :fu~:qp~r@:ri:g mode for each individual board 
slot. · .·.·.·.·.· .·.· · · ·-= · 

9.1.5 Scan Engine .... · . . ., , ,.,. ,,,. ,,,,.,. 
The scan engine controls the fra~~(ciif~#.:4@i@\md from the boards in the 
system. The scan engine has thf~rhijdr fli~@.ijil 

• Control scan lines .. .. , • / . 
• Provide bidirectional, parallel-to-seri3:l[~qh~ersioJ:lpf$flfu cli2ta 
• Mask and compare received. data · 

The scan engine interfaces with the scan mJ~'ory, t11~{$.POJknd all tl'\e boards in 
the 0800 system. .•. ·.·.·.· .· .· .· 

9.1.6 Scan Memory ,.,.,. ,,, ..... ·· ,,., .. ·.·. 
The scan memory contains the data the scan engine tis@% perform scan 
operations. The scan memory consists of a 4K-location by 36-bit memory array 
that contains the data used for all scan operations. The 36-bit data word consists 
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of 32 data bits anci four parity bits. The memory is divided into four iK by 36-bit 
pages, each of which can support a scan ring of up to 32,768 bits. 

9.1.7 Workstation-to-CU Interface 
The workstation-to-CU (WC) interface, which is physically located on the CU 
board, connects the SPU workstation to the clock and diagnostic hardware. The 
WC interface is connected to the SPU workstation through the workstation 
interface board.The SPU controls the WC interface and uses it to write and read 
data to and from the clock generator, scan engine, scan memory, and main 
memory. 

The WC interface receives address, data, and control signals from the SPU. It 
synchronizes these signals to the system clock on the CU board and distributes 

.•.•. ·.·. them to logic on the board. The WC interface decodes addresses received from 
/\\~he SPU and generates the appropriate select signals during data transfer 

... \ pperations. 

9~t B' XP Interface 
>The XP interface contains three functional areas. All are related to the SPU. Thos.. 

· · · three functional areas provide: 

• Part o(~iSPU's memory access data path 
• Hatj:i~li'fu to initialize and pattern test main memory 
• Toi ~eans to send and receive system interrupts 

;~ . . . •:=::; :;:;::;:L: · 
. ,-: ::;:=- •·: ··:: 

. : . : :• . 

. ·.==.! :.:/:_{_/ :/: / >· .. ii<,,,,,., ,, .. <• .. ·:: :::: : :; ::-· : :: 
:.:· .• :.,i.,:,i ,:_;::::• -:- : ;:•::=::: :: ::: :··· 

.;:;:::;:;::: 
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9 .2 Operations 

Operations 9-6 

-:-:1e dock and diagnostic hardware is used to initialize the scalar and vector 
processors. perform scan-based testing of the boards in the system, and operate 
the system boards at different clock speeds for testing and troubleshooting. 
Initialization oi the scalar and vector processors is performed by downloading 
information contained on the SPU disk drive to the writable control stores 
located in both the scalar and vector processors. The scan hardware is capable of 
not only downloading (writing) WCS information to the SP and VP, it can also 
read back and verifv what was written. 

Scan-based testing involves a process oi cycling known data through the system 
• boards and examining the data upon return to the scan engine. If the returning 
· does not match what was sent out, an error indication is generated. 

Control of the system clocks makes it possible to operate system boards in single 
ste,p;)nicrostep, or busrt mode . 
. . . . . :: ::: 

!/Toe t~;t i l;lat follows describes WCS initializ.ation, WCS verification, and 
' / }~an-based testing. 

9.2;1 \ Writable Control Store Initialization 
J he>scalar and vector processors are initialized by writing data from the SPU 

< < d isk to the writab~):~:mtrol store located in each processor. The steps involved in 
) ,his WCS do~~d operation are explained in the text that follows and 
ql~strateci itjjpgures ~2}md 9-3. 
. -~-

Th~=@tfu:.. and y~t pr&essors require different initializ.ation data. However, 
because the, ~~~_,c;a,p ,~te to more than one board at a time, all the scalar 
processo.~#dhe ~@,'t(pr,/ajhhe vector processors in the system (but not both 
scalar afufvector) ~ ,pifirutialized simultaneously. 

Writing to a w,q;it&ation req}l~!three steps: 

1. Load the writ~ data in,tq ~ri' memqcy,_ 
2. Shift the address, write enable, andwHte data into the selected boards. 
3. Clock the write·d~6i i~to th~ ~m,6B,ihips. 

The process of writingt:o./itfl¢ ton®,(~~@/~ gins by fill ing the scan memory 
outgoing data page with the d$ ija.( witl be scanned out to the selected boards. 
The clocks to the selected boatds:arti 'ctisabled and their scan control lines are set 
to the correct mode for wnfuig~n dat;i,(~l~fO~For vector processors, load 
the scan and burst counters wi~ ~rrjijg/~i# Ffyf)ikalar processors, load the 
scan and ring counters with therjtjg:size~ $<:ii:n.i ~ -wcs data (address, data, and 
control information) out to the selected boa#i,(~f 

At this point, the data, address and COT\tt.~(Worm~~ttj~kh~ p~sent at the control 
store input on the respective processoi b<'.lifrds:<Th¢ in~tl;lod required to clock the 
WCS information into the control store differs between sqtlar arid vector 
processors and is described separately in th~\~~xt t'fi>ip.~g#phs . . 

For scalar processors, the scan clock is stopped an,d:ithe scan control)node is 
changed from board left to last left shift. This autoiha.iically exerntes !whatever 
command is at the control store input. In this instance, a co11trql store Wfi~e 
operation is performed. i / ) > 
For vector processors, after the entire scan ring is shif~ into the board, the scan 
control mode is changed from board left to rwnnal. Then two · 1 x clocks are issued 
to the board. The clocks cause the data to be written into the control store. 
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figure 9-2 Scalar Proc WCS Download Flowchart 
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Figure 9-3 Vector Proc WCS Download Flowchart 
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One iteration oi the WCS download is complete. Now the SPU fetches new data 
for the scan memorv so the download operation can continue. However, there i~ 
a difference. For the remainder of the download the process is sped up by 
changing only those fields in the scan ring that change from location to 10< i. 

Since only the address and data fields change, and they occupy only a sma... 
portion of the scan ring, the time to load data into scan memory decreases 
significant! y. 

Once the data and address are reloaded into the outgoing data page of the scan 
memory, the SPU reloads the scan engine control registers and enables a new 
scan write operation. This iterative process of writing scan memory, scanning th 
data out to the boards, and clocking it into the respective control stores continue 
until the entire WCS download is complete. 

:i):il!:::,,9.2.2 Writable Control Store Verification 
\ ) yes verification requires much more time than a WCS write. A WCS write can 
·'l:,e· performed on ail boards of the same type simultaneously; whereas, only one 
bo~r,ci_at a time can be read and verified. Additional time is also required becaus 

< ~~¢!{verification includes both a control store write and read operation. 

The steps required to perform WCS verification are explained in the text that 
follows arici j llustrated in Figures - and -. 

. •.•. · -: :. 

Th~Yf PS ~~rificc1tion process occurs in five steps: 

,:::J/t¼'~ scat\~~/¢bntaining the address and read enable for the control store 
· ·>'". loc~~if~g accessed is loaded by the SPU into the outgoing data 

~~o'f ,~i\m~m9ry. 
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,~(piie ring isUsdli#/l~into all of the processors whose WCS was loaded 
' ' · previousiy;,//==" 
3. The 51',ij)q~ri'~~ the sgli:l_mode and clocks the memory data into the 

s<;~rf png. , ,, ,, ,. 
4. The processors ;3:r:¢~an read qne at a time and verified against expected 

data. . ., .. • . . · · {\ 

5. Between,~h'scan re~c:t / ili,e:$~U polls the scan er.gine error register to 
see if arierror wasdeted.ed( After all of the boards have been verified, 

~a5:a~ ~~iJ.JLi~~:j~ftitj repeats the process for the next 
·:::;:· .:. ::i:·: ;:;:: :. :.: .. 

. -:;:;:;:::;:::;:-

Verification of the scaj)# arid vectOJ,P*-~S<:>f wcs begins by transferring the 
address and read enable ril_lg,q.,=t~#] :(ipmJh,~$1'U disk to the outgoing data page 
of the scan memory. Th!t~~~:fo =t~~~~#sted boards is changed to lx, the scan 
and burst counters are loaded withffifiing size, and a scan write is enabled. 
When the scan write completes, th.~)-#µdress and ~.ici enable will be at the con tr, 
store input, but the read will not.:i#.,v.e been e.X..~t~U 
The scalar and vector process~i P~ diff~tjmt) nethdds for reading data out of 
the control store and into the scart rirnQ th~ ~iililt proces~r uses a two-step 
process to get the data from the cotj~~fstore.Jo:tlj:~:SCiVl ring. Before the last bit 1 

scanned into the board, the scan control li~ *-te dfanged to put the board into 
the last left shift mode. This tells the contrqf~~8i-e RAM thaQ he scan is ending 
and that a read operation should begin. Tl:i¢ scan control lines are changed agair 
This time to the nonnal mode. The board then receives a $ingle qi(}(::k which 
transfers the data out of the control store RAM ~Jit;i into tJie scariring. Only one 
step is used for reading a vector processor's t8rtttbi store'. After the entir ~ is 
scanned into the board, the scan control lines are changed to the normal _ .e. 
One clock is issued to transfer the data out of the control store RAM and into th( 
scan ring. 
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::= igure 9-4 Scalar Proc WCS Verification Flowchart 
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Figure 9-5 Vector Proc WCS Verification Flowchart 
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Before the ring data is read and verified. the SPU loads the mask and compare 
data into the appropriate scan memory pages. Once this occurs. scan venrication 
can begin. However, uniike a scan write, the scan engine can only read one board 
at a time. The sottware determines which board is read by programming the 
select lines on the scan engine's input multiplexer. Since the data contained in the 
WCS is identical for all boards oi the same type, the same mask and compare 
data is used to verify all eight boards. After each board is verified, the SPU 
checks for an error. If no error is detected, the next board verification is enabled. 
If an error is found, the error location register is read and the data that contains 
the error is read from the result data page of scan memory. 

After all eight boards of a particular type have been verified, the SPU updates the 
Jddress and expected data fields in the scan memory for the next control store 

:U/) : location. The same mask ring may be used for all control store locations . 

. . · .. 9.2.3 . -Scan-Based Testing 
· : =:• . ·• §.can-b~f~ testing involves cycling known data through the system boards and 

~xamining th.e data upon return to the scan engine. If the returning data does not 
match .,yha:hvas sent out, an error indication is generated. Scan-based testing can 
be exesuted in several modes, including single-step and burst modes. 

9..;.3.1 Scan Writing to System Boards 
~canning data qllftO'the system boards, or scan writing, is the process of 
tr,ansierring b.Q.trddata contained on the SPU disk to the boards in the system. 
This fu~c:~@fis basi~ijy)he same as WCS downloading. The data transfer 
occ~)iir{two stag~!f~t, the data is transferred from the SPU disk to the scan 
memofy und1;?.f:¢9nttj;)f(jf the SPU workstation microprocessor. Then the scan 
engine ex~µ~i s¢ttajJ,,,.IW¢r of the data from the scan memory to the selected 
board(sk / • < :: ·,; C/ : · 

. : -:-· 

The transfer of c:i~'ti{ftb~ the SPY.4i?k to the selected boards is controlled by the 
software in a 9y~iftep proc~~i > 
1. The outgoi~g ring d.i~~:t~!&~~fe~Jtpm a file on the SPU disk to the 

outgoing data pa,ffeo!'scan 11"\~pij// 
2. Disable the clocks and activ.atescatfenables for all the boards under test. 

J. r;:~:a~ c~e~a::~r1~r!odtr~~m~~;~~eb~i~~r:~g:7i:~n 
4. The clocks are set to tfahx ra~~:~~(:(U{lscan and burst counters are 

loaded. · 
5. When the data has been id@~ into S<:cl:O.:tJ-'.l~~and the command 

registers set up properly, ilie ~a,,~:ipijµtjfis ~~pied and the data 
transfer to the boards beginsjp/ : :c••·· . ·• .. . 

The scan engine is enabled by setting th~:i;~dlt cornrna.nd tbtje in the clock 
generator's command/status register. ®\:ause!>:t~c>qc:s to beissued to the 
board(s) under test, and to the scan engiitt!' s q:\1-tpt.fr shi# register~ 

•.·.·-• - •.• · . · .·.< •, ; - .· .·. · · .· 

During the actual process of scanning, the :~~~-en~d&Jnot reqµire any 
interaction with the SPU. The scan engine will det~(when its shift register is 
becoming empty and automatically fetch the nex[c:lata from scarqi1ernory. \!Vhile 
the scan engine is writing, the SPU is preparing thtinext ring data ~Ild ppUing the 
status of the scan engine's busy bit. The busy bit is l()c.a~edjn the:sc;;n:,. ep@.ne 
command/status register. When the scan and burstcp#,i#ers re.ich zero, all of the 
ring data will have been transferred to the board(s). The clocks to the board(s) are 
disabled and the busy bit is reset. Resetting the busy bit tells the polling SPU that 
the scan write has completed. 
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9 .2.3.2 Scan Reading and Ring Vemcation 
Scan reading and ring verification includes three basic steps: 

l. Reading data from a board under test 
2. Masking off unwanted data 
3. Comparing the results against the expected data 

While the data is being read from the board, the scan engine fetches the ring 
mask and compare data from scan memory. As soon as 32 bits (one word) of dat 
have been read in from the board, it is loaded into the input buffer register. The 
contents ot the input buffer are then masked and compared with the data from 
scan memorv. The result is checked for errors and loaded into the resultant data 
page ot scan memory. If an error is detected, the current number of the scan 
counter is stored in the error location register. 

(::,_ The mask, comparison data, and result all occupy the same address, but in 
' \ tjifferent pages of scan memory. 

;.·. : , · • 

Wh~n the scan engine completes the read and verification process, it disables th 
c:@ks to the board under test and resets the busy bit in the scan engine control 
Hi$ster. This indicates to the polling SPU that the process is complete. The SPU 
then reads the error register. If there are no errors, the SPU can continue with th 
next test. If there is an error, then the SPU reads the error location register to get 
the scap;tlil~mory address of the ring data that contains the error. 

9.2~3i3 SST.Qnd CAST 
: i{SST (Syst~aji~ Test) ~d CAST (CONVEX At-Speed Test) are the primary 

-:::: :::=· methq4~)6rj~ting boards. SST checks the interconnects and logic on the boarci 
(_pg:i~~ting){rfNl:e,y\ST verifies that the board functions properly at nor-"'l 

j ~perating ~ f.k:ith ssr and CAST use the scan write and read proce 
previously,p~oed. Basically, it is a three-step process that includes: 
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l. LCk,14J.tj~\f~-~ memocyj( 
2. Writihg the scaIJ,,4@1:fo the system boards 
3. Reading anci, y~rifying the.~1) data 

-.-.-. · ,•, · , •, •, •-: : :;:.:-· 

SST and 2x~diffed'i¾~W.i8lt'data is scanned into the svstem boards. SST US l 

the board left mod~!Jfud:CA$.T'.µ~jhe load mode. These,modes are described 
elsewhere in thl~idfupt,if/!:i/ 

: . . . . . . . . . 

9.2.4 Single cindMic;rq~t~p/Qpijration 
Single and microstep ailtjij /iihe<lser)q ;w-a1k through individual events in the 
system by controlling thiHfow of dq¢.k.pulses to a single board or group of 
boards in the system. In betweenJhW~fock pul~; ~ftware can perform a 
non-destructive scan out of the state of the boards under test to determine 
whether they are operating pmp¢tiy. . 

Microstepping is a single-boar~ tes,{th~;~ theJhil¥relitionship of the steppec 
clock with respect to the other docks in thfW,steinl s not ir:t1portant. Software 
has the capability to send one or two c1o4. p~lses to the sel~ted board(s). Each 
board has a clock pulse rate register thafci¢terrnines the dock pulse rate for tha , 
board. lx, 2x, or 3x are the supported step clock rates. Th¢ h;.2:i.;.and 3x clocks 
pulses are sent out on the same edge. If the w.q:qstep occu.r~ rilore than once th 
phase relation between the clocks will chartgf1'fui,tis why microsteppir ')u 
be limited to testing a singre board. When microstep mode ends, the hat e 
automatically re-synchronizes the step and free-running clocks. 
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Operations 9-14 

Single stepping ailows one system clock (lx) period worth of clocks to be issued 
to the boards uncier test. For example, a board receiving a 3x clock would receive 
three clocks at speed: two 2x clock pulses and one lx clock pulse. In this mode, 
boards operating at different clock rates maintain the same phase relationship 
that they have when free running. 

The contents of the command/ status register determines whether single or 
microstepping is selected, and the contents of the command enable register 
determines which board(s) will be involved in the operation. 

9.2.5 Burst Mode Operation 
Burst mode is a variation ot single stepping. In burst mode the clock generator 
operates at full speed for a specified number of system clock periods and then 
S. ~9Jm'. This provides a function equivalent to setting breakpoints. A 16-bit counter 

> iqetei~~ijnes the number of clock periods per burst. A count of one is the same as 
,/:\/'cxecutj*g in single-step mode. 
:;: ;::.; ::::: . . .... 

= > J o executE?j n, burst mode, the clock generator command and status register must 
containttje=burst mode command code. This will cause the clock generator to 
rree rprifor the number oi clock periods specified i~ the burst counter register. 

\Vh~n execution ~gins, the busy bit sets in the command and status register. 
, , , During executjqtj);;fburst mode, all of the clocks maintain the correct phase 
\ ) e.lations~p/f th eachgther. 

\VM.i{th~ burst r;p~~~ches zero, the busy bit is reset and all of the selected 
clod& are di~~')t( the higll state. The reset condition of the busy bit indicates 
to a poll~.n:if SPO th#:#.i~ip~tion has been completed. The clocks will remain 
high uritjlanother dc~;lf tj;>mmand is issued. If the restart command is given, the 
clock generator w.;iij)~synchro~ the stopped clocks with the free running 
clocks. Once s.yn#f.ironiz.ed, th~ plqc:ks will free run at the rate specified in the 
clock freque#cy=control ~5=t,Ef/ < 
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9 .3 Scan Control 
Modes 

Each board in the system receives four scan control signals. The four s1gnais 
consist of a three-bit scan control code and a recirculation signal. The scan contrc 
code determines the scan mode that will be executed and the recirculation r ' ,i 
determines the source of the scan data that is input to the board under test. 

Of the eight possible scan modes, six are currently defined. Three of the six 
modes are general purpose modes that are used by all the boards in the system. 
They are called: 

• Normal mode 
• Load mode 
• Board left mode 

·. /\} 

. :: \ . The other three modes are used for boards that have unusual scan requirements. 
/{i\//fhey are called: 

.· \ iShift left log 
• Sl\i,ft left sys 
.~ Gt~• left shift 

:- :-;. · .· . 

Table xx shows the scan control codes and their corresponding functions. 

The ~~l~tion signal determines the source of the scan data that is input to th 
bp,#<,hfoder t~~Qnis signal selects either data from the scan engine or the data 

•. / f@m the ~¢~~ data out line. When the scan engine's output is selected, 
·<)(/the SCciA:~@##pn will either be a scan write or a destructive scan read. When 

· the ~~l ~gtjaj,i,s,:~Jhis state, it is possible to perform a simultaneous scan 
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J~cjiand w#&.!t.tj:~:~ected board. When the board's data output is select ·,e 
nri"g data is ~ted back into the board. As the data is read out of the 
ring it iss~ back int9.,tl:le input of the scan ring. After the ring is complete!) 
clocked6tl=fof the boa1tiAhe·state of the board will have returned to the state it 
was i~H,efore the reifoccurred. This is referred to as a non-destructive scan rea, .-· ,: -: -. .:- --:= ... . · 

The followJajfpkfagrapM#~@be the operation of the different scan modes. 

9.3.1 Norm·•··a·:= ·.i / > . · . . ·. -. . · &: :-::: :;. :.; .;- :,: 

This is the scan disabl~~~Urhe system boards are in this mode during norm: 
system operation. lJ:\~l:il..s,:ffiooe, the fr.~nµµning data paths and clocks will be 
connected in the selected boarq,.. :)':} 

The code for normal mddli's ,~resJri(#f~!~ ~an control input of every board th; 
does not have its corresponding sca,#,{ontrol enabl~ bit set in the scan control 
enable registers, which are locate.d.(p~ the conµ-p:l¢r~?bar. 

: ::: 
···-•>:-. 

The normal mode is used whenever a :P:®rdiS:operate&in single step or in burs 
mode. 

9.3.2 Load 
The load mode is used as the second step'iri the tI·,ree step CAST test. Placing a 
board in this mode forces all the registers on th,<! poard fodocki:lli:fa in on each 
rising edge of the input clock. The registers wmclockthedata in regard!r ,f tl 
clock enables that are in place during normal operation. This mode will ed 
after the CAST test pattern has been loaded into the board(s) under test. 1 wo 
clocks (normal board frequency) will be issued to the board and after changing 
scan modes, the resultant data will be scanned back into the scan engine. 
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iNormal Scan disabled 

\ Shift Left Log Special memory scan 

I Shift Left System Special memory scan 

i Undefined 

IJoad Used during CAST only 

Used during scan of self-timed RAMS 

Primary scan mode 



.. . . ·::· 

9.3.3 Boord Lett 
This is the primary mode used to scan data in and out of boards in the system. By 
entering board left mode, all of the registers in the board under test are connected 
into a large shift register with each stage being clocked by the input clock. By 
recirculating the output data to the input, the soitware may scan read the 
contents oi a selected board without disrupting the state oi the board. If the data 
is not recirculated during a scan read, the state of the board is lost. However, if 
the scan engine output is selected as the scan input to the board under test 
during a scan read, it is possible to perform a simultaneous scan read and write. 

> 9~3.4 Shift Lett Log 
.. . ::/'":: . _ /:The shift left log mode is used to scan out the contents of the memory log from a 

:::·· memory board. 

JJWHdin, is a non-destructive read. To assure that the scan is non-destructive, the 
_ :::::{/jkt-up; ~ ution, and exit from this scan mode must occur in sync with the 

,,,/'!}:,=· ·::ii>q;ud' s 2x clock. Titls is essential because memory reiresh requires a 2x clock. 
,•.•.·.;.· .<:: : 

The scan ctjntr~l lines will be clocked out of the scan engine and into the memory 
board o~the rising edge of the lx (system) clock. D~ta will immediately begin 
sajftirtg out on the rising edge oi the lx clock. When· the last bit is shifted out of 

, ) he log ring, the ~J:®ry board's scan control lines will be changed to normal 
• /m,ode, and the_t,q~tjfwill be returned to normal operation. 

. . . . . . :-... 

9 .3~~ / Shift L,~:~V~/ 
The shift leh.s.y~~ein-~!?,,~ µ~ to scan out the system log from a memory 
board. Itp~iaies th~J\i,i1-#{![~~U'[e shift left log mode. This scan is a 
non-destructive read. =:::::: 

9.3.6 
This mode is used to r~~ ~h&"write.5-(?l.f-@.rned RAMS with the scan ring. The last 
left shift mode is used!ifof boards.~•S.#~lf ~ ithe I/O interface adapter and the scalar 
processor board, thaf have S(!l.f~ti~i/R,AM::,,ii.s part of their on-board memory. 

. -: :: :: :. 

Whenever the scan engifu!ifdJmIJ.#.m~/~~fu; register indicates that a self-timed 
RAM is being accessed difring a~/p.pEfration, the scan engine automatically 
enters the this scan mode fonhd~fbit of the scand rus mode tells the 
self-timed RAMS to executefh~ tb~ter:1~pql!t!?#)hpµ t register. 

-::::::::::: 
-:.;.; :: :;:-
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9 .4 Clock and 
Scan Control 
Regist~rs 

The clock and scan control registers reside in memory iocated on the CU board. 
They are central to all clock and scan operations. There are two sets of registers: 
one set for the clock generator and another set for the scan engine. Some oi the 
registers between the two sets have identical names. For example, there are two 
separate command/status registers, one for the clock generator and another for 
the scan engine. 

The text that follows provides a map of the scan and clock memory followed by 
brief description oi each control register. 

9.4.1 scan and Clock Memory Map 
The scan engine, scan memory, and clock generator are accessed as a block of 
memory locations. The memory block consists of 8,224 locations of 32-bits each. 

/\ The scan memory occupies the first 8,192 locations, over half of which is reserve 
\Hor future scan memory expansion. Of the remaining 32 locations, 16 are 

allocated to the clock generator control registers and 16 to the scan engine contr 
· regi.~ters . Table xx defines the scan and clock memory map. 
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T.i.ble Y-2 Scan and Clock Memory Map 

i Hard Error Register lI '. Scan Engine Control Registers 
>"----;..;..;..;.. _ _,.;.~-------------..;;._----------' 

l <::: :•· -:-: •: 

; Ox8070 ·. · ,<> 

i Ox806(:; /: 

i Ox8064 

I 0xs060 

I Ox805C 
i 
1 Ox8058 

l)x8054 

: Ox8050 

j Ox804C 

Ox8048 

i Hard Error Register I 

1 Scan Control Enable Register 11 

: Scan Control Enable Register I 

: Board Reset Register II 

i Board Reset Register I 

i Scan Compare Register 
1 Scan Mask Register 

.) 

i( Input Buffer Register 

· Output Buffer Register 

; l / O.A,ddress Register 

),p~ri:Counter Register 

Ox8044 . qp~d/Status Register 

Ox8024 BurstJ:ptiii~~~ Register Clock Generator Control Regi~•-.s 1---------------+----------.,..,.,..------, 
Ox8020 , J:>~J61~ Oocl<~)~~Ster II 

Ox801 C 'Disabled q8icl.lRegiste,rt 

Ox8004 
-:-:- :- :-· ... -.... 

Command/Statd~:R~st~? \!: 

Ox3000 I Result Data < : •'I S~#~ ,Mem9iy 

Ox2000 I Comparison Data } 



:·====!\:::::: .· 
;:: :::::. 

9.4.2 Clock Generator Control Registers 
The clock generator control registers are briefly described in the text that follow~ 

9 .4.2.1 Command/status Register 
Address = Ox8000 

The 32-bit command / status (CS) register contains the clock generator commanc 
and its execution status. A three-bit command select code specifies the comrnanc 
and a single busy bit indicates its execution status. The remaining 28 bits in the 
register are reserved. 

The command/ status register receives commands from the SPU. The act of 
writing to the command/ status register causes the command specified in the C~ 
bits to be executed immediately. Figure,.... illustrates the format of the 
command/status register. : ·· 7 

:< : The busy bit is a one bit read-only field in the CS register that indicates the 
command execution status of the clock generator. After the SPU writes a 
command to be executed to the CS register, the clock control engine will set the 

>~us,/ bit. When set, this bit indicates to the SPU that the command is in the 
< process oi being executed. The busy bit remains set until the command is 

completed; when execution is completed, the control engine resets the busy bit. 

The tl:l~h&~omrnand select field contains the encoded clock generator 
cq~rtd. The ~pmmand originates from the SPU. The eight available 

.A 4fuinands ~~:l~~ted in Table xx. · · 
·:;(;::; ::::· .::::: :: :;:;:::;:• .· _:_=:://\)!;:== ~ .. . : 



Figure 9-7 Clock Generator Command/Status Register 

Table 9-3 
Command Codes 

.;::: :_ 
-: • RESERVED 

110 

111 

2 0 

CS2 CSl cso 

Burst operation 

Scan 

Restart clocks 

Step one clock 

Step two 2x or 3x clocks 

Step two lx clocks 

! System step 



9.4.2.2 Clock Generator Commands 
~e disable clocks (stop) command disables ail the clock drivers speciiied by the 
command enable register. The selected clocks remain disabled until a restart 
command is issued (provided the drivers are still selected). 

The burst command instructs the clock generator to free run for the number of 
clock periods specified in the burst counter register. During execution, all of the 
clocks maintain the correct phase relationship with each other. See burst mode 
description (9.8.6). When the burst counter reaches a count of zero, the busy bit is 
reset and the selected clocks are disabled on the last rising edge of the lx clock. 

The scan command instructs the clock generator to issue a programmable 
of lx clocks to the board slots specified by the command enable register. 

burst counter register specifies the number of clocks. The scan command 
ovem_des (but does not alter the contents oO the clock frequency register. Once 
tM~@wnand is executed, the control engine sets the busy bit in the CS register 

.,,,/iihcf enal:>les the clock drivers. When the burst counter reaches a count of zero, 
//!}/)he buW/bit is reset and the selected clocks are disabled on the last rising edge of 
·. · < th~ 1 x clock. 

The restt¢t~b~and causes the disabled clocks s~ified by the command 
ciµl:lle+egister to be resynchronized and to begin free running. 

: ::: ;: .-

: : : th~ step one cloc~,<:qrom,and instructs the clock generator to issue a single clock to 
\ boards selectajj>'fthe command enable register. Each board selected will receive 

:~frnultanepHs,'if a low-:gaji1g pulse equal to the period of the 6x clock. This is 
equiyaj,e.tjfto issuii;igJ~~~ock that occurs just before the rising edge of the lx 
cloc~:Clocks ~1=':P.P~)hat receive different clock rates will lose their phase 
relationship4f9iie'i:q~i:1(;ij~executed more than once. Therefore, use of this 
comman<f$b()'uld bilfuut€ld!tifboards that have the same clock rate. 

::/:::· ··:.:t(i/:: 

The step two 2.x or#.;~I&h commaIBf causes the clock generator to issue two 2x 
or 3x clocks tc;>,µtfboards selegaj./ji,y' the command enable register. The contents 
of the clock fie'quencey regi~!ttdetermines whether the clocks will be 2x or 3x. If 
this command is used 9tj) Cl:ifurd res!zjwg a lx clock, only one clock period will 
be issued. The two qqd(period5c qc:;¢.µfµrimediately before and after the rising 
edge oi the lx clock Clocks 9n @ardfthat r~ceive different clock rates will lose 
their phase relationship i{:tp~~b~i:q~~~~ted more than once. Therefore, 
use of this command should be limttedifo):ioards that have the same clock rate . 

. ·. -. ·.· . . -. -.-.- .. :<: : :: 

The step two 1x clocks co~I@/ijJ~~ the clo4',gi;t1erator to issue two lx clocks 
to the boards selected by th·e ~qmmand ~pl# ij@ij¢r. The control engine 
assumes that this command wi~l,<>..ajt~:#*-~uJ~q.):m boards that have lx 
specified as their clock rate in thfqockfreqid¢@ command register. Boards with 
2x or 3x specified as their clock rate will rec:¢'iy¢'three and four clock periods, 
res pecti vel y. 

The system step command causes the clb2)/ ~en~tJVi; i¥ue dpc~ for one 
system clock period to boards selected by tll~ cbmmarci:el:lable r,egister. The 
number of clocks issued is determined by thlclock f@Ueilcy control register. 3x 
boards will receive three clocks, 2x boards two dod:;/ and lx boards one clock. 
The phase relationship between the three clock rate{ ts prexrv·ed ,,;1ith the use of 
the system step command. This command may ~1:1~ repeatedlybn boards 
that have different clock rates. @ 
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9 .4.2.3 Command Enable Registers 
.-\ddress - l.lx8()().1 and Ox8008 

The two 32-bit command enable registers activate the diagnostic clock mac 
speciiied by the clock generator's command/ status register. One enable bit 1::, 

assigned to each board slot in the system. When a board slot enable bit is reset, 
the free-running clock (specified in the clock frequency control register) is 
enabled to the board. If the enable bit is set, the slot will be placed in the 
diagnostic mode specified by the command/ status register. Due to clock 
disabling and resynchronization restrictions. it is important that boards enter anc 
exit a diagnostic mode at the same time. Therefore. it is essential that the 
command enable register be set up correctly before the command/ status register 
is loaded. The organization oi the command enable registers is illustrated in 
Figure-. 

. <: Uii{}[Insert Figure .... Command Enable Registers/ 
:-:-:. :.: :· ·-·- -.-. 

,::::/i/\ \ ~e command enable register only affects operation oi the clock generator. For 
exaIT\ple, setting up the command enable register to enable the appropriate boan 
sl9@fand coding the clock generator's command/status register with a scan 

. . (iommand is not enough to invoke scanning. To completely set up a diagnostic 
' 'f" unction. such as scanning, the SPU must program the control registers in both 

the scan Cnglre and the clock generator. 

The~:@ :s'E'parate command enables for the scan engine and clock generator 
b~µsi{there a,r,~tjmes when they must be set differently for the same board slot 

,/ f'orexampl~J~fijfogle step and burst mode operations the board functions 
U)> norrnal,ly{~~pf that the clock rate can be altered in a variety of ways. Thus, the 

cl<>s~:g~ra.tP.r.'.:C.PP.W:registers are set up to accomplish the desired opera~-..... 
P,µ(dfo scariig~ijtpfis set up for normal (non scan) operation. The most 
efficient way,~i),Jtp:tfus is by simply resetting the scan control enable registe,. 
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9.4.2.4/i/etb~k Freqi.J,~¢.f'Control Registers 
Addresl~ 0x800C,,0~$Pt0. & Ox8_014 

-·-·-· ·· .. . •:•:• < :-: -: -:: : · 

The three 3:fH}j&cl~ck i~µ~~ify{tibntrol registers determine the frequency of the 
clocks going fo each bp#qi$lt:@n tl,p ~ystem. Two bits are assigned to each slot i: 
a bav. The two bit:raiiidiHfoidibitwiiteto select one ot four available clock 
freq~encies: 3x;=ii3fa~i<ii~i~l@P rhese clock rates are relative to the master 
oscillator frequericy, wh.i~M$J:rfanoseconds or 6x. The rate specified in the 
register determines t1:t1(<l.t.~ldrequency9:µ~put to the selected board during both 
free-running and dia~i:ic m()9~J(~Mtjl<l.; be noted that in diagnostic scan 
mode, the clock to the s~le.9~#i)>q~f(i.Si$J~r,d~d to 1 x, regardless of the contents 
of the frequency controliijgistef. -Th~{lpp:i(trequency control codes are defined i. 
the Table xx. . . . . . ... . 

[Insert Table ... Clock Frequency Co,!#~!todesJ. / / 

Before attempting to change the ~lo~~ #~l~nq dtany given board slot, the 
clocks to that board slot should be disabled. Toi$i~accoinplished by first setting 
the applicable board slot enable bit and thetfi~$uing a disabl~ clocks command. 

To bring the clocks back up properly aiteA~~~ ve been disih1ed, first write from 
the SPU the desired clock rate into the clock frequency regi~t~r;Tuen initiate a 
restart by writing a restart command to the cqI111Partd/staJtisregister trolT' •'--a 

SPU. The clock frequency control registers a&i1fostrated in Figure. 

[Insert Figure .... Clock Frequency Control Registers/ 
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Figure 9-'7 - Command Enable Register 

j AD\~~f ~i//ijW> .. RESERVED CROSSBAR I 
I '-,-;..;......----------------------'----------' 
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Table 9-4 Clock Frequency 
Control Codes 

01 

I oo 
I 

j 2x Clock (Osc/3) 

i lx Clock (Osc/6) 

! 1x Clock (Osc/6) 

Figure,9-8 Clock Frequency Control Ret*-~r" 

11 10 9 8 7 6 5 4 3 2 1 0 

SLOT SLOT SLOT SLOT SLOT SLOT 
5 4 3 2 1 0 
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9.4.2.5 Disabled Clocks Registers 
.--'...Jdress = Llx8018, 0x801C 

The two 32-bit disabled clocks registers indicate which dock drivers are disabled 
from sending clocks to the system boards. The registers contain one bit for every 
board slot in the svstem. Bits are set for board slots whose clocks are disabled. 
The registers are tipdated whenever clocks in the system are enabled or disabled. 
\ Vhen a dock disable command is issued, the register is loaded with the logical 
OR of its current contents and the contents ot the command enable register 
<clocks about to be disabled). When a restart docks command is issued. the active 
bits oi the command enable register will reset the corresponding bits in the 
Jisabled docks register. The organization ot the disabled clocks register is 

in Figure. 

[Ins~ Figure .... Disabled Clocks Register/ 
" "/ (:. 

·::::: ::- ·:· 

ihe 32-bit ~~tst counter register contains the contents ot the clock generator's 
16-bitqµr,stcounter. Writing to this register causes ~he burst counter to be loaded 
·.y~th; th~ number ot clocks that will be issued to the system boards currently 

• e:nabled (by the command enable register). Reading the burst counter register 
/ ~nables output ()t"Jtj~.current contents. 

: E'-urst moc.i¢ aHci'~can USE! this counter to control the number ot clock periods that 
are i?~~:during ~:t¢~~i'pnce the test is enabled, the counter will decrement by 
one)>iieach ris.ipg#.d~:bt the lx clock. After the counter reaches zero, the busy 
bit is resetjp(fu'e'dq¢i(gi::Mt;~Wr's command/status register. 

The fo~{~:f-·the b~;~i~~ht:; register is illustrated in Figure x-x. 

9.4.3 Scan Eng•ne Co11tr,q:1Jt~'isters 
The scan engine control re$1~t¢:f##:r#i#petJyp~scribed in the text that follows. 

. ·=- ::;::::: 

9 .4.3.1 CommandiSt:dfufR~i~//; 
Address = 0x8040 

The 32-bit command/statu~ r¢gister C:Clf:ltajp!i~~#~M bits for scan operation 
commands and one busv bit that::indfoiiit\iiifwhe~ithe current command has 
completed. The busy bit also d~t~tiilih~i JJ#~>iR#faccess scan memory. 

Writing to the command/status register¢~4~{the w11:~@tpl11TTland to be 
immediately executed. Therefore, it is iajpprtant tll~tj~ti'enable and counter 
registers required for the operation are'®tten pI'iorfo M<"ritingfue 
command/status register. The organizatiort>.fthe re~~~~(is iUµstrated in Figure. 

{Insert Figure .... Scan Engine Command/Status Registe,r]/ 

The busy bit is directly driven by the scan enginJ[ in,aster controll~{Thl,ls, from 
the SPU, the busy bit is read-only. When a scan engine CQr:JWlancil sex¢<:tjt~, the 
master controller will immediately set the busy bit. Tui$P:1.J'¢~n poffthe'bit to 
determine whether the scan engine has completed the command. When the 
command is completed, the master control.ler will reset the busy bit; this 
indicates that the scan engine is ready to execute another command. 
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, igure ~-10 Disabled Clocks Register 

... ::)i{i/i:\, 
ADDRESS 11/k 
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Figure 9-11 Burst Counter Register 
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Figure 9-12 Scan Engine Command/Status Register 
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Theory of Operation, First Edition 

The busv bit determines who can access scan memorv because the busv bit 
drives the scan memory multiplexer select line.When the busy bit is set, the scar 
engine is master ot the bus and may transter data to scan memory. When the bit 
is reset, the SPU is master of the bus and may load or analyze the scan memory 
contents. 

The six-bit input select _field specifies the board whose scan output will be input t 
the scan engine. The field directly drives the scan engine input multiplexer, 
which is location on the control crossbar board. 

The three-bit scan control field contains a scan control code that will be output to 
boards selected by the scan control enable register. The scan control codes are 
described elsewhere in this chapter. 

The VE bit contains the logical result of ORing the error register bits. By testing 
the state of this bit, the SPU can determine if an error has been detected during 

verification of a ring, without having to perform a separate read from the 
register. Resetting the error register automatically resets this bit. 

lJ;lf LL bit forces the scan engine to perform a local loopback. The signal drives 
!:he select line on the two-input multiplexo~ that is attached to the front of the 
input shift register. When the signal is set, the data output of the output shift 
register is selected and all data shifted out of the scan engine can be scanned ba 
in. Wheq tj'i¢ signal is reset, the output of the scan line multiplexor is connected 
to ~~:§put of the scan engine. 

fhJ XL bitJg~'the scan engine to perform a scan loopback at the data 
multipl~ft#fthe crossbar control board. The XL bit overrides the input select 
fie.le;i~fth~,Wt;rpl, ,w.ster and forces the multiplexor to select the input that is 
¢gr.iriected t~fb.~~i:t?d 'version of the scan data output. This can be used to chec: 

<ibm data pa,~)ij~ty across the two bays. When the bit is reset, the output 
selectedJ1y) he inut selec,t{j,~ld is connected to the input scan engine. 

. . . . . . . : . 

The STR bit indicG1W.~fb the scan, engine that a self-timed RAM is being accesse( 
in the current.s:¢i=i,froperatiqt:l/ 11¼~ STR bit enables special hardware that changl 
the scan contrdi' lines fortheiiasf bit of the shift. This causes the control scannec 
into the mefuory ch,ip{ tp ~ i~#cut~ (see the last left scan mode described in thi 
chapter). _,,,,,,;,,,,. .. . . .:=<:):!:; :; :::· 

: -:-::: ; :; :::: ::::::: ;: ;:::• 

The RE bit controls thi( w.r.¢4:iihon of scan ring data during a scan read 
operation. If data i~ t!iq(iie.drculated b~~Jp a board that is being read, the ring 
data (and, thereforeJi~ 'board $.~r.i{fJb$i0. Jne bit will be transmitted to boarc 
selected in the scan ccn:1µ~:J:~AAW~~~r/When the bit is set, data from the 
output of a board's scafr~g:WHfii>t#~<fifack to its input (on the selected boarc 
When this bit is reset, the read is destructive or a simultaneous scan read and 
write will occur. :yy· 

The SW bit enables the ouptu{ih'engi@;~~~~by eJab,ling the scan writing 
fuoc~~ · ··· · · 

The SR bit enables the input scan ~~gine, t~~~/~~abling $ e scan 
reading(verification) function. If both the:$M/ and SR fiekiifare set, the scan 
engine will simultaneously perform a sdinl"ead and wtit~ oper.itjon with the 
board(s) selected in the input select field. It sho1.,1lci,JJe no~eµ thajQi both fields a 
set, the RE field must be reset or else new dii:ijW:ill 11ot be writteri to the board. 
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9 .4.3.2 Board Reset Registers 
1.Jdress = dx8060, Ox8064 

The 32-bit board reset registers contain the individual board reset lines. Each bit 
directly drives the reset line for each board in the system. When the bit associated 
with a board is set, the reset line will become active and the board will be reset. 
The selected board \Vill remain reset until the SPU clears the boards's reset bit in 
the register. Figure illustr':'ltes the organization oi the register. 

{Insert Figure .... Board Reset Registers} 

Scan Control Enable Registers 
= 0x8068, Ox806C 

The 32-bit scan control enable registers contain enable bits for the scan control 
lin.~\>t each individual system board. 

:::: :::- : 

,/)}ff a bdJf.4 is not enabled, the scan control lines default to the normal (scan 
J)'=>\/<tisabled)mode. The organization oi the scan control enable registers is shown in 

· Figure. 

, insat f'ti;;;~:: .. Scan Cvntrol Enable Registers/ 

{4.3.4 Scan Cqµnter Register 
,Address= Ox8Q48)/ 

. The 32),)~tsdh courwtt.~gister contains the output from the scan engine's 16-bit 
s~µ :iipifriter. RE¥.~H*-~#~m this register provides the current contents of the scan 
counter. Writj1:lg)d'ttjij=regist~r loads the scan counter with a value equal to the 
number gfl;i~tsfa ~~/iaj~rjtjitunder test. 

Once a '~:· opera.t.i~ii~~~ :~ the ('.On tents of this register will decrement 
whenever a d_a.~~:t~ifdocks intoqfqjJt of one of the scan engine shift registers. 

The scan counter valuej,:~,~~t-it1tned in.;:t~e lower 16 bits of the register as shown 
in Figure. '' •:<• 

// nsert Figure ... .. Scan Cou,:1tef R~t,e,rf 
9.4.3.5 Error Locati~:~;~~i~Jefi/;j: 
Address= Ox8044 ,.,, ,, ,,;:;;,;:;,,,,. 

-: :(! (!: !:(:):((::: -· 

The 32-bit error location re;g~J/ccw~~n~J~W.iJ~r{ M~mory address of the first 
verification error detectedby th!fi]ri.jm(sca*)m,-@,tji{ When the first error is 
detected in a scan ring, the contenfs'of the fripµ{address counter are written into 
the error location register. This captures t~f#ll'h memory§dress oi the first 
incoming data word that contains an ell'.<:if;/ 11tis rec0:r:4i#ates it possible for the 
soitware to quickly find the faulty dat~A? t-hin sccajqi~tnory As Figure 
illustrates, the lower 16 bits oi the registet co~t~friihl~rior locan<m. The SPU is 
responsible for clearing the contents oi thi~ ijg{iter. ,••· . · · · 

{Insert Fig11re .... Error Location Register/ 
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figure ~-13 Board Reset Register 
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Figure 9-14 Scan Control Enable Registe_r .. . · ··= 

3 1 7 6 0 

31 30 29 24 23 6 5 0 

ADDRESS RES BAY 4 BAY 3 BAY 0 

5 4 3 2 

SLOT SLOT SLOT SLOT 
5 4 3 2 



figure 9-15 Scan Counter Register 
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f igure 9-16 Error Location Reg~ter > 
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?igure .~-16 Hard Error Register 
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9 .4.3.6 Hard Error Registers 
.--'-.Jdress = llx8070, 0x807-1 

The 32-bit hard error registers capture the hard error signals output from t' 
individual system boards. The hard error registers continually load the sta,. 
the hard error lines on each tick of the system clock ( lx). 

A hard error means that a fatal error has been detected and that the svstem must 
stop. Thus a hard error causes the dock generator to disable the docks to all 
boards in the system. To accomplish this, the output of the hard error registers 
are logically ORed together and the result is input to the dock generator. If this 
hard error input becomes active, the clock generator will disable the clocks. In 
addition, the contents of the hard error registers will be held until cleared by the 
SPU. Holding the data in the registers gives the SPU an opportunity to read the 
data and determine which system board(s) caused the error. Figure illustrates th 
organization of the two registers. - - , - , .., 

Figure .... Hard Error Registers/ 

9,4W3;7 Output Butter Register 
J&hess = ux8050 

The 32-bit output buffer register contains the scan data that will be shifted out t( 
the boarcj,~J~ the system. During scan write operations, data trom the output 
buffE!p·mster will be transterred in parallel to the output shift register. Howeve 
tJ1:e~w data is, rot loaded into the output shift register until the last bit of 

. ,/pte'Viously:_l.o.*i~ data (if any) has been serially shifted out to the board(s) in th 
)/ systern,.,,TI{~'~t significant bit is shifted out first from the output shift register. 
. ..: ::::;: : . :;i;j -. 

Theory of Operation, First Edition 

-:-:- :- .•- •--:-: -: -: -:-

. A#,$\:fata ~ijJj~~)~hsferred from the output buffer register to the shif 

. fugister, a tia.g=roifbe set indicating that the output scan pipeline is no lonc-
full. TheqJlijfoutput scar1,~gine will reload the output buffer register from the 
outgqajg:page of scallffi~inory, increment the outgoing address counter, and 
resedhe· not full fl~{?' 

.-.• . ·-:-·-· 

9.4.3.8 lnPW,Butter R~iij~fi 
Address:::; 8*8054 ·••' · · · · · · · · 

The 32-bit inpu(b,@J'~ re~~{~iilii~s the raw scan data that was serially 
clocked into thefoput ~Nft)~gister from the system board(s). During scan 
operations, the inpt1t1'-i#fWregister, unci,~r:eontrol of the scan engine, loads the 
32-bit data word in pijhliel frolll,J~~j*p*(s;tuft register. Since the raw scan data 
may contain data that' is nPtObri:tiit'~st@d'ie software, the contents of this 
register is transferred t8 tfu~rtfa'gf~#ef{~here unwanted data is stripped. 

The least significant bit of the inpµ (~ti'ffer regis.t¢f1~ the last bit that was dockec 
into the input shift register fro11'.\ ) tjfsysten:l pqiJ!ro{s)i/ 
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9 .4.3. 9 Scan Mask Register 
. .\Jdress = ux8058 

The 32-bit scan mask register contains mask data that is used for scan ring 
\·erirication. During scan nng verirication, the scan engine loads the scan mask 
register with mask data from scan memory. The inverse ot the contents at the 
sl:'.an mask register is then logically ANDed with the contents at the input butter 
register. Loading a one into a given bit position in the scan mask register will 
force the corresponding bit in the input butter register to zero. nus masks off 
unwanted data. The data output trom the mask register is input to the scan 
compare register. The mask register can be bypassed by loading it with all zeros. 
In this case. the scan data will pass directly from the input butter register to the 

compare register. 

9 .4.3.1 O Scan Compare Register 
Aq.~ss = Llx805C 

,:://\fhe :fa;.~~t scan compare register contains the comparison data for scan ring 
·)/'C') y eriridticin. nus register is ordinarily loaded from the scan memory by the scan 

· :~gine. Th~Jontents of this register are exclusive ORed with the input scan data 
:iiter th~ t1tjwanted fields have been masked off (see mask register). The output 
oi t,hiS::reg'lster 1s checked for errors and loaded into· the scan memory. 

<•<=•: t11~ ~can compare rngister can be bypassed by loading it with all zeros. ln this 
< T : _case, the scan ci,a,tf wlll pass directly from the scan mask register to scan memory. 

·- -:-:::- >: •· 

;:::,~-~!if ~~=-=nGiM the oonten~ of fue ~ID en&ne's input 
and outpifraddress=tC:,:4.#~di:The output address counter provides the scan 
memory address o(c.f~tithat is to be loaded into the output scan buffer and 
shifted out to bp@s=fo the syste,1~\/ fhe input address counter provides the scan 
memory addi~s\ised to retrjcyfrnask and compare data from scan memory. 
The input address count1;?t'*ii<fprovici~~ the scan memory address for result data 
that is destmed for ~;iti~inory. </ : ,:, 

:-· 

The register is div1d~ intQ tw~ii~~~{~~ct1.o.:m- The output counter occupies the 
upper 16 bits oi the regi,s.t¢.r..!~dttj~/fri~f~hter occupies the lower 16 bits. 
Writing data to this re~~t.&'ca~µt~ /mput and output counters to be loaded 
with input data. Reading this ~Wt,Eji:foutputs the current value oi both counters. 
Reading the counters before ~~!frig them W,i~!;~~P.~ the software to verify 
proper loading oi the regist~b:The I/ 9,W,~t~fi¥,mustrated in Figure. 

·.· .. : -: ;:;:::•:: ;::-· .... . 

{Insert Figure .. ... 1/0 address registerF>> 
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:- igure 9-lr I/0 Address Register 

: ·;.;:=:• . 

: i ! ~ii iii!::: i) i ~ f Ii i~;:==. 
<:: :::;:: 
: : : : : : : ~: : 

.. 
·) )( 

17 16 0 

I 
INPUT ADDRESS 



9.5 Clock 
Generator 

Theory of Operation, First Edition 

The clock generator creates and controls the system clocks. A master oscillator 
produces a 2 nanosecond (500 Mhz) master clock. From this clock, three 
controllable clock rates oi 4, 6, and 12 nanoseconds(ns) are derived. The 12 ns, 6 
ns. ,fos, and 2ns clocks are reierred to as 6x, 3x, 2x. and lx, respectively. The 
:;ystem docks are illustrated in Figure x-x. 

The lx. 2x, and 3x clocks mav be sent to anv board in the svstem, and each mav 
be operated in one ot four modes: free run:burst run, single/micro step, and -
disabled. Commands issued from the SPU determine the clock rate and the 
operanng mode for each individual board slot. 

Commands are received from the SPU through the workstation-to-CU interface 
The transiers are synchronous and occur at the lx clock rate. Nine control 
registers determine what function is being executed, and which boards are 
involved. Once a command is initiated (by writing to the control register), the 
clock control engine determines when to disable, switch, and enable the selecte< 
tjocks based on the state of the free running engines. The control engine 
determines clock operation by controlling the state ot the individual clock drivt: 
ena.b.k and select lines. Figure provides a block diagram ot the clock generator. 

· . · . · . · .· . , 

The clock generator contains three functional areas. They are: 

l. I / 0 interface 
2. Clock control 
3. Clqf~)dri~ers 

th~ l/O i~t~~Ji connects the clock generator's internal control registers to th£ 
wor~t;#~#>ii~td.K:U interface and performs internal address decoding. 

• :ffi~:'tl,ock cdri~i//;i~n creates the free running lx and 2x clocks and generate 
the clock clrj;y~r.=fontrol signals . The clock control section also performs phase 
detectipri)prt 'the free runajpg clocks, which is used to determine when the clod 
can b~/s-Witched. · 

The clock drived&tion contful{and switches the individual board-slot clocks 
based on 1ri.pilit~ from tM qll:it~}ontrol section. 

fl nsert Figure .. .• f tzj¢WEJ~~;#~Pfttf~#i.idrwi Block Diagram I 

9.5.1 1/0 Interface : >>:•: : . . 
The clock generato?~{1q}r~#@fi±bii.tt9WFhe exchange of data between the 
internal generator cont~9ll:f~sterii)lJ,l:'=1 me workstation-to-CU (WC) interface. 
The l/O interface receivesJ2 data,f6i;-ifaddress, and four control lines from thE 
WC interface and sends out eight~t!fiines. · 

-·-; -· .. 

Two oi the input control lines p~w~~e a pyti{~l~~t iunction. To read out all fou 
bytes of the 32-bit word, the WCint~,t~&stepf\:he byt~~lect signals through . 
four states (00, 01, 10, andll) and otj1fbyte atA):ifu~js.read out. This is done for 
each clock generator read requested by the ~RP- .· · 

A write to the clock generator requires t~~~ystem 
five system clocks. · · 
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:- igu.re ~-18 System Clocks Trming Diagram 
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f igure ~-20 Clock Generator Block Diagram 
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9.5.2 Clock Control 
The clock control section is responsible for generating the lx and 2x master 
clocks, and the control lines for the individual board-slot clock drivers. Fr, 
these free running clocks and control lines, the clock generator creates doc. 
the entire system that are both free running and controllable. 

The clock control contains four functional areas. They are: 

1. lx and 2x clock generator 
2. Burst counter 
3. Single/micro step engine 
-t Clock control engine 

The lx and 2x clock generator creates the free running, lx and 2x clocks that are 

.,,,,::::;;tl:i:,'' !i!:::: :,~i::~ :~;~l~~~':::;:~:;r:ti~~r:.t~~~:~~::;~6:c!ts~!;~;~~nte, 
=:: i~ontains the logic required to single or double step the 3x, 2x, or lx clocks. The 

: control engine generates the clock driver select and enable lines based on input. 
f~m,the control registers and the other clock control blocks . 

. •.•: -:-. -:- · 

'> : f i.2.1 1 x and 2x Clock Generator 
The lx and 2x clock generator creates the free running lx and 2x clocks that are 
used by tJ:\¢.clock drivers. The lx and 2x clocks are created from ring counters 
oper;:itjtjgatthe 3x clock rate . 

.. : .;.;.: : : 

, : :Th~{~· and.2xtk>cks are 1 / 6 and 1 /3 the rate of the master (6x) oscillator clock. 
(U>fhe loyt,~pri'ot each clock period is equal to one period of the 6x clock. 

·.· Cl99.~!~ · a,~W~Y:5= ~~bled or disabled on the rising edge of the lx clock when a 
.,JApfdoc~:~w~::::, 

.-:/ !(/::: 

Theorv of Operation, First Edition 

9.5.2.2 <;:~~,st'counter .<:: 
The J6.Hl:iifburst coun~er:tjfonts Ix clock periods during scan and burst mode 
operations. The CC>llii,\~ds a 16-:bit binary down counter that is decremented 
(when enablaj)J:>,ri.hhe rising:~ge of the lx clock. Prior to enabling the counter, 
is parallelJ~tj~ with tl:l~~'µajper of Ix clock periods to be counted. The count 
is enabledbfwritingttj~l;i#,tistcomr.nand to the clock generator's 
command/statu,5cJ!?g1=S,~ij'l=Af,~a,- ,tn,fi;:punter is loaded with the desired clock 
count and enabled) the coi#tl:edikaeinents to zero. When the counter reaches 
zero, decremeritirtg is ~p~~The zero count causes the control engine to 
disable the burst coµnt.e.r{and to disable. t,11,e clocks to the boards selected by the 
command enable r~~~ts. : ' '' > 

9.5.2.3 Single/Micrc:($t,i~h~ni;t,f} 
The single/micro step ertgine contajhs.t'he logic responsible for single and dout 
stepping the different clock rates/ 1).j'principlt:! il:$¢for this logic is CAST, wher, 
two at-speed clocks must be iss,~fo a be>.:i,ffl ~ter fh!a! test pattern is scanned i1 

The single/micro step engine i11dup.~~{ b~~~~¥paraUJload shift register that 
operates at the 3x clock rate. Whei{the engirj¢)$~~ted by setting the step bit : 
the command/status register, the output 9fi tAe shift regist~ drives the clock 
driver enable lines selected by active bits#lthe comrnand:e~ble register. The 
pattern output from the shift register eruiples or disables the clocks specified by 
the clock frequency register. ·. · .· · . . · 
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9 .5.2.4 Clock Control Engine 
-;-he dock control engme directly controls both the dock frequency and the clock 
mode oi every clock driver. 

The dock control engine receives clock information from the clock generator's 
control registers and the other clock control functional units (i.e .. the lx and 2x 
clock generator, the burst counter. and the single/micro step engine). The control 
registers dictate what clock function (see clock generator commands) is 
periormeci and which boards are involved(see command enable register). The 
0ther functional units in the clock control section supply information as to when 
the clock iunctions can start and stop. 

\Vriting a command to the command I status register enables the dock control 
fogine. Once enabled, the clock control engine immediately begins executing the 
desired function on the clock drivers specified in the command enable register. 

, Aftij}t1~ free running clocks are disabled and the diagnostic operation has 
j:)beguriU:~ clock control engine will monitor the operation. When the operation 

··n::/ ) ~ completed, the clock control engine will disable the clock driver(s) for the 
selected boar,d(s) and reset the busy bit in the command/status register. The 
clocks wiU ~th.am disabled until the SPU executes a restart command for the 
~eiected bo~rd slots. 

<</ .9.5.3 Clock Drivers 
T:l:le dock ciriY¢ts 'o~tput.docks to the system boards based on inputs from the 
free ruimfogdock gE!r¢#~tors and the clock control engine. The clock generator 
contains'a°total of40fol&k drivers. There is one clock driver for each of the 
thirty~even i?@.ij/ ~ip!tfin the system. These clock drivers are fully controllable. 
The rerrajJii#g threei'c.~q~)qrjyers handle fixed-rate, free running clocks used by 
the scai{~ne ancf ffi.~!i~~&face adapter. 

. .=: ::::::::= 
)·!. \= =· 

Each board slo,tq9.d(driver rec,tjy~~'enable and select inputs that determine 
whether the driver is enabled,otidisabled and which clocks are selected for 

. . . /: :· 
output. . .. :::, 

E.:ich board slot clcit~iaJ~er rec~~g [/J/ 2x, and 1 x clock. The 6x clock is used 
inside the clock generatoqp slqcl{/tlii btimtit ~utters . 

. .::!i!i)!i)!i(!::• 
Two select inputs contro{ llie lx ~h<f ~ id&ks. Protective logic prevents both 
clocks from being selected at t:1\~S.*gie 'time. If neitp._er the lx or 2x clock is 
selected, clock selection defiii!iiWfo the 3x ciqcic:.) : > 

9 .6 Scan Engine The scan engine controls the transfer of scru.ii#.#-t~ between ~!}e scan memory and 
the boards in the system. The scan engin~)#.~lhree IIlil~@rii:tions: 
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.:;::::::: :· .·.·.·.•.•.• . ·.• ·.· 

1. Controls the scan control interface 
2. Provides a bidirectional parallel-to-~rikl con,y¢f~iori6( the seiiry data 
3. Verifies received scan data 

Commands trom the SPU are mput to the s~n en~~W[ ::v of ttj~: 
workstation-CU interface. The scan engine connectiito each boarci ir:i the sysLem 
through a six-line interface. The six lines consist of five dimte)ine#9f~qi.n 
control and data input and one common line for bu@teq.@ata output. In> . 
addition to interfacing with the SPU and the systemlic.fards;·the scan engine must 
also interface with scan memory. This interfacing involves transfering data 
between scan memory and the scan engine control registers. 
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addition to interfacing with the SPU and the svstem boards. the scan engine mus 
also interface with scan memory. This interiacing involves transtering data 
between scan memory and the scan engine control registers. 

The scan engine is based on a state machine and contains five functioanl aL 
They are: 

1. Master controller 
2. Output scan engine 
3. Input scan engine 
4. Scan Memory Multiplexer 
5. Scan control distribution 

The master controller is responsible for generating control signals based on 
. commands from the SPU, arbitrating memory requests from the input and 

-,i : . output scan engines, and generatmg the control signals for the scan memory 
. '\\multiplexer. 

·= ::::::: 
·::>· 
The output engine converts scan data into a serial data stream that is shifted intc 
!5aj¢(zted boards. The input engine is responsible for serial-to-parallel conversion 
qfincoming scan data. masking and comparing that data with expected values, 

·· and sending the data to scan memory for storage. 

The scail,m.¢tnory multiplexer connects the workstation-CU interface and the 
scan ~p,glrtt! to the scan memory. 

< J!:$.&ri contr.q~/4~tribution handles the 1/0 intensive task of distributing and 
= }? recei\'iIJ.g js.dij( '2ontrol, scan data, and hard error signals. Figure ... illustrates the 
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blcx:kdia'graj.:ifoUhe $Can engine. , 
·(\j\===-· =in/\i!i!ij\i!!)i=== 

·'. \)::: ·.· .· -: 
::/!:::::·· 

9 .6. 1 .,Master ControUer 
The~~} controller®pb~ds to commands from the SPU, arbitrates scan 
memory reques~~Jiipirt' 'the inpW_and output scan engines, and generates the 
appropriate s,~ls requi~~Jffpntrol the scan scan memory multiplexer. 

The maste/ ~~ntroll1i!r,)fu~i~~ ~k3A qperations based on commands from the 
SPU. The SPU commurildi:teslthose~oinmands to the master controller bv 
executing a writ~itti'tht!i#-#.P,!msfu~;s command/status register. , 

:: :::(:i)!:!:i:;:::= 

The master controllef i#ridl~ scan WWPrY_read and write requests from both 
the input and outputscan e11,gi~~j i¢~1\ ~~ory requests from the output 
engine have priority o~fTI/~~st5l~ ~Tifrye input engine. 

:::: : :: . 

After the input or output scan engmefhequest ~ peen recognized, the master 
controller activates the approp~~¢:~i'gnal lirw;$}9pemtit the scan memory acce~ 
to occur. The master controller.,&bles the,scle<:ted :3'ddress counter onto the 
memory bus and generates th~ \;~uii;aj ~kd Jt y.,rite c&ntrol signals to perform 
the operation. When the operationj ~ ~bmpl~tfidU:lie master controller will set th 
done signal of the selected input or'butput #:#¥ ~rie. The. selected scan engine 
acknowledges the completion of the oper .. tjpri by resetting) ts request line for at 
least one system clock period. · · · · · · · · · · 

During execution of a scan operation, the ~ /[{}~trJ]i ~ini~rs the , 
counter. When the count reaches zero, whidnndicates that tbe scan ope .1 

has completed, the master controller disables the counter, resets the two scan 
engine enables, and resets the busy bit in the scan engine's command/status 
register. 
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9 .6.2 Output Seen Engine 
The output scan engine converts scan data into a serial data stream that is shifte· 
out to selected boards. The output scan engine consists oi a buffered, 
parallel-load shift register coupled to a small state controller. The state car, 
and the shift register are both clocked off the controlled scan clock. Once the 
engine is enabled, the rising edge of the scan clock will cause data to shift out. A 
five-bit counter in the state controller keeps track of how many bits have been 
shifted out and is used to indicate when data must be written to avoid underrur 
The state controller also keeps track of whether the buffer register contains valic 
data. The state controller will try to keep both registers loaded with valid data a 
all times. When either register is regarded as not full, the controller will request 
data write by the master controller. 

To initiate a write, the scan engine controller will set its data request line to the 
'/:U,. master controller. The controller will then wait until the master controller 

••• • responds with the asserted done signal. When the done signal is asserted, the 
::)p:mtroller will clock the valid data into the buffer register, and then the shift 
ifegister (on the next clock) if necessary. The controller will then reset its request 
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lii:i~Jor at least one clock to acknowledge receipt of the done signal and 
) n.(irement the address counter for the next access. 
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9.6.3 Input Scan Engine 
The input scan engine handles data that is being scanned back from boards in the 
system. The input scan engine performs the following steps: 

1. Converts the incoming serial scan data into parallel data words 
2. Masks out unwanted data 
3. Compares the masked output against the data expected 
-l. Transfers the result of the comparison to scan memory 

During the process of scanning data in, masking it, comparing it, and saving the 
.. result, three scan memory accesses are required, one each to get the mask and 

<<// compare data words and a third to store the result. The word address remains the 

· · }.////:!J/'J/> /::~'.':;g!~~•:~ of these scan memory accesses, only the page select code 

J ( t~)).'}coming scan data does not match what was expected, an error is 
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:::::=: 
:;:::::t 

. ,,/\genera~¢d.. The occurrence of an error is recordeded by setting the VE bit in the 
•::=U/H\\~can erigfoe's command/status register. In addition, for the first error detected 
· · · • p~ring any given scan operation, the contents of the input address counter will 

be writt~nitjcfu the error location register. Writing to this register is inhibited for 
the re~ijfoder of the scan operation, regardless of the number of errors detected. 

·, · . · .. .. - ; 

. •• iWg~~less of whether the compare produces an error indication or not, the input 
\ \ scan engine will)tji#ate a write operation to store the result from the compare in 

\ S,i;an memoryd Jpon completion of this last step, the input controller will 
J frcreme}1.t:,tlj1Hnput acil;i~ss and begin fetching the mask and compare data for 
the t\~~fscan word~)( / 

-::!:! \ =- .:::::::::> 
.-:)j / ;:<·· .-

.:::\\ i!; :·· :::\_ ._::::· . :'.: 

9 .6.4 .::$.c&n Memijr,j:Multiplexer 
The scan memory _ll.ll;ll.~pfexer is a two-to-one multiplexer that steers data and 
address bits toJ;~1il.i(memory from~~ther the SPU or the input scan engine. The 
SPU input to ijif ~an memqr.yi rntii"tiplexer is by way of the CU board's 
workstation-CU interface/ P-'li{inultipl~er is a passive logic circuit under control 
of the busy bit in th~ iaj#.n&tgine'_s.sq~d/status register. When set, the busy 
bit causes the multiiplb:er to ~le#J fu!) ican engine input; when reset, the SPU 
input is selected. The mu~tip~e#i.-) ~ i:if ,iw.,.~. so that a switch from one input 
source to the other cannofdi$If#H ~mi.4~litof a data transfer. 

. :.: -:.: ;::· 
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9.6.5 Seen Controt Distribution 
The scan control distribution logic, which is located entirelv on the control 
cros.sbar board (XCL), is responsible for the distribution and reception oi scan 
data. scan control, and scan hard error signals. Scan data and coO:trol lines 
discrete, point-to-point connections; they comprise 250 pins on the control 
cros.sbar board. 

The control crossbar board contains two 32-bit scan control enable registers and 
the logic used to gate out the master control signals. Each board in the system 
that is enabled by the scan control enable registers receives four scan control line 
that determine the nature of the scan operation performed on that board. The 
four lines consist of a three-bit scan control code and a recirculation select signal. 

Each board in the system outputs both a serial scan data line and a hard error 
: . line to the clock generator and scan engine. The serial scan data line from each 

,)/ \ ,. board is input to a 37: 1 multiplexer, which is located on the cros.sbar board. The 
"'= <· · \Jn.:mltiplexer steers the serial data output from one of the system boards to the 

,,, </::, < ~nput scan engine. The system board whose scan data is selected by the 
;; ,::;· ·· · multiplexer for input to the scan engine is determined by the six-bit input select 

f i~lciin the scan engine's command/status register. 

t ~ard error signal indicates that a serious etror has been detected on one of the 
boards in the system and that all of the system clocks must be disabled. The stat, 
of each qtf.~ signals is loaded on the rising edge oi each system clock. The 
logic,a.1.Qifbf these signals is input to the clock generator and used to disable 
cl~/ -

/'Toe sc~~tjgij¥{has the ability to scan write multiple boards simultaneously. 
Thm.t.p&; @ Jc:¥,1: ,qc,lt,a output line from the scan engine is buffered and r .. •.,ut 

, i:@Mciually.i to)li#¢l.fofthe boards in the system . 
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9.7 Scan Memory The scan memory contains the data the scan engine uses to perionn scan 
operations. The scan memory consists ot a 4K-location by 36-bit memory array 
that contains the data used for all scan operations. The 36-bit data word consists 
oi 32 data bits and four parity bits. The memory is divided into four lK by 36-bit 
pages, each ot which can support a scan ring of up to 32,768 bits. 

Each one of the four pages contains a unique type of scan data. The four data 
types are outgoing (write) data, ring mask data, compare data. and result data. 
The outgoing data page contains data that will be loaded into the output scan 

\//!/! . engine and transmitted to the boards in the system. The mask data page contains 
· data that will be logically anded with data scanned in from system boards; the 

9.8 WC Interface 

Scan Memory 9-36 

p urpose oi this is to mask off unwanted information. The comparison page 
fontains data that will be compared with the data output from the masking 
operation, and the result page contains the output that this comparision 
wR'#~es. 

/: the sPµ /~~d the scan engine both have the ability to transfer data to and from 
'th,e scari'memory through the memory's 36-bit data interface. The bus master is 
detenninaj 1>,y the control/ data/ address mux in the address decode section of 
the scan:itjgine. The mux select line determines whether the SPU or the scan 
engine has access to the memory and is controlled by the state oi the scan engine. 
If the scan engine is in idle mode, the interface is controlled by the SPU. When 

. ___ the scan engine is ~~ting a diagnostic (scan ) operation it is master of the bus 
i/ ~nd scan metl:l<>fyjfead or write commands from the SPU are ignored. 

. ..::::)/::: 

The\WJ6f kstation4tf t ti~WC> interface connects the workstation interface board 
to the clotjq~t:~~tc#;!~r,,~mgµte and scan memory. The WC interface performs 
the contrtjfnandshake=witlf the workstation interface board and is responsible for 
synchrortizing the a9c:f#.!s.tdata and control with the system clock. All accesses 
through the WCmirface are 32-1:?it :word accesses. Once the address is 
synchronizedA~twc interf~ ;wili'perform the address decode, and create the 
required contfui signals f<>rJ#~:ss to th~,memory, scan engine, and clock 
generator. · · · · · · ·. 
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9.9 XP Interface The XP interface contains three functional areas. All are related to the SPU. ThoSE 
three tunctional areas provide: 

• Part of the SPU's memory access data path 
• Hardware to initializ.e and pattern test main memory 
• The means to send and receive system interrupts 

9. 9. l Memory Access 
The SPU must communicate with main memory. The hardware to facilitate 
memory transfers between the SPU and main memory is spread across both the 
WI and CU boards. The XP interface, located on the CU board, is one part of the 
memory path the SPU uses ior transfers to and from memory. 

(!\, Transfers between the SPU and main memory include the following: 

\ l,M:emory read 
·. ; .; 

• Memory write 
• Test.and set 
!# HfJ~t and dear 
• Memorv scrub 

Figur~ii,h~ttates the hardware involved in the SPU-memory data path . 

. ,JJ~ffj M. Map 
-/}/ The SPµJ~!~lltj<:ated a 4 MB address space that is mappable to the main memor: 
''' in 4gj~hff~/ tviaj.p µlemory access from the SPU is accomplished usinr -

.mm!i.iihving)~and memory mapping. The SPU performs memor. 
·:t~ference opei.~tjqns·as if they were destined for the SPU's local memory. 
However,Jqr.Jddresses thc1t fall within a certain range, an address conversion is 
perfor.m@'Figure proyi4~=a simplified illustration of SPU-to-main memory 
mappinf - ,:/s< . : 

··•::::: :: 
::::-

9.9.1.2 fy'lppRegisters :::!\/H/. 
A set of mapregisters,a.ijiµ~)o ac<;:omplish the conversion. There are 1,024 
map registers. Eatjt.~pijgi~ter,aji.1:Wns 32 bits. Figure shows the map register 
word format, atjiii,/ f~bie m§.4.~la.)iefinition of the map register bits. 

:;:;: ;:-· -;-::;:: ::::: :;:--::• :::: · 

9. 9. 2 MemoryHpldgnos_ti.p:f:µij~ijpns 
The XP interface includ~s.,l;l@#¥~ii#i/t~(p#;vides the SPU with main memory 
initializ.ation and patteftj)e.stfog cap*l),iµfy. This diagnostic hardware consists ot 
a pattern generator/ comparator tli~(Wlinked to ¢.e XP data path and a state 
machine that controls the operatjpt(pf the XP int,E?ff.~~e and the pattern logic. 

::~;;2-b~:;~::~:n!~?=[~Mr~:-~#Y~~Fl~de:•••:-

• Main memory address register 
• Odd word pattern register 
• Even word pattern register 
• Test control register 

The main memory address register contains the current PBUS transfer adu.,css. 
Since the interface only transfers longwords, the least significant three bits of thi 
register are always forced to zero. 
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Figure 9-21 SPU-to-Memory Data Path 
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Figure 9-24 r-.tap Register Format 

i 31 - 29 28 :•• !4!:. 26 25 24 - 23 22 21 20 19 0 
I 

I .i )' ' > :\, ! I 
I I 

Jrs< lvALi :RES =:!1£R.1 TACI RES l/0 TAS RES PAGE FRAYE 14' . : ··"' · . I 
.. . .. ·1 

I I : ! I 

.;:(;)\ : 
/ii 

Table 9-5 M~p Reg~~'Bitio~finitiqns 
:[/\/ .:: ::::: 

.: / / / 

! 31-29 I Reserved (RE$>!: 
23 · valid 

I 
· Reserved (RES) 

26 Scrub Bit (SCR) 

25 
I 

· Test and Oear (TAC) 

l 

' 
24 - 23 I Reserved (RES) 

22 I I/0 

21 Test and Set (TAS) 

20 ! Reserved (RES) 

19-0 lrageframe 

Note 

-· Wh~n set, indicates that the information in the register is valid and that 
the SPU may access the corresponding page. An attempt to access a page 
that does not.have the valid bit set causes a DIO bus error. 

~ri ~t, cau.~)~e Interface Adapter to scrub the referenced memory 
~ocation tq~~t,a single-bit ECC error. IA performs a word write with 
no ZOJ~~!J:jflils ¢itu.~_m!;!mory to read the corrupted word, correct it, and 
wtjt~)he'com:le#~:i:fW,ptc:fback into memory without merging in any new 
daf.CSPU read)>.r: Write word operations with the scrub bit set cause an XP 
transaction tMfkword aligi:l~ and four bytes long. 

When ~Jihltiates testM4f1~r operations on semaphores in main 
memory'. TAC oper,~:tiifrifare only:a.llowed on bytes. Any access larger 
than a byte to ~p#ge with tll~:1)\,@J:,it set causes a DIO bus error. A TAC 
operation is~#oi-med ~y~#,#itjg the desired byte with the TAC bit set in 
the map register. Th~aje~lqi:atiptj'.~ contents are returned and the 
location is set to ~(X>f / ' · · · · · · · · · · · · 

When set, causes SPU xr1~ct~ and wri.t¢.s.!~ ~c.cess PBUS I/O space 
instead of PBUS memory sp~~; / 

When set, initiates test aridi~{h~~atiqiits/~ri semaphores in main memory. 
TAS operations are only allowed on t:iyt~: Any acc~~.larger than a byte to 
a page with the TAS bit set causes~ P.~O bus errqr.:/A:TAS operation is 
performed by reading the desire<;¼ ~yte withJt¥+As l:iitS(!t in the map 
register. The memory location's contents~refu:med and the location is 
set to Ox.FF. ··•·•••-: •• · ·•·•··" ••-::-

Scrub, TAC, 1/0, and TAS bits define mutually exb~d~J[ operations. A 
memory access that uses a mop register with more than one of these bits 
set will cause a D10 bus error. 



Odd and even word pattern registers contain the next pattern to be written to 
memory on a writ~ or the next pattern expected on a read. 

Figure illustrates the fonnat of the four memory test registers, and Table ~ J 

defines the purpose ot the individual bits in the test control register. 

9. 9 .2.2 Memory Test Operating MOdes 
There are four memory test operating modes: hold, increment, shift left, and 
complement. Each mode affects the test pattern. 

In the hold mode, the word patterns contained in the even and odd word 
registers remain unchanged for the length of the transfer. This operating mode 
can be used to initialize main memory to a constant value (such as zero). 

In the increment mode, each pattern word is incremented by two at the end of 
every longword transfer. This mode is used to load an address-equals-data pattern 

memory on a word boundary. 

tl.\e shift left mode, the two pattern words are linked together to form one 
84Hiiit left shift register. This mode is used to generate a pattern of walking ones 

:~nd zeroes. 

In the complement mode. each pattern word is complemented at the end of 
every l9l'l:gW,ord transfer on the XP bus. 

: / 9'.9.3 Sv.tt•~ Interrupts 
·=::u= ,= ·· The .xrJµ~ij#,(ie and the XP interrupt bus provide the SPU with the means to 
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~ /ifuct ~~m1*'1ll interrupts 0x08, Ox09, 0x0A, and Ox0B. 

=n,;=intem,i;~:~ ~~~/register has an integral part in handling interrupts. To 
initiat~4tj)nforrupt, the $JJV. does a write operation to the interrupt vector byte 
in th¢) iiiterrupt contw.n egister. Writing to this byte of the register causes the XP 
interface to reqt1~!$e"XP int~pt bus. After the interrupt bus is granted, the 
XP interfac~.~the int~ffii;i#yector out on the bus . 

. ·<::;::::: . . . ...... . 

An intemip"t is det,aj~ !~si~ ~dir.\g:i,f<im the time the SPU writes the vector to tr 
interrupt contrpi:ffygi~~r:) iaj:µ}J:if i~terrupt bus cycle completes. Another 
interrupt vectc#)zyte sti.o.ajp)\tj( be written to the interrupt control register whil 
an interrupt is pendit:'gJ >tji#g'so will cause a bus error indication to be sent to 
the SPU. . ·-·. 

The format of the integ:µp(~~tful t~gi,$.W is illustrated in Figure xx and the bit 
definitions for the registeflfre pro~fii•!iin Table xx. 
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Figure 9-25 Memory Test Registers 

31 <> 28 Z7 26 25 24 23 19 18 17 16 15 0 

0 
• 1i

1

1: r:E !:•w. I RD RFS OP! I OPO I RFS I CYP I pra I ~ I TRINSfER coum I 

4 ...... 1,,. _____ ...,...._ ____ M_AI_N_ME_M_o_R_Y_AD_DR_E_s_s ________ ___.l 

s! ___ :::_:" _________ EVE_N_w_o_R_o_P_A_'IT_E_R_N ________ ___.I 

c l.._ -------'--,~----oo_o_w_oR_o_PA_IT_E_RN _________ ____.I 

31 - 28 Reserved (RES) 

27 Read /Write (RD) 

26 Reserved (RES) 

25 - 2-l I Opcode (OP) 

23 - 19 Reserved (RES) 

18 Compare Error (CMP) 

17 PBUS Error (PER) 

16 Busy (BSY) . 

15 - 0 Transfer Count 

I When set, indicates ~ ,t m~g&:ffl~ '.~~~ a PBUS error. 

When set, indicates that\(\Vrite or rt!~/~ompare operation is in progress. Set 
by state machine when transfer cq~i.,(1~ loaded; rn~tby state machine when 
transfer completes or terminat~[iii#,fto error< !>' > 

I Byte count used in XP header. 

• 

·- ;: -- , I • 



f igure 9-26 Interrupt Control Register Format 

1 1 
u l 24 23 20 19 16 15 9 8 7 0 

STATUS ENW RmvEll I PENDll!G I nmmmPT VECTOR 

Table 9-7 Interrupt=Cri~frol Regi$ter Bit Dgfi,nitions 
. ::::::, . ·. •, • · .•, 

! 31 - 24 I Error Conditions 
! I 

, 23 - 20 I Status 

19 - 16 ' Enable 

15 - 9 I Reserved 

8 I Pending 

7 - 0 I Interrupt Vector 

Each bit rep~~ri-r .k error condition interrupt that is non-maskable on the CU. 
@ey are ~~sts for ifl'.lmediate action due to an error condition detected by 
'the clqc:¥/generatorptjga.n logic. Each individual error condition interrupt may 
be,¢~~ by w.tj:µ#.g i~:Cfoe to the appropriate bit position. The error condition 
interrupts f9i;::$h'l;,~t:are lisU?d as follows: 
31 - Hard:etrof --·:: =c· > -
30 - Intetiice adapt~f ~{f~tror 
29 - Memory boarµ ~ff error --•=-

28 - Scan me1:w~cyiccess error : :> 
27 - Scalar halt> ' 
26 - Scan memory parity~68{ 
25 - Clock generat91;::pii.rlty error 
24 - XCL parity er+oF 
Each bit represents th~:;t#~ ~Jf ~~~~Jhupt. Bits 20, 21 , 22, and 23 
provide status for systim-:'( in'ten;µ~:P*-®d )x09, Ox0A, and Ox0B, respectively. 
When a status bit is set, the co.~pding interrupt has been recognized by the 
CU logic. Once set, a statu~pi( ~ins set 1111:tiH@re is written to it. 

Each individual bit is an enablefqrAiffl~@ iri~¢@~t. Bits 16, 17, 18, and 19 
enable system interrupts Ox08,:~ ; 0xbA/ a.m,f:()x0B, respectively. 

Indicates the most recent interrupt vec~dr!~tten b.y ~isro tl\at is still 
pending on the interrupt bus. Pendingni~ans ~f@f tl,e CU has ~ot yet been 
granted access to the XP interrupt bus or tM( t;here i~ an µ1 terrupt cycle in 
progress that has not yet completed. 

The number of the current or most recent interrup{b,i-badcast by th~ SPU /CU. 
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10.1 

Workstation Interface lQ 
The workstation interface (WI) board is the link between the SPU workstation 
and the other functional units in the system. The WI board physically resides 
with the SPU workstation and its associated hardware in a standalone cabinet 

, that is apart from the processor and I/O cabinets. A DIO bus cable links the WI 
>> . )\ board to the workstation. The DIO bus is a proprietary Hewlett Packard (HP) bu 

,:/(/ i/''''Tllli~rcf ~~:=~::::~~:i:~;;:~ ::;!"::!~n~~::i;~~:~~ ~:~~:~rr 
·the WI board to the backplane of the I/O bay cabinet. 

1=1,ii:;orkstation interface board consists of the following functional areas: 

• DIO Bus Interface 
• Parallel Interface 
• SerialBPc'~d Printer Interfaces 

~,K~Y.S~tch ~J:l~~face 

.,.::• •i//::t~~~;;~~to:~~ardware 
'lfij~::~0-1\H~@iij~ ~he workstation interface board and its relationshir, 
the SPU woH<lifation and rest of the 0800 System. 

, \ 
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:: igure 10·1 Workstation Interface 

CENTRAL ? ~-­
PROCESSING ... ..• ... >@rrs .. 

PB 

PBUS 3 

CROSSBAR 

[/0 
SUBSYSTEM HIGH SPEED 1---_ ____. 
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Overoiew 10-2 

wsintfce 

MEYORY 
BOARDS 

CPU UTIIJTIES 
BOARD 

WORKSTATION 
INTERFACE 

I BOARD 

DIO BUS 
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10.2 D1O Bus 
Interface 

Theory of Operation, First Edition 

The DIO Bus links the SPU Workstation with the workstation interface board. 
The interface board is designed. to work with either one of two different DIO bus 
versions (DIO I or 010 II). The HP332 workstation uses the DIO I bus. The DIO I 
bus works with other similar Hewlett Packard workstations and provides r 
performance. The capability to work with either DIO I or DIO II buses has L _ 
designed into the workstation interface to provide greater flexibility in the type 
of workstation that can be used in the future. Currentlv, the HP 332 is the SPU 
workstation and D1O I is the applicable bus. -

Table 10-1 lists and defines the bus signals for both DIO I and DIO II. 

DIO Buslnterface 1( 



--::-.ible 10-1 010 Signals 

'Signa1•••Naffi~i~;:;;;:::':{:: P!Q'':J''':':':;::'::::'.'''T'.~':,!~1:.!t:1: Q!:11~'-~:?!;t,;;,f-r=:'~;~~::,'.;,: -~ .;~t~-~;i:~~,,~;'.tf~·1f:;:::;:::;,;,:,fr,:~r~;,;,;,i,;,;,;, .~i@.tm.f'!t ;~:;,;,;,;,;,::;:,~:,::;,;,: 
Address/ p.df ci/~,~es and Bus Control Signals 

B0<15 .. 0> ., x · x Bidirectional Buffered Data 

' ./ /: > , XD<lS .. 0> < < / , , :::, ,,,,, x Bidirectional Extended Data 

; BAS24• / ' ,:ii /k\ !{ Input 24-bit Address strobe 

,,:/!i:/ii . )\, x Input 32-bit Address Strobe 

: ADACK• <i( < \ } '' > x Output Address 
,,/ ) / ' ':: \ Acknowledge 

BLDS• 

SUDS .. X 

I 

j LWOR~ 

BR/W• X 

RMC 

DTACK16 .. 

, DSACKJ2• 

!3ERR• Ix 
• 1 nterrupt Signals 

X X 

JRJ• X X 

X X 

I IRS· X X 

I 

: !RN X 

: Utility Signals 

. RESET- Ix X 

Input 

Input 

Input 

Input 

Input 

••• Output 

:: r b i>,,: /1 r 
,: 

0 

0 

Buffered Upper Data 
Strobe 

Long-word access 

Buffered Read/Write 

Block Mode 

Read/Modify/Write 
Cycle 

16-bit Data Transfer 
Acknowledge 

32-bit Data/Size 
Acknowledge 

I Bus Error 

Interrupt 
Acknowledge Cycle 

I Level 6 lriterrunt 
IRequ~l · 

,' 

Bus Reset 

Theo,v of Operation, First Edition 



Figure 10-2 
Map 

10.2.1 Address Maps 
The SPU workstation includes a memory map that defines a varietv of 
configuration parameters for the SPU workstation. The address map for a 
workstation that uses a DIO I bus differs from one with a DIO II bus. Fig< · 0 
and 10-3 illustrate the two types ot address map. Both types of address m.. . 
include space allocated to the workstation interface. 

The total DIO I address space is 16 megabytes; the total for DIO II is four 
gigabytes. The DIO II address map includes a 16 megabyte region labeled DIO 1 
Compatibility Address Space. As its name indicates, the contents of this region 
are identical to that shown in Figure 10-2 for the DIO I address space. 

Within the 16 megabyte DIO I address space is a two megabyte area allocated fr 
external 1/0. From the SPU workstation's point-of-view, the workstation 
interface is external 1/0. The two megabyte space is divided into 32 sections of 

< >· 64 kilobytes each. At boot time, the workstation interface responds within a 
= • · • \ ,_single 64 kilobyte section. After the SPU initializes the workstation interface, an 

·\Jildditional one megabyte interface window becomes available. 

-

600000 ........... -~"'--__;,,""""'~---------1 
)\,::= 

Theory of Operation, First Edition D10 Bus Interface 1 



:'" igure 10-3 DIO II Address 
\-1ao 

nrn Fl us lntmac.e 10-6 

nn,,,r 

CACHED ADDRESS SPACE 
(3.5 GB) 

20000000 1-------------------
l rnTn'P' UNCA.CHED ADDRESS SPACE 

1000000 .._ ______ (_4_9e_MB_) _______ _ 

ITFTrr 

Dl0 COILPATIBII.lTY ADDRESS SPACE 
(16 MB) 
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10.2.2 Select Code Switches 
Eight select mde switches determine the physical address of the workstation 
interface board. U the SPU uses a 010 I bus, then the most significant seler -it 
switch should be set to the logic z.ero position. U a DIO II bus is being usec. .1 

the most significant select code switch should be in the one position. 

Whenever the most significant switch is in the zero position, the least significant 
five switches will be read to determine the physical address of the board. Uthe 
most significant switch is in the one position, the least significant seven switch~ 
will be read to determine the board's physical address. DIO I bus interfaces 
require a physical address range of O through 31, and DIO II bus interfaces 
require a physical address range of 132 through 255. 

When the SPU workstation asserts an address on the 010 bus, part of the 
·• .. , address is oompared with the setting of the select code switches. U they match, 
)< / q hen the workstation interface board is the intended destination. 

'jJJr DIO I bus implementations, the address comparator on the workstation 
int¢,ace board has the most significant three bit positions hardwired for a value 

.. of j Otl. For an address match to occur, the three most significant bits (23-21) of 
.. , / the eight bit address must be 011 and the l~st significant five bits (20-16) must 
· · .... match the select code switches. , 

TablesJ(h~i/hlld 10-3 show the select code switches and the corresponding 
adc:1#. bits witl\ which the switches are compared for both DIO I and II bus 

. ,iriteifaces. . . 

. .:='./)\· 

Table 10-2 Select Code Switches fbrDtO IitJ~)//U: . .. . .. . .. ··=;:; \=t==· 
_.)\:i: ::· 

Switch 
Setting 

0 l 

x = variable 
MS = most significant 
LS = least significant 

l 

Table 10-3 Select Code Switches for DIO II Bus 

x = variable 
MS = most significant 
LS = least significant 

Theory of Operation, First Edition 
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Figuxe 104 ftd IO)md 
Reset Register F,9:rma.f::••• •· 

010 Bus Interface 10-8 

10.2.3 Cara ID / Reset Register 
The ID register specifies the card type. The register contains a primary and 
secondary identification value. For the NWI, the primary ID is 15 and the 
secondary ID is .zero. Figure 10-4 illustrates the fonnat of this register. 

7 6 

Primary 
ID 

5 4 3 2 1 

Secondary ID 

If the ,SplJ~tes a write transfer to the Card ID /,Reset register. the 
w,orkstation interface board is reset to its initial power on condition. 

0 

Theory of Operation, First Edition 
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10.2.4 Card Size Register 
The Card Size Register (offset 101H) specifies the total address space occupied b~ 
the WI board. 1bis one byte, read-only register will always contain a 
hexadecimal value of fJ7 for the WI board. 1bis value specifies that a total c ~ 
megabytes is reserved in the DIO II address space. This register is ignored .. 
I-based systems. 

The address space allocated to the workstation interface board differs for DIO I 
and DIO II-based systems. For DIO I-based systems, the WI board is allocated 3: 
kilobytes of memory at boot time and an additional one megabyte after 
initialization. For DIO II-based systems, the WI board's allocated address space 
occupies eight megabytes at all times. Figures 10-5 and 10-6 show the WI 
memory map for both DIO I and DIO-II-based systems. The memory map 
assumes default values for the select code switch settings. 

PBUS WINDOWS (4MB) 

PBUS YAP and SCAN INTERFACE 

WI LOCAL REGISTERS 

RESERVED. 

03CFFFFF' 

03C00000 

DIO Bus Interface 1 



~igure 10-6 WI 
\femory Map(DIO I 
Co nfiguratioµst 

010 Bus interface 10-10 

007FFFFF 

! 00700000 

•'OO~FFFFF 
11

~os~;od> 

PBUS WINDOWS ( 1MB) 

PBUS MAP and SCAN INTERFACE 

WI LOCAL REGISTERS 
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Figure 10-7 Card Status and 
Contr9tij#gister Format 

·- ·- ·-· -· • . • -.. 

10.2.5 card Status and Control 
The Card Status and Control register mntains internipt enable, interrupt request 
and interrupt level select bits. Fi 10-7 illustrates the reeister format. 

STAT 

7 6 5 4 3 2 1 0 

IE IR ILVLl< 1..0> ILVL2< 1..0> I 0 0 

. The interrupt enable bit serves as a global internipt enable for all interrupt 
/ ~uests destined for the D10 II bus from the workstation interface. 
::;:=:=· 

The.interrupt request is a read only bit which reflects the state of the WI's 
i?.t~tiial intem1pt request. If both the interrupt request and interrupt enable bits 

: ~re set, the WI asserts one of the DIO II bus interrupt request lines, IR3 through 
· ·•·· · IR6. The particular interrupt request line asserted is determined by the interrupt 

level select bits. 

Table lo-4 Interrupt Level 
Binary Codes 

Theory of Operation, First Edition 

To .9:e.™1iaih\~terrupt requires writing to the register that originated the interrup: 
;iaj;riot by ac:;~g the Card Status and Control register. 

<:-· 

The ~~t~~fi#,~~ins two pairs of interrupt level select bits. Each pair can be 
cajaj)ie~t.e.l.y•~ !r.epresents one interrupt level. Bits 5-4 contain interr•"t 

J~erone (ILvt)):~d'bits3-2 contain interrupt level two ( ILVI.2). lnterr VI 

one (ILVLlH!i!~ for the UARTS; interrupt level two (ILVL2) is used f01 --~ C 
board anr;(W,ey change in~pts. 

:= :=::: :;::· -:::;:;: ::::- · 

Table 10-4 lists tp~!fyicA,it bi~ry code for each interrupt level. 

00 

01 

02 

03 

D10 Bus Interface 1C 



1 0.3 Parailel 
Interface 

The parallel interface physically resides on the WI board and serves as an 
interface between the SPU workstation and the CU board. On the CU board, the 
parallel interface splits into two interfaces, one for the XP bus and the other for 
the diagnostic hardware or scan logic. 

Figure 10-8 provides a block diagram of the parallel interface. 
Figur~ 10-8 .P~le(i!q,t¢ace Block Diagram 

. ·.·.· . -: •,•.·-: :: 

DIO 
BUS 

' . BYTE SELECT . 

<;:;:/:= 

, J ooifrss <23:.0) 

BAS24' 

BAS32' 

DTACK16' 

DSACK16' 

DSACK32' 

Parallel Interface 10-12 

INTERFACE 
CONTROL 

LOGIC 

parinfcl 

DATA 
and ADBUS f""or_,.____,. 

ADD~ <31..0> ..----­
JruX 

ACK 

ERR 

INT 

CPU 
urnnn:s 

BOARD 
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Differential drivers and receivers are used for each of the interface signals 
between the WI and CU boards. Data and address lines are multiplexed, which 
reduces the overall number of wires. 

Only the least-significant 24-bits of the address are passed to the CU board. 
least significant two address bits are always zero, indicating an address on a 
longword address boundary. Byte select and read/ write control signals are 
supplied along with the 24-bit address. 

Parity is checked on the incoming data read transfers and sent on outgoing data 
write transfers. Parity is also included with the address transfers. 

10.3. 1 Data Transfer Sequence of Events 
The sequence of events for a data transfer are listed as follows: 

, :/i/}:p. Transfer 24-bit address, byte select signals, and read / write control signal. 
: :-:::::··· \!~~ ,Send Address Strobe (AS signal). 1bis serves as an address latch control 

Theory of Operation, First Edition 

· in the CU board 
3. Jq111ster the data (write operation) or tri-state the bus (read operation). 
,t; Acs.sert the Data Strobe (OS). 
s ? 'rhe CU acknowledges receipt of the data } ACK signal). 

AS24 • for OIO I or AS32• for DIO II 

Parallel Interfaa 10 



10.3.2 Error Conditions 
The CU board interface includes three error detection mechanisms: 

• WI-to-CU Board Cable Interlock 
• CU Error Reporting 
• Parity Checking 

An interlock signal is used to assure the integrity of the WI-to-CU board cable. 
The absence of the interlock signal during a transfer will result in a DIO bus error. 

The CU reports errors it detects to the WI board by means of the ERR signal. The 
,.,rvTV>C of errors that cause the CU to assert an ERR signal are described in the Bus 

Source Register (BSRC) bit definitions. Transfers that occur when the ERR 
si~l is being asserted result in a DIO bus error. 

,, ;:;¥J:t/i~tjty bits accompany the data, address and control information transferred 
/ \ :/~hroug'l{the parallel interface to the CU board. If the CU detects a parity error 
·. <<when it receives a data or address transfer, a ERR signal will be issued. During 

read cycl~/ ¢.etection of bad parity by the CU board will result in a DIO bus error. 

WhenWJ~~ a D IO bus error occurs, the SPU microp~sor must read the Bus 
Errbr Source Register (BSRC) to determine the source of the error. Figure 10-9 

··· illustrates the formatof the BSRC ·ster. 
Figure 10-9 Bus Error Sourc~/ 
Register Format · 

0,, .. ,,11,,, 1.,1,,..,furp 1n-14 

BSHC 

3 2 1 

DPAR<3 .. 0> 

Bit 7, INV ADDR, indica't~ithat the a.#.<frc~s supplied on the DIO II bus 
corresponded to a,resei'-Ved (unµ~ ).~on of the WI address space. 

0 

Bit 6, I LOCK, indicates_ a b~cii~ajl~l!/i~ac¢ cable connection between the WI 
board and the cu boan:krfils ~ttf~#Wilig parallel transfers if the cu 
interlock signal is absent: .·.· .·.·.•.·.·.·.·. ·. ·. · 

Bit 5, TIME-OUT. This bit is s¢tif the qJJaj~~:~~ ~rt either an acknowledge 
(ACK) or error (ERR) within Tl30~ri4$1i? 

Bit 4, CU ERR. This bit is set if the CU asse~JtfERR sign,a.l at any time during a 
data transfer. The CU will assert the E~:#iffel if the qgq~tects: 

.. · -:-: .-:.;-:.:. : -· ... 

• a parity error in a transfer it receives/~fu thE:¥{J~~d 
• an invalid address 
• an incorrect transfer size (some transferf ffi~st be~Jf W6rrl boundary) 
• an aborted transfer due to a time out 

For more specific information about an error, the j ftware must JX)ll the,(:U board. .· ·.• .. ·.·.·.· · ·.· .. •.·. ·. 

Bits 3-0, DPAR, are set if a parity error is detected in data received from the CU 
during a read cycle. Note that data parity errors detected by the CU on write 
cycles cause the CU ERR bit to set. Parity errors can be simulated via the Parity 
Error Force Register at offset Ox203. 

Theorv of Or,eration, First Edition 



10.4 BPC 
Interfaces 

There is a total of five Bay Power Controllers (BPCs), one in the bottom of each 
cabinet bay. Each BPC is responsible for controlling the Bay Power Supplies, 
monitoring the bay-level environment, and handling communications witr •"ie 
Workstation Interface board. 

A single cable links the BPC interfaces on the WI board to the 1/0 Bay. Inside th 
1/0 Bay, the cable is broken into individual cables for each BPC. 

There are five BPC interfaces located on the WI board. Each BPC interface 
consists of three functional units: 

• Cable Interlock 
• Serial Interlock 
• Reset Control 

\ J Q.4. 1 Cable lntenock 
The cable interlock assures the integrity of both the bundled BPC interface cablE 
thaq·uns from the WI board to the l/0 Bay and the individual BPC cables that 
.irtteii:onnect the 1/0 Bay with each BPC. Each BPC has its own individual 

/ irhcrlock signal. The signal loops back at th~ BPC and returns to an octal UART 
on the WI board. If an interlock signal changes state, an interrupt is generated o 
the WI board and sent to the SPU workstation. 

.:1014~2 Seribl,lnterface 
/Jfii~ seriaj:~~ce allows the SPU to send mmmands to any BPC and to receiv 

.· BPCstafu!fimoimation. UARTs a:mtrol the serial channels, and each UART has 
~'i' /~S.~~~J#,1ij1p~(for initiating service requests to the SPU . 

.. :: :/1(\::: 
. . · .. 

. ::::•: :- · 
.- : -:-:-:- :-· 

10.4~4\ H?eset Cc:m~ro.F 
BPC reset signals ~yibe used tp reset the microprocessor located in each BPC. 
After being ~ ~))hifBPC nµtj'pprocessor executes its power-up sequence . 

. =: =:::::> 

Theory of Operation, First Edition BPC Interfaces 10-
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10.5 Key Switch 
Interface 

SPU and modem key switches on the 0800 SPU are used to select the operating 
mode for the SPU workstation and its attached modem. A definition of the 
positions for these two key switches is provided earlier in this chapter in Tables 
10-6 and 10-7. Execution of the operating modes of these two switches is a 
function of the SPU software. 

Table i b:-;s s'r~~!,Qp¢ijting Mode Key Switch Defintiona 

OFF 

, LOCAL 

CPU ONLY 

SECURE 

OFF 

SPU 

CPU 
i 

I 
i 

Key Switch Interface 10-16 

Disables SPU and CPU access. 'This signals a power 
shutdown to the CPU. Hardware on the workstation 
interface board immediately resets the Bay Power . 
Controllers (BPCs), which in tum reset their PPCs and 
removes power from each board in the system. Moving 
the keyswitch to one of the other positions does not 
cause power to return until the SPU software 
commands the BPCs to return power. 

Allows both CPU and SPU access. Sarne as using "P 
and "Don the ClOO or C200 SPU Console. 

Allows only CPU access. Titls makes the SPU 
Workstation the equivalent of just another terminal tied 
ito the operating system. 

SPU keyboard and mouse are mechanically disabled. 
J.Aif p.ermits the SPU to continue with output, but user 
~tjprit is not possible. SPU software ignores the modem 
even if th~ modem key switch is in the SPU position. 

MO<.i~i.{~hysically,c;p~ to SPU's serial port. 
Current S:r>Y.:P.P(!ii~#.iig m~e applies to SPU access via modent:i)/ : ... · . . · . . . .. .. 

Mode~>physicall)(~trilected to [\UX serial port on 
workstation. Ex~ cable fyc;iqi Aw< port to 
SYSTEGI or VMYNC ~ wiliertable remote access 
to operating ~m ~#:fdliii.sse>f SPUoperating mode. 

Theory of Operation, First Edition 



The workstation interface board has a key position register that contains the 
current position oi both the SPU and the modem key switches. A key change 
interrupt notifies the SPU if there is any change in the contents of the key 
position register. If a key change occurs, the appropriate key change intemr · ;t 
( bit 4 or S; see Tables 10-5 and 10-9) is set in the Interrupt Status Register. A 
the SPU detects the key change interrupt, the SPU software will read the key 
position register to determine the new switch position. 

Fi re 10-10 illustrates the format of the kev position register. 

KEYPOS 

7 6 5 4 3 2 1 0 

MODEM KEY SPU KEY \I ) <....· _____________ ...._ ___________ _____. 

~i~s74 contain a four-bit code that specifies the current position of the modem 

<:,, ;/ ~:: ~~:· ~t~~:fu7nts one switch p9sition; the bit with a zero indicates 

<i/_/_j _:,_•,,;,,:_.,.,_.,·. Bits 3-Qtj~~ a four-bit code that specifies the current position of the SPU key 
sw.;i~stj{Each bit ~presents one switch position; the bit with a zero indicates the 

dc:#ffent swit_~ ~t;ting. 
:::::: :::=- .:-: -:: :-: :-:: !i/ 

Tablt?J(hf1d~~.tll~Jour-bit key position codes for both the SPU and modem 

~~!$'hf the,~ /~~~bn register . 

. -::/ :!:; ::=:· 

Table 10-7 KeyPositionCodesl-■i■illlili--

1 0.6 Printer 
Interface 

Tneory of Operation, First Edition 

1110 Off/ I OFF 

1011 CPU Only 

0111 Secure 

The workstation interfa¢fl>q~-d'ilig~~J :w:kerial printer interface to support a 
local SPU printer. A U.ART'channel ~5c/pr,pvided for this purpose. 

Printer Interface 



1 0. 7 Utility and 
Diagnostic 
Hardware 

The Utility and Diagnostic Hardware consists of four registers that provide 
utility and diagnostic capabilities to the workstation interface. The four register 
are listed below and described in the text that follows. 

• Miscellaneous Control Register 
• Parity Error Force Register 
• Loopback Data Register 
• CU Address Register 

· 10. 7. 1 Miscellaneous Control Register 
..... Fi re 10-11 illustrates the format of the Miscellaneous Control Re ster. 

Figure 10-11 Misc~~e'C>.Js .. 
Control Register Fpph.at 

6 5 4 3 2 

BPC4 BPC3 , BPC2 

MISC 

1 0 

BPCl EPCO 

>; j The XP bit ( bi,t 7). ~~termines whether or not the WI board will respond to DIO 
$µs cycle~ tMd&p to the PBUS address space. When set, the WI board will 
initiate ~itj:'iinsactiorq!ijip,t:the CU during such D10 bus cycles. When cleared, 
the~f piO bus cy¢.iiis.i~il time-out without affecting the WI board. This is a 
reqirlremenrnf~be'Smlfsyst~ software to correctly configure the system at boot 
time. ~mrfis'cle~il::if ~t. 

.::::U}il!:· 
The Address Only,p~~{bH 6) is a diagnostic mode control bit. When cleared 
(normal operc1,tjqtjbill accesses tq)he CU include both an address and data 
phase. These accesses use~ ~ portion of the SPU-to-CU interface logic . 

.. ;:/: 

When set, which is ~~id~;ed th~g~~~stic mode, CU accesses have only an 
J.ddress phase. The® add~~caj:i/~tiibsequently be read back and verified. This 
mode of operation uses~ ~U1'/mt,5~ 1.1gic. 

Bit 5 is not used and always wilr'J#,:~)pgi{;ero. 

The BPC Reset bits (bits 4-0)i#ri.*ithe re~Hi@~)q ¢iich BPC. A logic one in a 
BPC bit position will reset (and hC?l,q,~#~)~af pa,#cular BPC. A logic zero will 
release the respective BPC. Cui~#1~~y/ allof/m,~¢bits are set when a WI reset 
occurs. 

lltilitu and Oia<nWstic Hardware 10-18 Theory of Operation, First Edition 



Figure 10-J~/ rffityE.rror 
Force R,~g~fotfprmat > · 

. .·· . 

10.7.2 Parity Error Force Register 
For diagnostic purposes, parity errors associated with the CU parallel interface 
can be forced using the Parity Error Force Register (PEFR). Both address and dat 
parity errors can be forced separately (or both simultaneously). In additi01 
parity errors can be soft logged. Soft logging results in an entry in the BSR1.. 
without generating a bus error. Thus, system software can force parity errors 
(and verify their occurrence) without generating entries in the SPU error log. Th, 
format of the PEFR is illustrated in Figure 10-12. 

PEFR 

7 6 5 4 3 2 1 0 

RES FORCE<3 .. 0> 

is not used and always reads a logic zero. 

Bit 6 is the ~ft Log bil When set, parity errors set the appropriate PERR bits in 
the BSR,Q) ~tit do not cause a bus error on the DIO bus. When cleared, parity 
error~ililso cause bus errors. This bit is cleared by reset. 

.. .... -:- . -· . 

/(t3ifS, the ~,4(1.t.¢$irforce bit, controls the forcing of address parity errors. When S{ 

<,,. the fqr,¢ i~ts.~ XORed into the address and control parity on the CU interface 

=$,~ti~?t~: datii:~~~~~ controls the forcing of data parity errors. Whens, 
force bits ~:JKORed into the address and control parity on the CU interfa1..c. 

Bits ~~fu the forcE?,bi.ijl When either one (or both) of bits 5-4 are set, the parity 
error farce bits af~iiX,ORed intq:;tte parity of the address and data paths of the C 
interface. 

10.7.3 Loos:,hack,Ddtoi~~•ster 
The 32-bit Loopblid, D"'ti#)~~sfur. (LBDR; offset Ox210) provides a loopback 
point in the data pawgH}#.iCU parallel ~t:\~erface. Writing and reading this 
register tests the co@.l~ data patn qf.~e.)::p parallel interface, including the 
differential drivers arid r~ei~~{:i:}\') Hi 

Every write to the CU i~iill~-~~~e:tf~d.~f~~uses selected data bytes and parity in 
the LBDR to be updated. This regis,~e,falways c9Ataj;tls the last data written. If a 
bus error occurs, the contents of)l.ifLBDR fM:Ybetet:r:eived for analysis by 
executing an LBDR read operati*fr: · · 

10.7.4 CU Address Register .... · . 
The CU Address Register (offset Ox214) i!:ial)J:2-bit registerJd¢ated in the add res~ 
path. Reading this register returns the add~s and contr<>l information from the 
previous read or write transaction to/from the ClJ!)qa,rd.'IJ1~se>~c;urs without 
affecting the CU board logic. Physically, thig~gii#e( res~q¢5 ori the CU board. 
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1 O .• ~ > lntero.ipf/ijJr 
Register Logi<f 

Typical diagnostic use of this register involves performing address-only transfers 
to the CU board followed by a read of the CU Address Register at offset Ox214. 
This register always contains the address and control infonnation of the last 
transaction involving the CU board. If a bus error occurs, the contents of this 
register may be retreived for analysis by executing a read operation. 

The CPU Utilities board can issue an interrupt to the workstation interface board. 
The interface board is then responsible for asserting one of the interrupt request 
lines, IR <6 .. 3> •, on the DI0 II bus. These interrupt lines are controlled by the 

•-•• ·•--interrupt enable (IE) bit and interrupt level (ILVL) bits in the card status and 
< C:ontrol register. The IE bit serves as a global interrupt enable for all interrupt 

requests destined for the DIO II bus from the workstation interface. 

In <ltj,4,iton to the CU board interrupts, there are interrupts that originate locally 
. . @m~itilin the workstation interface board. Among these are: UART service 

. ://}i'equ~tji{BPC cable interlock connection errors, printer interrupts, and key 
/ switch changes. 

>I~~ivi9--uaj ~ terrupts can be enabled or disabled by means of the Interrupt 
Enable Register located at offset Ox209. Upon receipt of an interrupt from the 
,yt:>rkstation interface board, the workstation processor reads the Interrupt 
Request Register (I~R; offset Ox20B) to determine the origin of the interrupt 

\ r equest. . .... 

The In~~p{ Force .-R@¥er (I.FR) at offset Ox20D serves as a diagnostic aid. The 
forp~Jtj..teriupt b~~mJ:>Red together with status bits to generate interrupt 
requests. Of c;:~>ijise/ ~tjlfappropriate interrupt enable bit must also be set in the IE 
rPV-ister. _-.·•-• :c':\ ':: " •·• ••••• • •- · · · =•• •::: -o· •::\If 

The bit ~signmen~•~~~ the thm? interrupt registers are identical. This is 
evident in Tabl~J pµ!fwhich def:it.l«#s.•the format of the WI board's three interrupt 
registers. --•:::••,: :• · · · · · · · 

Table 10-9 briefly d~#ffest;hat e~~:l:(~~rtupt means and shows the 
corresponding intettiij,t registeppi,t ~tjpiihe}nterrupt level associated with each 
interrupt. 

The UART interrupts (b~0-3)atf ~~ts-from the octal UART. The UART 
status registers must be readJc( ~¢'ti~fiiu1le what ~ce is required. Such services 
include transmit and receiVl!tj~rifoons, ~l!o/~~g, and detection of a bad 
cable interlock. ·- ----- • •: · · • · 

The SPU key change interrupt (hit\ff is as~tf~j~ henever the SPU key switch 
position is altered. ·-·-·-·-·-· -· 

The modem key change interrupt (bit s j~~itsertaj ,WljJ~ev~ ~ modem key 
switch position is altered. ------ -·-·-- -·- --- ---- -· · · · · 

Interrupt register bit 6 is reserved for futur~ ~xpa~p1f -•·-- -
Assertion of the CU interrupt (bit 7) indicates tha{th~ CU requirei Jrvice. In 
response, the CU Interrupt Control Register will bepolled to deterini~ ~lle cause 
of the interrupt. Other than the corresponding interr:i-J.P~f9:rceregi,stE?r,bit(there is 
nothing in the workstation interface that can initiatefthisinteriupt. 
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Table 10-8 Interrupt Registers 

~~~~~~\ ;jJ :Jloard 
Registef 

Reserved Modem SPU 

I nterrtJpf:: :qµ ~card ; , Reserved Modem SPU 

~~,~:;··_ 1:w:1:;:::1111t: >' 

7 CU Interrupt 

6 Reserved 

5 M~~K~Y~ :,, 
,.:=;:::::;: :-

4 

3 

2 

UARTI 

0 UARTO 

Theory of Operation, First Edition 

UAKI'3 UART2 

UAKI'3 UART2 

ILVU 

ILVU 

ILVU 

UART1 UARTO 

UARTI UARTO 

Check CU interrupt statu: 

Not used 

Modem key switch has 
changed 

SPU key switch has 
changed 

Request for service, ports 
and 7 

Request for service, ports 
andS 

Request for service, ports 
and3 

Request for service, ports 
and 1 
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Input / Output Subsystem 

1 1 
11. 1 Overview:: The basic components of a C3800 Series Input /Output Subsystem, which are 

Figutt 11-1 <' fu su~~~I~~' 

illustrated in Figure 11-1, consist of an Interface Adapter (IA), a high speed 
channel, the PBUS, and the Cllannel Control Units (COJs). This chapter focuses 
primarily on the interface adapter, the PBUS, and the expansion port. 
.Infonnation about the other oomponents of the 1/0 Subsystem can be found in 

. / ~ User Guide for that product. 

csnr~ : 

MDIOIT 
BO!RDS 

~--4 CPU unum:s 
BOARD 

The Interface Adapter (IA) serves as a m~~ Lti~~ for ~ put/ output 
controllers in the C3800 Series. The IA connects PBUS resident Channel Control 
Units to memory through the Crossbar. Both dau.t cirid ffiterrupts all? handled by 
the IA. Interrupt handling for the 0800 Series ($plputer systems differs 
significantly from the ClOO and C200 Series cdrilputers. · 
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Four separate PBUS interfaces and a newly defined 1/0 interface, called the 
Expansion Port, are supported by the IA. The PBUS is the general purpose 
input/output interface bus. The Expansion Port (XP) is a fast, special purpose 
input/output channel that provides a higher perfonnance alternative to the 
PBUS. 

To the CCUs, the IA looks like the Peripheral Interface Adapter (PIA) used on 
other CONVEX C-Series computers. To the Crossbar and memory, the IA looks 
like a processor. 

11.2 Interface.::::=:? U ilbe Interface Adapter (IA) contains four major functional unts that are defined 
adapter >peiow. See Figure 11-2 for a simplified block diagram of the IA. 

:/ f Jt}b Cllannel Interface - contains the data path and amtrol logic for 
-/(? ,. , , interlacing with the four PBUS channels and the XP channel. 

./if' 2. ~ 4:~ta Queue - provides temporary storage for data coming from 
, ) ~ry whose destination is an 1/0 channel. 

,f M\.Vrite ~~;Queue - provides temporary storage for 1/0 data destined for 
/ ~ry. 

4. M~ry In~~ce - includes the Crossbar interface, read and write data 
staging wsters, and memory read request identification and tracking. 

·::;;•::: . .=:.>:==:-

Figure 11-2 Interface adapter sixnp~~d block diagrain, , 

I 
PBUS3 ◄ ► I 

PBUS~ ...... ~ 

1/0 
CHANNEL 

INTERFACE 

Interface adapter 11-2 

JRlTE DATA QUEUE 

.· MEMORY 
i} µrrERFACE 

TO/FROV 
EVEN XBAR 
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11.2.1 Input/output channel Interface 
The 1/0 Channel Interface oontains the data path and control logic for 
interfacing with the four PBUS channels and the XP channel. Most of the data 
path resides on eight Owmel Data Slice (CDS) gate arrays. Bus arbitration, state 
machine, and control logic are implemented external to the gate arrays. 

Each 1/0 channel requires a 64-bit (plus an 8-bit parity) data path. There are 
eight CDS arrays. Each CDS array rontains an eight-bit (plus one parity bit) slice 
of the data path for each of the five 1/0 channels. 

The CDS array receives a system clock from the master clock logic located on the 
CPU Utilities board. The CDS array divides down the system clock to produce 
PBUS and XP docks. 

Parity checlcing is performed on all incoming write data as it enters the CDS 

<~Y· 

~4ata path in each CDS array consists of three sections for each 1/0 channel: 
writedata buffering, read data buffering, and a partial header holding register. 

: : : : . ~ : \ : . 

Write data buffering 
'l'llere is only one level of buffering for write data from PBUS channels. As write 

._ \. data is received from a PBUS channel, it is immediately written into the write 

Theory of Opeartion, First Edition 

·.· data queue. Ecl(:b PBUS interface is guaranteed one write cycle access to the write 
data queU<:4,@ng each PBUS cycle. 

Thf!,~J~I -~~ has two levels of write data buffering; its write data 
<~~a~ .. ~~ to cycles that have no PBUS write data. 
·;:: :::: .-: './\:i :::> ::::: ::= 

Rec:Jq j~C -ij~\ 
Two:Jevels of ~jfare provided for the PBUS interface channels. The first 
level, which ~t~ by a S}",i~ clock, sources read data from the read data 
queue. ~~M level is~•clocked and sources read data to the PBUS. 

The XP int~rface ch~*-~f fus ~ ~E?ls of read data buffering. The first two 
register.I are ~p{dbcked~ ~)~:third is XP clocked. XP read data is sourced 
from the read data queue.~iftjrpes iJ:l. which no PBUS read data is available. 

Partial header re,gi~ter:l:l:/lii}((> · 
The partial header register tjql~IB~H/0 channel's merrory request (header) 
until the request can be fo.J.'W#d~ to the l.i:l~E? Adaper's memory interface. 
For small requests (read ofwntes __ aj}M<>rnfwq#~s or less), the entire request is 
forwarded to the memory ~¢.'g~fotjf ti.®./ For merrory requests greater 
than 16 long words, the requesfu(split ~t?imultiple 16 long word requests. The 
partial header register holds the transfer,!fype, the startjl:lg addrss and the 
remaining byte count of the memory ~est. After:t:l).e. Ja#.t request is forwarded 
to the memory interface, the partial ~~r regi~~~mesavailable to receive 
a new header from the 1/0 channel interface/ • · · · · · · · · 
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11.2.2 Read data queue 
1be Read Data Queue (RDQ) provides temporary storage for memory read data 
that is destined for an 1/0 channel Read queue arbitration logic controls the 
flow of data from the RDQ to the PBUS and XP channels. 

The RDQ contains the following ftmctional units: 

• 'lwo independent 2K-location by 36-bit queues (called MS and LS RDQs) 
• Multiple address counters for writing data into MS and LS RDQ 
• Multiple address counters for reading data from the MS and LS RDQs 

,, ) =~ Multiple fill-level counters for tracking the degree of fullness of the MS 
;:::)\) and LS RDQs 

,,:1/!1//i111m,,,~:::~'::"U:~0~u-.e-~~.~~ 
// ·,, data bi~4¢ 4 parity bits). In the memory subsystem these two halves are 
::: ref<?J:":l~icUo.:~ even and odd; in the RDQ they are labeled MS RDQ (for even 

.,~ry daij=~ords) and LS RDQ (for odd memory data words) . 
. · · · •:•· •: -: -.- -· -·-·-· 

-~~is one-~ ROQ and one LS RDQ for each 1/0 channel. Since there are five 
1/0 channel:µt~aces, there are five MS RDQs and five LS RDQs. The five MS 

•. \ RDQs areijtlplemented using 2K-location by 9-bit self-~ed RAMS, as are the 
LS RDQ$l= The 2K-Iocation RAMs are divided into eight sections, each containing 
~ )¢cations. Each 1/0 qwmel is allocated one section. 

~M~te ad~Jciill~ head pointers) are required for writing data received 
from memory}tjl;o'each M.? #. LS RDQ. These head pointers are derived from 
eight-bit <:pµijters. Ther,"E?j~~ftotal of ten head-pointer address counters (five MS 
and fivel.Shead-p<>.j*-t.er'~iil!lress counters). As read data is received from 
memory, the h~cli:t/polnt~:~ :~ :to address the RAMs when writing data into 
the RDQ. Aft~f ~ach wri~'a¢ji:~~/the head pointe,:-s are incremented in 
preparation for the next wt.er·· 

.. :: ; · :·:·: ·· · 
.•:=:::::.::-

For reading data oµfoflhe RDQs, PNiddl'e$ is used for each MS RDQ and LS 
RDQ pair. Referred to as a tail ptjinfur, this ~ is also derived from a set of 
eight-bit counters. There i5:9ii\~tail-poin1:er~i.iress counter for each 1/0 channel. 
Each time data is read frp~ RDQ pajf:{¥$ ~d LS) the appropriate counter is 
incremented in preparation for tl;lf~~ ,:: > 
Both MS and LS RDQs are ~aill:1{~~:wJVih order to return read data in 
long word (72-bits) transfers to the VP):~l device . . · 

Fill-level counters are used to track the' ~~1h¢ R00s. The fill level of the 
MS and LS RDQs are kept in separa~~gl,i~~t~9W1f#ijdiach 1/0 channel 
interface has an MS RDQ fill-level counter.and aifl.SJU)Q fill-level counter. The 
fill-level counter is incremented when data is wr:i~~'into the RQQand is 
decremented as data is read from the RDQ. =,:,: : .·.·.·.· .. · 

The RDQ has one read and one write cycle f~:~~: ~~~ 11;!. Reidstake 
place during the first half of a system cycle and ~~ occui q.µf:ing ~he second half. ·.·. · , . ·.· .· .·.· .·. 

11.2.3 Write data queue << < : 

The Write Data Queue (WDQ) provides temporary storageJq1J/Odatathat.iif / 
destined for memory. Write queue arbitration logic control~ ~flow ofcfata from 
the PBUS and XP channels into the WDQ. 
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The WDQ contains the following functional units: 

• One WDQ for both even and odd word data 
• Five address counters for writing data into the WDQ 
• Five address rounters for reading data from the WDQ 
• Five fill-level rounters for tracking the WDQ's degree of fullness 

Both the PBUS and XP channels send write data in long word transfers (71-bits). 
The WDQ is organi7.ed to accept long word writes into the RAMs. Unlike the 
RDQ, which is implemented as two 36-bit wide buffers, the WDQ is one 71-bit 
wide buffer. 

Each 1/0 channeJ interface is allocated its own WDQ for buffering I/0 write 
. ~ta destined for memory. Thus, there are five WDQs implemented in 

:, 2K..Jocation by 9-bit self-timed RAMs. Within the 2K-location RAMs, each 1/0 
~ is as.signed one 256K-location section as its WDQ. 

< \ Eacll l/Qqwme! uses a separate eight-bit write address counter to access its 
w.oQ/ Wiite addresses are called head pointers. As write data is received from 
the 1/0 channel device, the head pointer is used to address the next sequential 

• . •• RAM location in the WDQ. After each WDQ write, the head pointer is 
incremented byp ne in preparation for the next write operation. 

Theory of Opeartion, First Edition 

Each 1/Q~l has a separate eight-bit read addres.5 counter that is used for 
wqQ)-ead acces.s.d~~d addresses are called tail pointers. The memory interface 

)mtiiates WDQ~ipperations of the 1/0 data stored there. These are 71-bit (long 
word) re.te;i ppetcl.@ns. ~ each read operation, the tail pointer is incremented 

by owM# prepa~RfflTTl~rnr ~ next WDQ read. 

As with the RQQ:f::Ul.:Jevel counters track the fullness of the WDQ. Each 1/0 
channel inU?$.~}ias its own. WPQ fill-level counter. The WDQ fill-level 
counters $ iihcremente~t~:~ta is written into the WDQ and decremented as 
data is read from thewt:xf 

!}(!=-
.· -· .·-: : :: : : ;.:-: 

· Like the RDQ, llil WDQ l\j3,s tjtjf~d anci one write cycle for each system cycle. 
Reads take place duringtf.iflir# ~ .. <>(~ ~tern cycle and writes occur during 
the second half. · 

11.2.4 Memory lntij,tdce ........ .. ...... .... .. ........ . 
The memory interface con~ ~ ~~fwi~}fata paths that serve as an even 
and odd word interface to th¢~1:~~~<>f the memory interface resides on 
four Crossbar Data Slice (XDS)gate arraji{li,owever, the memory interface does 
include some read data staging regist~~ contro)lP:&.¢ptat are external to the 
XDS arrays. .<> •• · · ·.· · · ·.•.• 

The memory interface has a total off~k·~~t~~ays. ~ function as two 
pairs. One pair for the 36-bit even word lnterface clffe.i Of\¢ pair for the 36-bi t odd 
word interface. .,,.,.,,... · · · · · 

In addition to the data paths, the XDS gate arrai liso contain evi and odd 
word address and control Crossbar interfaces. · •. • ·. · · · ·. 
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•: 

11.3 Arbitration 

Arbitration 11-6 

Each XDS gate array includes a 24-location by four-bit FIFO for staging 1/0 
channel IDs and memory error /status flags. An ID tag is generated for each 
memory read request that originates from an 1/0 channel. The ID tag is stored in 
the FIFO and used to identify returning memory read data. 

The XDS FIFO also stages error status and flags associated with each read 
requesL The XDS gate a.nay checks for PCM address violations. Ha PCM 
violation is detected, the read request associated with the violoation will not be 
sent to the Crossbar. The PCM error indication is stored in the FlFO and used to 

. terminate the 1/0 channel handshake after all previously requested read data 
•• ::,has returned from memory. 
//:: 
• 'I1le address and fill counters used by the Read and Write Data Queues are 
p~j,$ically located in the XDS gate arrays. Refer to the previous sections that 

/ describe the Read Data Queue and Write Data Queue for a functional description 
'of the address and fill counters. 

Qµbid~ ~ ::>(05 gate arrays, the memory interface provides staging and control 
!}()fi~d datfretuming from memory. Two staging registers buffer incoming read 

meroory data that is enroute to the Read Data Queue (RDQ). The memory 
interface alsp ~ control over writing this data into the RDQ. Specifically, 
the memoryµtterface controls selection of the correct RDQ head pointer (write 
address)and generates increment controls for both the head pointer counters and 
thefilMevel counters. 

t1ili memory in~ilJ!~~ contains other logic external to the XDS gate arrays 
that control ~ 1/0 ~tA destined for memory from the Write Data Queue. 
This conll:t),lj~fodes a,wffe<l founter for generating the appropriate number of 
read ~ to ~J1??Q/fogic for controlling data flow through the XDS gate 
array, and resw:w.pility@.f ~µ,µ1g requests to the Port Arbiter for the next 
header. .·.·.·. ,,,. ·.·.·. ,.·.·.·.•.•.••·::::: 

The Interface Adap~{~ntains , y#,ri.bfy ~f different arbiters. The most obvious 
ones are the arbiters located mthe 'l/0 Channel Interface that arbitrate access to 
PBUS and Expansion Por,tjfak and int,epj:tp{ buses. In addition, the Read Queue, 
Write Queue, and the ~emory Inte,r-(~~91,'!tain arbitration logjc. These arbiters 
are listed below and described ,ii) ~teJct that foUows. 

• Read Queue Arbiter 
• Write Queue Arbiter 
• Port Arbiter 

11.3. 1 Read queue arbiter • > == · ... .. . 

The memory interface controls writing incomitjg r,niemory d~~ µno the RDQ, 
and the read queue arbiter controls reading ~ij@4ata from:@RDQ, Once data is 
written into the RDQ the read queue arbiter) ~futifiE?<:1/ llieread queµe then 
controls read access of the RDQ for subsequent~€& of tlte<i~ta l:Qthe 
appropirate 1/0 channel. PBUS 1/0 channels anf grimted# ada.¢<:essevery 
PBUS cycle. The Expansion Port is granted access only \\f:@n read access is not 
required by one of the PBUS 1/0 channels. · · ·.· . · 

The purpose of the read queue arbiter is summarizedai f~llows: 
· .. · , . .. :-:- -:-:- . · - :. .-: -:- · 

• Control RDQ read access and assure that read data cari~futtlt"I1ed 61'all < <. 

four PBUS 1/0 channels every PBUS cycle. ·.·. · .. .. 

• Minimize read data return latency through the Interface Adapter. 
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11.4 Interrupt 
handling 

• Maintain an adequate throughput rate at the Expansion Port even when 
all four PBUS 1/0 channels have active data returning. 

11.3.2 Write queue arbiter 
1ne memory interface controls reading 1/0 data destined. for memory from the 
WDQ, and the write queue ubiter amtrols writing that data into the WDQ. The 
write queue arbiter allocates write access cycles as write data is received by the 
five 1/0 channels. Priority is given to PBUS 1/0 channels. Data from a PBUS 
channel is always accepted for WDQ write access, unless the WDQ is full. 

1ne purpose of the write queue arbiter is summarized as follows: 

• Control WDQ write acce9S 90 that write data can be accepted from all 
four PBUS 1/0 channels every PBUS cycle. 

, Minimiz.e the number ot write data staging registers needed between the 
,, / Uil/O channel interface and the WDQ • . . ; . -...... . 

• i~tain an adequate throughput rate at the Expansion Port even when 
a1Hour PBUS 1/0 channels are generating write transfers. 

U U3i3 Port arbiter 
The port arbiter controls the selection of 1/0 channel interrupts and memory 
requests for seryice by the memory interface. Interrupts have a higher priority 
than 1/0 ch.a.@memory requests. 1ne port arbiter employs a round robin 

,., arbitrati().r:(s.cheme where the most recently se1ectec1 1/0 channel~ the 
low~( prfority d~ the next arbitration period. 

. . . . . . . . . . . . . . : . . . . 

· t/6 ~hanne.J. I~ .requests are not presented to the port arbiter until they are 
readyJ'o,f ~ lfy1r~ry write operations, the request is not posted until a 
suffi<;J#rif amourif of W,#.te'data is in the Write Data Queue. Memory read 
operations are fl9( posted until there is sufficient buffer space available in the 
Read Data ~~ef <\ 

:://::· 

A C3800 Series~ may ~:v,~!#.#'ltiple Interface Adapters. .Each IA supports 
two interrupt biliies, one fOl" Jlii#Jff,JJ.JS (~ its associated CCUs) and the other for 
the expansion port. ::) ? · · 
Interrupt handling fut-the~:~ differs from that of prior C-Series 
computers. In the earlier ~ / the posting,~ acknowledgment of interrupts 
occurred in one operationH+tofe specµiqajfy)~f ~ enc1 of the interrupt sequence 
the device that posted the ihtegµ~)~µlilsetf~ acknowledgment fromthe 
receiving device. In the ~@ies;H~:f ~ and acknowledgment are three 
(or four) separate operations . ... · · · · ' 

,::::: ;:::: 

11.4.1 CPU-to-CPU interrupt:$ ' . . . . . . . . . . . .. 
~~~~U interrupts are handled in •\ ~ei-rP:~/~kh is outlined as 

1. A CPU posts an interrupt by sending a SND_),(. ti.aru;fer to the 'µ'a.p 
Control Register (TCR). The TCR is semap~protected regis,ter 

2. ~:1;!s~~~CP~ ~=~=pt~ ~~inple~s~J~ j 
Pending Register and clears the TCR semaphor¢ bit .. ·.· · 
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11.5 PBUS 
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3. The CU board's 'lrap Dispatch logic transters the interrupt to the targeted 
CPU's Local Pending Register by way ot a dedicated point-to-point bus. 
When the targeted CPU acknowieges the interrupt with TRAP_ COMP, 
the Global Pending Register is cleared and made available to accept 
another trap or interrupt. 

11.4.2 CPU-to-CCU Interrupts 
CPU-to-CCU intem.tpts are handled in a three step process, which is outlined as 
follows: 

1. A CPU posts an interrupt by sending a SND _X transfer to the 1rap 
·· · ·• Control Register (TCR). The TCR is a semaphore protected register 

k)cated on the CPU Utilities (CU) board. 
;z; Q&e posted, the CU forwards the interrupt to all the Interface Adapters 
/ .. in the system by way of dedicated point-to-point trap buses. After all 

I¼,~wledge the interrupt with TRAP _COMP, the CU clears the 
J}.'~l Register. F.ach IA adcnowledges receipt of the interrupt on 

;:;:)peh.a)..f oftJ:le targeted CCU and does so before the targeted CCU 
, ••/? "\~y ·tets the intenupt. All IAs in the system accept the interrupt 
< ,. without knowing whether it is intended for one of their local CCUs. 

3. Each IA in~ system forwards the interrupt to their respective CCUs. At 
this po~tthe IA still does not know which CCU is the target. If the 
in~pt is not acknowledged by one of its local CCUs, then the IA 

/ ~es that the int.mupt was intended for a remote CCU attached to 
'=another IA. 

11.4.3 <:.CO-to~Q:tnterrupts 
CPU-tcKXU intt?wptf#,)wldl«:!p in a four-step process, which is outlined as 
follows: ,.::::::: ,,., ::' ::'<< ,., '' > 

.·=·==:::-• !/!:i? !H?t i!i i::· · 
1. The COJ ~ests an ir,,t~)u'pt cycle. Once granted, the COJ drives its 

interrupt request <m)he=tnterrupt t>~. 
2. The Interface A#pt~f acknowl~) h'lccu interrupt on behalf of the 

targeted CPU arid then pos~:~ mterruppo the CU' s Trap Control 
Register. ;, . ::= : . : .. , : :: .. 

3. The CU forwards theJ~ti;trfupt to tM§.ltj@Pend.ing Register and clears 

•-ii; ::7z~1a,i:~•lo<3J Peroffig Reg;.rer 

The C3800 Series 1/0 subsystem r&t ~ye.c;>~9l';~~ lhterface Adapters (IAs). 
F.ach IA supports up to four PBUSes~aj#;l)!iiclf Pl:3V,~/~ have two O\annel 
Control Units (CCUs) for a total of up ti{eight CQtJ'{ per IA. 

The PBUS is a synchronous, lOMHZ multi-~~ i6us that ,1,i~ ~ f,lQck transfer 
bus protocol. The PBUS serves as a key compq~t in tl\¢ uti rlace ~een the 
1/0 subsystem and memory. .·.•. · · · ·. ·.· •.·.·.•. ·. ·. 

F.ach CCU on the PBUS is capable of being the b~ ~stedW,f aAy ~ven bµs. 
cycle. All PBUS transfers are either to or from the Interf~:Adapter with tjtis 
arbitration performed by the IA Transfers between CCQi fu-e not suppc,~¢-
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11.5. 1 PBUS transfers 
All transfers begin with a CCU request to be the next PBUS master. When the IA 
grants the bus to the requesting CCU, that CCU will drive a header transfer on 
the PBUS. All other CCUs on the bus should have their PBUS interfaces tristate 
until they ask for and are granted the bus. The bus cycle ~tely following 
the header transfer is unused. 

The header provides information about the specific transfer type being 
requesed. the transfer byte count, and the starting address of the data to be sent 
oi- rea:ived. Figure 11-3 illustrates the header format, and Table 11-1 lists the 
transfer types and their associated transfer codes. The transfer a>de appears in 
bits 42-W of the header. 

Figure .lk~::i~q~i~ad.erfomu.t 

63 0 

starling Address 

Table 11-1 PBUS transfJ tti>~ 

0 

1 

2 

3 

4 

5 

6 

7 
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Memory Write 

MetrliOcyRead 

If the CCU requests a write tf~er, it ~y!~ data as long as the IA asserts the 
memory buffer available signal. · · · · · < ' 

After a read request header, the IA ad,t~fua tic:ajly ~ences ~ requests to 
memory. When the requested data ~ ~ return @.tn m~ry, the IA will 
check the channel buffer available signa(hfdet~ whether the CCU is able to 
accept the data. If the signal is detected, the IA wµ1 drive<the data longword on 
the PBUS. After the last data longword is transf~, the IA will tlml<lve that 
CCU's grant signal and the transfer is complete .. /> · · · 

11.5.2 PBUS data path 
The PBUS data path consists of those lines used by the CCUs to send header 
transfers, send write data, and receive memory read data. 
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When the IA selects a new CCU as the bus master, the first transfer from the CCU 
is expected to be a header transfer. Header transfers are used to initiate the 
transfer type specified in the transfer code. 

After the initial header transfer, all subsequent PBUS transfers are data transfers. 
Data transfers always consist of 64 bits of data and they are either data write 
transfers or data read transfers. Data write transters originate from a CCU and 
are destined tor memory. Data read transfers originate from memory and are 
clistined for the CCU that-requested the data. Figure 11-4 shows the format for 
64-bit data longwords sent across the PBUS. 

Figure 11-4 PBUS data{d~[i: 

63 

PBUS 11-10 

0 

Data umpord 

The 6+,bit d~: bus uses standard CONVEX byte ordering. No rotation or 
ali~ent of data is done by the IA; this is solely the responsibility of the CCU. 

bl~ ~gnals are ~I~ ~_DATA<63-0>. Since the IA supports four PBUS 
interlaces, Px ~presents aitY pne of the four buses. 

The PBUS d~ta p.1~:~ :~~t parity bits. Each bit represents the parity of one 
data byte. PariJy~~ffi,~ Px_PAR<7 . .Q>. The number, 7..0, specifies 
which data ,}me'the parify'~(j~(associated with. Whenever the data bus is being 
used to transfer inform.'l~ithe parity on all bytes of the bus must be correct. 
Parity on the bus shc;>~:not be chedcaj:when information transfers are not 
taking place. ·,, · · · · •. · · 

Parity is correct w~en it is ~y~;:~t is, tM:~ of the logical ones in a data byte 
and its parity bit must ~#v'en- Thi~,~tj;y~ifon is used so that a floating rn.. bus 
will have bad parity. · · · · · · · 

11.5.3 PBUS control path .< c::: , . . 
The PBUS control path consists c,(~ line ~ ,l:ly)fB,Y,~ devices for PBUS 
arbitration, data path handshake, arid PB.J,J~:¢@.fJ.)6tjfui;ition. PBUS control path 
signals are identifed in Table 11-2 ani'bi~~W. ~¢:bl that follows the table. 

::::::::;::>··· ·::::/ (:: ;:::::-
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Table 11-2 PBUS control 
signals 

Px_CCR<n..O>• 

Px_BUS~ 

Px_HDR-

Px_DVAL• 

Px_MBA~ 

Px_CBA~ 

Px_BUSERR• 

1 {!3.1 PIUS request 

PBUS request 

PBUSgrant 

Buslock 

Header 

Data valid 

Memory buffer available 

Cllannel buffer available 

Busenor 

Memory error 

< <\. Each CCU has its own discrete request line that it asserts to ask the bus arbiter 
· ·. for ~on to use the PBUS. Initially, a CCU may assert a PBUS request only 
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wherj:the PBUS grant signal is not active. After ~on of a PBUS request, the 
. grant signal will become active; the grant signal will remain active for the 
duration of the transfer. Likewise, the request signal must be active for the entire 
duration of a. f~t.15 transfer, if it becomes inactive, any transfer in progress will 
be immediate! : 'terminated . . ,;: ::::,,::- y 

To,~~ ~ck➔• transfers, the CCU must: 
····· ······ · 

kbeactiV'a.#{t.hefBUS request signal at the end of the first transfer. 

i :•:: ~j-!°si=~ inactive. 

11.5.3.2 .,.~tgrant ... ,. < /> 
Each ca.h~ives a ~~te grant ajgnal from the PBUS arbiter. Only one grant 
can be active at anygi¥etltime. Aml;lJ.ld robin arbitration scheme is used to 
determine whi~(I:CUbeco~/@pus master whenever there are multiple 
requests. 

The assertion of a ~ ~1i~)~i~~i6'.anster cycle, and it ends when the 
grant signal is no longer acti~J,-.~tbus aribiter may deactivate the grant signal 
at any time. · ·· 

11.5.3.3 Bus lock ... ,,,:• :•,':::':::::·:,:•· 
This function is not suppo~:lryhh~~:$&-tes Interface Adapter. The signal 
is terminated in the CCU backplane. )):= 

_=(:):,:_,!_!( -<::: 
11.5.3.4 Header .:::: ::::•:' .c:,:,:,:,::: ., <·:-

The header signal is asserted. by theb~ arb~~) hirlrig the b~dock in which it 
expects the current bus master to drive i~~er~4erootothe data bus. This 
signal immediately follows the clock cyde'fu w~ ~grant sigy:w was 
as.serted.. Normally, this signal is not used by thej:!PJs; it is prirriari.ly for use 
during system debug. · · · · · · · .·.· .· 
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11.5.3.5 Data valid 
This signal is asserted by CCUs during memory write transfers and by the IA 
during mem>ry read transfers. It indicates that valid data has been placed on the 
PBUS. This signal is valid only when both the request and the grant signals are 
currently active. This signal may be modulated during a transfer sequence if the 
data soun:e cannot sustain transfers at the full PBUS rate. 

11.5.3.6 Memory bwfer available 
The IA asserts this signal during a memory write transfer sequence to indicate 
when it is ready to accept data. The simultaneous assertion of request, grant, 
,Px_DV AL, and Px_MBAV constitutes a memory write information transfer cycle. 
Tl)is signal may be modulated during a memory write transfer sequence if the 
rnemory subsystem cannot accept data at the full PBUS rate. 

; [Iii/ > 1 15~3.7 Channa buffer avalable 
/f ?ine cq.r asserts this signal during memory read transfers to indicate when it can 

accwt=9.'l~ from the IA. The simultaneous assertion of request, grant, Px_DVAL, 
.~ •~J:$.AV oonstitutes a memory read information transfer cycle. If the CCU 

{~t ~data at the full PBUS rate, the Px_CBAV signal may be modulated 
bf~ CCU during a memory read transfer sequence. 

11.5.3.8 , -for 
The LA.uses the bus error signal to notify a CCU that a transfer error has been 
de~: The details of the error are kept in the IA and are not returned to the 

<(!OJ. Bus errors mayJ:>¢¢aused by: bad parity in a header transfer froma CCU, 
ah~ttempt to a~~-existent memory or 1/0 space, and headers that specify 
illegiil operatiotjs;:Abus errm causes any transfer currently in progress to 
tenriinate., ,,,:,,;::::: • 

:iE~~~~r arenot~ to~ePBUS. Thocloreiliu 

11.6 Expansion 
port 

The Expansion PoA O(P) is a N:gli:~~ mm.it/ output bus that provides a higher 
performance altemativeJq ~PBUS. I~ i~(@j applications that require the use of 
high speed channel d~ or oth~Ngtlpetfoi-mance data links. 
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The XP may be used with th¢.ffi~ P~~~!i~pheral Interface (HiPPD. 
The HiPPI must be physicallylocataj) ii(~/~jacent board slot in the same 
backplane as the IA. .· .,, ,,,,,:,,,,,.,. ·. 

11.6. 1 XP and PBUS differene.es . >:• << < 

The primary difference between the ?SUS and @Pis throughput. The XP 
bandwidth is higher than the PBUS due to a f~fycle time ,(37i\s). One other 
difference is the fact that the PBUS uses eveit~fy and,~F~pdd parity. 

11.6.2 XP transfer types 
The XP supports the following transfer types: 

• Memory Read 
• Memory Write 
• Test and Set 
• Test and Gear 
• 1/0Read 
• Memory Scrub 
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11.6.3 XP header transfers 
Memory requests are initiated by the XP device using a header transfer. They 
contain a 32-bit starting address, a two-bit encoded transfer type, and a 16-bit 
byte count. The format of the XP header is identical to the format used for PBUS 
headers. 

11.6.4 Expansion port Interface signals 
The expansion port interface signals are divided into four groups: data bus, data 
handshake, error status, and interrupt bus. These signals are listed in Table 11-3 
and defined in the text that follows the table. 

Table 11-3 ~ ~i hltena.ce signals 

XP data hands~:iignals 

XP error status signal 

XP interrupt bus signals 
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NXP.DATA<6.3 .• 0> XPdata bits 

NXP .PAR<7 . .D> XP parity bits 

XJOP-NIA.CBVF _AVL XP channel buffer available 
:> ' 

XIOP-NIA.WRT_ VAL XP device write data valid 

NIA-XlOPMBVF _AVL IA memory buffer available 

NIA.r:~I.O'P.RD _VAL IA read data valid 

XP device bus request 

IA bus grant 

IAbusem>r 

XP interrupt vector bus 

XP device x interrupt request 

IA interrupt grant to device x 

NIA-XlQI.'JBOO IA interrupt valid 

~:r 1.i.;::':~1~!1~~,,~ k.,. and their associated byte putty. The 
bidirectional data bus proyi~ ~ path for ~~g write data, read data, and 
control information between an XP devi~ ~Jhe IA. 

There are eight parity bits, o~J~~ffi~ tjf ~te or read data. Correct parity 
is odd; that is, the sum of all fogkal ones ii(~&ta byte and its associated parity 
bit should equal an odd value. Parity ~g occursf()f all data bus read or 
write transfers (both data and header,~ers). fcl.lilydleclcing does not occur 
when the data bus is idle. · · · · · · · · · 

11.6.4.2 XP bus data handshake ~1).(1~:: >,J;il/jl Jr <: \ 
There are six XP bus data handshake signals; thef ~ defuted in the text that 
follows. · · · · · · · · 

XP channel buffer avaiable ) < > 
The XP channel device asserts this signal during T~ffi(>rjr t'(iad ppetati6ns to 
indicate when it can accept data from the IA. 
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XP device write data valid 
XP devices assert the write data valid signal during write transfers to indicate 
that valid data is being driven on the XP data bus. 

IA memory buffer available 
The IA asserts this signal to indicate when it can accept data from the XP. 

IA read data valid 
The IA asserts the read data valid signal whenever it drives valid read return 
data on the XP data bus. 

)h, device bus request 
TheXP device asserts this signal to request permission from the bus arbiter to use 
~XP,bus. 

=;:: 

/// ,. /£( bus S?.11t 
\/ The ¼~~ this signal to give an XP device permission to use the XP bus. 

, ,J il.iA.3 tA:txJS error )/ ™ IA uses this signal to tell an XP device that a transfer error has been detected. 

\,. 11.6.4.4 XP: lrit~ bus 
· .. <, 1bere arelotir interrupt vector bus signals; they a.re defined in the text that 

follows/ . 

In~pt vector~~}/=' 
Theui.terrupt y~ofbus is .-J:iipirectional bus that is used to transfer interrupt 
vectors be~XP bus d~ and the IA 

. •;• 

XP device in~pt,~:~(,,,::;;:= ) . . 
The XP devi~~~rts thi~fs.igm#J.)c:hequest interrupt bus access for the purpose 
of sending aninierrupt ~ f fu' 'the IA 

-:-:-:-:-:.· 
. ·.·· •> : .. .. 

IA interrupt grant ,,=::':>== . .. .. . 
This signal is issued:by the IA i9.

1
g#.htuse of~ interrupt bus to a requesting XP 

device. The IA asserts the sign,aj.:after the,~4.¢vice requests the bus and when 
the IA is prepared to acqmtiiili interntp(f#tmiJ he requesting XP device. 

::::::• 

IA interrupt valid _.,.,.,.,., .,.,., :-,., .,.,., ... ,.,.,. , .... •.•.· 
This signal will be active durltjg)h(! ~ il##(fycle that the IA sends a valid 
interrupt vector to the XP devi& 
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12. 1 Overview \ 

Power Subsystem 

12 
The C3800 Series power subsystem uses a distributed power architecture. Input 
AC power is rectified into unregulated DC and then distributed to OC-to-OC 
converte!'s that are physically located dose to the load . 

.• lne control and monitoring of power and environmental functions is also 

,::) ii g::1~:~~~~~~~~=ti::~~~ 
a ~r to concentrate communications to all loads within the bay and to 
control ~d monitor bay-level functions. 

Tlle ~~r units of the C3800 Series power system are illustrated in Figure 12-1 
... ahd described in the text that follows. , 
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Figure 12-1 0800 Series Power Subsystem 
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12.2 Input AC 
Power 

Each bay has an independent power cord for power input from the customer's 
AC power source. 1be only exception is the central cabinet; it receives 300 Volts 
OC directly from the 1/0 Bay and therefore has neither a power cord nor a Bay 
Power Unit. :. 

The BPU chassis is physically located at the bottom ot the bay and contains all 
the front end power filtering, rectification, and bay-level control and 
communication hardware. Specifically, the BPU includes the following: 

• Input Power Harmonizer (IPH) 

• Bay Power Controller (BPC) 

• From one-to-six 2.5KW Bay Power Supplies (BPS) 

< 12.3.1 Input Power Harmonizer 
~ ~put Power Harmonizer brings AC input power into the BPU and 
distributes it to the Bay Power Supplies, the Bay Power Controller and the 

•·. blower II\Otor. An important feature of the IPH is the fact that it contains all the 
·.· compo~ts required. to configure the power system for either domestic or 

ill~J'.l\ational AC power. 

12.3.2 Bgy:Power Supply (BPS) 
There are.from one-to-six Bay Power Supplies. 'The number of BPS used is 

·•••· configu,r.ttlon d~~nt; that is, dependent on the number and size of the loads 
il:l•~bay. F.aclJ~generates 2.SKW of unregulated 300 VOC that is distributed 
to a maxirr\µm ofhvo Power Pallet loads. 

12.3~3 Bay PQwer Contrpller (BPC) 
The BPC is ~fulible for ~lling the Bay Power Supplies, monitoring the 
bay-level Eir,tvironment, ~ ~ling communications between the Workstation 
Interface arid the attached Power P~et Controllers (PPCs). 

12.3.4 Power Pq,1~)• !!/) '. } } 
Figure 12-1 shows th¢@ffe ~~ptj~ pallet loads. Each power pallet 
provides the mounti.ngand p¢.tjp~h:ircuitry needed to support a number of 
OC-to-OC converters, whitjf ij'fdilled Power<lltjcks. The power bricks accept 
unregulated 300 VOC irofu•~ ·arss aaj.~113•down to the required low 
voltage power buses. •.•. .·.··• ••••• •••••••••= =• .· .·.· · 

12.3.4.1 Channet ControdJAft Powe( ~ (CCUPP) 
The first type of power pallet load (see f'~ 12-1) is ~ ~CUPP. It contains up 
to 14 OC-to-DC converters (power brl®)that prpy:icle DC v9ltages for up to 
four CONVEX Channel Control Uni~:1)1ie C<.:I;TW=pl~gs into~ CCU 
backplane and provides power through ce>p~ pia.IlE$ rn the CCU backplane to 
the CCU connectors. 

12.3.4.2 Logic Board Power Pallet (I.BOPP) ! / > • ; / 
The second type of power pallet load is the LBDf't It contains upto 14 power 
bricks that provide DC voltages to the logic board attached to.tile p<>}Vefpallet. 
In addition to DC power there are sense lines, EEP~QMiriterlaceliries; 
temperature sensors, and ID address information thafint~rface to the logic board. 
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Bay Power Unit (BPU) 12-4 

12.3.4.l Crossbar Pow• Pallet (XbesPP) 
The third and last type ol power pallet load is the crossbar power pallet. It holds 
the power bricks that provide DC power to the crossbar boards. There are two 
identical crossbar power pallets in the~ One provides power to three 
crossbar boards, the other to the remaining'1our crossbar boards. Foreplane 
jumper boards provide interfacing between the pallet and the crossbar boards for 
OC power, EEPROM interfaces, and ID address information. 

12.3.5 Power Pallet Controller _ 
.. All power pallets are controlled by a PPC. The PPC is a common controller that 
plugs into any of the power pallet load types. It has an on-board processor that 
C()l1lflunicates by way of a serial link to the Bay Power Controller of the bay *¥re the pallet resides. The main functions ot the PPC are: 

•~• Power-up configuration checking 

un:~1~e~shutdown 
. • workstation Interface (WI) 

All :ys~=icate to the system console through separate serial links that 
corutect each bay's BPC to the system console interface (sometimes called the 

<\11..()fkstation interface)t 11h.e system console is a free-standing workstation that 
p~ides the syst~:'bifug-up function, system monitoring and error logging, 
arid system citlgtjostics int¢ace to the system. The system console receives 
stafus aaj,~ries co~)o each bay; it is the main control point for all 
system J?9Wer. . ..... . 

12.3.6 Power Enat:)~ keylock 
A central power enat,Jf~lock is pl'()y:iged on the 1/0 bay. This keylock 
interfaces to each ~u and provid.esJ ctintral point for emergency shutdown of 
the entire systeIIL Other keylotj(f~tions remote and diagnostic enable are 
provided at the system co~~ 
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