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SECTION 

GENERAL DESCRIPTION 

1. 1 SYSTEM ORGANIZATION 

The P856M/ P857M systems consist of a basic cent ral processor unit (CPU) and 

various independent elements interconnected via a General Pu r pose Bus. The 

CPU is contained on a single printed-circuit card. The same card includes a 

Serial Control unit for connecting an operator's device. Some of the other 

system elements are: memory modules, control units, input/ output processor 

(IOP), the P857 options floating-point processor (FPP) and memory management 

unit (MMU). 

1. 2 A block diagram of the P856M/ P857M systems is shown in Figure 1 -1. 

All system elements are interconnected via the GP Bus . The P852M system 

elements are plug compatible with the P856M/ P857M systems and may be 

connected via the same GP Bus. P850/ P855 control units may also be used 

with the 856/ 857 system; the 850/ 855 ca r"ds are mounted in their own chassis and 

connected to the GP Bus via a bus converter unit. Chassis info r mc.tion and 

wi r ing is included in Section IV. 

1 . 3 The P857 M and P856M systems use the same basic I ogi c design and both 

systems are based on a single-card CPU and operator's control unit. The two 

systems use different microprogram control, and the P857M performs an expanded 

number of functions, including operations with the FPP and MMU options. The 

specific logic differences are noted throughout the Logic description, Section 11. 

Also, the P857M and P856M systems have different standard control panels as 

shown in Section Ill. 

1 -1 
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1 .4 Memory 

The P856M maximum memory size is 32k words. The P857M maximum memory 

size is 32k words with the basic system configuration, 64k words with the MMU 

option, or 128k words with the MMU and the M5 chassis options . Memories 

are provided in modular form with up to 16k words per card . 

1 .5 Memory addressing on the GP Bus lines is by character addri~ss, and 

usu a 11 y shown in hexade c i ma I. CPU I og i c which dea Is with memory word addresses 

simply places the w ord code on the GP Bus l i nes shifted one bit to the left. This 

then accesses an even-numbered memory character address. Some of the first 

(low numbered) memory locations are reserved for hardware-addressed functions, 

as follows : 

Address 

Decimal Hexadecimal 
Word Character 

0 000 
62 07C 
63 07E 
64 080 

127 0FE 
128 100 

1 .6 Memory Management Unit (MMU) 

Function 

Interrupt 
I ist wo rds 

Trap routine list word 

• OVERFLOW 
_j__pF STACK 

The MMU is a P857 single-card hardware option which use s Virtual Addressing. 

This option extend s the main memory from 32k to 128k words, while still using 

the 16-bit addressing. The V irtual Addressing system also allows software 

extension of main store to backing store, via the Direct Memory Access channel. 

The MMU card uses a dedicated slot adjacent to the CPU card. The MMU 

is described in Appendix C. 

1 .7 Floating Point Processor (FPP) 

The FPP is a P857 single-card hardware option which performs floating-point 

arithmetic ope rations. The FPP uses a dedicated slot (beside the MMU position) 
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in the cabinet. Dedicated w11·ing between the FPP and CPU is used to increase 

operating speed for the floating point calculations. The FPP is considered an 

extension of the CPU arithmetic section rather than an independent unit. The 

FPP is described in Appendix D. 

l .8 1/0 Processor (IO P) 

The IOP is a hardware 1/ 0 channel that manages dir€ct data transfers between 

control ·units and memory. The IOP multiplexes a number of control units for 

memory data transfer (eight CUs with the IOP type A). The IOP card can be 

inserted in any slot of the basic cabinet. The IOP is described in Appendix B 

Additional information about 1/ 0 channels is given in paragraph 1.23. 

1.9 GPBUS 

The General Purpose Bus is a 57-line communicating link between all system 

elements, such as the CPU memory modules, 1/ 0 processors, and control units 

(Figure l-1). System elements use the GP Bus on a master-slave basis. The 

CPU operates only as a master; the memory, external registers, and most device 

control units are slaves; the 1/ 0 processor may operate as master or slave (for 

CU with integrated DMA channel, the DMA can operate as master or slave). 

1.10 The Bus Controller logic in the CPU regulates access of masters to the 

GP Bus. Whenever the Bus is free, the Bus Controller scans the masters in a 

specific sequence for a Bus-access request. The CPU has direct access to the 

memory at the completion of each instruction. 

l. 11 CENTRAL PROCESSOR UN IT 

The P856/ P857 CPU card contains the complete central processor, the GP-Bus 

control logic, and a serial control unit. The main CPU logic units and data 

paths are shown on the block diagram, Figure 1-2. A more detailed block 

diagram and complete logic diagrams are provided in Section II, CPU Logic 

description. 
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l. 12 The Data Handling Unit does the p rocessing of all data words accessed 

by the CPU. This unit also handles the address i ng for both data transfe rs and 

instruction-word transfers. The Microprogram Control is a read-only memory 

and associated logic which controls all CPU operations. 

1 .13 CPU SOFTWARE REGISTERS 

A scratchpad comp r ising sixteen 16-bit registers (AO to A 15) is directly accessible 

to software. The scratch pad contains 15 working registers (AO to A 14) and a 

stack pointer (A15). The working registers are used as an ope rand for some 

instructions. The scratchpad is located in the Data Handling section of the 

CPU logic and is connected to the ope rand-A input of the a r ithmetic logic unit. 

1 . 14 A 2-bit condition register (CR) is p rovided for test ing ope ration results. 

This register i s also located in the Data Handling section of th e CPU logic. 

1 . 1 5 BUS CONTROLLER 

The Bus Controller scans the GP Bus prio r ity chain for selecting a maste r , 

p rovides cont rol fo r the memo ry, and gates input/ output data between the GP 

Bus and the CPU. The Bus Cont rolle r is includ e d on the CPU ca rd and is 

interconnected with the CPU logic. 

1 . 16 INTERRUPT SYSTEM 

The Interrupt System is a hardware feature w hich a llow s a running p rog ram to 

be interrupted by a highe r-priority prog ram. The Inte rrupt System is u sed for 

CPU logic functions and for cont rol-unit 1/ 0 channel operations. The re are 

63 interrupt levels, divided into two groups: internal and external. There is 

a separate interrupt-request associated with e n ch of th e 63 levels . 

1 . 17 I nterna I Interrupt s 

The internal interrupts (Figure 1-3A) use the eight highest-priority le v els, 

0-7. Four of the internal interrupts are pre-wired from CPU logic functions; 
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EXTENSION CHASSIS E2 (P852/856/857) 
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used for CU 1/0 channel operations. If any of the levels four through seven are 

not used for internal interrupts, they may be used by the external interrupts on the 

BIEC lines. The internal interrupts are assigned as follows: 

level O - Power failure, Automatic restart. 

- Operator's interrupt (Control Panel or 1/ 0 Console). 

2 - Operation Code interrupt (Link to Monitor and Stack Overflow). 

3 - Real Time Clock interrupt. 

4-7 - Available for other internal interrupts within the basic chassis 

(serial CU, FPP interrupts, etc.) or external interrupts on the 

BIEC lines. 

The four CPU logic interrupts are set into CPU flip-flops as they occur. They 

are reset individually by the RIT instruction in the corresponding interrupt 

program. 

1 .18 External Interrupts 

The external interrupts (Figure 1 -3) are assigned priorities 4 to 62, although 

4 to 7 may be used by internal interrupts. All 1/0 control units (except the 

CPU-integral serial controller) use the external interrupts, including those 

control units mounted in the basic chassis. Control units on the programmed 

channel use an external interrupt to transfer each word . Control units on all 

three channels use the external interrupt to request a status transfer at the end 

of a data-block transfer. For control units on the IOP channel, word transfers 

are initiated by break requests (BR) to the I OP; the I OP then makes a Bus 

Request to obtain control of the GP Bus for the word transfer. A break request 

is part of the IOP channel (paragraph 1 .33) and not part of the interrupt system. 

1.19 External interrupt requests are connected to the CPU interrupt logic 

via a 6-bit code on the GP-Bus BIEC lines. The priority level of a control 

unit is established by a priority encoder (with a set of jumpers) on the CU itself. 

Any pending interrupts on the BIEC lines are sampled at the end of the instructions 

by the scan-interrupt signal SCEIN. The CU priority encoders sample the BIEC 

lines and only the highest priority external interrupt request is coded onto the 

I ines. 
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1. 20 Interrupt Control 

An Enable Interrupt (ENS) instruction is used to enable the CPU interrupt system. 

The entire interrupt system can be blocked with the Inhibit Interrupt (INH) 

instruction. The hardware flip-flops gener:iting the internal interrupts are reset 

individually by the RIT instruction. The hardware that is generating the external 

interrupts is reset by appropriate CIO instructions. At power-on time, and at 

every master clear from the control panel: 

• the CPU is set to Enable Interrupt mode, 

• 
• 

the current program level is established at 63, and 

all internal and external interrupt requests are reset. 

1 . 21 Interrupt Sequence 

The internal/high-priority interrupts (levels 0-7) are sampled at the end of 

each instruction execution (except Move Table which is sampled early). If 

there is no internal interrupt, and there has been no external sampling within 

2 microseconds, the highest-priority external interrupt (which is coded on the 

BI EC I ines) is sampled. The highest-priority interrupt request is then compared 

with the priority level of the running program. If the running program is of higher 

or equal priority to the interrupt request, the program continues. If the interrupt 

request is of higher priority than the running program, the interrupt sequence is 

started: 

• The current instruction (except Move Table) is completed. For Move 

Table, registers are updated to allow resuming the instruction at the 

point it was suspended. 

• The program counter (P) is stored in the memory-stack location specified 

by stack pointer A 15. P contains the address of the next instruction 

(except for Move Table, where P points to the instruction itself). A15 

is decremented by 2. 

• The program status word is stored in the memory location adjacent to (P), 

specified by stack pointer A15. A15 is decremented by 2. 

• The Inhibit Interrupt state is set. 

• The system User Mode flag is reset (unless already reset). 

• The priority level register (PLR) is loaded with the new level number. 



• 

• 

An indirect branch 1s made to the corresponding memory location 

(paragraph l .23). 

The interrupt routine is executed . 

Note: A Return instruction with a pointer other than A 15 can be used 

independently of the interrupt routine to switch from any program to 

another under a supervisory program control. 

l .22 Interrupt Routine 

The following operations must be performed by the interrupt-routine program: 

• 

• 

• 

• 

l .23 

Some or all of the accumulators (AO - 15) are saved in the interrupt 

memory stack. 

The interrupt itself 1s treated, including a RIT, SST, or other instruction 

to reset the interrupt signal. 

The accumulators are re-loaded from the stack at the end of the interrupt 

routine. 

A Return instruction, referring to stack pointer A 15, is programmed. 

During this instruction, the contents of Al5 are used (with incrementing) 

to restore the program counter into P and retrieve the program status 

word. 

Interrupt Addresses 

The first 63 word locations in memory are used for the interrupt-routine I ist 

words. The CPU interrupt logic generates a direct six-bit word address for the 

accepted interrupt. This address code is shifted left one position onto the 

address lines to produce the memory character address, as follows: 

Interrupt Address Code from Bit O added, for 
Level Interrupt Logic mem. char. add. 

0 0 0 0 0 0 0 0 0 
l 0 0 0 0 0 l 0 2 
2 0 0 0 0 l 0 0 4 
3 0 0 0 0 l l 0 6 
4 0 0 0 l 0 0 0 8 
5 0 0 0 l 0 l 0 A 
6 0 0 0 l l 0 0 C 

etc. to 
62 l l l l l 0 0 7C 

l .24 Memory Stack Operation 

The interrupt system utilizes a memory stack with automatic handling. The 

hardware uses this system stack during the interrupt sequence to save the program 

status word and the instruction counter of the interrupted program. The software 

uses the stack: to save and later restore any other parameters of the interrupted 

program; to I ink a program to a subroutine; and to return to the main program. 

The system stack is also used by software for Traps and page faults. 

l .25 The stack operates on a last-in first-out basis, control led 

by the automatic updating of stack pointer Al 5. Load, Store, Multiple Load, 

and Multiple Store can be used as stack-handling instructions when their 

effective address refers to Al 5. The Call Function (CF) instruction is a branch 

with automatic saving of PSW and P into the stack. The Return (RTN) instruction 

is used at the end of an interrupt routine or a subroutine to restore PSW and P . 

l . 26 Stack Overflow is signalled by an Operation Code interrupt (level 2, 

internal interrupt). This signal is generated by hardware when the stack pointer 

decrements to less than 128
10 

(word address) to indicate that the stack is almost 

ful I and to prevent overwriting in the dedicated low address memory locations. 

l. 27 Additional memory stacks may be used by software, using the scratchpad 

accumulators AO to Al4 for stack pointers. These software stacks will not have 

the automatic handling and updating like the system stack which uses Al5 as 

the pointer. All references here to the stack pertain to t he automatic-handling 

stack. All memory stacks may have software limits to stack size established at 

system generation time. 

l .28 INPUT/ OUTPUT CHANNELS 

The P852 M/ P856M/ P857 M systems have three different input/ output channe Is: 

• programmed channel, 

• mu I tip I ex-type 1/O-processor channe I, and 

• direct memory access channel. 

All 1/0 data transfers are via the GP Bus and are timed by the Bus Controller 
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logic on the CPU card. For all three types of 1/ 0 transfers, the program initiates 

control-unit operation with a CIO Start command. The CU must reply with an 

interrupt request or a break request (depending on the type of 1/ 0 channel) when 

it is ready for the first word (or character) transfer. The data are then transferred 

according to the channel type. When a data-block transfer is ended (either 

complete or early), the CU signals to the CPU with an interrupt request. The 

program must then issue a Send Status (SST) command to obtain the status word 

from the CU. 

1 .29 For transferring a block of data via any 1/ 0 channel, the program 

provides the memory address of the first word and the length of the block to 

be transferred. During the transfer, these two control words must be updated: 

the memory address is incremented to select sequential locations in the data 

block; the block length is decremented to determine when the complete block 

has been transferred (length= zero). The method of handling this pair of control 

words depends on the type of 1/ 0 channel. 

1 .30 Programmed Channel 

This is an input/ output exchange between a CU and memory via the CPU, under 

complete program control (Figure 1 -4). The exchange is word-by ··word or 

character-by character at up to 40,000 characters per second. On the 

programmed channel, the address/ length control-word set is located in program 

registers. For each data word or character transferred, the program must access 

both of these registers to up-date the control words. 

1 .31 For an output transfer, a Load Register instruction loads the first word 

from memory into the CPU scratchpad register. The CU signals that it is ready 

with an Interrupt Request to the CPU. An OTR instruction then transfers the 

word from the CPU to the CU, while another Load instruction obtains the next 

word from memory. This procedure continues until the last word of the block 

is transferred. When the program loads the last data word, its block length is 

counted to zero. The CPU then sends CIO Halt ~o the CU along with the last 

OTR data transfer, and the transfer is ended with the status transfer. 
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l .32 The input transfer sequence is essentially the same as the output 

transfer. The input sequence, however, begins with an INR command which 

transfers data from the CU into the CPU scratchpad register. A Store Register 

instruction then transfers the word from the scratchpad register into the memory. 

1 .33 1/0 Processor C hanne I 

The In put/ 0 utput Processor (IO P) channe I manages data transfers dire ct I y 

between memory and a number of multiplexed control units (Figure 1-5 ). 

CPU registers are not used, and there is no need for program control except 

for starting the exchange and testing status at the completion. The exchange 

is in blocks at up to one million words per second . 

1 .34 The IOP is a hardware option that contains a pair of address/ length 

control-word registers for each of its CU channels. At the beginning of a 

transfer to one CU, the program uses two WER instructions to load this register 

pair with the starting address and the block length. The IOP logic then 

provides all GP Bus timing signals to control the data transfers directly between 

the memory and the CU. 

1 .35 For input or output transfer, the CU signals that it is ready with a 

Break Request (BR) to the IOP. The IOP makes a Bus Request to obtain control 

of the GP Bus (Figure 1-3). The IOP then sends o simulated INR or OTR 

command to the CU to initiate one word transfer. The IN R/ OTR command is 

simulated in that it is generated by the IOP and 1s not a programmed instruction. 

The IOP logic updates its control-word registers for each data word. When the 

block length is counted to zero, the IOP sends End Of Record (EOR) to the CU 

along with the last simulated INR/ OTR data t ransfer. The data block transfer 

is ended with an SST command and status transfer between the CU and CPU. 

1 .3 6 The IOP can be loaded with the data-exchange control information 

for a number of control units (up to eight for the type-A IOP). The IOP then 

multiplexes the exchanges between the CUs and the memory. 

f-

l 

CPU 

MEMORY 

WER Inst. 
(for CUn) 

CIO START 

IOP 
CUI 
/' 

Mem. Address ,...CUB 

Block Ler.gth 

(Addr)t-4-----~lncrement Address 
Decriment Length (=O) 

Dato 

CPU 

lnterru t Re uest (BIEC0-5) 

Send Status C ammond (SST) 

CU(n) 

BR 

Sim INR/ OTR(EOR 

Data 

STATUS WORD 

Note -- This diagram shows the sequence for transferring a black of data between memory and a single 

CU, (n). The IOP can multiplex up to eight CUs; the operation shown is thus duplicated for 

each CU . 

Figure 1-5 Multiplexed 1/ 0 Processor Channel Transfers 
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l . 37 Dire ct Memory Access C hanne I 

The DMA channel manages data transfers directly between memory and a single 

high-speed control unit (Figure l -6). CPU registers are not used, and there is 

no need for program control except for starting the exchange and testing status 

at the completion. The DMA channel is a hardware channel included as a ;:,a rt 

of the high-speed control unit (DMA-CU card). 

l. 38 At the beginning of a transfer, the program uses two WER instructions to 

load the starting address and block length into the DMA control-word register. 

The DMA logic then provides all GP Bus timing signals to control the data 

transfers directly between the memory and the DMA CU. The DMA logic 

also updates the control-word register for each data wo rd and detects when the 

complete block has been transferred. The data block transfer is ended with an 

SST command and status transfer between the CU and CPU. 

l . 39 Data Communications Channels 

Data communication with the P856M/ P857M system is accomplished with various 

Line Control Units operating vi a the programmed channel or the multiplexed IOP 

channel. The Line Control Units connect to the GP Bus in the same manner as 

any othe r control unit cards. The Line Control units are connected to the 

communications lines, either di rectly or via modem interface or repeater units 

(following diagram) . 
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BUS 

Line 
Control 

Unit 

., 



Some Line Control Units used with the system are: 

1 • 40 

• 
• 
• 

SLCU Synchronous line control units 

ALCU Asynchronous line control units 

ALM Asynchronous low speed multip-lexers 

CLOCKS 

1 .41 CPU Timing Clock 

The CPU logic timing is controlled by the Sequensor which provides the clock 

signals AP, BP, and Tl through Tl 0. The Sequensor is described in Section 11. 

1 .42 Real Time Clock 

A Rea I Ti me CI ock produces an interrupt si gna I every 20ms. The rea 1-t i me 

clock pulse is produced directly from the power supply and is described in 

Section V. 

l .43 CONTROL PANEL 

1 .44 The standard control panel for the P856M system is the same as for the 

P852M. This panel is directly interchangeable between the two systems. The 

Extended control panel used by the P857M is available as an option for the 

P856M system. Description and operation of the control panel is provided in 

Section Ill. 

1 .45 The standard control panel for the P857M system is the Extended Control 

Panel. This panel has, in addition to the standard Data and Control facilities, 

complete Addressing facilities, including the ability to stop on preset addresses. 

The Data/Control half of the panel is the same as the P852M/P856M control 

panel, but with the addition of a TEST position on the key switch for performing 

automatic mi crodiagnosti c tests. Description and opera ti on is provided in 

Section Ill. 

1 . 46 TESTING 

The P857M contains an automatic testing feature in the form of a microprogrammed 

diagnostic built in to the CPU logic. This automatic microdiagnostic operates 

through the control panel to test approximc.tely 70% of the CPU logic. Successful 

running of the microdiagnostic indicates that sufficient parts of the CPU function 

for loading of test programs. The automatic microdiagnostic tests and the test 

programs are described in Section Ill. 

l . 47 STATUS 

System status is contained 1n a sixteen-bit Program Status Word (PSW). The use 

and operation of the status word is described in Section II (Paragraph 2.84). 

The status word contents are shown in the following diagram. 

Program Status Word 

PLR CR GF 

0 2 3 4 5 0 RUN ENB CPF PFF RTCF PIF FU 

Interrupts / 
= User Mode 

0 = System Mode 

1 . 48 DATA FORMAT 

The data are handled in 16-bit words with 15 magnitude bits and bit Oas a 

sign bit. Bit 1 is the most-significant data bit. The data word is handled in 

the CPU and on the GP Bus with negative logic: a logic I is a low level (0V) 

and a logic 0 is a high level (+5V). 

Data Word 

Bit 0 15 

t t t 
Sign Bit Magitude Bits Least-significant bit 
0 = positive 
1 = negative 
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l .49 Double Precision 

Double precision is obtained by utilising two successive words to obtain 30 

magnitude bits. The sign bit and the 15 most-significant bits are in the first 

word; the 15 least-significant bits are in the second word. Bit O of the second 

word is not used, and is always zero. 

l. 50 Double precision is used for the product of the multiplication of two 

single-precision words, and for some other operations. 

l. 51 

l st Word 

Bit: 0 15 

s 
Sign Bit f Most-significant Magnitude Bits 

Most-significant Bit 

2nd Word 

Bit: 0 

0 

not used 

Logical Data 

l 5 

Least-significant Magnitude Bits f 
' Least-significant Bit 

Logical data, such as the condition of sixteen binary indicators, can be stored 

in a single data word. This type of data is general!y not treated arithmetically 

by the program but logically by means of boolean operations such as AND, 

OR, and Exclusive-OR. In this case, bit O of a word is not used as a sign bit. 

l . 52 Floating-Point Data 

Real, floating-point numbers are contained in three successive words. The 

mantissa is stored in the first two words as a double-precision integer. The 

third word contains the exponent, represented as a single-precision integer. 

l st Word 

Bit: 0 15 

s Mantissa 

Sign Most -significant Bits (1 -15) 

1 -12 

2nd Word 

Bit: 0 15 

o I Mantissa 

Not Used Least-significant Sits (16-30) 

3rd Word 

Bit: 0 15 

s I Exponent 

Sign 

i . 53 Character Handling 

Character handling is performed by some instructions. The right character of 

a word is the least significant (bits 8-15) and the left character is the most 

significant (bits 0-7). 

l .54 OPERATING MODES 

The CPU can operate in two basic modes: System Mode or User Mode. The 

mode is specified by bit 15 of the program status word (O = system; l = user). 

l .55 System Mode 

The System Mode is reserved for the monitor program and system programs. In the 

System Mode, execution of the complete instruction set is allowed. This mode 

assures the system resource allocation, protected by the following privileged instructions: 

• Control Instructions which modify the CPU state '. 

• 

• 

• 

HLT Halt 

INH 

RIT 

Inhibit Interrupt 

Reset Internal Interrupt 

A II 1/ 0 Instructions: 

CIO, OTR, INR, SST, TST 

Externa I Register I nstru cti ons: 

WER, RER 

(P857M} MMU-related instructions, Extended Load or Store, and 

Segment Table Load or Store: 



• 

l • 56 

ELR, EL, ESR, ES, 

TLR, TL, TSR, TS 

Some other instructions are reserved for System Mode when they 

modify the contents of the stack pointer (A 15). Refer to Table 1-1. 

User Mode 

This mode is reserved for the user program execution. If a program in User 

Mode attempts to execute a privileged instruction, a Trap routine is performed: 

the program parameters (P and PSW) are saved in the stock, and the program 

branches to the address contained in memory location 7E. 

l . 57 When a program running in User Mode needs system allocation, a 

Link to Monitor (LKM) instruction executes a call to the monitor which sets the 

CPU to System Mode. 

l . 58 When a program running 1n System Mode is complete, and ready to 

allow user programs to run, either a Set Mode (SMD) instruction or a Return 

(RTN) instruction with R2=15 can be used. The User-Mode indicator in the 

PSW is then set to l. 

l . 59 INSTRUCTIONS 

The P856/ 857 instruction set 1s divided into ten groups : 

• load and store 

• arithmetic 

• logical 

• character handling 

• bran ch 

• shift 

• table handling 

• control 

• input/ output 

• external transfers 

Table 1-1 lists the instructions and indicates the operating flow diagram for 

each instruction. The instruction formats are described in paragraph 1.62. 

Instructions are specified by addressing mode as well as the op-code. The 

addressing mode is described in paragraph l .65 and listed in Table 1-2. 

l . 60 Invalid Instructions 

An invalid instruction code initiates a Trap microprogram (paragraph 1-55, 

Figure 1-12). The program must determine what action (such as interrupt) to 

take following a Trap. 

l . 61 Some P857 instructions require the Floating Point Processor (FPP) or 

the Memory Management Unit (MMU). Both of these system extensions are 

optional. If the FPP is not present, the corresponding instructions initiate the 

Trap. If the MMU is not present, the corresponding instructions give no significant 

result when they are executed . 

l . 62 Instruction For mat 

There are two instruction formats, indicated by bit 0 of the instruction word: 

l. 63 

• 
• 

Format 0 Constant hand I ing instructions . 

For mat Memory reference or register-to-register operations. 

Format 0 Instructions (Type TB) 

OPC 

R3 

CND 

I R3 I 
0 OPC I I CONSTANT 

0 41 CND 18 
15 

5 7 

Operation code 

Register (scratchpad A0-A7) on which the operation is performed. 

Condition for relative branching (when specified by OPC). 

l -13 



Table 1-1 P856/ 857 Instruction List 

Flow 
L/ S Address 

Diagram Mnemonic OPC 
(Bit15) Type 

Instruction Name 
1 : 

Flow 
L/ S .Address 

Mnemonic OPC Instruction Name Diagram 
(Bitl5) Type 1: 

Arithmetic Inst ructions 

DSK 1 1 0 T2 Double subtract with constant 
Load and Store Instructions 30 DSR 11 0 T 1 , 3 Douole subtract reg/ reg 

LDK 0 0 T8,2 Load constant DS 1 1 0 T4-7 Double subtract 

LDR 0 0 T 1, 3 Load reg/ reg; update stack pointer 

15 LD 0 0 T4-7 Load register 28 FFL 9 0 Tl Integer to floating point (F PP) 
FFX 9 1 Tl Floating point to integer (F PP) 

STR 0 1 T3 Store reg/ reg; update stack pointer 
ST 0 1 T4-7 Store register 

FADR 9 0/ 1 T3 Floating-point addition/ reg (F PP) 
FAD 9 0/ 1 T4-7 FI oati ng-poi nt addition (F PP) 

MLK 7 0 T2 Multiple I oad constant 
MLR 7 0 T3 Multiple load register 
ML 7 0 T4-7 Multiple load 

23 
MSR 7 1 T3 Multiple store register 
MS 7 1 T4-7 Multiple store 

FSUR 9 0/ 1 T3 Floating-point subtract/ reg (F PP) 
FSU 9 0 / 1 T4-7 FI oati n g-point subtract (F PP) 

27 
FMUR 9 0/ 1 T3 Floating-point multiply/ reg (F PP) 
FMU 9 0/ 1 T4-7 Floating -point multiply (F PP) 

ELR 1 0 0 T3 Extended load register (MMU) 

EL 1 0 0 T4-7 Extended load (MMU) 

FDVR 9 0/ 1 T3 Floating-point divide/reg (F PP) 
FDV 9 0/ 1 T4-7 Floating-point divide (F PP) 

29 
ESR 1 0 1 T3 Ex tended store register (MMU) Logical I nstru cti ons 

ES 1 0 1 T4-7 Extended store (MMU) ANK 4 0 T8,2 Logi ca I AND with constant (R3/0, R 1 /0 

Arithmetic Instructions 
19 ANR 4 0/ 1 T 1, 3 Logical AND reg/ reg (R 1 /0) 

AN 4 0 / 1 T4-7 Logical AND (R 1 /0) 
ADK 2 0 T8,2 Add constant 
ADR 2 0/ 1 T 1 , 3 Add reg/ reg 
AD 2 0 / 1 T4-7 Add 

1 7 
IMR 2 1 T3 Increment memory / reg 
IM 2 1 T4-7 Increment memory 

ORK 5 0 T8,2 Logical OR with constant (R3/0, R 1 /0 
ORR 5 0/ 1 T 1 , 3 Logical OR reg/ reg (R 1 /0) 
OR 5 0 / 1 T4-7 Logical OR (R 1 /0) 

20 
XRK 6 0 T8,2 EXclusive OR with constant (R 1 /0) 
XRR 6 0 / 1 T 1 , 3 EXclusive OR reg/ reg (R 1 /0) 

SUK 3 0 T8,2 Su b tract constant XR 6 0/ 1 T4-7 EXclusive OR (R 1 /0) 
SUR 3 0/ 1 T 1 , 3 Subtract reg/ reg 
SU 3 0 / 1 T4-7 Subtract 

1 8 
NGR 3 1 T 1 Negate register 

ewe 13 X TS Com pare word to short constant 
CWK 13 0 T2 Compare w ord with constant 

32 
CWR 13 0/ 1 T 1, 3 Compare word reg/ reg 

C2R 3 1 T3 Two's complement/ reg cw 13 0 T4-7 Compare word 

C2 3 1 T4-7 Two's complement 

MUK 8 0 T2 Multiply with constant 
37 

Cl R 15 0 / 1 T 1 , 3 One's complement reg/ reg 
Cl 15 0 / 1 T4-7 One's complement 

25 MUR 8 0 T 1, 3 Mu I tip I y reg/ reg 
MU 8 0 T4-7 Multiply 

19 TM 4 1 Tl Test mask 

DVK 9 0 T2 Divide with constant 
20 TNM 6 1 Tl Test not mask 

26 DVR 9 0 T 1, 3 Divide reg/ reg 
DV 9 0 T4-7 Divide 

CMR 4 1 T3 CI ear memory / reg 
1 S' 

CM 4 1 T4-7 Clear memory 

DAK 1 0 0 T2 Double add with constant 
29 DAR 10 0 T 1, T3 Double add reg/ reg 

DA 10 0 T4-7 Double add 
I 
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Flow 
L/ S Address 

Mnemonic OPC Instruction Name Diagram (Bit 1 5) Type 
1 : 

Flow 
L/ S Address 

Diagram Mnemonic OPC Instruction Name 
1 : 

(Bit 15) Type 

Bi ts 
Character Handling Instructions Shift Instructions B 9 l 0 

ECR 12 0 Tl Exchange character reg/ reg (R 1 ,10) 

LCK 1 2 0 T2 Load character with constant (R 1 ,10) 

LCR 1 2 0 T3 Load character/ reg (R 1 j 0) 

22 
DLN 7 0 TB Double I eft, norm a I ize 1 0 0 
DRN 7 0 TB Double r ight, normalize l 0 l 

31 LC 1 2 0 T4-7 Load character Table Handling Instructions 

SCR 12 1 T3 Store character/ reg (R 1 ,10) 36 MVF 14 0 T8 Move table forward 0 0 0 
SC 12 1 T4-7 Store character 37 MVB 15 0 TB Move table backward 0 0 0 

CCK 13 1 T2 Com pa re character / con st ant (R 1,10) 36 MVSU 14 0 TB Move table, system to user (MMU l 0 0 
32 CCR 13 1 T3 Compare character/ reg (R 1 ,10) 37 MVUS 15 0 TB Move table, use r to system (MMU 1 0 0 

cc 13 1 T4-7 Compare character (Rl / 0) Bits 
Control Instructions B 9 10 l 1 12 ~3 1 -4 15 

Branch Instructions 
HLT 4 TB Halt 0 1 1 l 1 1 1 1 

AB 1 0 TB,2 Absolute conditional branch 
1 6 ABR 1 0/ 1 T 1 , 3 Absolute conditional bran ch to reg 19 I l'J H 4 TB Inhibit interrupt l 0 l l l l 1 l 

• 
ABI 1 0 T4-7 Absolute bran ch RIT 4 l TB Reset i nternal i nterrupt l l DA 1 

29 RF 1 0 0 TB Relative forward conditional branch ENB 5 TB Enable inter rupt 0 1 0 0 0 0 0 0 
30 RB 1 l 0 TB Relative backward conditional branch 

20 LK M 5 TB Link to monitor 0 0 0 0 0 l 0 0 
CF 14 1 T2 Call function (d i rect) (R 1 / 0} 

35 CFR 14 1 T 1 , 3 Call function/ reg (R 1 / 0) SMD 5 TB Set mode 0 0 0 0 0 0 0 l 

CFI 14 l T4-7 Call function (via memory) (R 1 / 0) 
Input/ Output Instructions (R3,I0) B 9 

33 RTN 14 0 T3 Return (R 1 =0) 
CIO B X TB Control 1/ 0 (DA,10} 1 n 

EXK 14 1 T2 Execute constant (Rl =0) 

34 EXR 14 1 Tl , 3 Execute/register (R 1 =0) OTR B X TB Output from register (DA,10) 0 n 

EX 14 l T4-7 Execute (Rl =0) 24 INR 9 X TB Input to register 0 n 
Bi ts 

Shift Inst r uctions B 910 SST 9 X TB Sense status 1 l 

SLA 7 X TB Single left ar ithmetic (R3j0) 0 0 0 TST 9 X TB Test status 1 0 

SRA 7 X TB Single right arithmetic (R3 / 0) 0 0 1 
External Transfer Instructions 

SLL 7 X TB Single left logical (R3 / 0) 0 l 0 
SRL 7 X TB Single right logical (R3 / 0) 0 1 1 

21 
SLC 7 X T8 Single left circular (R3 / 0) 1 1 0 
SRC 7 X TB Single right circular (R3,I0) 1 1 1 

SLN 7 0 TB Single left, normalize (R3,I0) 1 0 0 
SRN 7 0 TB Single right, normalize (R3 / 0) 1 0 1 

33 WER 14 X TB Write external register (R3,I0) 
. 

37 RER l 5 X TB Read exte rnal register (R3,I0) 

FLOR B 0 T3 FI oati ng-poi nt I oad/ reg (R l =2) (F PP) 

27 
FLD 8 0 T4-7 Floating-point load (Rl =2) (FPP) 

FSTR B l T3 F l oating-point store/ reg (Rl =2) (FPP) 
FST B l T4-7 Floating-point store (R l =2} (F PP) 

DLA 7 X TB Double left arithmetic (R3 =0) 0 0 0 
DRA 7 X TB Double right arithmetic (R3 =0) 0 0 1 

22 DLL 7 X TB Double left logical (R3 =0) 0 1 0 
DRL 7 X TB Double right logical (R3 =0) 0 l 1 

TLR 7 0 T3 Segment table load/ reg (R l =0) (MMU) 

23 
TL 7 0 T4-7 Segment table load (R 1 =0) (MMU) 

TSR 7 l T3 Segment table store/ reg ( R 1 =0) (MM U ) 
TS 7 l T4-7 Segment table store (R l =0) (MMU) 

DLC 7 X TB Double left circular (R3=0) 1 1 0 I 

DRC 7 X TB Double right circular (R3 =0) 1 l 1 = PB57 on I y 
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CND 
Branch 

5 6 7 

0 n n if CR= bits 6,7 
l n n ifCRfbits6,7 
l l l unconditional 

CONSTANT: An 8-bit, positive constant, branch displacement, or 
0 PC extension . 

l .64 Format l Instructions (Types Tl -T7) 

I Rl I 
OPC I I MD R2 s 

0 41 CND I < 19 
10 l 1 14 15 

5 7 8 

OPC Operation Code 

Rl Register (scratchpad A0-15) on which the operation is performed: 

l • 65 

CND 

bit 8 = 0 

bit 8 = l 

A0-7 

AB-15 

Condition for absolute branching (when specified by OPC). 

(conditions same as for format 0) 

MD Addressing mode (Table 1-2) . 

R2 Register (scratchpad A0-15) of 2nd operand or address of 2nd 

operand: 

bit 14 = 0 

bitl4=1 

A0-7 

AB-15 

S Store bit for memory reference instructions: 

0 = store result in Rl 

l = store result in memory 

Addressing 

Format 0 instructions (type 8) address the operand with the Rl field; no second operand 

is used. Format l instructions address the first operand with the Rl field; the second 

operand is addressed according to the addressing type, Tl-T7, as listed in Table 1-2. 

l -1 6 

Table l -2 Addressing Types 

Format 1 (KOO) 

MD R2 Effective 
Type 9 10 Address of 

(K9 Kl 0) 1 1 12 13 14 Operand 

Tl 0 0 X X X X R2 Register-to-Register. 
R2 contains the operand . 

T2 0 l 0 0 0 0 p Long Constant. 

(0R2) 
The fo 11 owing word (after the 
instruction} is the operand. 

T3 0 l non-zero (R2) Address in Register. 

(0R2) 
R2 contains the address (AO-
A 15) of the operand. 

T4 l 0 0 0 0 0 (P) Address in Next Word. 
The fol I owing word is the 
operand address. 

TS l 0 non -zero (P) + (R2) Indexed Address. 

(0R2) 
The fol lowing word, indexed 
by (AO-A 15), as specified by 
R2, contains the operand 
address. 

T6 1 1 0 0 0 0 [(P}] Indirect Address. 
The following word specifies 
the location containing the 
operand address. 

T7 1 l non-zero [(P) + (R2)] Indirect Indexed Address. 
- --- The following word, indexed 
(0R2) by (AO-A 15}, specifies the 

location containing the 
operand address. 

TB 
For mat 0 (KOO) 

Short Constant. 
No 2nd operand is used. 

l . 66 All addressing uses a 16-bit address word, although only the 15 high-

order bits are used for memory selection and for word-handling instructions. For 

character-handling instructions, the least-significant address bit specifies the 

character, as fol I ows: bit 15 = 0: left character bit 15 = l: right character. 



l. 67 OPERATION SEQUENCES 

l. 68 Microprograms, Microinstructions 

CPU operations are controlled by microinstructions (µ Inst) located in the 

Microinstruction Store (Control ROM). Each microinstruction comprises a 

single 48-bit word divided into 14 command fields. 

l. 69 A microprogram performs one part of an instruction (e.g. indirect 

addressing or execution) or one operating sequence (e.g . Initial Program 

Loading or an Interrupt routine). The microprogram may consist of a single 

microinstruction (Fetch, SUK, etc.) or a group of microinstructions accessed 

in a specified sequence . This sequence may vary according to conditions specified 

in the microinstructions. An example of microinstructions and microprograms 

grouped into an instruction is shown in Figure l -7, Operation Terminology. 

1.70 Flow Diagrams 

General operational flow for the CPU is shown in Figure 1-8. Detailed flow 

diagrams for each block are referenced on Figure 1-8 and, for the execute­

instruction sequences, in the instruction list (Table 1-2). A key to the flow 

diagrams is provided in Figure l -7. 

l . 71 Figure l -8 shows the general sequence of computer operations. The 

computer continuously performs microinstructions. The sequences in which the 

microinstructions are performed are determined by microinstruction addressing 

(paragraph 2. 26). 

l .72 In no program 1s running and the computer is not being operated, it 

cycles through the Idle loop. RUNF is described with the PSW, paragraph 2.90. 

Machine-state-pointer control is described with the microinstruction addressing. 

RUNF is set by pressing START on the control panel. If the control panel is 

used (Section Ill), PUP is set in the CPU (logic diagram CC) and the operation 

now cycles through the control-panel path, beginning with microinstruction / 010. 

Either automatic restart or IPL may be initiated through this path. 

l .73 If RUNF is set and the control panel is not selected, the machine-state-

pointer tests for interrupts, and executes the interrupt routine if necessary. KRY 

is set when the K-register is loaded with the instruction word. KRY is set by 

the Fetch command during the Fetch routine, some control-panel routines, EX 

instruction, and some tests. 

l . 74 Before KRY is set, the computer loops directly to Fetch to load the 

instruction word into the K register. The instruction must be requested from 

memory during a preceeding microinstruction. When an instruction is loaded, 

KRY is set and the PLA addressing mode is used to select the next microinstruction 

address. For most instructions, the addressing routine is used to obtain the operand. 

Instruction word addressing and decoding is described in paragraphs 2.37 and 2 . 48. 

l. 75 Repeated microinstructions of a routine are selected with explicit 

addressing (the microinstruction includes the address of the next microinstruction). 

Microprogram decision tests may modify the explicit addressing with a flag bit 

(SNA F-!ag mode). At the end of a microprogram routine, a Bus Request is made 

for the next instruction word and the Fetch routine is then used to load the instruction. 

If the machine state pointers allow (program still running, no control-panel 

operations or interrupts pending), the computer selects the next microinstruction 

address via the PLA addressing, and continues with the next microprogram. 

l. 76 Data paths are shown in Figures 2-1 and 2-4 . The microinstructions 

within each microprogram or routine control the data paths and control the operations 

performed on the data. These controls are described (in .S ection II) for each of the 

logic blocks shown on the data-path diagrams. The do~a handling is also listed on 

the microprogram flow charts with terminology such as: M + 2 - M, where the 

data in the M register loops through the data paths shown on Figures 2-1, 2-4 and 

back to M, with a left-shift being performed enroute to produce the +2 . 
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Example of one instruction (SC-Store Character) using addressing mode T6 (indirect) 

MICROPROGRAM 
FETCH 

MICROPROGRAM 
ADDRESS 
ROUTINE 

MICROPROGRAM 
EXECUTE 
SC INSTRUCTION 

MICROPROGRAM 
STORE-RESULT 
ROUTINE 

I 

I 

I 

i 
Microinstruction 016 I 

p LA Addressing Mode 

• 
Microinstruction 072 
Microinstruction 052 
Microinstruction 113 

p LA Execution Mode 
I 

Microinstruction OCC I 

1 

Microinstruction OFE I 

l 
Part A 

030 

Fetch 1-13 Addressing 1-11 SOURCE: Begin this microprogram ofter Fetch (Figure 1 
or Address Routine (Figure 1 -11). 

PLA Addressing Mode ,=:==-=-... 
SUK 

NEXT ADDRESS given by PLA in Addressing Mode 

SUKp ----
(Subscript p: program counter, AO) 

---
PLA Execution Mode 

SU C2 
NGR 

? 
NAME of instruction 

NEXT ADDRESS given by PLA in Execution Mode 
SUS 

035-

0 

143/ 

F 

Hexadecimal Address of microinstruction word in the 
control ROM. 

NEXT ADDRESS given by Flog (FNU) 

Double Line: this microinstruction word also used by 
another microprogram. 

F : Next instruction is pre-fetched in this microinstruction 
word. 

Machine 
State 

1-1 Store DESTINATION : After this microprogrom, go to the Store 
Result Result microprogram or find the NEXT 

ADDRESS via the Machine State Pointer. 

Address Type Designations 

T 1 (2nd Operand in R2): T2-7 
-

RTl RT2-7 Result -RI 
RTlP - R2=0, thus operand in P. RT2-7S - Store; Result - memory 
RTl D - Double Length; (R2) -a, (R2+1) -M RT2-7C - Constant 
RTl DP - Double Length ond R2 =0 T3A - R2 f A15 

T38 - R2 = A15 

Part B 

Figure 1-7 Operation Terminology, Flow Diagram Key 
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MACHINE STATE POINTER 

0 

PROGRAM ~l --------, 
END 

0 

KRY 

005 
P-2 - P 
5-2 - S 
KRYZO 

0 

004 
2.sYs-a 

IDLE 
LOOP 

000 

M - L 
WBUS 

017 

L -BIO 
GIDLE 

0 ( QO ) 

I 
007 

MEM -M,L 

i 
IDLE 

~~Y~ES'-------(Section 111) 

NO 

1 

I 
006 

P - M,L 

t 

CONTROL PANEL 

010 

CONTROL PANEL.___ 

1-9 

03E 

IPL 

' 

1-10 

02E 

AUTOMATIC 
RESTART 

1 -1 2 

• 

INTERRUPTS OPERATION 

<>~o 
~ (lmpl icit) 

l <>RY >'----1 --

O A~ssing) K? (._ _____ ---:: __ P_L
7

A_A_D_D~R~E-SS_l~N-G_.M_O __ D_E _ _,,_ _____ J 

1 _...__/ /___,__\ ~~ 
015 014 0(13 

INTERRUPT 
~.JOFLON 

1 -1 2 

001 

NO JUMP 

076 

FETCH 
1-13 

OFF 

TRAP 

SHIFT 
PREPAR­
ATION 

1 -12 

-

TB FORMAT 
MICRO­
PROGRAM 
EXECUTION 

OFE 

STORE 
RESULT 

1 -13 

l 

ADDRESSING 
ROUTINE 

1 -11 

(Implicit) 
(Addressing) 

( PLA EXECN MODE .) 

I 

(Explicit) 
(Addressing) 

• 
MICROPROGRAM EXECN 

END OPERATION 

077 

WA!T 
1 -13 

' 

Figure l -8 CPU Operational Flow and Machine State Pointer 

I FLAG 
Mode 
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/. ·. : f 0 -
Wf. , f AR1 

i02E l 

1 -20 

0 10 

Mach i ne State 

0 
02F 

CP -o 

Q0 0 

SLQ 
RBUS 

GBO K 

03 F 

CPU 

SYS 

CP 

C ONTROL PANEL 

Input f ron, C P: 

z 
a:, 

"""-
<( u 0 0 RC PN 

0 1 2 3 12 13 14 15 

z z z 
---' :E :E I-

"- V, "" "" 0 ---' "" "" ...J "" 0 

0 2 3 12 13 14 15 

0 Q0 
04F 

KEY -L,M 
WMEM 
G BCP 

0 8D 

0 7 

2x SY S - Q 
G BCP 

CPA 1 Q0 
06E 

Mem -L,M 
P + 2 -P 
S + 2 - S 

IPL (03E) 

0 CPB 

04E 

SLQ 
GFRUNZO 

RM 0 Q0 

05F 

PSW -L,M 

06F 

(1) Pre v iou s d ispln ye d doto is sav ed 

(2) K reg is ter co nt ent i s not on instr uc t ion 

056 

SLQ 

Q0 

( 1) 

Mem - L,M 

LR or R Rs===O:::!i!!!!!!!F!::N!::U=:::::~:::::::=::::::oE rror 
00A 00B 

SY S - L 
WB US 

092 
P-M 

L -BIO 
BI O -K 
SEQ BIO 

GFE TC H ·R BU 
012 

M -AO 
GBOK ·RBUS 

11 E 
LR.F==~~Q:!iO~~O=:::::::::iRR 

KE Y - BIO 
BIO - ~CP 

SEQB i O 
RBUS 

,ti.0 - M ,L 

013 1 IF 

AO - P, S (RCP) - M 
GFKYZO 

IDLE (000 ) 

Figure 1-9 Control Panel 

quartet 

word 

0 -s 
IPLFZO 
ENEFZO 
FUZO 

BF 
0 

M/ 2 -M 
SLQ 

P ROM word counter (4bits) 

a Quartets counter 

S RAM word address counter (16 bits) 

IPL loads bootstrap program into memory location /080 
through /OF E. 

I 

0A6 

M/ 2 -M 

M + IPL -M , L 
WMEM 

ao 

0 

L -Mem 
S + 2 -s 
P -- olu 
GRCFNU 

FNU 

-----1-------------1_.02A 2B 

clea r M 1000 -M, Q 
Set quart, counter 

Figure 1-10 IPL 

p -s 
GBOK 
RBUS 

OBA 

B10 (KEY) -Al5 

Fetch (016) 



ADDRESSING ROUTINES TYPE Tl 

1-13 Fetch (016) 

RTIP 

083 093 

(R2 ) --M, Q (P) -M,Q 

For DAR and DSR 

Function 

Double length : l east sign i fican t bits in M (R2)-0 

most si gn i f i cant bi ts i n Q (R2 + 1 ) -M 

087 

086 

RT! D 

(R2 ) --a 
GCTLD 

CTP l 

097 

RT! DP 

(P) -a 
CTPl .__ __ ,--___ (1) 

096 

((CT)) - M 

(1) Note : When we have 0R2, CT Y SPA is not done ; 
but i n Fet ch 16 is loaded i n C T, the refore 
w i th the CTPl of 097 Al is actuall y addre sse d. 

-15 
37. 

EX ECUTE 

I ADDRESSING ROU TINES T2 - T7 J 
1-13 Fetch (0l6} 

(for T3B and T3BM see OPCl and OPC 7) 

RT7 RT6 RT4 RT5 

-
062 072 052 ' 04? 

Mem -M Mem -s Mem ._ S Mem -M 
P+2 - P P+2 - P 

BUSR BUSR 

103 I 02 

(R2 )+M - S (R 2)+ M - S 
BUSR BUSR 

I 

RT75 RT65 RT45 RT55 

-
063 073 05 3 043 

Mem -M Mem ._5 Mem - s M em -M 
P+2 - P P+2 - P 

BUSR BUSR 

~ 
10B 10A 

(R2 )+ M -- S (R2)+ M -s 
BU SR BU SR 

1 

RT7C RT6C RT4 C RT5C 

-

0E3 0F3 0D3 0C3 

Mem -M Mem -s Mem -s ,Q Mem - M 
BUS R P+2 - P P+2 - P 

112 11 1 

(R2)+ M - S (R2)+M - S, Q 
BU SR 

' 

F igurel -ll Add ress in g 

RT2 RT3 

03? 022 

Mem -M, Q (R2 ) -s 
P+2 - P 
5+2 -s BUSR 

113 

Mem --M , Q 
p -s 

' 

RT25 RT35 

033 023 

Mem -M, Q (R2 ) ._ 5 
P+2 - P 

BUS R 

-
117 

Mem -M, Q 

-

RT2C RT3C 

0B3 0A3 

P+2 -P 
(R2 ) -S,Q 

' 

I -15 
3 

EX EC U TE 

1 -2 l 



1 -22 

INTERRUPT 

1-8 Machine Stole 1-8 

015 KR Y = I 

TWO "2" - M 
014 KR Y = 0 

PM2 . TWO "2" -M 
KRYZ0 

02 7 

A15-M -At 5, 16 
STOV 

061 

PSW -M 
GFS YS 

S + 2 -s 

IB8 

9 

M -L 
WMEM 

BUS R 

L -Mem 
p - L 

INTAD -M 
GCSEL 

S + 2 - S 
WMEM 

BUSR 

L - Mem 
M/ 2 -s 

AUTOMATIC RESTART 

1-9 C . Ponel 

INTAD - M 
GCSEL 

0CB 

GFS YS 

0CD 

0C2 

M/ 2 -s 
GFKYZ0 

M crossed - PLR 
GFPLR 
BUSR 

Mem - P,S 
BUSR 

FETCH (OJ 6) 

PAGE FAULT (P857 only) 

JFE 

Yes 

Q -M 
2 X 2 -a 

GCTLD 

0D2 

M -R2 

ODA 

PSW -M 
GFSYS 

2 x 2 -A 
GCTLD 

IFF 

0DB Al 5 

A I S -s 
WEXM 
GBOM 
BUSR 

ODD 

0E2 

0EB 

P' -Mem 
M -L 
a-M 
S-2 - S 
WMEM 
BUSR 

L -Mem 
M+2 -M 
S-2 -s 
WEXM 
GBOM 
BUSR 

S ', INTAD-Mem,MR 
AIS-M-Al5 

Sl KOV 
RBUS 

SEQBIO 

Q0=0 

I 2F 

2-2 -M 

PAGE FAULT STACK: 

a I S ' I INTAD I a 
PSW 

P ' 

S' = Log ;col segment address 
INTAD = Program Le vel coded on MMU 
P' = Program counte r vo I ue of the 

not completed instruction 

Figure 1-12 Inter rupt, Restart, Fault, Trap 

OFF 

0EA 

0EF 

TRAP 

A -a 
GAEXL 

2xl0 - Q 
P-2 - P 

Al5-M -AJ5,S 
SLQ 

GFSTOV 

0F2 

ENBFZ0; FUZ0 
PSW - L 
S ➔ 2 - S 
WMEM 
BUSR 
SLQ 

0FA 

L - Mem 
p -L 

5+2 -s 
Q -M 
WMEM 
BUSR 

0FB 

L -Mem 
M -s 

0FC 

S-2 --s 
BUSR 

Under long format execute 
(DWIF, logic Fig. LL) 

Q0=I 

P-2 -P 
2x2 -M 

Q = 20 

12E 

Upda te stock pointer 
Q = 40 
Stock overflow detection 
passing to INH , MASTER 
and in Write Mode . 

0 = 80 

Store PSW 
M = 80 

Store P 
S = 80 pass ing to " Read " 

S = 7 E 



Before Store 
Result do 
WMEM 

STORE 
RESULT 

Execute 

L -Mem 
p -s 

FETCH 

See 
Fig. 1 -8 

.,_ ___ B_u..,.s_R __ N 

016 

Mem - K, M righ, Q righ 
FRUNZO if RUN on pr. coin 

p + 2 - p 
S + 2 -s 

CTZ16 GFETCH 

077 
3A 
3A 

3A 
38 

Execute 

77 

0 

WAIT 

INR, CIO, WER, 
RER, LKM 

M/ 2 - M 
GCRFNU 

FNU 

3A 

38 

2,070 1-'S 

p - s 
ALU M FNU 

2 2 0 
2 1 0 

0 0 
0 0 
p - s 

Figurel-13 Store, Fetch, Wait 

lFB 

MVF 
Write 

Al+ M -Al 
P + 2 -P 

GCTLD 
...._ _____ .,J (1) 

In M: Length minus 2 

Page Fault 

lOF 

0 

MVF 
Read 

1 FA 

P-M 
GCTLD '--_____ _.(1) 

lCI 

Al-M-Al 

lOE 

1 F9 

MVB 
Write 

Al-M-Al 
P + 2 -P 

___ G_c_T ... L_D __ _. (1) 

(1) 

lFB 

MVB 
Read 

P-M 

GCTLD 
-------..J 

Note (1) GCTLD Permits PAFZO 

Interrupt 

AO - M - P decrement P 

Interrupt 

Figure 1-14 Shifting of Move Tables (P857 only) 
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LDK LDKp 

l -8 Machine State 

l -24 

RT3B 

2 

118 

113 

Mem -M, 

LD 
LDI 

M -Rl 
CRLOG 

p - s 

008 

F 

Mode 

(LDRI + LDRPI) 

012 

updote 
stack 

see 
RT3 

LDP 
LDPI 

009 

M - P ,S 
CRLOF 
BUSR 

Fetch 
(016) 

l -11 

Address 
Routine 

l -l l 

PLA Execut i on Mode 

ST STD 

119 

R2 - M - R2 
STK O V 

ooc 

(RI ) -L 
WMEM 
BUSR 

l -l Store Result 
(OFE) 

00D 

STp 

(P) - L 
WMEM 
BUSR 

Figure l -15 OPC O (LD, ST) 

STDP 

OOF 

llA 

R2 - M - R2 
ST K O V 

NO JUMP 

001 

nothing 
F 

l -8 Machine State 

1-13 Fetch 

NO JUMP 

002 

PLA Addreuin 

ABK 

011 

M -P,S 
BUSR 

Fetch (016) 

Address 
Routine 

_y_ 

Figure l -16 OPC l (AB) 

PLA 
Execution 
Mode 



ADK 

020 

(R 1 ) + M - L, R 1 
CR odd 

F 

1-8 Machine State 

1-13 Fetch 

ADK P 

AD 

021 

(P) + M - P, S 
CRADD 

BUSR 

PLA Addressin Mode 

ADP 

Addressing 
Routines 

1 -11 

PLA Execution Mode 

ADS 

024 

(R l) + M - L 

CRADD 
WMEM 
BUSR 

IM 

M + 1 -L 
CRADD 
WMEM 
BUSR 

Store Result 
(OFE) 

Figure l-17 OPC 2 (AD, IM) 

025 

SUK 

1-1 Fetch 

PLA Addressing Mode 

SUKp 

SU SUp 

Add ress 
Routine 

1 -11 

(1) 

PLA Execution Mode 

C2 
NGR 

n - ALU 
GROF NU 

035 

NGR 0 
,===:!!====~=::::,. 

FNU 1 C2 

142 

SUS 

143 

0 - M - L 

030 

(Rl) - M -Rl 

CRSUB 
F 

1 -8 State 

031 

(P) - M - P,S 
CRSUB 
BU SR 

1-13 Fetch (016 ) 

0 -Rl 
BU SR 

C RSU B 
WM EM 
BU SR 

(1) n = KOS, K06, K07, KOS, 0 if n = 0 (ORI) 9(2 if n / 0 (ORI / )~ NGR 

Figure 1-18 OPC 3 (SU, NG, C2) 

(Rl ) - M - L 
C RS UB 
WMEM 
BU SR 

034 

Store Result 
(OFE ) 

l -25 



ANK 

040 

RI , - M -C,RI 

CRLOG 
F 

(I) 

HL T 
RIT 
INH 

PSW.M -M 

BUSR 

QO 

AN 

041 

037 

Fetch (016) 

PLA Addressin 

TM 

RI.M-ALU 

CRLOG 

0 

Not operable 
for this 

instruction 

Rl or M - RI 

F 

Address 

Routine 

046 

F 

PLA Execution Mode 

CM ANS 

045 044 

0 -L RI . M -L 
WMEM CRLOG 

BUSR WMEM 
BUSR 

I -8 1-13 Store Result (OFE) 

Mochine State 

(1) Note : - Test QO to hove o TS pulse CLG = REPSW. TS 

- M register is updoted because PFF is reloaded by Ml l. 

Figure 1-19 OPC 4 (AN, TM, CM, AC, HLT, INH, RIT) 

l -26 

OPC 5 1-13 Fetch (016) 

Addressing switching + exec. 

050 

OR 
ORK 

(R l ) or M - L, RI 
CRLOG 

Machine State 

OPC 6 

XR 
XRK 

060 

(RI ) + M - L, RI 
CRLOG 

F 

ORS 

054 

(RI) or M - L 
CRLOG 
WMEM 

BUSR 

064 

Store Result 
(OFE) 

1 - 13 Fetch (016) 

XRS 

(Rl) + M -L 
CRLOG 

WHEM; BUSR 

Store Result 
(OFE) 

051 

ENB 
SMD 
LUM 

PSW or M - M 

0 Oo (I) 
F=====I 

Wait 
(077) 

(I) Test to allo w TS pulse 

TNM 

066 

Rl + M -ALU 
C RLOG 

F 

Figure l -20 OPC 5, 6 (OR, ENB, LKM, SMD, XR, TNM) 



070 

SPA = KI2 / -KIS/ 
Kll / ,SPA --er 

GCTLD 

Fetch (016) 

PLA Addressing Mode 

PLA Execution Mode 

0I B SLA/ SLN 0lC SRA/ SRN 0l A SLL/ SLC 0l E SRL/ SRC 

(I) P --M 
GCRVZO 

Rl (S) Rl -- Q 

112 

0 KOS 0 

SLA SLN SRA SRN 

06C 095 084 085 

2RI - Rl 
CT + I 
Repeat 

06D 095 R1 / 2+Q0-R1 
CT + I 
Repeat 

GCRDSR 

2RI -- Rl 
CT + 1 

2R1 +Q0 - RI 
CT + I 

028 

II B 
RI - ALU 

CRLOG 
GCRVML 

BUSR 

Fetch 
(016) 

Trap 

Trap 
(OFF) 

M -AO M --AO 

0 

RI - L 

0 

P09+L0 e L 1 +Q 15 
048 

2Rl --Rl 

p + 2 - p 

(1) Sav i ng P 

0SA 

Repeat 

(6) 

FU15R2 

039 

Rl 

121 

2. 16 -- P, M (2) 

0 

P09+L0 ED LI +Q 15 
058 

Rl/2 - Rl 
SRQ 

p + 2 - p 
(3 GCRDSR 

(2) At the some time 2 . 16 - L 9 L0xL 1 = 0 

SLQ 

(3) Arithm. Shift on Rl '-} L0xll . The bit is retrie ved 

Fetch 
(016) 

in Q0 

(4) Loading 0 in Q 15 
(5) In circular sh i ft QIS is injected 
(6) GCRDSR 90 doto : K09/ .ALU00 + K08.Q15 

Figure 1 -21 OPC 7 Single Shifts (SL, SR) 

1 -12 

Trap 
(OFF) 

038 

074 

Rl - ALU 
CRLOG 

1 -8 

F 

Machine Sto t e 

MUMLOAD = 1 prevents ill tim_;d OVFZ 1 ~ Fmh (016) (4) Arithm. Shift on A 1 gives LO = LI and (1) 
(2) GCSEL results in QISD = K0B.ALU00 right normalizing introduces 1 in Q 15 
(3) GCRDSR results in Doo DSH DSH Zero 

(5) Rl - - L to position L0XLl (detection 
data = K09/ .ALU 00 + K0B . QIS PLA Addressing Mode of already normalized result) 

070 075 

A2 -a I A2 -ALU (6) 2 -- P then P - 2 in 06A for 

GCRFNU count at a 31 if operand nul. 

070 
BUSR 

Kl1 / • . K15/ -Cl 
GCTLD 

PLA Execution Mode 

019 
IDLA 
DLN 

p -M I DLQ 
GCRVZO 

I 
0 ( KOS J 1 

DLA IDLN 
OAS 

2Al +Q0-AI I 2 -P I 
SLQ 

I (6) 
CT +I-CT 

Repeat 
1 lFU15R2 l 0 

lE0 1 E 1 

M -- p I Al -L I GAEXL 
(5) 

124 

Q -- M 
I C GOSH l 0 

125 

M / 2 -- A2, M 
GCRFNU 

Al -- ALU 
GCRVML 
CRLOG 

BUSR 

' 
1-13 

Fetch 
(016) 

I 

l -12 

Trap 
(OFF) 

068 I 

2Al +Q0-AI 
SLQ 

P+2-P 

I 

,_ 
06A 

M-A0 
P-2-P 

129 

P/ 2-M 

098 

M-R2 

l 01 

A0-P 
Q-M 
BUSR 

ICE 

M / 2-A2 

TT 

I 

1-8 

Machine State 

ORA DL~ DRL 
ORN DL 018 DRC' 0IF 

2Al+Q0-Al Al / 2-Al ,Q0 
SLQ SRQ 

CT+l-CT CT+l-CT 
GCSEL GCRDSR 
Repeat Repeat 

01D (2) (3) 
SLQ 

P-M 

131 
0 C ROB l 1 Q -M 

ORA ORN 
084 OBS 132 

Al / 2-Al ,ao 2 -P M -A2 
SRQ 

(6) 
GCRFNU 

CT+l-CT BUSR 
GCRDSR 
Repeat 

1 (FU15R2l 0 

12D 

ALU ZERO 
SRQ 

1 F 1 
lF0 

A 1/ 2-A l ,Q0 
M -P SRQ 
GAEXL GCRDSR (4) 

0 l GOSH J 1 

07A I 078 

2Al+Q0-Al ~1 ; 2-A1 ,ao 

-12 

Trap 
(OFF) 

SLQ SRQ 
P+2-P 
GCRDSR 

I 

123 I 

Al-ALU 
CRLOG ri= 

e 
Machine State 

Figure 1 -22 OPC 7 Double Shifts (DL, DR) 
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T3BM 

9 Fo"h (016) 

PLA Addressing Mode 
MLR I 0A MLK MLR, MSR, ML,MS, 

P-Q TLR, TSR (857) TL,TS (857) 

134 MSRD 

2n-P,M I T2C I T3C I T4C to T7C 
CT+l-CT 

13J 

(R2)+M-R2,S 
- P-2-P ; BUSR 

020 

M-P,S -
Q2C 

BUSR 
SPA = CT ; 
Mem-L, SP 

Al-ALU Q-M; CT+l-CT 
CRLOG n (1, 2,3) P-2-P; s-2-s 

1 { PMl } 0 

PLA Execution Mode 

ML MLK TL(857) MS 
078 0P8 079 07C 

P-M 2n-M 2/ 2-0 P-M 
CT+l -CT P-2-P (2) 

GBTMM CT+l-CT 

- 137 13A 
138 

P+M-M 2n-P 
2n-P CT+ l -CT 

13B 
139 

(R2)-0 
P-2-P 
BUSR 

(1) 

I 

03C 

SPA=CT 
P-L-P 

Mem-L ; SP 
CT+l-CT 

S+2-S 
GCRVML 

0 ( PMl J 1 
I 030 

M-P,S 
BUSR 

123 

Al -ALU 
CRLOG fr 

0 Machine Stole 

WMEM 
SPct-L 
P-2-P 

CT+l ~CT 
BUSR 

OAF - 04C 
WMEM 

Mem-MMU SPA =CT 
GBTMM L-Mem 

SLQ SP-L 
s+2-s CT + l -CT 
BUSR P-2-P 

s+2-s 

0 ( Q0 ) 1 0 { PMl ) l 
JA~ I J4D I 

Mem-MMU I M-P,S 

(3) 
P-S BUSR 

-
(CT) = SP odd ress 
p = Loop Counter 
s = Memory Address Counter 

(1) Sa v ing of R2 in the case of o cut-off of MLi, 
Toto, Aj with j < i ofter loading of Ak with 
i < k < i by o page fault. 

(2) P hos already been incremented in RT2C. 

(3) GBMMU does MMU - BIO if K15 = 1 
i.e. MMUYBIO if K15 = 0. 

I 

MSRD Is (857) 
07E 070 

P-M 2/ 2-Q 
CT+l -CT GBOM 

13C 
WEXM 

2N-P,Q 

130 

WMEM 
SPct-L 
P-2-P 

CT+l -CT 
BUSR 

05C 087 
WMEM MMU-Mem 
SPA=CT 

GBOM 
L-Mem SLQ 
SP-L S+2-S 

CT+l -CT BU SR 
P-2-P 

WEXM s +2-s 

0{ PMl ) l 0 ( Q0 ) l 
D5D I I 

I M-P,S MMU-Meml 
O-M P-S 

141 

R2-M-R2 
0VF 

BUSR 
I 

1 -1 3 Fetch (0 l 6) 

Figure 1 -23 OPC 7 Multiple Load/ Store, Table Load/ Store (ML/ MS, TL/ TS) 
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CIO,OTR 

1-13 Fetch (016 ) 

080 

1F7 

144 

R3 - M, L 
WBUS 

GBTMP 
BUSR 

M -L 
AR,AC-CR 

WBUS 
SEQBIO ,__ __ ,,_ __ .., ( l) 

0PC9 

IN R, TST , SS T 

090 

/ 10 -M 
cross 

157 

ADORM - S 
RBUS 

GBTMP 
BUSR 

158 

159 

BIO - R3 
CRIO 

GCSEL 
ASR - M 

R3ORM - R3 
SLO .__ ______ __, (2) 

MAO 
Generation 

(1) - M -Land WBUS maintain BIO for 120 ns ofter ending edge of TMR. In the some cycle SEQBIO inhibits the 
BS YCPU resetting on T6 . 

- WBUS sets WRITE to "one" ; so in INR, SST, TST, WRITE = 0 and in CIO,OTR, WRITE = 1. 

(2) SLQ for MUQl = 1 permits clock echo if FACINR. 

Figure l -24 OPC 8, 9 1/0 Instructions 



Figure l -25 

089 

0 -Al,Q 
GCRVZO 

145 

A2 

148 
Al(o) M -Al ---2--
ALU I 5 - GO 

OSHR 
CT+I -er 

149 

Al (,) M -Al 

Q -M 
GMULTI 

14A 

M / 2 

14B 

A2 -ALU 
GCRFNU 

128 

Al -ALU 
GCRLOG 
GCRVML 

BUSR 

(016 = 0) 

OPC 8 Multiplication (MU) 

2I AI , Ml ~ao-Al 
SHLQ 

Bi t Q IJ OT-015 
GC RDSR -015 

CT-I-CT 

I 5C 

2(A I , M)+O0-A I 
SHLQ 

Bit OUOT-015 
CT + I - CT 

REP EAT 

I5D 

A l , M -Al 
SHLO 

B ; t O U O T -O I 5 
GC RFNU MUQI 

DI VA 0 

Bit 0 of di vi dend second word is thrown out 

OVF is reset. 
Dividend sign is stored. 

GCRDSR sets 0VF if d ivi sion is impossible. 

049 048 
Al(BM -0 

0 -M 

059 

0BE 

M · I -M 
C RAD D 

GC ,V M L 
BU SR 

AIEBM -a 
Q -M 

Q0 

Al , M-ALU 
GC RFNU 

DIVS -

0 

0BF 

M -A2 
CR LOG 

GCRV ML 
Bi..! SP 

0 

058 

REMAINDER CORRECTION 

O .K. ifA~0ondALU~0 
orA<0ondALU=0 

Clock Q 16 inhibited 

O . K. if A 0ond-M ALU 0 

Quotient = QUOT+ ALU IBM 
00 00 

Test DIVA = SFD/ FS I G / +SFD FNU 
Test DIVS ~ SFD.FNV/ +F SIG 

MUQI = 1 
MUQI = 0 

t auornNT CORRECTION 

1-13 Fet ch (016) 

l -26 OPC 9 Division (DV) 

l -29 



PLA Execution Mode 

I ~TORE 

08C I 

/ 10c - M,Q 
WEXM 
GBOF 

I 
SIMPLE 0 ( K08 1 I DOUBLE 

154 I 
M -a 
5+2 -s 

155 

5+2 -- S 

FLO -- MEM 
WEXM 
GBOF 
BUSR 

FLO -- MEM 
WEXM 
GBOF 
BUSR 

LJ 

I 
I I EF 

FLO -MEM 
SLQ 

5+2 - S 
WEXM 
GBOF 
BUSR 

I 
0 ( Q0 1 1 

FLO -MEM 
FLOCR -CR 

p -s 

088 

OP I LOAD 

098 

0-M 
GBTMF 

BUSR 

0 -M 
GBTMF 

BUSR 

SIMPLE 0 ( K08 1 1 DOUBLE 

Store 

lCE I 

14C 

MEM -FLO 
S+2 -s 
GBTMF 

M -ALU 
SRQ 
BUSR 

152 

MEM -FLO 
Q -M 
S+2 -s 
GBTMF 

BUSR 

I 
( Q0 - 1 0 

I 14D 

MEM - FLC 
5+2 -s 
GBTMF 

BUSR 

I lBD 

MEM -FLO 
5+2 - S 
GBTMF 

BUSR 

l 

lCF 

MEM -FLO 
M -AO 
GFLOT 

MEM -- FLO 
p -s 
GFLOT 

153 I 

lwAIT/ DONEF 

2xA0 - S 

I 

047 

IWAIT/ DONEF 
FLOCR -CR 

BUSR 

1-13 Fetch (016) 

OP STORE I 
n9r 

2/ 2 - M 
GBTMF 

BUSR 

After the addressing routines, the effective address of the operant is in Q register (see routines type "C") 
(l) contentsofQarenow : !Si AD ! 

1 -30 

S = Store flag 
AD= Address (right shifted) 

Figure 1-27 OPC 8, 9 Floating Point OP, OP Store, 
Load Store (FA, FS, FM, FD, FSD, FST) P857 only 

FFL 

Addressing 

09A 

Al -L 
WBUS 
BUSR 

GBTMF 

16A 

A2 -L 
WBUS 

L - FLOT 
BUSR 

GBTMF 

lCF 

047 

1 -- FLO 
p -s 

GFLOT 

WAIT/DONEF 
FLOCR -CR 

BUSR 

FFX 

Addressing 

09 

09F 
AIT/ DONEF 

RBUS 
GBOF 
LO -CR 

164 

FLO -BIO 
810 -Al 

SEQ BIO 
RBUS 

GBOF 

RBUS 
GBOF 
BUSR 

165 

082 

FLO -A2 
SEQ BIO 

RBUS 
GBOF 

04D 

(LM -P,S) 
BUSR 

...,.....,.,..._,. (l) 

(1) This location is necessary to reset BSYCPU - M - P, S r,eeds the transfer P - M in 09E 

Figure 1-28 OPC 9 Floating Point Convertions (FFL, FFX), 
P857 only 



OAl 

RF · DA , DAR, OAK, EL , ES 

1- 13 Fetch (016 ) -11 Addressing (Special for DAR) 

PLA Execut ion Mode 
P857 only 

/ ' 

P+M - P, 5 
BUSR 

1-13 Fetch (016) 

DAR 

(1) Corry in QOO 

OAB 
DA K 

Mem -M 
P+2 -P 

5+2 - 5 

OAD 

A2 + M -A2 , Q 
Q -M 

A9 
DA,DAR 

Mem -a 
5+2 -s 

BUSR 

171 

Mem -M 
p -s 

------- (1) 

168 

2A2 -A2 
GCRFNU 

~-----' (2) 

l 6C 

A 1 +M+C orry - A 1 
CRADD 

BUS R 

16D 

I A2 / 2 -A&J 

(2) FNU correctly pos iti oned on 15 bits of th e second word. 

OA8 
EL 

GBEX 
BUSR 

172 

Mem -M 
p -s 
BUSR 

008 

M -Rl 

CRLOG 

Figure 1-29 OPCl0 (RF, DA, DAR, DAK, EL, ES) 

OAC 
ES 

GBEX 
Rl -L 
WMEM 

BUSR 

1-13Store 

Res u lt 
(OFE) 

0B1 

RB 

-13 Fetch (016) 

P-M -P,S 
BUSR 

-I 3 Fetch (016) 

DS,DSR, DSK 

1-11 Addressing (Special for DSR) 

PLA Execution Mode 

DSR DSK 

OBB 

Mem -M 

P+2 - P 
5+2 - S 

OBD 

174 

2A2 -A2 
GCRFNU 

076 

A I -M+Corry - A I 
CRSUB 
BUSR 

16D 

A2/ 2 -A2 

F 

D5,DSR 

0B9 

BIO -a 
5+2 - 5 

BUSR 

175 

Figure 1 -30 OPCll (RB,DS) 
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1 -32 

Clear 
Rl 

RIGH 

1-11 Addressing 

PLA Execution Mode 

LC 

0C8 

R 1 crossecj.MRIGHT 
GBCH ; BUSR 

Mcrossed - R 1 
Mem - MRIGHT 

17C 

037 

p -s 
BUSR 

Rl or M -Rl 

Machine 
State 

Figure 1-31 

SC 

Rl -L 
GBCH 

WMEM BUSR 

1-1 Store 
Result 
(OFE) 

ECR 

0C9 

Mcrossed - L, Rl 
F 

1-8 Machine 
State 

OPC 12 (LC, SC, FCR) 

1/ 9/ 75 

cc 
0DC 

SP -MRIGH 
GBCH 
BUSR 

173 

MemCH -QRIGH 

p -s 

177 

M -AO 
Q -M 

BUSR 

178 

A0-M-ALU 
CR COMP 

F 

Addressing 

PLA Execution Mode 

cw 
008 

Rl-M - alu 
CRCOM 

F 

CWP 

9 

P-M -alu 
CR COMP 

Figure 1-32 OPC 13 (CC, CW) 

F 



OEO 

184 

R3 - L 
WBUS 

GBTME 
BUSR 

185 

SEQ BUS 
WER 

R3 - L 

Q = PS W fro m stock 
M = 3E 

M = 40 

Ao = FFBF 
M = PSW from stock 

0 

041 

M ond PSW-PSW 
BUSR 

037 

RI or M - RI 

1-13 Woit (077) 

PLA Execution Mode 

RTN Moster 

-M 

188 

R2+M - R2, S 
BUSR 

189 

Mem -P 
5-2 -s 

BUSR 

036 RTN User 

2x2 

F=====~::::1::::5::R::2::::=!=::========10 PLA Exec 

OEB 

Mem-PLR,CR,FU,Q 

p -- s 
Q -M 

I 8C 

M+2 - M 
ENBFZl 

18D 

191 

M -Ao 
Q -M 

Oo = O 

Mem -CR 
p - s 
BUSR 

OE9 

Ao or M - Mr,Or 
Qr = IX 11 1111 = Mr 

QO 

PSW = PSW from stock 

not operoble for this instruction 

1-13 Fetch 

Figure 1 -33 OPC 14 WER and RTN 

0 

T8 

~ T Execu te 

OED 

M -- L,AO 
WBUS 

QO 

OCF 

SLQ 

AO +M - MRIGHT (I) 

OCF 

L - BIO 
SEQ BIO, WBUS 

BIO - K,M R,Q R 
G FF TCH 

091 

p -- s 
-----.--- (2) 

1-11 Add ressing 

0 00 

0D7 
M --a 
cro sse d 

0 

AO -~ L 
WBUS 
BU SR 

0 

ODF 

MCR -a 

0 

M :2 -M 

MEBl6--ALU 
GCRFNU 

FNU 

\ l ) Con t en • :, o f M o r e 

0D6 

SLQ 

QO 

ODE 

0 

OF 7 

MCR --a 

OF6 

MC R -a 

106 

08B 

DE6 

0 

OF 7 

Trap 

t2) Th is po sit ion pe rmit s the ~SY ZO which ha d been in hibit ed in OCF by SERBI O so tha t th e BIO's 

are not des 11 o;ed an T6 . Sis loaded be cau se add re ss ing routi ne s type "S" (without P S) were used . 

Figure 1 -34 OPC 14 Execute (EX) 
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1 -34 

0EC 
l 5Rl / 

l Dl 

Rl-M - Rl,S 

195 

PSW -L; WM EM 

S+S - S; BUSR 

197 

L-MEM ;WM E 

5+2 - S 
Q -M 

P - L; BUSR 

198 

L -- Mem 
M -P, S 

BUSR 
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SECTION 11 

CPU LOGIC 

2.1 GENERAL 

The CPU logic is divided into functional sections shown in the block diagram, 

Figure 2-1. Detailed logic diagrams and a list of all CPU signals are located 

at the end of this section. A guide to the integrated circuits is provided in 

Section IV. The CPU logic description is given in the following paragraphs: 

2.4 GP Bus Lines 2.53 Data Handling Logic 

2. 10 Bus Control I er 2. 97 Interrupt Logic 

2. 24 Microprogram Control 2. 104 Sequensor 

2.48 Instruction Word Logic 2.116 Power-Fail / Restart/Resets 

2.2 Signal Mnemonics 

The signal names used are mnemonics for the function of the signals. The 

following letters have a special significance when used with the mnemonics: 

• F indicates a flip-flop output. 

• N suffix i n d i cat es an active - I ow s i g n a I ( 0 V = 1 , 5 V =0) . 

• Y indicates the copying of information. 

• Z0,Zl is used after a flip-flop mnemonic to indicate (respectively) 

setting to 0 or setting to 1 of the flip-flop. 

A complete list of signals is provided at the end of this section (Table 2-14). 

2 .3 Logic Conventions 

In the following logic descriptions, the suffix N indicates only the electrical 

level of the named signal (NAMEN is 0v when active and NAME is +5v when 

active). The logic state of the signal is indicated either by saying "active 

NAME," "inactive NAME," "reset NAME," etc., or by the bar (NAME, NAME). 
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Where command bits are used to form a control code, their state may be shown 

by the equation sign: µ BIT0, 1,2 = 001. A logic signal is in its True logic 

state when at the level specified by its name: NAME is True when high (+5v) 

and NAMEN is True when low (Ov). Some examples are: 

NAME Active high (+5v) when f/f is set) 
f/f 

"">------
..... N AMEN Active low (0v when f/f is set) ___ .... 

Signals in True logic state Signals in False I ogi c state 

NAME, NAMEN NAME, NAMEN 

"active NAME, II "active NAMEN 11 "inactive NAME, II "inactive NAMEN 11 

µBIT2=1, µBIT2N = 1 µBIT2 = 0, µBIT2N = 0 

2.4 GP BUS 

The 57-line General Purpose Bus comprises the following signals: 

BUSRN 
SPYC 

Control OKO/ OKI 
MSN 
BSYN 

TMRN 
TMPN 

Timing TMEN 
TRMN 
TPMN 

Data BIO00-15N 

Address MAD00-15,64, 128 

ACl'J 
BIEC0-5 
CHA 

Misc 
CLEA RN 
PWFN 
RSLN 
SCEIN 
WRITE 

2.5 

2.6 

2.7 

• 

• 

• 

Control Lines 

BUSRN - Bus Request, from master to CPU (bus controller); remains 

active (low) while master is requesting control of the Bus. 

SPYC - Scan Priority Chain, CPU (bus controller) response to BUSRN; 

it warns the masters to prepare for the selection of a new master of the 

bus. SPYC is active low. 

0 KO - from CPU (bus control I er) to the master with the hi ghP-st bus 

priority. If this master does not require the bus, it passes OKO on 

to the next lower-priority master. If a master requires the bus, it 

blocks OKO and generates MSN. (The order of priority of the masters 

is determined by hard wiring at installation time.) 

• OKI - is the signal name of OKO at the input of each master. 

• MSN - is the Master Selected, generated by the master which accepted 

0 KO to take control of the Bus. 

• BSYN - Bus Busy, from the CPU or any other master which has control 

of the Bus, when an exchange is in progress. 

• 
Timing Signals 

TMRN - from master to register or memory; validates the BIO and 

MAD lines and controls the exchange timing. 

• TMPN - from master to peripheral CU; initializes the CU exchange 

and validates the CU address on the Bus. 

• TMEN - from master to external register; validates the register addresses 

and the data, and controls the exchange timing. 

• TRMN - from register or memory to master, in response to TMEN or 

TMRN when the slave is ready for the transfer; also terminates the 

exchange. 

• TPMN - from peripheral CU to master, in response to TMPN to validate 

the response; also terminates the exchange. 

• 
Data Lines 

BIO00-15 handle both input and output data between all system 

elements on the GP Bus. 
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2.8 

• 
Address Lines 

MAD128,64,00-15 are the Bus address lines; 128 is the most-significant 

bit and 15 is the least-significant bit. The meaning of the MAD lines 

depends on the type of exchange, as fol I ows: 

Master--Memory (TMRN time) 

MAD : I l 2 8, 64, 00- l 4 

Address from master to/ 
memory 

Master--CU (TMPN time) 

MAD: 

115 
/ 

0 = left character 
l = right character 

0 = to CU Special Functions 
l = to master 

= last exchange 0 = data transfer 

Master--External Register (TMEN time) 

l = command or status 
transfer 

MAD: I l?.?. , ~4,§9~9~ ) I 04 ~\9~;9.! I 08 l 5 

I 
0 = read register address 
l = write 

Note: Shaded parts not sent on Bus. 

2 . 9 Miscellaneous Lines 

• 

• 

• 

• 

2-4 

ACN - Accept, from the addressed CU. The CU accepts the command 

from the master. 

SCEIN - Scan External Interrupts from the CPU is sent at the end of 

every instruction; at SCEIN time, the CPU compares the BIEC0-5 

code with the level of the running program to determine if a program 

interrupt is required. 

BIEC0-5 - Bus Interrupt Encoded is the priority level of the highest­

priority interrupt request pending from an external rack, at SCEI N 

time. 

CHA - Character, from master to memory indicates exchange is by 

• 

• 

• 
• 

2. l 0 

character (CHA=l) or by word (CHA=0). 

CLEARN - General clear (reset) signal from CPU to all system elements, 

for initialisation. 

PWFN - Power railure from the CPU sequences power off at power-failure 

and switching-off time without losing data, and controls power-on/auto-restart. 

RSLN - Reset Line from the CPU is the power restoration/validation signal. 

WRITE - From master to memory indicates exchange is write (line active) 

or read (line inactive). 

BUS CONTROLLER 

The Bus Controller logic (Figure 2-8TT) regulates access of all system masters to 

the GP Bus. When the Bus is free, the Controller scans the masters for a Bus­

access request. 

2. l l Bus Access 

Any master requiring Bus access (Figure 2-2) may generate the Bus Request 

signal BUS RN if MSN is inactive, indicating no other master is being selected. 

The CPU Bus Controller logic receives BUSRN and, in response, generates 

Scan Priority Chain (SPYC), which is active low. If the Power Failure signal 

PWFN is inactive, BUSR sets the OKVAL flip-flop, and OKO is put .onto the 

GP Bus along with SPYC. If PWFN is active, the CPU takes control of the Bus 

and does not generate OKO. 

2 .12 The highest-priority master (first master in the se ; ies) with a Bus 

Request blocks OKI and generates Master Selected (MSN). This highest­

priority master which has just been selected may not have been the first to 

generate BUS RN. Active MSN blocks further generation of BUS RN by any 

master. 

2 .13 The Bus may be busy with an exchange (BSYN) while a new master 

is being selected. Once BSYN drops, the newly-selected master takes control of 

the Bus by generating BSYN and dropping MSN. With MSN inactive, any 

other master requiring Bus access may generate BUSRN and initiate a new selection 

sequence. 
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2 .14 CPU Bus Control 

The CPU has lowest priority for Bus access (except for power failure). The 

Bus-free condition, no other master requesting or using the Bus, is BUSRN 

.MSN .BSYN. TRMN. TPMN. Any of these signals wil I inhibit BSYZ l N and 

prevent setting BSYCPU. The CPU takes control of the Bus under microprogram 

control when !JSEQ0,l = lx (Sequensor cycles SEQBUS [10] or SEQBIO [11]). 

2.15 (Figures 2- 3, 2-8TT). If a specific microcycle (n-1) is always followed 

by a Bus microcycle (n), the Bus access is started early,at BP of the preceeding 

microcycle (n-1). This reduces the Bus cycle by 135ns if the preceeding cycle 

is a Sequensor logic cycle; additional time is saved following other sequensor 

cycles. The early Bus access is initiated by microinstruction-bit !JBSR and BP 

setting the DE flip-flop (if there is no MMU page fault, MFAULTN / PAFN). 

When not started early, the Bus access is initiated at T2 of the Sequensor Bus 

cycle: T2 and !JSEQ0 set the DE flip-flop if the early-start signal MUBURSRFN 

is inactive. 

2.16 The DE output sets BSYCPU with signal BSYZlN, if the Bus is free. 

BSYCPU in turn sets the BUSF flip-flop. If BSYCPU is set, DE resets itself 

after a 95ns delay. When DE drops, the BSYDL signal is activated; BSYDL 

and !JSEQ0 = 1 select the Sequensor operating cycles for Bus transfers 

(Table 2-12). BSYCPU also provides the following Bus gating: 

2-6 

• BYSN activated onto the Bus. 

• 

• 

• 

• 

Exchange-parameters CHA and WRITE gated onto the Bus: the CHA and 

WRITE data are always loaded into the Bus Controller from the microprogram 

control store at BP of the preceeding cycle (n-1 ). 

Bus timing signal TMRN, TMEN, or TMPN gated onto the Bus: the 

conditions for these signals (Table 2-1) are set into the Bus Controller 

at BP of the preceeding cycle. 

MADS, MADLS gated to the Bus interface logic for gating the MAD 

lines onto the Bus. 

BIOL gated to the Bus interface logic for gating the BIO lines onto 

the Bus . 

Table 2-1 Bus Timing Signals 

Operation Microinst Stored 
GP Bus Signal 

at BP 

CPU Exchange Ext. Reg/CU/Memory 

Externa I Register GBTMEN TMEF TMEN 

cu GBTMPN TMPF . TMPN 

Memory 
!JTMRN TMRF TMRN 

GBCP + (FU . GBEX) + MMUABS 

!JTMRN TMMU 
Mem. Via MMU TMRN from MMU 

translation 
GBCP- (FU+ GBEX)-MMUABS 

MMU Operations 

Table Load GBTMFN TMMN 

Table Store GBOMN 
.GCRFNUN BOMFN 

Load P' GFETCH 

FPP Operations 

Load K' GFETCH 

Store Operand GBOFN. 
GCRFNUN BOFFN 

Load Operand GBTMMN TMFN 

Process GFLOT FLOACT 

2. 17 Bus Addressing (MAD Lines) 

Reply 

TRMN 

TPMN 

TRMN 

TRMN 
or 

MFAULTN 

DONEMN 

DONEMN 

DONEFN 

DONEFN 

>,. 

C 
0 

I'.. 
lO 
a:, 
a.. 

The control of the Bus MAD lines is determined by the MADLCPUN and MADCPUN 

signals which control MADLS and MADS to the MAD output gates. The gating 

signal to both MADLS and MADS is BSYCPU (preceeding paragraph). The 

conditioning I ogi c for setting MAD LC PUN and MAD CPU N produces the Boo I eon 

equations: 

for MAD LS: (GBCP+CPBABS). (GBCP+(GBEX. FU)+MMUABS) 

P857 only 

for MADS : (GBCP+CPBABS) 

= with in page 

= page address 

• If GBCP: the control panel validates the MAD lines; the CPU has 



• 
control only if control-panel B-half is absent (CPBABS). 

If GBCP (P856): the CPU validates MAD128,64,00-15 with MADLS 

and MADS. 

• If GBCP (P857): the CPU validates MAD128,64,00-03 with MADS; 

the MMU validates the MAD04-l 5 lines if GBEX or FU, and the MMU 

option is present; the CPU has control only if the MMU is absent or 

if GBEX and FU. 

The following diagram is a resume of the MAD line validation control for 

memory addressing: 

MAD 

BSYCPU. GBCP. GBEX. FU 

BSYCPU. GBCP. CPBABS 
BS YCPU. GBCP. CPBABS 

-----
BSYCPU. GBCP. (GBEX+FU). MMUABS 

BSYCPU. GBCP. (GBEX +f U). MMUABS 

128,64,00-03104 15 

CPU 

CONTROL PANEL 

CPU 

CPU I MMU 

CPU ] 

P857 
only 

2. l 8 For memory addressing under CPU control, the S register provides the 

memory address to the Bus MAD lines, according to the preceeding diagram . 

For CU or External Register addressing, the CPU logic provides the address 

via the D-selector and the $-register to the MAD lines. 

2 . 19 Bus Data (BIO Lines) 

The Bus data from the CPU are gated onto the BIO lines by the BIOL signal 

from the Bus Controller. BIOL is generated by microinstruction bit fJBIOL, 

w h i ch is I oa de d at B P of the pre c e e d i n g m i c r o c y c I e ( n - l ) as B I OE L N . 

2.20 Bus Timing Signals 

The Bus timing signals (Table 2-1) TMRN, TMEN, TMPN are generated by the 

master that has control of the Bus. For CPU Bus control, one of these signals is 

generated by the Bus Controller during the Sequensor Bus cycle (SEQBUS or SEQBIO). 

For MMU or FPP operation (P857), the Bus Controller sends a special timing 

signal directly to the MMU or FPP, and this external unit generates the Bus 

timing signal . The CPU waits at Sequensor clock-pulse T5 until the necessary 

reply is received to end the Bus cycle. The reply (Table 2-5) is either the 

Bus response TRMN, TPMN to the CPU or the special reply signal directly from 

the MMU or FPP to the CPU. 

2.21 When the required ending condition is satisfied, including reply 

received, the Sequensor steps to clock T6. For SEQ BUS (fJSEQ0, f) operations, 

BSYCPU is reset by the T6 and fJ SEQ l = 0. The inactive BSYCPU ends the Bus 

control and data lines BSYN, CHA, WRITE, MAD, and BIO. The timing 

signals end 45ns later, being reset directly by the BP clock. For SEQBIO 

(fJSEQ0, l) operations, the BIO lines must be prolonged at least 120ns to satisfy 

CIO timing requirements. In this case, fJSEQl =land BSYCPU is not reset. 

The Bus control and data I ines, including BIO, are continued into the next 

Sequensor cycle (n+l) while the timing signal TMPN is reset normally by BP 

at the end of the BUS cycle. The microcycle after the Bus cycle (n+l) will have 

fJSEQ l = 0 so that BSYCPU is reset at T6 of that cycle. 

2.22 Timeout 

A timeout circuit (Figure 2-8TT) is used to release the Bus and set the condition 

register to 3 (CR= 11
2

) if the addressed slave doesn 1 t respond within 6.48usec. 

The basic clock for timeout is derived from the 45ns OSC signal (Figure 2-8EE) 

divided-by-2 by the OSC90 (90ns), and then divided-by-9 by the TC810 counter. 

The counter initially (fol lowing RS LBN -- 0) counts from 0 to 15; each TC810 

output pulse (at count 15) then resets the counter to 7 so that the counting cycles 

continuously from 7 through 15. The resultant TC810 pulse (810ns period) drives 

the Ti me out counter (Figure 2-8TT). 

2.23 Timeout is held reset by the four inactive Bus-Control signals to the MR 

input. At the beginning of a bus cycle, (Figu re 2-3), BSYCPUN or any master 

command goes active and the counter begins counting the TC810 input pulses. During 

the bus cycle, one of the TM ..• tim i ng s:gnals will also be act:vated. When the 

addressed slave responds, the bus cycle is terminated and the timing signal 

TM ... and signal BSYCPUN are deactivated, and the Timeout counter is again 

reset. If there is no response by the time eight TC810 pulses have been counted 
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(6480ns), the counter produces TIMEOUT. TIMEOUT activates the required 

response signal on the Bus (TPMN or TRMN) to stop the exchange and unblock 

the system, generates sequensor pulse T6 to end the bus cycle, and sets CR bit 0. 

2 .24 MICRO PRO G RAM CONTROL 

Each CPU instruction or operating sequence (paragraph 1 .67) is control led by 

a selection of microinstruction control words stored in a read only memory 

(Control ROM). The different microinstruction control words are accessed by 

the instructions or sequences (at each AP clock pulse time). The words are 

addressed partly by the instruction content (K register) and partly by the 

currently-accessed control word. Var ious CPU or system conditions may also 

modify or change the selection of the next microinstruction control word. 

2.25 The microinstruction control words are used directly by the CPU logic 

as command bits (fJ ... ). Each 48-bit microinstruction is divided into 14 command 

fields (Table 2-2). The five-bit general-field section of the control word is 

decoded to produce 28 general field command bits for further microinstruction 

control. Both the micro-command bits (fJ .. . ) and the general-field command 

bits (G ... ), listed in Table 2-3, are used by the CPU logic as direct command 

bits. These command bits are shown on the logic diagram (Figure 2-8BB) with 

their destinations I isted; they are shown throughout the logic as command inputs, 

and identified by being enclosed in boxes. 
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Next 
Word 
Control 

Data 
Path 
Control 

Table 2-2 Microinstruction Command Bits 

Field Bit CPU section controlled by the command field 

fJSNA 0-1 0-1 Select Source of Next Address 

fJNA 0-8N 2-10 Next Address, Exp Ii cit 

fJA 0-4 11 -15 A-Bus Selector 

fJADL 0-4 16-20 ALU,D,L Command Decoder 

fJC 0-1 21-22 C Multiplexer 

fJMLOAD,MSEL 23-24 M Register 

fJQ 0-l 25-26 Q Register 

fJS 0-l 27-28 s Register 

fJP 0-l 29-30 p Register 

fJCT 31 CT Counter: I oops, sh if ts 

fJSEQ 0-l 35-36 Sequensor (CPU clock). Bus Controller 

fJTMRN,BIOL, 32-34 
Bus Controller 

WRITE,BUSR 37 

fJC R 0-2 43-45 Condition Register 

(not used) 46-47 

fJGP 0-4 38-42 GENERAL FIELD SELECTION 



2.26 Microinstruction Addressing 

The Next-Address mode for the microinstruction word determines which of 

four types of microprogram addressing is to be used. The mode is selected by 

bits µSNAO and µSNAl from the cur rent microinstruction word, as follows : 

µ SNA 
Mode Function 

0 1 

0 0 Explicit Explicit address is µNA0-8. 

0 1 Flag Flag from execution-pointer tests (selected by µNA6-8) 
sets RAD8; µNA0-7 to RAD0-7. 

1 0 Instruction Instruction word (K-reg, de coder) provides address RAD 1 -
Word (PLA) 8; µNA7 modifies the decoder for fetch or execution . 

1 1 Machine- The machine-state pointer provides address RAD4-8; 
State µNA0-3 to RAD0-3. 

X X Move Table/ Fault: an interrupt or a page fault during a Move Table 
instruction force a special microinst ruction address with bits RAD6-8. 

The Next-Address mode selectes a set of open-collector gates onto the control­

store address bus (Figu res 2-8AA,CC). This control-store address is loaded into 

the RA register by the AP clock pulse. 

2.27 Explicit Address . The next add ress is explicit in the cu rrent mic ro-

instruction µNA0-8 field. 

µSNA0, 1 

0 0 

RADO 8 
,---µ-N-A-0--8 ----,I 

The explicit - address gates (Figure 2 - BCC) invert the µNA0N-8N onto the RAD0-8 

lines. All eight gates (and the flag gate) are blocked (forced high) by NARDT 

during a Move Table/ fault. Other gates are blocked selectively by next-address 

modes which use some of the µ NA bits. 

2.28 Flag. The next address is explicit in the current mic roinstruction 

µ NA0-7 field, with the least significant bit being selected by the Flag test. 

Any one of eight different execution-pointer tests can be performed during 

Flag mode, as selected by the bits f-1NA6-8. 

pSNA0, 1 

0 1 

f-lNA6,7,8N 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

RAD 0 7 8 

I I 
I 

Flag Use 

Q00 Display, C.Panel, IPL, Trap, End of TL-TS (P857}, 
Execute, DIV correction. 

IR Move Jump. 

PMl End of ML, MS, Move 

K08 Shifts, Move 

FNU C.Panel test, IPL, Wait-C2, Trap in EX-T2. 

NORM End of normalized shifts. 

DIV Remainder correction. 

FU 15R2 Privileged test; Trap for SLN, SRN; Move. 

The Flag mode uses explicit-address gates Oto 7 (Figure 2-8CC) onto the 

RAD0-7 lines. The eighth explicit gate is blocked by NAEXPL while the flag 

gate is enabled by NAFLG . The signal FLAGN sets bit RAD8. FLAGN is 

selected by a type 74151A eight-input multiplexer (Figure 2-8DD) which is 

controlled by f-1NA6N, 7N, 8N. The eight tests selected for the FLAGN bit 

are described in the following paragraphs. 

2.29 Flag Q00N is used as a general test condition for various commands 

and instruction. 

2 .30 Flag IR is the interrupt request. During a page fault or an interruption 

of a Move-instruction/ execution, flag IR enables the separation of the exit 

subroutine. If the Move instruction was interrupted, the last exchange was 

executed. These subroutines save the parameters necessa ry for resuming the 

Move execution. 

2 .31 Flag PMl is used to detect the last word transfer during a Multiple 

Load or Store (ML, MS) or Move instruction. PMl is taken from the un-used 

(most-significant) bit position of the P counter when it is used as an auxiliary 
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counter. The P counter is normally used as a 14-bit counter for program 

addresses. When used as an auxiliary counter, PMl is set by the first decrementing 

c I o ck after PO - l 4 has counted down to zero . 

2 .3 2 F I a g K OS i s ta k e n d i r e ct I y fr om t h e i n st r u c t i on w or d t o d i ff e re n t i a t e 

between different types of shift and Move instructions, as follows: 

2.33 

Shifts: KOS-0 = SLA, SLL, SRA, DLA, DRA 
KOS-1 = SLN, SLC, SRN, DLN, DRN 

Move: KOS-0 = MVF, MVB 
KOS-1 = MVSU, MVUS 

Flag FNU stores the zero contents of the ALU. FNU is stored in one 

bit of a four-bit register (74175). The other three bits of this register have no 

relationship with FNU. 

2 . 34 Flag NORM deflnes the end of a shift normalize execution. The end­

of-shift signal is GOSH (Figure 2-SDD) w hich is controlled by a 74151A chip. 

The inputs to the multiplexer chip are held at l or O (+5v or Ov) so that the 

selection and enable inputs provide direct control of GOSH as follows: 

0 l 5+(LOO EB LOl )+P09 = GOSH = NORM 

• Shift Right Normalize ends when 015 sets. The active 015N selects 

the low 74151A inputs 10-14 to generate a low GOSH. The P counter 

1s used as an auxiliary counter to count 32 shifts (the program address 

is saved). If P09 sets before 015, it means the constant to shift is 

equal to zero and GOSH goes low. LOEBLl never sets. 

• Shift Left Normalize ends when LOOEBLOl is true. SincE.0151'-I 1s 

not used (held high), L00,01 select 74151A inputs 14-17 as an 

EXclusive-OR, and GOSH is low when LOOEBLOl is true. The P 

counter is used in the same manner as in Shift Right Normalize. 
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• Shift without normalizing. The number of shifts to be executed 1s 

contained in Kl l - Kl 5. This number is loaded in complement into 

the Scratchpad CT counter. The counter is incremented to 31 in a 

single microinstruction (CT+l, Repeat), and the shifting is ended 

when the microinstruction is finished. 

2 .35 Flag DIV enables the remainder correction according to test DIVA 

or DIVB, selected by µ01. Test DIVA (µ01) is true if the remainder sign is 

opposite to the dividend sign. Test DIVB (µ01 N) is true if both the remainder 

and dividend are <0, but the absolute remainder value is greater than the 

absolute divisor value. The select inputs and data inputs of a 74151 A multiplexer 

chip are used together to generate the FLAGDIV signal when either test is true. 

• DIVA: µ01 FSIGDIV FSIG (input I 4) 

FSIGDIV FNU (input I 6, I 7) 

• DIVB: µ01 FSIGDIV FSIG FNUN (input I 3) 

2 .36 Flag FUl 5R2 tests for System-Mode reserved instructions which can 

modify the stack pointer contents. When the stack pointer is indicated (R2E 15) 

and User Mode is set (FU), the active FU15R2N signal is inverted to a high 

FLAGN, and the bit RADS= 0 to cause a trap. 

2 .37 Instruction Word. The next address is decoded directly from the 

instruction word . 

RAD 0 s 
0 K-reg decoding 

This is used as the first address of an instruction microprogram. The instruction­

word addressing mode operates 1n one of four sub-modes, selected by the signals 

PLAO, PLA l : 

PLAO,l Sub-Mode Purpose 

0 0 Inhibit I nstru cti on-word outputs held inactive (high). 

l 0 Add Master Fetch operand for types T-T7; execute for type TS; 
Trap if illegal. 

l l Add User Fetch operand for types Tl -T7; execute for type TS; 
Trap if privileged. 

0 l Execution Used for first microinstruction word ofter the fetch-

operand routine. 

The PLA selection logic is shown on Figure 2-SAA. The sub-mode inhibit 

is set by the inactive v alidate signal (PLAVALN high). PLAVALN is held high 



by µSNA0 = 0 (Explicit mode or Flag mode) or an active PAFN. PLAVALN 1s 

activated by µSNA0 = l (Instruction-Word or Machine-State modes). The 

conditioning for PLA is as follows: 

µSNA 
PLAVALN 

PLA Sub-Mode 
0, l µNA7 0, l 

0 0, 
h 0 0 Inhibit 

0 l 

Explicit l 0 0 0 l 0 Add Master 
Implicit l l J L l 0 l l Add User 

.RADETPLN - l 0 l Execution 

Microprogram bit µNA7 selects a fetch sub-mode (Add Master or User) or the 

execution sub-mode. If fetch is selected, the FU signal indicates either User 

mode (FU= l) or Master mode (FU = 0). For all three of the active sub-modes, 

the i n st r u ct i on - word address i n g may be exp I i c i t (µ S N A l = 0) or i m p I i c i t 

(µ S N A l = l ) . T he exp I i c i t address i n g i s used for instr u ct i on exec u t i on and 

the execution pointers. The implicit addressing is part of the machine-state­

poi nter control of the microprogram. 

2.38 Instruction-word addressing of the microinstruction store is controlled 

by the instruction-word decoder (Figure 2-8AA). The decoding is done mainly 

by a programmable logic array (PLA) which provides address codes for 96 different 

input combinations. In many cases, the output address codes are the same for 

various different input combinations. The PLA decoding is shown in Table 2-6, 

Instruction Decoder. Some instruction-word decoding is done by logic gates 

operating in parallel with the PLA. 

2 .39 The external instruction-word logic gates are used for an ineffective 

branch (NOJUMP) or,with P857, a floating-point instruction without an attached 

FPP (NOFLO). For both instructions, PLA0 is high, and the external gates for 

RADl-4 are enabled. The NOFLON signal generates NACND which activates 

the four gates to force RAD] through 4 low, thus selecting address 001. The 

(P857) NOJUMPN signal generates NACND and NACNDAD. These two signals 

activate the gates for RAD l through 4, and RAD7, thus selecting address 003. 

No Jump RAD 0 l 

1010 

No FFP RAD 0 l 

1010 

2 3 
0 0 

2 3 
0 0 

4 5 
o Io 

4 5 
o Io 

6 
0 

6 
0 

7 
0 

7 
l 

8 

8 
l 

/001 

/003 

2.40 Machine-State Pointer. The Next Address is determined by machine­

state pointers, such as RUNF and control-panel switches. (See also Figure 1-9 

for general flow). The machine-state pointer logic is shown on Figure 2-8CC. 

The instruction-word decoder (Figure 2-8AA) is also used for one sub-mode 

of the machine-state pointer microprogram control. There are four sub-modes of 

machine-state pointer address selection, as follows: 

- --
Instruction RUNF.IR.PUP.KRY RAD 0 l 8 
-------

I 0 I / t 
PLA Decoder / 

lnte~~~ RUNF.IR. RAD 0 l 2 3 4 5 6 7 8 

-

(RUNF µNA8 KRY 0 0 0 0 l 0 l 0 l (/015) 
--· 

=RADET6) KRY 0 0 0 0 l 0 l 0 0 (/014) 

C.Panel RUNF.PUP RAD 0 l 2 3 4 5 6 7 8 

I 0 I 0 0 0 l I 0 0 0 0 I (/01 0) 

---
Program End RUNF.IR.PUP. RAD 0 l 2 3 4 5 6 7 8 

(RUNF PUP KRY 

I ~ I 
0 0 0 

~1 
0 l 0 l 

I 
(/005) 

--
=RADET6) KRY 0 0 0 0 l 0 0 (/004) 

In all cases, the control-panel TEST key will set RAD bit Oto 1, via ETATEST 

and VALNA0 on Figure 2-8CC. The Instruction sub-mode generates the signal 

RADETPLN (Figure 2-8CC) which activates the instruction-word decoder PLA 

via signal PLAVALN on sheet AA. Refer to paragraph 2.37. The Interrupt 

sub-mode selects address /014 or /015 for the interrupt routines. The Control­

Panel sub-mode selects address /010 if any of the control-panel command 

signals are active (PUP signal active). The control-panel command switches 

operate through the A-bus of the Data Handling logic. The Program-End sub­

mode selects a branch to address /004 or /005. 
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2 .41 Move Table/ Fault (P857) . An interrupt or a page fault during a Move 

Table instruction force the RAD bits to a special control-store address, as 

follows: 

Address RAD 0 l 2 3 4 5 6 7 8 

Interrupt. 
MVB read 1F8 l l l l l l 0 0 0 

MVB write 1F9 1 l l 1 1 1 0 0 1 

MVF read 1 FA l l l l l l 0 l 0 

MVF write l FB l l l 1 l l 0 l l 

Page Fau It 1 FF 1 1 l l 1 1 1 1 1 

The move table/ fault logic is shown on Figure 2-8CC. Either the page fault 

(PAFN) or the interrupt during Move Table (MOVEIRN) cause the signal NARDT. 

NA RDT blocks a 11 the control-store addressing gates on the machine-state-pointer, 

explicit-address, and test-flag logic, which puts the address bits high. The 

move table/ fault logic then forces bits RAD6-8 low according to its control 

inputs to obtain the address code shown in the above table. 

2 .42 RA -- Microinstruction Address Registe r 

The 9-bit RA register holds the address cf a single 48-bit microinst ruction word. 

This is actually a 10-bit buffer register comprising one 6-bit 74sl 74 and one 4-

bit 74s175. The tenth bit position, however, is used to store the command-bit­

derived signal FETCH, which is re-generated as FTDEL. 

2 .43 The 9-bit address code RAD0-8 is loaded from the control-store add ress 

bus at the leading-edge of clock pulse AP. The address code is produced by 

the Instruction Word logic or the Microprogram Control logic; the source is 

selected by gating (from the source selector) within that logic. The reset signal 

RSLBN resets the RA register to all zeros so that control-store add ress 000 ,s 

selected by the RA output. The signal RSLBN is derived from the GP-Bus reset­

line signal RSLN, via RSLF. 

2 .44 Microinstruction Store (Control ROM) 

This section is composed of six type 8205 read only memory (ROM) ICs. Each 
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IC contains 512 eight-bit words which are accessed by nine addressing inputs. 

Add ressing from the RA register is applied in parallel to the six ICs to obtain 

512 48-bit words of store . 

2.45 The enabling inputs of the control ROM a re tied high; the outputs 

thus display continuously the content of whatever word is addressed by the RA 

register. When RA is reset by RSLN, the control-ROM address zero is selected 

(Idle state). A listing of all control-ROM microinstructions is provided in Table 

2-4B. The binary contents of the control ROM are provided in Table 2-5. 

2.46 Microinstruction Decoding 

Two groups of command bits (Table 2-2) are used by the CPU logic as direct 

command bits. The micro-command bits(µ .•. ) are the actual bit contents of the 

currently-addressed micro-instruction word. The general-field section of these 

bits (µGP0-4) are decoded to produce a further 28 command bits (G ... ). 

2.47 The general-field command bits (Figure 2-8BB) are decoded by four 

type 74s138 ICs. The signals µGP4,3,2 are connected in parallel to the A, B, 

C inputs. The gating inputs G 1 , G2A, G2B are connected as fol I ows: 

Bi ts : 1 -7 9-15 16-23 24-29 

Gl +5V µGPl µGPO µGPO 

G2A/ µGPO. µGPO ov µGPl 

G2B/ µGPl BPN µGPl ov 

The three gate inputs must all be active (Gl -high; G2A, B-low) to enable the 

th ree A, B, C inputs. The resultant output for the different input combinations 

are listed in Table 2-3. Seven of the general-field commands are valid during 

BP for use as set/ reset commands . Ten other general-field commands are stored 

at BP time and updated on the following BP; these are used as parameters for 

next-,::yc le exchange. 



1-1GP 
01234 

00000 
00001 
00010 
00011 

00100 
00101 

00110 

00111 
01000 

01001 

01010 
01011 

01100 

01101 
0111 0 
01 11 1 

10000 
10001 

10010 

10011 
10100 
10101 
1011 0 
1 0111 
11000 
11001 
1101 0 

11 01 1 

11100 
1 11 01 

11 11 0 
1 1 1 1 1 

Table 2-3 General Field Command Bit Codes 

Command 
Bit 

GIDLEN 
GCTLDN 
GCRDSRN 

GCRFNUN 
GCRVMLN 

GCSELN 

GMOVEN 

GFSYSN 

GFENBN 
GFSTOV 

GFPLR/ 

Ys 

Ys 
Ys 

CLP LR Ys 
GFRZO Ys 
GFKYZON Ys 
GCRVZON Ys 

GBCHN 
GBCPN 

GBEXN 

GBOKN 
GBOFN 
GBOMN 
GBTMEN 
GBTMPN 
GBTMMN 
GBTMFN 
GFLOTN 

GAEXLN 

GFETCHN 
GMULTIN 

Ys 
Ys 

Ys 
Ys 
Ys 
Ys 
Ys 
Ys 
Ys 
Ys 

Y s = Yes 

Function 

Resynchro. Sequensor 
Load Counter 
Set OVF if Divide 

Error and DOOD 
Store OALU in FNU 
Set CR if OVF; Branch 

for ML. 
ASR or INTAD on sel.C; 

data Q 15 
Branch during Move 

Reset ENBF, ARF, PAF, 
FU. 

Set ENBF 
Allows set PIF if Stack 

OVF. 

Loads PLR, FU by C 
Reset RUNF 
Reset K Ready 
Reset OVF; Divided 

Sign Store 

Character Mode 
C. Pane 1-B memory 

address 
MMU translation to 

System Mode 
(keys) on BI 0 
(FPP) on BIO 
(MMU) on BIO 
Ext. Register Cmnd. 
Prog. Channel Cmnd. 
MMU command 
FPP command 
FPP activation 

Execute double word 

Load K; set CT to 16 
D selection; OVF set 

for Multi 

Application 

Display, Tests. 
Shift, DAR, DSR. 

Shift right, Test Divide. 
IPL, PUP, Arith. Oper. 
ML, Divide correction, 

Shift LA. 
DLL, DLC, INR, 

Interrupt. 
Move read/ write cycles. 

System operations: INT, 
IPL, PAF, etc. 

RTN with R2=15. 

Update A15. 

INT, AR, RTN Master 
Control-pane I operations 
INT, PAF, AR, LR, RR 

Shift LA, DIV. 

Character instructions. 

LM, RM. 

EL, ES, MVUS, MVSU. 
IPL, C.Panel, Tests. 
FPP store, FIX. 
TS, PAF. 
RER, WER. 
1/0 instructions. 
TL 
FL, FO, FOS. 
Wait for FPP execution. 

Trap for EX , M V, 1 5 R2 , 
OPC=l 5. 

Fetch, EX, LR, RR, Tests. 

Last cycle of Multi. 
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Table 2-4A Control - ROM Microinstruction Listing P857 

ADD. ADD. ADD. 

000 ROM ,/1E8,AR15,ALUB.CALU.MYC.GYC •.•• WBUS, ..• 0 IDLE. 040 FTA AWR1,AANDB.CRLOG AN 080 ROM ,/b08. ,ALUB •••. SYD •.••.•. O CIO OTR 
001 FTA '.o NO JUMP 041 ROM FLAG . /1C8. APSW . AANDB. CALU. MY C ••... , , BIJSR •. 0 HLT.RlT .I NH.RTA15 081 ROM . / 100 .... , ..•••••• 0 GO TO TRAP CWMPl 
002 ROM ,/1E9 .•.••. SP2.PP2 .••• BUSR •• O INCR p 042 ROM , /OFD,,. CBI◊ .MYC .• • PP2., .SEGBUS ... 0 RT5 082 ROM ,/1B2.AWA2,DBIO •.••••• RBUS . SEGBIO .. ,0 FFX LO A2 
003 ROM FLAG . /ODO.AZ.ALUA.CALU •• GYC, •• ••.• GAEXL,O NO FLOT PROC 043 ROM . / OF 5 .. , CBIO.MYC .•• PP2 •• . SEGBUS.,, 0 RT5S 083 ROM SNPLA ./100.ARH2.ALUA . CALU.MYC.GYC, , ... , , ,O RT1 
004 ROM FLAG. / 1F8.ASY~.TwOA.CALU.,GYC • •.. , , .. n TEST DISPLAY 044 ROM ,/101.ARR1.AANDB .•. , ..• WMEM,.BUSR, .CRLOG AN s 084 ROM ./18B,AWR1,TWOA •• , ••. CTP1.,REPEAT, ,,0 SLL 
005 ROM ,/1FB, •.... SM2.PM2., , .• GFKYZO.O DECR BEFORE VISU 045 ROM • I 101. , ZERO. , •.•.. WMEM •• BUSR, , 0 CM 085 ROM ,/18B.AWR1,ASHL,,,SLG ••. CTP1 •• REPEAT, .GCSEL,O SLC 
006 ROM ./1FF . AEP,ALUA,CALU,MYC., .•• ,,,,0 VISUA 046 FTA ARR1,AANDB,CRLOG TM 086 ROM ,/169 ..•.•••• CTP1 •.••• 0 RT1D 
007 ROM ,/1FF , .DBIO.CBIO.MYC •.•••• SEGBUS,.,O VISUB 047 ROM ./1E9 ......•• , •• BUSR .. CRFLO FPP WAIT EXEC. 087 ROM ,/179,ARR2.ALUA.CALU •• GYC .••.•.. GCTLD.O RT1D 
008 FTA AWR1,ALUB,CRLOG LO 048 ROM FLAG,/1A6 , ARA1.DlVALU .• ,., ••••. GCRFNU.O DIV TEST COR.REM. 088 ROM rLnC, / OB3 . . 7FRo.CALU.MYC,, •.•• ~BUSR,fBTMF,U rrP LOAD 
009 ROM , /1E9. , ALIJB .. ,. SYD, PYD .••• :::lUSR •• CRL◊G LD p 049 ROM FLAG./140.ARA1,AXB.CALU.MYG.GYC.,.,,,, ,O DIV TEST GUOT. 089 ROM ,/OBA,AWA1.ZERO.CALU.,GYC, •••••• GCRVZO,O MUL-RESET PART.PROD 
ODA ROM ,/16D.ASYS.ALUA, •.•••. WBUS .••• O RCP IN L REG. LR OR RR .04A ROM ./OE2.AEP,AMB.CALU.MYC •.• • .•.•• O SLN 08A ROM .1130.ARAO.ALUA ••••••• WBUS •. BUSR .• O EX T1 OR T3 
DOB ROM ,/1FF.ARAO.ALUA .• MYC ••••.•..• O ERRONEOUS START 04B ROM FLAG,/1B5,AWR1.TWOA ••.•• PP2 •.•••• 0 SLN LOOP 08B ROM FLAG, / ODO.AZ.ALUA.CALU •• GYC •.•.•• ,GAEXL.0 EX T2 TRAP 
DOC ROM ,/101.ARR1.ALUA •.•••.• WMEM,,BUSR,.O ST 04C ROM FLAG./1B2 .A RCT.ALUA., .• SP2.PM2.CTP1,WMEM,SEGBUS, ,,0 MS LOOP 08C ROM FLAG./OAB.ATEN.ACR.CALU,MYC.GYC •... WEXM .. ,GBOF.O FPP STORE 
ODD ROM ,/101,AEP.ALUA .• ,,,, .WMEM,.BUSR.,O ST p 04D ROM • / 1E9 .. ALUB ••.• SYD, PYD .••. BUSR,. 0 MS END 08D ROM , /1A8., , ., .• ... SEGBVS .• GF nzo.o LOAD M 
ODE ROM , /OE6 .ATWO. ALUA. CALV ,MYC •• ,,,., •. 0 STD 04E ROM FLAG./1A8 .•..• SLG •...•.• GFRZO.O TEST READM 08E ROM FLAG./1D4.AEP.ALUA •••• SP2 •••• SEGBUS •• GCRFNU.O IPL LOOP 
OOF ROM ,/OE5.ATLJO.AI UA.CALU.ilYC ••• , ••.•. 0 STD p 04F ROM , / 172 , . DBIO.CBIO.MYC . ••.• WMEM.SEGBUS, ,GBCP.O LOAD M 08F ROM ./159, ,B SHR.CALU.MYC ,SLG, ••••.•• □ IPL LOOP 
010 ROM FLAG, /1D0 . ASYS. ALUA. CALV. , GY C ••• , . , . , 0 TEST AUTOREST 050 FTA AWR1 ,A OB.CRLOG OR 090 ROM ,/1AA,ATEN.ACR,CALU.MYC ••••••••• O INK 
011 ROM ,/1E9,,ALUB ••.• SYD . PYD •••. BUSR • • O AB 051 ROM FLnG ,/188.APSW .AO B.CALU.MYC ••....... 0 ENB SM!) Lf<M 091 ROM SNPLA./103.AEP.ALUA •... SYD •.•.... □ EX BSYZO,RESTORE 5 
012 ROM FLAG./OEO.AWAO.ALUB •••••.• RBUS •• ,GBOK,O SAVE p TEST If L/R R 052 ROM ./DEC .. DBI◊ •••• SYD.PP2 .•. SEGBUS.Bl/SR .. O RT4 092 ROM , /1ED . AEP, Al IJA. CALU. iiYC •.•.. RBUS. SEG!!HO., i;~ ETCH. 0 K-RCr L/RR 
013 ROM ,/OEO,ARAO.ALUA •.• ,SYD.PYD .••••. O LOAD p AND s LR 053 ROM ,/OE8 .. DBI ◊., .. SYD.PP2 •. ,SEGBL/S.BUSR .. 0 RT4S 093 ROM SNPLA,/100.AEP .ALUA.CALU.MYC.GYC •. ,.,,, ,O RT1P 
014 ROM • /1D!L ATWO . TWOA. CALV. M'/C.,., ••.. , 0 !MT 054 ROM ,/101.ARR1.AOB ••••.•. WMEM .• BUSR •. CRLOG OR s 094 ROM ./18B.AWR1.ASHR .• , ••• CTP1 •. REPEAT,.GCRDSR.O SRA 
015 ROM ,/1D8.ATWO. TWOA.CALU.MYC ... PM2 ... , ,GFKYZO.O INT DECR 055 ROM ,/OA8.AWAO.BSHR .• MYG ...••.•.. □ INR 095 ROM FLAG,/1C7.AWAO.ALUB •....•..•.• □ SRN 
016 FTA •. 0 FETCH 056 ROM FLAG,/1AO ...•. SLG ••..••.• O TEST READST 096 ROM SNPLA,/100.ARCT.ALUA.CALU.MYC ••• , , ., , .O RT1D END 
017 ROM ETAT. /1F E. , ••.••••. SEGBUS •• G IDLE, 0 •nsu IDLE 057 ROM FLAG,/190,ASYS. HJOA.CALU •. QYC .•. , ... GBCP,O READ M 097 ROM ./169.AEP.ALUA.CALU,.GYC .•• CTP1 ... , .O RT1DP 
018 ROM FLAG,/193 .AEP.ALUA.CALU.MYC ••••• ,, ,GCRVZO,O SLASLN SAVE p 058 ROM ,/1A6.AWA1.DIVALU •• . .• • ••.•. O DIV CORR.REM. 098 ROM FLAG. / OB3 .• ZERO.CALU.MYC .•••••• BUSR.GBTMF.O FPP □PER 
019 ROM rLnC./15B.AFP.ALUA.CALU.iiYC.SUl. . .. , . ,(:;r.RvL □ .o DLADLN s:; 1,.1E p 0.59 ROM FLAG, / 140 .A RA1.AXB.CALU.MYG .GYC .. ,.,, .,0 DIV TEST GUOT. 099 ROM . / OAS. ARA2. TWOA. CALV. , GYC. , •• , ... 0 DIV 
01A ROM FLAG./17B.ARR1.ALUA.CALU,.GYC ... , . . , ,O SLL SLC □ SA ROM ./OE2.AEP . AMB.CALU.MYC •.• , .•••. O SRN 09A ROM ,/D95.ARA1.ALUA •.••.•. WBUS •• BUSR,GBTMF,O FFL 
01B ROM ,/OCE,AWA1,ASHL ••• SUL, .CTP1 •• REPEAT, ,GCSEL.O DLL DLC 05B ROM F LnG. / 1A 5 . AWR1. ASHR . , • SRG •. PP2 •.... GCROSR, 0 GRN LOOP 09B ROM ./OFE.AWR2,ALUB, ••.......• O DLN.DRN END 
01C ROM FLAG./16B.AEP.ALUA.CALU.MYC ••.• . , ,. ,O SRA SRN DSC ROM FLAG,/1A2.ARCT.ALUA •.•• SM2.PM2.CTP1.WMEM.SEGBUS., , O MSRD LOOP 09C ROM FLAG,/OB3.ATWO.ASHR . CALU.MYC ••••.•. BUSR.GBTMF.O FPP OP/S 
01D ROM FLAG. /14B, AEP .ALVA. CALV. MYC. SLG •.... ,., 0 DRA ORN 05D ROM ./DBE, .ALUB •• MYQ •. SYD .PY() .•••.• O MSRD END 09D ROM ./143,AEP,ALUA.CLUR.MYC.,SP2 •.• WMEM,SEGBUS.BUSR . GCSEL.O INT 
01E ROM , /ODD. ARRl,. ALUA. CALV .. GYC ••.••... 0 SRL SRC OSE ROM ./198 .•..• SLG •••.•••• O PUP 09E ROM ./160.AEP.ALUA.CALU.MYC •.• , ••.• GFLOT.O HX 
01F ROM ./OCE,AWA1.ASHR .•• SRG .•• CTP1 .. REPEAT , ,GCRD SR.O DRL DRC □ SF ROM . / 1FF.APSW .A LUA.CALU.M YC .•. •••.•. O READ STATUS 09F ROM ./09B •.. , .. , •. RBUS,,.GBOF.CRFLO FFX UPD CR 
020 FTA AWR1,APB.CRADD Ali U60 FTA AWR1 . AXB.CRLOC:; XR DAO ROM ,/1D5 .. ZERO ..•. SYD ••••.• GFSYS.O IPL 
021 ROM ,/1E9,AEP.APB., .• SYD.PYD. , .. BUSR .. CRADD AD p 061 ROM . / 047 , AP SW ,ALUA.CALU.MYC •• SP2 ... , .. GFSYS,0 INT □ A1 ROM ,/1E9,AEP.APB .••• SYD.PYD .••• BUSR.,O RF 
022 ROM ./OEC.ARR2.ALUA •• ,.SYD., ••• BUSR • . O RT3 062 ROM ,/OFC .•. CBIO.MYC ••••.. SEGBUS, • . O RT7 OA2 ROM • / OE?, ATWO. ALUA. CALV. MYC ..••.••.. 0 RT3B 
023 ROM ,/OE8.ARR2 . ALUA •. ,.SYD ••.•• BUSR.,O RT3S 063 ROM ./OF4 , .. CBIO.MYC, .• . •• SEQ BU S •.• O RT7S OA3 ROM SNPLA,/100,ARR2.ALUA.CALU .• GYC.SYD. , , ,, . ,O RT3C 
024 ROM ./101,ARR1,APB •••• ,,.WMEM .• BUSR.,CRADD AD s 064 ROM ,/101.ARR1.AXB .••••.• WMEM •• BUSR.,CRLOG XR s □ Al! ROM .IODB,AWA1,ASHL ••• SLG ••. CTP1 .• REPEAT, ,,0 DLA 
025 ROM ./101.AZ,APLB1 •••.••• WMEM •. BUSR.,CRADD IM 065 rTA AWn2,8SHR.O DU! EMD .OAS ROM FLAG, / 01F. ATWO. ALVA ••.•• PYD •••.• , 0 DLN 
026 ROM ./077,ATWO.TWOA.CALU.MYC •••••••• ,O RTN MASTER 066 FTA ARR1,AXB.CRLOG TNM .OA6 ROM • /155 •. BSHR. CALV. MYC ••• PM2 ••.••. 0 IPL LOOP 
027 ROM ./19E.AW15.AMB., •. SYD •••••• GFSTOV . O INT UPDATE A15 067 ROM ./180,AWAO.ALUB •. MYQ •...•.••• O PUP OA7 ROM ,/OCB . AEP,AI UA,CALU •. GYC ...• , ••• O RT3BM 
028 ROM rLnC,/0D0.A7.ALUA.CALU •. GYC ..••• .. GAEXI . o TRAP SLN 068 ROM FLAG./ODO.AZ.ALUA.CALU .. GYC •.••. , ,GAEXL.0 MVF 1SR2 TRAP .OA8 ROM , /08D . •. . , .••.•• BUSR. GBEX. 0 EL 
029 ROM ./OE3 . ATEN.TWOA.CALU,MYC.GYC •• PYD,.,,, ,0 SLN 069 ROM ,/05F .ARR2.ALUA.CALU, .GYC .• PYD •• ,,, , D MVF 15R2N OA9 ROM ,/08E., .CBIO .• QYC.SP2 •••• SEGBUS.BUSR. ,0 DA 
02A ROM ,/159,ATEN.ACR.CALU,MYC.GYC •••.. , . . O IPL SET 06A ROM ,/OD6.AWAO.ALUB., •.• PM2 .• • ... O DLNDRN END . □ AA ROM ,/14F .. BSHR.CALU.MYC •.••.• , •• O IPL LOOP 
02B ROM ,/145.AEP.ALUA, •• , SYD ... RBUS .• BUSR.GBOK.O IPL END 06B ROM FLAG, /195.AWA1.ASHL. •• SLG. ,PP2.,.,. ,0 DLN LOOP DAB ROM ,/152 .. ,CBIO.MYC .• SP2 . PP2 •.• SEGBUS., ,0 OAK 
02C ROM FLAG./1D2.AWCT.DB10,.MYG •. SM2,PM2 . CTP1,.SEGBUS, . , 0 MLRI 06C ROM .IOE4.AWR1.TWOA ••. •• . CTP1 .• REPEAT . .. O SLA OAC ROM ./101.ARR1.ALUA •.•.••. WMEM,.BUSR.GBEX , O ES 
02D ROM ./DOC, .ALUA ••.. STD .PYD •••• BUSR,. D MLRI 06D ROM FLAG./1D7.AWAO.ALUB ..•...• , •.• □ SLN DAD ROM ./094,AWA2,APB.CALU.MYQ.GYC .••• ,., .O DA 
02E ROM ,/134 .. ,CLUR.MYC., •••••• GCSEL.O AUTO RESTART 06E ROM . / 1F F .. DBI O. CBI O. MY C .• SP2. PP2 •.• SEGBUS . , , 0 READ M PUP A .DAE ROM ./1E9.AEP.ALUA •••• SYD ••.• SEGBUS.,,O TL END 
02F ROM FLAG,/1CO.APUP.ALUA.CALU •• GYC .•. ,, , .. O TEST IPL I 06F ROM ,/1FF . . D810.CB10,i'iYC ....•. SEGBUS . . . f] READM PUP B OAF ROM FLAG. / 150. , •. • SLG.SP2 •• ,.SEGBUS.BUSR.GBTMM.O TL LOOP 
030 FTA AWR1.AMB . CRSUB ::,u 0 tO ROM ::,rWLA . / 1u0 . AR1215 .•. , •• , •••. G CTLD. 0 SH DSH . OB □ ROM ,/14D .. BSHR.CALU.MYC .•.•••••. □ IPL LOOP 
031 ROM ./1E9.AEP.AMB.,,.SYD.PYD .••• BUSR, .CRSUB SU p 071 ROM . / 18F.ARA2,ALUA,CALU,,GYC ..•.••. GFKYZO.O DSH .081 ROM , / 1E9 . AEP. AMB •... SYD. PYD, ••. BUSR . . 0 RB 
032 ROM GNPLA./100 ... CJ:HO,i'iYC.G'/C,Gf'2.PP2., ,SEAAU S ..• O RT2 072 ROM , /1AD .. DBI ◊ •••. SYD, .• , SEGBUS. BUSR., 0 RT6 OB2 ROM FLAG,/170,AIPL.APB.CALU.MYC •••.• WMEM .. , ,O IPL NEW QUART 
033 ROM SNPLA./100., .CB10,MYC.GYC .. PP2.,.SEGBUS,, ,O RT2S 073 ROM , /1AC, .DBI◊, •.• SYD ..•. SEGBUS.Bl/SR .. 0 RT6S OB3 ROM SNPLA, /100 ...•..• PP2 ••...• 0 RT2C 
034 ROM ,/101.ARR1.AMB .•.•••• WMEM .• BUSR .. CRSUB SU s 074 FTA ARR1.ALUA , CRLOG SHZERO 0B4 ROM ./OD2.AWA1.ASHR •.. SRQ.,.CTP1 •. REPEAT,.GCRDSR.O ORA 
035 ROM FLAG./OBC.AEN.ALUA,, .••••.•• GCRFNU,O C2 OR NGR 075 ROM ./ODC.ARA2.ALUA ..... , .• ,BUSR.GCRFNU.O DSHZERO 0B5 ROM FLAG , / OOF.ATWO.ALUA .••.• PYD.,, •. ,O ORN 
036 ROM ./077,ATWO.TWOA.CALU.MYC ..••.•••. O RTN USER 076 ROM ,/092.AWA1,DSUB •..• , .•.. BUSR .• CRSUB DS 0B6 ROM . / 1E9, AEP, ALVA •.•• SYD .•.• GEGBUS .• 0 TS END 
037 FTA /\WRl . AOB.(1 lNH,RTN A15 AtW LC END 077 ROM .l1C5 .ATWO. ALUA.CALU.MYC •.••..... 0 WAIT OB7 ROM FLAG, / 148 . ,. , .SLQ.SP2 ••• WEXM.SEGBUS.BUSR.GBOM.O TS LOOP 
038 ROM FLAG./0D0.AZ.ALUA.CALU .. QYC .. , •. , .GAEXL,O TRAP SRN 078 ROM ,/OC7. AEP.ALUA.CALU.MYC .• .. CTP1,,,, . □ ML 088 ROM FLAG. I ODO .AZ.ALUA.CALU •• GYC •••.•.• GAEXL.O TRAP 
039 ROM , /ODE, ARR1 . ALUA. CALV •. GY C •••••.• , 0 SRN 079 RC~ ,/150.ATWO.ASHR.CALU .. QYC •...•. . GBTMM.O TL 0B9 ROM ./08A. , .CBI◊ .• GYC.SP2, ••. SEGBUS.BUSR. ,0 DS 
03A ROM FLAG ,/1C4. ,BSHILCALU.MYC .•••.••. GCRFNU,O WAIT 10 07A ROM . /1 95.AWA1.ASHL ..• SLG., .•.•.• □ ORN OBA ROM ,/1E9.AW15,DBIO .••.••.• SEGBUS •.. O IPL END 
03B ROM ETAT./1FF.AEP.ALUA •... SYD .•...•• O WAIT 10 07B ROM FLAG./185.AWA1.ASHR •.. SRG .• PP2, .. , .GCRDSR.O DRN LOOP □ BB ROM ,/1li2, .. CBIO.MYC .. SP2.PP2 •.• SEGBUS., ,0 DS!<'. 
03C ROM rLnC./1C2 . AWfT,UBlO .••• SP2.rM2.CTP1, ,SFABU~ •. GCRVML.O ML LOOP 07C ROM . / OC5.AEP.ALUA,CALU.M YC •... CTP1., ... O MS OBC ROM ./13D •. BSHR ..•. SYD •• ,.SEGBUS ••• □ INT 
03D ROM , / OD C .. ALUB ...• SYD. PYD .••. BUSR, . 0 ML END 07D ROM ,/148,ATWO.ASHR.CALU .. GYC .•.• WEXM, , .GBOM.O TS DBD ROM ./08B,AWA2.AMB.CALU.MYQ.GYC •.•... , ,0 DS 
03E ROM ,/15F,ATWO.ACR ••.. ,PYD ••.••• O IPL 07E ROM . / OC3 . AEP , AI IJA.CALU.iiYC ..•• CTP1 •.. , ,Q MSRD DBE ROM ,/09E.AZ.APLB1.CALU.MYC •.•.•.. BUSR,GCRVML.CRADD DIV COR.GUOT 
03F ROM FLAG./1B0., .•• SLG •.•• RBUS, •• GBOK .O TEST LOADM 07F ROM FLAG. /1F 4 .. BCR. CALV .. GYC,., .•.. GCRFNU PUP □ BF ROM ./1E9,AWA2,ALUB ••.••••.. BUSR.GCRVML,CRLOG DIV GUOT OK 
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□ co FTA AWR1.ALUB.n LDK 100 ROM ,/03F ......•.•••• GFSYS.O VER IF MAN. PUP IT 140 ROM ,/07E ...•. .• •• RBUS ••• GBOK.0 TEST MAN REG M OC1 ROM , /1E9 .. ALUB . ••• SYD. PYD •••. BUSR •• 0 LDK p 101 ROM , /19A. ARA□. ALUA .• MYQ ... PYD •..• BUSR .. 0 DLN . DRN END 141 ROM ./1E9,AWR2,AMB •..••. , •• BUSR.GFSTOV,O UPD STK MSRD OC2 ROM , /135 •• BCR .•••••••• BUSR. GFPLR. 0 AR PAF INT 102 ROM , /DEC, ARR?. Al'l::I ••.• S'iD ...•. BUSR .. 0 RT5 142 ROM ./1CF.AWR1.ZERO ••••••••• BUSR •• O NGR OC3 ROM • /DEE.,. CBIO. MYC .•• PP2 ••• SEQ BUS. ,, 0 RT5C 103 ROM ,/1AD.ARR2.APB .• ,.SYD •...• BUSR •• O RT7 143 ROM ,/101.AZ.AMB ••.•••• WMEM •• BUSR .• CRSUB C2 OC4 ROM ,/04F.AWA2.AP8 •.••..•.••• 0 MVF DEST IN A2 104 ROM ./OD3 .•. CBIO.MYC .•... RBUS.SEGBIO, •• O TMP TEST RD KEYS 144 ROM , /188 .. ALIJR .•••••• WBUS. SCGBI O •.. CR! 0 CIO ◊TR .OC5 ROM ,/1E9,ARAO.ALUA .••• SYD.PYD •••• BUSR .• O MOVE END SLN REST.P 105 ROM FLAG,/OD4,ARAO,ALUA .......... GCRFNU.O TEST RETURN 145 ROM ./OB7.ARA2.ALUA.CALU •• QYC ••••••.• O MU- MUL.TOR IN G REG. OC6 ROM ./088.ARR1.ALUA.CALU •• QYC •.••••.. O CA 106 ROM FLAG, /ODO .AZ. ALUA. CALU •• GYC ••••.. , GAEXL, 0 EX OPER T4T7 TRAP 146 ROM FLAG,/01C . ATWO.APB •• MYC ..•••••• GCRFNU,O TEST NO 1 OC7 FTA ARR1.AMB.CRCMP CA 10 7 ROM ,/066 .. BSHR.rALU.MYC .•......• o EX □PER T1,T2.T3 147 ROM ./018 .. , .. SLG ..••.•.• O TEST NO 1 OC8 ROM ./086.ARR1.ACR.CLUR.MYC •••• .•• BUSR . GBCH.O LC 108 ROM FLAG./0D0.AZ.ALUA.CALU •• GYC •••.•.. GAEXL,O MVB 15R2FU TRAP 148 ROM , /0B6. AWA1. MUL Tl ••• SRG ••• CTP1 •• REPEAT .•. 0 MU- ALGORITHM OC9 FTA AWR1. BCR. 0 ECR 109 ROM ./04B.ARR2.ALUA ..•.• PYD •.•.•• O MVB 15R2FUN 1LJ9 ROM ./0B5,AWA1.MULTI .• MYG •••.•.•• GMULTI.O MUL Tl 16TH PASS OCA ROM • /1E9 .. DBIO .••• SYD. PYO •.• SEGBUS. BUSR., 0 AR PAF INT TRAP 10A ROM ,/OE8.ARR2.APB •••• SYD •.••• BUSR •• O RT5S 14A ROM ,/0B4.AWA2.BSHR ••••••••••• O MULTI STORE LSB OF PROD. DCB ROM ./132 ... , ..•• •• •• GFSYS.O AR END 10B ROM • /1AC. ARR2. APB •.•• SYD •.... BUSR .. 0 RT75 14B ROM ./OD7,ARA2.ALUA ••••••••.• GCRFNU.O MULTI UPDATE FNU DCC ROM ,/101.ARR1.ALUA .•••••• WMEM .• BUSR.GBCH.O SC 10C ROM ./04A,ATWO.ALUA.CALU.MYC.GYC .••.. ,, .O fWB LCNGTH>C 14C ROM ,/OAD,.ALUB.,.SRG.SP2 •••• SEGBUS.BUSR.GBTMF,O FPP SINGLE RD MA OCD ROM ./13D .. BSHR •••. SYD •••••• GFKYZO.O PAGE FAULT AR 10D ROM .l1E9.ARAO.ALUA ..• • SYD,PYD .•.• BUSR .. O MVB LENGTH= □ 11m ROM ./042 .. ,,,.SP2 •. ,.SEGBUS.BUSR.GBTMF.O FPP OP/S DOUBLE READ M1 OCE ROM FLAG,/128,ARAO.APB.CLUR.MYC.SLG ••••.•.• O EX T8N TEST K1 10E ROM ./1EB.ARAO.AMB ••••• PYD ••..•• O INT MOVE 14E ROM ./053.ATWO,ASHR .• MYC.GYC.SM2.PM2.,WMEM •••• Q T. MEMOIRE N01 OCF ROM ./16E • • . CIOR.MYC.GYC •••• WBUS.SEGB10 , , GFETCH.D EX LOAD K 10F ROM ./125 , ATWO.TWOA.CALU,.GYC • •..•.•. O PAF MOVE 14F ROM , /06C. AWA1. ALUB •.•• SM2. PM2 •••• ,. 0 TEST MEMOIRE N01 ODD ROM FLAG./0D0,AZ,ALUA.CALU •. QYC • • •••.• GAEXL,O I t1AI' 110 ROM ,/ODF ......••.• , .GFRZO.O VERIF MAN. REG L 150 ROM ,/09F ......••.••• GFRZO.O TEST G.CHARG.NO OD1 ROM FLAG,/0D0,AZ.ALUA.CALU •• QYC ••••.. ,GAEXL,0 TRAP 111 R◊M SNPLA. /100. ARR~. APB. CAL\J .• GYC. SYD .. , , , . , 0 RTSC 151 ROM ,/OA1,AWA1.BCR •• MYC,GYC .....••. O TEST DLA 0D2 ROM ,/125 , AWR2 . ALUB ••••••.•••• O PAGE FAULT · ML 112 ROM ./12C.ARR2.APB, .•• SYD •.••• BUSR .• O RT7C 152 ROM FLAG./030., •• MYG •• SP2 •••. SEGBUS.BUSR.GBTMF.O FPP READ LAST MA OD3 ROM SNPLA./100 .• DBIO.CBIO •. GYC.SYO.PP2.,,SEGBU5., ,0 RT4C 113 ROM SNPLA,/100.AEP.ALUA.CB!O.MYC.QYC.SYD.,. ,SEGBUS • .. O RT3 153 ROM .1173.ARAO.TWOA .••• SYD .•..••• O FPP OPS WAIT. LD s WITH 1ST AD. OD4 ROM FLAG,/11B,AWA2.AMB.CB!O.MYC •• SYD, ... SEGBUS. ,GMOVE.O MVF READ 114 ROM ./048,AWA2.APB.CBIO.MYC •. SYD .•.• SEGBUS •. GMOVE.O MVB READ 154 ROM ./010,,B!NV.CALU .• GYC.SP2 ••• WEXM.SEGBUS.BUSR.GBOF.O FPP/S SI. ODS ROM ,/056.AWA1.APB ••..•.•.••• O MVF REST A1 115 ROM ./OS6,AWA2.APB ....•..•.•. O MVB CORRECT A2 155 ROM ,/010 ...... SP2 ••. WEXM.SEGBUS.BUSR.GBOF.O FPP/S DOUBLE ST M1 OD6 ROM FLAG,/120, •••• SLG ••.••••• D EX K1 TEST K2 116 ROM ./OAE.ATEN.ALUA .• MYC •.•••.•. GFRZO . O TEST DLA 156 ROM ./OE9, .. , ...••.••. O TEST DLA 
007 ROM FLAG./OF8 . • BCR.CALU,.GYC ••..•••. Q EX K1N TEST MD 117 ROM SNPLA. /100 ..• CBIO. MYC. GYC., .•. SEGBUS,,, 0 RT3S 157 ROM ./OA7.ARAD.AOB.,,.SYD .. ,RBUS •• BUSR.GBTMP,O INR 008 FTA ARR1 . AMB.CRCMP cw 118 ROM ,/OEC.AWR2,APB ••.• SYD •• ••• BUSR •• O RT3B UPDATE STACK 158 ROM ./OA6,AWR1,DBIO.CIOR.MYC ••••.• SEGBUS .. GCSEL.CRIO INR OD9 FTA f\EP.AMB . CRrMI' CWP 119 ROM ./1F3.AWR2.AMB .•••.•.... GFSTOV.O STD 159 ROM ,/188 . AWR1.AOB ••• SLG ...••.•• □ INR TST SST ODA ROM ./124,APSW.ALUA.CALU.MYC ••.•••.. GFSYS,O PAGE FAULT 11A ROM , / 1F2, AWR2.AMB ..••...••. GFSTOV.O STDP 15A ROM ,/OA4.AWA1,ALUA •.•••.•..• GCRVZO.O DIV MEMO SIGNE DIVD DDB ROM ./122.AR15.ALUA •••. SYO •.. WEXM .• BUSR,GBOM.O PAGE FAULT 11B ROM ,/1E9 , ARR1.ALUA •••.•.... BUSR.GCRVML.CRLOG SLA CR 1SB ROM ./OA3.AWA1.DIVSH •.• SLQ,,.CTP1 •... GCRDSR.O DIV 1ST PASS 
ODC ROM ,/08C.ARR1.ALUA.CLUR.MYC •••••.• BUSR,6BCH.O cc 11C ROM fL06,!1BS.ARR1.ALUA .......•••• 0 SLN TCST NORM 15C ROM ,/OA2.AWA1.DIVSH ..• SLG ••• CTP1 •. REPEAT,.,D DIV PROCESS 
ODO ROM ./110. ,ALUB •. MYG •. SM2 •.• WMEM.SEGBUS.BUSR • . O PAGE FAULT 11D ROM ./13A.AWR2 . BSHR .••••••.•. • O SLN RESULT 1,5D ROM FLAG ,/1B6.AWA1.DIVALU ... SLG., .... ,GCRFNU.O DIV 16TH PASS ODE ROM FLAG./118 •..•• SLQ ..•.••.• Q EX K1K2 TEST K3 11E ROM ./1EC,AW1215,DBIO ••.. ••• RBUS.SEGBIO ..• O KEYS IN CRCP) LR 15E ROM ,/OAO,ATWO.APB,CLUR.MYC .•• PYD •. ,, .• O TEST DLA llDF ROM FLAG,/OF8 .. BCR.CALU •• GYC •..• , .•. O EX K1K2N TEST MO 11F ROM ./1FF,AR1215.ALUA •. MYC •..••.•• GFKYZO ,O LOAD OR READ R 15F ROM ,/091,AWA2,BCR ••. SRG, ......• □ TEST DLA 
.OED ROM ,/07B, .ALUB ••.• SYO .••.••• O WER 120 ROM ,/009.,, ,, ,.,.RBUS •.• GBOK.O VERIF MAN. REG L 160 ROM ,/039,,, ...••• RBUS ••• GBOK,O TEST G.CHARG NO. .OE1 ROM FLAG. /197 . AEP. ALUA. CALU. MYC ..... ... , 0 MVF 121 ROM FLAG . /1A5, ATEN. TWOA. CALU. MY C ••. PYO, , , . , • U SRM 161 FTA AWA2,ALUB,O DIV ST CORTD QUOT .OE2 ROM ,/117,ATWO.APB.CALU.MYC •• SM2 .•• WEXM,SEQBUS.BUSR.GBOM.O PAF 122 ROM ,/18B,AWR1.ASHR .. ,SRQ •. ,CTP1 •• REPEAT .. GCRDSR.O SRLC 162 ROM ,/09F ......•••.••• O TMP TEST .OE3 ROM ./OED •.. CBIO.MYC •••••• SEGBUS •• ,O RT7C 123 FTA ARA1.ALUA.CRLOG ML DSH 163 ROM ,/033.AZ.ALUA.,MYC • ...••.• , □ TMP TEST .OE4 ROM ,/057 .. ALUB .• MYG ••• PM2 •• WMEM. ,BUSR, ,0 MVF PREP WRITE 124 ROM ,/ODA .... MYG •••• ,, ••• O DLA END 164 ROM ,/09A,AWA1.DBlO .•••.•. RBUS.SEGBIO,.GBOF.U rFx LO A1 .DES ROM ,/057 •• ALUB.,MYG.,.PM2.,WMEM,.BUSR,GBEX , D MVSU PREP WRITE 125 ROM ./OD7,AWA2,BSHR.CALU.MYC, •• , •• ,.GCRFNU.O DLA END 165 ROM ,/17D .. , .....• RBUS.,BUSR.GBOF.O FFX RESET BSY .OE6 ROM FLAG./108 ..••• SLG •••••••• O EX K1K.2K3 TEST K4 126 ROM ,/019 .. BINV .. MYC .••..••.. O ROUT.AFFICH.INCR 166 ROM .I022.AWCT.ALUB ••••.. CTP1 ••••• 0 TEST NO 3 .OE7 ROM FLAG ,/OF8, ,BCR.CALU, .GYC., •.•••• O EX K1K2K3N TEST MD 127 ROM ETAT. /07E .. ALUB. CALU., GYC •. ,,. SEGBUS.,, 0 DISPLAY !NCR 167 ROM , /023. AWCT. ALUB ••• SLG .•• CTP1 .• ,., 0 TEST NO 3 :OE8 ROM ,/132,AW15.AMB.CIOR.MYC ••••• RBUS,SEGBIO,.GFSTOV.O PAGE FAULT 128 ROM ,/1E9.ARA1.ALUA •.•.•.•.• BUSR.GCRVML.CRLOG DLA ENO 168 ROM ETAT./ODE ..••.••••. SEGBUS ••• Q VER IF MAN REG L OE9 ROM ,/1E9.AEP.ALUA., •• SYD • ••• SEGBUS.BUSR.,CRRTN RTN 15R2N 129 ROM ,/164.AEP . ASHR.CALU,MYC •..••..•. O DLN.DRN END 169 ROM FLAG,/09C.APSW,AANDB .•••••••.• GCRFNU.O TEST TMP-TPM .DEA ROM , /110. ATEN, TWOA. CALU •• QYC., PM2 ••. , . , 0 TRAP 12A ROM ,/041.ARA1.ACR.CLUR.MYC,., •• ,.,,O TEST RB 16A ROM , / □ 39 . ARA2.ALUA •••••.• WBUS.SEGBUS,BUSR,GBTMF.O FFL LO M1 DEB ROM ,/073.AEP.ALUA.CBIO.MYG,GYC.SYD,,. ,SEGBUS. ,GFPLR.CRRTN RTNA15 12B ROM FLAG./034.ARA~.ALUA .... , ... , .GCRFNU . O TEST DLA 16B ROM ./093,AWA2.TWOA •.•..••••• GCRFNU.O DA DEC ROM .I02E.ATWO,TWOA.CALU.MYC •...••.• , O CF 12C ROM ,/043. ,BCR .... SYD.,.WBUS .••. O TEST TMP-TPM 16C ROM • /092, AWA1. DADD , •.•••.•• BUSR .• CRADD DA OED ROM FLAG. /130. AWAD. ALUB ••••••• WBUS •• , . 0 EX 12D ROM ,/OCE .. ZERO ... SRQ .• , ••••• O ORA 16D FTA AWA2.ASHR.O DAS ENO DEE ROM ,/06B.ATWO.TWOA.CALU.MYC •••.••••. O CF 15R1 12E ROM ,/115,ATWO,TWOA.CALU.MYC • .• PM2 .•.. , ,D TRAP CORR LONG EX. 16E ROM ./090.AEP,TWOA .. MYC ...•.•••. O TEST DLA DEF ROM ,/100,AW15,AMB ••• SLQ . SYD,., ••• GFSTOV.O TRAP 12F ROM , /115. ATWO. TWOA, CALU. MYC.,, •• ,, , , 0 TRAP 16F ROM ,/081.AEP,APB •• MYG ••• PYD .•• • • o TF<:T Ill.A OFD ROM • /04E. ATEN, ACR. CALU. MYC .•••••••• 0 RER 130 R◊M ,/OBF.,, .... . ••.• GtRZO.O VERIF MAN. REG M 170 ROM ./019,,BSHR.CALU.MYC ••••••••• O ROUT. AFF ICH. !NCR OF1 ROM FLAG, /OF7, AEP. ALUA. CALU. MYC .•• ,, ... , 0 MVB 131 ROM ,/OCD ... ,MYG ••••••••• O DSH 171 ROM ,/152.AEP,ALUA.CBIO.MYC •• SYD •••• SEGBUS, •• O DAR• DA OF2 ROM ./105.APSW.ALUA ••• SLG.SP2, •. WMEM •. BUSR.GFSYS , O TRAP 132 ROM ./ODC,AWA2.ALUB •••.•• , •• BUSR.GCRFNU.O DSH 172 ROM ./1F7.AEP.ALUA.CBIO,MYC •• SYO •••. SEGBUS.BUSR,.O EL OF3 ROM • /12C .. DBIO ..•. ~Yi! ...• SEGBUS. 8'JSR., 0 RT6C 133 ROM ,/038, .• ,MYQ, •••••••• □ TEST G.CHARG NO. 173 ROM , / 08!!.AEP.ALUA. Cl OR •• GYC.SYD .•.. SEQBIJS., ,O cc OF 4 ROM ,/OEB,ARA1.ALUA ••.• SYO •• , •• BUSR.,D MVB PREP 1ST AD 134 ROM ,/OCA,AEN,ALUA.CALU.MYC ... PYO.CTP1.,, ,,0 MLRI 174 ROM ,/189.AWA2,TWOA ••.•.•••.. GCRFNU,O 05 OFS ROM ./OEB,ARA1,ALUA • ..• SYD •.• , ,BUSR.GBEX , O MVUS PREP 1ST AD 135 ROM ./1D3 , AWR2 . APl::I •••. SYD.PM2 ..•. BUSR . . O MLRI 175 ROM ,/142,AEP,ALUA.CBIO.MYC •• SYD •••. SEGBUS, •. O DSR OF6 ROM FLAG,/OF8 .. BCR.CALU •• GYC •••••••• O EX K1K2K3K4 TEST MD 136 ROM . /OE9 ....... , ...• , D TEST DLA 176 ROM • /OE9, ... ,, .•• , ••. 0 TEST DLA OF 7 ROM FLAG,/ODO,AZ.ALUA.CALU .. QYC, ••.. ,. GAEXL.D EX 150PC TRAP 137 ROM ,/OC7.AEP.APB.CALU.MYC •..• CTP1 .• ,, .O MLK 17"7 ROM . /087. AWAD , ALUB,, MYG, •• ..•• BUSR., 0 cw CA OF8 ROM . /OC8, AEN. ALUA, CALU. MYC •• , PM.2 •.. , , , 0 MLK 138 ROM ,/OC6,AEN.ALUA ..... PYD, •.•.• O ML 178 FTA ARA□, AMB. CRCMP cw CA .OF9 FTA AWR1, BINV. CRLOG C1 139 ROM ,/1C3.ARR2.ALUA.CALU •. 0YC •• PM2 .. , ,BUSR, ,O ML 179 ROM , /083,AWR1 ,BCR. CIOR .MYC.,., •• SEGBUS,, .O LC 
□FA ROM .l104,AEP,ALUA •• MYQ. ,SP2 ••. WMEM.SEGBUS , BUSR,,O TRAP 13A ROM ,/DC4.AEN,ALUA •.••. PYO .•••. , 0 MS 17A ROM ,/027 .. ZERO •• MYG.SRQ ••.•.••• Q TEST NO 2 OFB ROM ./103, ,ALUB .•.. SYD .... SEGBUS ••• O TRAP 13B ROM ./1B3.ARCT.ALUA.,, •• PM2.CTP1.WMEM. ,BUSR.,O MS 17B ROM ,/026.,ALUB •• MYG.,.PYD ..••.• O TEST NO 2 .OF C ROM ,/135., .... SM2 ••••• BUSR •• O TRAP 13C ROM . /O C2,AEN.ALUA,CALU .• QYC •• PYD •••... O MSRD 17C ROM ,/1C8.AEP.ALUA ..•• SYD ....• BUSR •• O LC QF!) ROM • /101 . . B INV .. .••.• wMEii. , susr: •• CRL◊G C1S 13D ROM .l1A3.ARCT.ALUA, .••• PM2.CTP1.WMEM, .BUSR. , O MSRO 170 FTA AWR1,AOB . O LC END .OFE ROM ,/1E9,AEP.ALUA .•.. SYO, .• ,SEGBUS.BUSR,.O STORE RESULT 13E ROM FLAG,/OOA.AEP.ALUA •.••... WMEM ••• ,O TEST MEMOIRE N02 17E ROM ./080.AEP,APB .• , .• PYD •• WBUS •••• O TEST DLA .OFF ROM f LAG, /ODO. AZ. ALUA. CALU •• QY C, •• , . , . G AEXL, 0 TRAP 13F ROM ,/OS3.ARA1.TWOA,.MYC.0YC.SM2,PM2, , WMEM .... O TEST ME MOIRE N01 17F ROM ,/18E.AWAO.ZERO .•.•• , .. SEGBIO .. GFETCH,O TEST DLA 
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Table 2- 4A contd. 

Af>O. ADD. 

180 ROM ,/028, . .. MYQ .••.. RBUS., .GBOK.O DISPLAY INCR 1CO ROM ,/1E8 .... , .••. RBUS, •. GBOK.O VER IF MAN. PUPIT 
181 ROM ,/020,, .CB IO.MY C,,,,, .SEQBUS,,.O VER IF MAN REGM 1C1 ROM . /037.A WA1,AMB. ,,.,,, ,,,,0 DER MVF REST A1 
182 ROM , 1050 • ••• MYQ •. , , , , , , , 0 ROUT.AFFICH.INCR 1C2 RO M FLAG,/02C .. BSHR. ,MYC,QYC., •••.. GCRFNU,O ROUT.AFFICH.INCR 
183 ROM ,/OE9., . ...••... ,.0 ROUT.AFFlCH.INCR 1C3 ROM ,/085,ATWO .ACR,.MYC.GYC •••..•. GFRZO.O TEST NO 2 
184 ROM ./07A,ARR1.ALUA ...•.•. WBUS .• BUSR,G BTME.O WER 1C4 ROM FLAG,/OF1.AWR2.ALUB •• MYG .•..•.•.. O DER MOVE REST R2 
185 ROM . / 188. ARR1. ALUA •..•••. WBUS. SEQBUS. , . 0 WER 1C5 ROM , / 188 .A WR1 .DBIO . CBIO .•..••. SEGBUS,. ,CRRTN RER 
186 ROM FLAG./054.AR15.AMB, .. SR0 ••. • , .• GCRFNU.O TEST NO 3 1C6 ROM , / DCC., .CBI◊ •• GYC .•.•• SEGBUS ••• O TEST Q.CHARG NO. 
187 ROM FLAG./064.ARCT.AMB. , . SLQ . ,.CTP1., .• GCRF NU, O TEST NO 3 1C7 ROM , /029 . . ALUB. CLUR. MYC .. , • , WBUS, •• , 0 TEST Q,CHARG NO. 
188 ROM ,/076 . AWR2.APB, • . . SYD .. •. . GUSR. ,O RTN 1C8 ROM . / 036.AWA2.AMB ., •.••.• , .• O DER MVF REST A2 
189 ROM SNPLA. / 100 .• DBIO., •. SM2.PYD .. ,SEQBUS,BUSR .. O RTN 1C9 ROM ./ 03B.ATWO.APB.CALU.MYC .. •••••• .0 DER MOVE M=LGTH 
18A ROM , /09F ... ... • •• , ..• 0 TEST NO 2 1CA ROM , / D9F .. , , , , •.•.••• 0 TEST DLA 
18B ROM ./01B,. ZERO, . ,SRQ •• PM2,,,., ,0 TEST NO 2 1CB ROM ,/071,ATWO,ASHR,,MYC,, ,,. , ,. ,0 TEST DLA 
18C ROM ,/072, ATW O.APB,CALU,MYC ••. . .•. ,GFENB.O COMPU TE MASK RTNA15 1cc ROM . /07F . . B!NV .. • ~YC •.• , •... □ TEST NO 

.., 
I... 

18D ROM ,/06E,AWAO.B1NV •• MYG., . . ,, .•• □ COMPUTE MASK RTNA15 1CD ROM , / 098.ATWO .ASHR, .MYC.QYC, ••••.• GFRZO,O TEST NO 3 
18E ROM FLAG./ 024,ARA1,AXB .. • •••... ,GCRFNU,O TEST DLA 1CE ROM , / OAC.AWAO,ALUB, • . • • •. . SEQBUS .• GFLOT ,0 FPP OP/S LD EXP 
18F ROM ,/061.ATWO.APLB1 , ,MYC •.. • • • ••• □ TEST RB 1CF ROM ,/1B8 , AEP.ALUA , .•• SYD, •.. SEQBUS.,GFLOT,O FPP OP LD EXP 
190 ROM ,/019 , .B IN V .. MYC., , ,,, •.. □ ROUT. AFFI CH.INCR 1DD ROM ,/02F, , , ,.,., •.• , • □ NOT USED 191 ROM , /1BE,ARAO.AOB,CLUR.MYC ,QY C •••• ,, ,,0 MASK STACK PSW RTNA15 1D1 ROM ./06A ,AWR1 .AMB •••. SYD. , .••. ,O CF .15R2N 192 ROM , /09 F .. .. . . , .. , . •• 0 TEST ME MOIR E N01 1D2 ROM FLAG, / 07C, ,BSHR .• MYC.SRG. ,.,.,.GCRFNU,O ROUT.AFFICH.INCR 
193 ROM FLA G,/ 002 . .. CBIO.MYC .•..•• SEGBUS. ,. □ TEST MEMO IRE N01 1D3 ROM ,/032,ARAO., ••.•... ,. GCTLD . O TEST NO 3 194 ROM . / 06A, AWR1, AMB • •.. SYD , , .. , . GF STOV, 0 CF .15R2 1D4 ROM FLAG, / OEA.AWA1,APB ••.• SYD,,. ,SEGBUS,,GMOVE,O MVB WRITE 195 ROM , /068. APSW. ALUA,,. , SP2 ... WMEM • • BUSR .. 0 CF 1D5 ROM FLAG, / OEA,AWA1.APB •.. ,SYD , . • ,SEQBUS •. GBEX,O MVUS WRITE 19 6 RO M , / OE9 .. , , .. , . • . , , . 0 TEST DLA 1[) 6 ROM ET nT, /0 9E ., .•• •~· .• SEGBUS, .• □ TEST Q, c::ARC NO. ·197 RO M , / 067.AEP.ALUA , ,MtG .• SP2.,, WMEM, SEQBUS,BUSR, ,0 CF 1D 7 ROM FLAG,/OD8 .. ALUB , CBl◊, , GYC ..•. WBU S,SE QBUS • . ,O R◊UT.AFFICH . INCR 198 ROM , / 1E9 , , AL UB ..• , SYD. PYD .. . SEGBUS . BUSR, . 0 CF END 1D 8 RO M FLAG,/ 084 ,AT EN, AXB •.•. ,,., .. GCRFNU.O TEST NO 2 199 ROM ,/05E . . BSHR.CALU . MYC .• ,. ,, , , , □ EX 1D9 ROM , / 017,AEP , AMB. , . ,.PYD , , ,,,,0 TEST NO 2 19A ROM , /09F . . , ... , , . , •• . 0 TEST NO 3 1D A ROM • /0 9F . , , , , , • , , , , •. 0 TEST DLA 19B ROM FLAG, /0 78 . , .. MYQ., .. , •. , . □ TE ST NO 3 1DB ROM , / 070,AT EN . TWOA .• MYC ..•••.• , , 0 TEST RB 19C ROM FLAG ,/OSC.AEP.AXB, , . , SM2,PM2 , •••. GCRFNU,O TEST MEM O IRE N02 1DC ROM FLAG,/098 ..•• MYQ, , •.....• 0 TEST NO 3 
19D ROM , /OFB. ,, , , . . .• K8US •• ,GB ◊ K.O Ti1P TEST 1DD ROM ./078.ATWO,ASHR . • MYC,QYC.,, .•• . O TEST NO 3 
19E ROM . / 060,AWAO,BCR ,.M YC .. • •• , .,. □ TEST RB 1,DE ROM FLAG , /OOC . ,BINV. ,, , .•.• . ,. □ TEST NO 1 
19F ROM ./051,AEP.APB. ,MYC, .• PYD .. WB US . ,, .0 TEST RB 1DF ROM , /049,.ALUB , ,, . •• . WBUS •.•. O VERIF MAN. REG M 
1AD ROM FLAG./13A.AWAO,ALUB, .MYQ, •. PM2, •. ,, .O MVF TEST LGHT =O 1EO ROM ,/100 , ,ALUB •• , .. PYD, •. , , .0 TRAP DLN 
1A1 RO M FLAG, / 174,ATEN.AXB, ....•. ,. ,GCRFNU,O EX TEST IF T2 1E1 RCM FLAG . / 195.ARH1.ALUA., . •.. . • •. • 0 DLN . 
1A2 ROM , /09 F .. , , . • . , ..•• • D TEST MEMO IRE M◊2 1E2 ROM , /0 9F , . ... . • , . , , , . 0 TEST NO 1 
1A3 ROM FLAG,/062 , , . CBI O.MYC., , ... SEQBUS. ,,0 TEST MEMOIRE N02 1E3 ROM ,/021 . . BINV •• MYC, •.• , ,, , , 0 TEST NO 1 
1A4 ROM ,/05A.ARR2.AMB.CALU.MYC,,. , ,,.,,O MVF LG HT-2 IN M 1E4 ROM FLAG,/01A., •... ,PM2,, ., . . □ TEST NO 2 
1A5 ROM ,/12B,AWA1.APB . • MYG . . SYD, . . , , BUSR, , O MVF A1=SOURCE 1E5 ROM , 10 33 , . , . MYG, , . . • , .. , 0 TEST NO 2 
1A6 ROM ./096 . ATWO.AC R.CALU,MYC •• , . ,WBUS.SEQBIO. ,GFKYZO,CRIO TM P T. 1E6 ROM FLAG ,/04C,,BS HR . , MYC •. . •.•.• GCRFNU.O ROUT.AFFICH.INCR 
1A7 ROM FL nG . /0 58 ,,. ,.~LQ . , • • WBUS., , GBTMP,0 TEST TMP - TPM 1E7 ROM , / 04C , .. ,MYQ, , • . . ,,, ,0 TEST NO 1 
1A8 ROM FLAG, /12A . AWA1 . AMB • . .. SYD, •• • SEQBUS .• GMOVE. 0 MVF WRITE DEST 1E8 ROM ,/016.AEP,APB.CALU.MYC,SRG.,, •.•. ,O TEST NO 2 
1A9 ROM , / 13A,AWR2,ZERO.,. ,., , , •• , □ MV F CLEAR LGH T J, E9 RO M FLAG, / 074.ATEN,AXB. ,,. ,,, ..• GCRF NU,O TEST NO 2 
1AA ROM , / 09F , , • , . , • . , . , , • 0 TEST NO 3 1EA RO M , / 09F .,, ...•.. , • •. 0 TEST RB 
1AB ROM , / 013,AWA2.FORA,,, •.. • . , • . O TEST NO 3 1EB RO M , / 033,ATEN,ASHR.CALU,MYC. , , . , .• , ,0 TE ST RB 
1AC ROM FL AG, /052 • . ALUB .••• SM2. PM2,, WM EM. SEQ BUS. , , 0 TEST MEMO IRE M◊1 1EC ROM , / 012,ATEN,ALUA .• MYC .GY C,, .••• ,,O TEST NO 3 
1AD ROM ,/OBO,ARAO,ALUA . . .• SYD,PYD ...••• O TEST MEMO IRE N01 1ED ROM FLAG, / 044 ,ARA2. AMB ..• SRQ,, . , , ,, GCRFNU ,O TEST NO 3 
1AE RO M SNP LA. /1FF . AWA1,ALUB.Cl◊R , MYC , QYC ,, PM2, • • SEQBIO, , GFETCH,O TRB 1EE ROM ,/1E9,AEP.ALUA.,,.SYD •. .. SEQBUS ... CRFL O FPP STORE ST EXP 
1AF ROM . / OB1,AWAO , ALUB.,, . SYD ,PY D ••... GFRZO.O TEST MEM O IRE N01 1EF ROM FLA G, / 010., ,, .SLG . SP2.,, WE XM,SE GBUS , BUSR , GBOF,O FPP ST MANTI. 
180 ROM , / OSB ,ATWO.ALUA.CA LU , MYC ,GY C • • ,.,, ,. 0 MV F .LF 0 ROM , /10u , . ALU B •.. , .. PYD .•. , • . O IKHr DRN 
1B1 ROM , /04 6.AWAO,BSHR,. MYG, • .. •.• , . O RER 1F1 ROM FLAG, / 185 . AWA1.ASHR .•. SRQ, , . ,., ,GCRDSR. O DRN 
1B2 ROM FLAG . /03C . . BSHR . . MH,,, •. •• . CCRFNU , O ROUT . AFf'ICH. IMCR 1F2 RO M . /09F .. , , . , , , .• , . , 0 TEST NO 1 
1B3 ROM FLAG, / OB8.ATWO,AOB. , MYC,0YC.,, • . . . GFRZO.O TEST NO 1 1F3 RO M ,/07F.,,,,, , • . . , .. 0 TEST NO 1 
1B4 ROM FLAG,/OF2.AWAD,ALUB,, .• , PM2, .••.. 0 MVB TES T LENGTH 1F 4 ROM ./OC1, .. . , .SM2.PM2,, .SEQBUS .. , 0 TEST MEM◊IRE N02 
1B5 ROM FLAG. / 10B.AWA2,AMB,,,., . . , ..• O MVB PREPARE A2 J,FS ROM , / 06 3, . ALUB. , .. SYD, PYD .•.•• , 0 TEST MEMO IRE N◊2 
1B6 ROM ETAT ,/OBE .. •. ,, ...• SEGBUS , •• O VER IF MA N. REG M 1F6 ROM , / 097, . DBI O.,,, ..• WBUS,SEGBUS.,. 0 VER IF MAN REG L 
187 R◊M r Lnc, /028, , Al Ul:l •. i•iYQ. , . Pi1 2 •. WMEM . . BUSR . . 0 MV8 PREPAR[ WRITE 1F7 ROM ,/OBB , ARR1,ALUA.CALU,MYC ... ,.WBUS, ,BUSR.GBTMP.O Cl◊ ◊TR 
1B8 ROM ,/162 .. ALUB ..•. ,, .WM EM, . BUSR , ,O INT 1F8 ROM ,/036,AEP.ALUA.CALU,MYC, • . ••.• ,GCTLD,O DER MVB READ 
1B9 ROM , / 03A,ARAO,AOB,, •• SYD,, . RBUS, .BUSR,GBTME,O RER 1F 9 RO M , / 00 7.A WA1.AM8 , , ,,,PP2 •.... GCTLD , O DER MVB WRITE 
1BA ROM . / 09F , , , , , .. . , •. , • 0 TEST NO 3 1FA ROM ,/03E.AEP,ALUA.CALU,MYC .. • . •. ,,GCT LD.O DER MVF READ 
18B ROM ,/01A .. ZERO , ,.SRG, . . , , .•• O TEST NO 3 1F i3 ROM , / 005 . AWA1.APB., . . . PP2, . •. ,GCT LD .0 DER MVr WRITE 
1BC ROM ,/058 , ATEN,ALUA,C ALU, . GYC ••.• WBU S .SEG BIO.,GFETC H, O TEST TMP 1F C ROM FLA G./06C. ARA1 ,AXB . ,, .SM2 .P M2., , , ,GCRFNU,O TEST MEMOIRE N◊1 
1BD ROM , / OB 3., , .•. SP2, . . ,SE GBUS .BUSR . GBT MF.O FPP DOUBLE LO 2ND WORD 1FD ROM FLAG,/OCO.ARAO.ALUA.CALU.MYC,,SYD,PYD,,,,, .O TEST MEM O IRE N01 
1BE ROM ./040 . . BCR , , MYC, .. ,,.,,GFKYZO .O TEST RB 1FE ROM ,/12D.ATWO, TWOA.CALU.MYG.GYC •. , ,. , ,GCTLD. O PAGE FAULT ML 
1BF RO M FLAG. /014 ,AEP ,AXB, .MYG., . . ,., ,GCRFNU . O TEST RB 1FF ROM , /125,A TWO . TWO A.CALU.,GYC .. , ,, , , GCfLD.O PAGE FAULT 

2-16 



Table 2-48 Control - ROM Microinstruction Listing P856 

ADO. ADD ADD. 

000 ROM ,/1E8,AR15,ALUB,CALU,MYC,GYC,,.,WBUS .... □ IDLE 040 FTA AWR1,AANDB .C RLOG AN 080 ROM ,/008 .. ALUB,,,.SYD,,., , .. □ CIO OTR 

001 FTA •• o NO JUMP 041 ROM FLAG,/1C8.APSW,AANDB,CALU,MYC . .... .. BUSR .• O HLT.RIT,INH,RTA15 081 ROM , /100 ... , ... , .. , , . 0 GO TO TRAP (WMP) 

002 ROM ./1E9 ... , .. SP2 , PP2 .. ,, BUSR ,, O !NCR p 042 ROM ,/OFD,, ,CB JO,MYC,, .PP2., .srneus., ,[I RTS 082 ROM ,/1B2.AWA2.DBIO.,.,,. ,RBUS,SEGBIO,. ,0 FFX LD A2 

003 ROM FLAG, /ODO. AZ, ALUA , CALU, , GY C, . , , , , , GAE XL, 0 NO FLOT PROC 043 ROM ./OF5 . • ,CBIO.MYC,,,PP2, . . SEGBUS •. . O RTSS 0(13 ROM SNPLA,/100.ARR2,ALUA.CALU,MYC,GYC,, ..... ,n RT1 

004 ROM FLAG , /1F 8. ASYS , TIJOA. CALU,, GYC.,, , .• , . 0 TEST DISPLAY 044 ROM , / 101,ARR1.AANDB .,. ,, ,. WMEM •. BUSR, .CRLOG AN s 084 ROM ,/18B,AWR1.TWOA,,.,,,CTP1 •• REPEAT,. ,O SLL 
005 ROM , /1FB,, ,,, ,SM2 .P M2,. ,,, GFKYZO.O DECR BEFORE VISU 045 ROM , /101 .. ZERO .. , , , , . WMEM, , BUSR . , 0 CM 085 ROM , /18B,AWR1,ASHL, , ,SLG .,.C TP1 .. REPEAT,,GCSEL,O SLC 

006 ROM ,/1FF.AEP,ALUA,CALU,MYC,,.,.,,.,O VISUA 046 FTA ARR1,AANDB,CRLOG TM 086 ROM ,/169,.,, ,,,, CTP1,, ,,, 0 RT1D 

007 ROM ,/1FF .. DBIO,CBIO,MYC,, ,., .SEGBUS,, . □ VISUB 047 ROM ,/1E9 . ,, , .... ,,.BUSR.,CRFLC FPP WAIT EXEC. 087 ROM ,/179,ARR2.ALUA.CALU,,GYC.,,,.,.GCTLD.O RT1D 

008 FTA AWR1,ALUB.CRLOG LD 048 ROM FLAG, /1A6,ARA1.DIVALU,., .. , .. , ,GCRFNU.O DIV TEST COR.REM. 088 ROM FLAG,/063 . . ZERO,CALU,MYC ... ,.,,BUSR,GBTMF,O FPP LOAD 

009 ROM ./1E9.,ALUB.,,,SYD,PYD,,,,BUSR,.CRLOG LO p 049 ROM FLAG,/140.ARA1,AXB,CALU.MYG.GYC,,,., . ,,0 DI 1) TEST GUOT. 059 ROM ,/OBA.AWA1.7ERO,CALU.,GYC, •.• ,, ,GCRVZO.O MU L-RESET PART.PROD 

DOA ROM ,/16D.ASYS,ALUA.,,,,.,waus,.,.o RCP IN L REG. LR ◊R RR 04A ROM ./OE2.AEP.AMB,CALU,MYC., ,,,,,, .O SL N 08A ROM ,/130,ARAO,ALUA,,.,,. ,WBUS , ,BUSR, . □ EX T1 OR T3 

DOB ROM , /1ff . ARAO,ALUA.,MYC .,,,.,, , , O ERRONE OUS START 04B ROM FLAG, /1B5, AWR1, TWOA. , . , , PP2 . . , , , . 0 SLN LOOP 08B ROM FLAG, /ODO, AZ. ALUA. CALU ,, IHC , .,,,, , GAEXL, 0 EX T2 TRAP 

DOC ROM ,/101.ARR1,ALUA,,. , .,,WMEM •. BUSR.,0 ST 04C ROM FLAG,/1B2.ARCT,ALUA,,,,SP2,PM2.CTP1 . WMEM,SE0BUS .. ,O MS LOOP 08C ROM FLAG, /DAB ,ATEN,ACR. CALU,MYC,GYC, ,, , WEXM,,, GBOF ,O FPP STORE 

ODD ROM ,/101,AEP,ALUA,, .. ,, .WMEM,,BUSR,,O ST p 04D ROM ,/1E9 .. ALUB,., .SYD,PYD.,, ,BUSR , ,O MS END 080 ROM ,/1A8 ... ,, .,.,,SEGBUS.,GFRZO.O LOAD M 

ODE ROM ,/OE6.ATWO,ALUA,CALU,MYC,.,,,,,,,O STD 04E ROM FLAG, / 1A8,,, , ,SLG .. ,,.,,GFRZO,O TEST READM 08E ROM FLAG . /104.AEP,ALUA,., .SP2,,, .SEQBUS. , r;:Cf{~NU ,O IPL LOOP 

□ OF ROM ,/OES,ATWO , ALUA,CALU,MYC,,, • . , •. , O STD p 04F ROM .1172., DBIO . CBIO, MYC,, .. , WMEM. SEGBUS., GBCP ', 0 LOAD M 08F ROM ,/159,.BSHR,CALU,MYC.SLG ....... , □ IPL LOOP 

]10 ROM FLAG,/1DO.ASYS,ALUA,CALU.,GYC,,,, . ... □ , t.ST AUTOREST 050 FTA AWR1,AOB.CRLOG 7.YR 090 ROM ,/1AA . ATEN,ACR,CALU,MYC, •..• ,, •• □ INR 

011 ROM , /1E9, . ALUB ,. ,. SYD. PYD , •. , BUSR .• 0 AB f1 51 ROM FLAC./188.APSW.AOB.CAL\j,MYC.., ,, , , , ,(1 END SMD l.KM 091 ROM SNPLA. / 103. AEP , ALUA ., .• SYD., . , • , . 0 EX BSYZO.RESTORE s 

012 ROM FLAG,/OEO,AWAO , ALUB,, ,., • . RBUS.,,GBOK,O SAVE p TEST IF L/R R 052 ROM ,/DEC. ,DBIO,,,,SYD.PP2.,.SEGBUS.BUSR, .O RT4 092 ROM ,/1EO.AEP.ALUA,CALU , MYC,., .. RBUS,SEGBIO . ,GFETCH , O K-:c RCP L/RR 

013 ROM ,/OEO,ARAO.ALUA,,, ,SYD.PYO., .•.. □ LOAD p AND s LR 053 ROM .IOE8 , , DBIO.,, ,SYO.PP2,, .SEGBUS,BUSR, ,0 RT4S 093 ROM SNPLA ./100.AEP.ALUA ,C ALU,MYC , CYC . ,, , , •.. 0 RTlP 

014 ROM ,/1D8,ATWO,TWOA.CALU,MYC,,, .• ,,., □ INT 054 ROM ./101,ARR1.AOB .. ,.,,.WMEM • • BUSR .. CRLOG OR s 094 ROM ,/18B.AWR1,ASHR.,,., , CTP1, ,REPEAT, .GCROSR,O SRA 

015 ROM , i 1D8,ATWO.TWOA,CALU.MYC .•• PM2,,,, ,GFKYZD,O HIT DECR 055 ROM ,/OA8 :A WAO , BSHR .• MYQ ..... , , .• U INR 095 ROM FLAG, / 1C7.AWAO.ALUB , ., .• , .•..• □ SRN 

016 FTA ',□ FETCH 056 ROM FLnG, /1 AO .... ,~LG,, .. ,, .. □ TEST REnDST 096 ROM SNPLA. / 100,ARCT .ALUA, CALU,MYC, .• ,, ., , .0 RT10 ENO 

017 ROM ETAT,/1FE ..•.••. . ,.SEGBUS,.GlDLE.O ~iISU IDLE 057 ROM FLAG, /190, ASYS. f WOA, CALU,. GY C .. , , , . , l:iBCP, D READ M 097 ROM , /169, AEP. ALUA . CALU .. GYC. .. CTP1,, , , . 0 RT1DP 

018 ROM FLAG,/193,AEP,ALUA,CALU,MYC .• ,,,,.,GCRVZO.O SLASLN SAVE p 058 ROM ,/1A6,AWA1,0IVALU,.,,,, ... ,,0 DIV CORR.REM. 098 ROM FLAG . /083 .. ZEKO , CALU. MYC ....... BUSR. GRTM~ , 0 FPP □ PER 

019 ROM FLAG,/158.AEP,ALUA.CALU.MYC,SLG., ,, ,, ,GCRVZO,O OLADLN SAVE p 059 ROM FLAG, / 140,ARA1.AXB, CALU.MYG,\:lYC. , ,,,,, , D DIV TEST GUOT. 099 ROM ,/OA5 . ARA2.TWOA.CALU.,GYC, ...•.. ,O DIV 

01A ROM FLAG,/1 7B,ARR1.ALUA,CALU, ,GYC.,,.,,, ,O SLL SLC □ SA ROM ,/OE2.AEP,AMB,CALU.MYC.,,.,,,, ,O SRN 09A ROM ./095 . ARA1.ALUA .• . ,,,.UBUS, .BUSR,GBTMF .0 FFL 

01B ROM ,/OCE.AWA1.ASHL,,,SLG .. ,CTP1,.REPEAT, , GCSEL,O DLL DLC 05B ROM FLAG , /1A5. AWR.1, ASHR, .. SR(L. PP2 . . , , , S C!'IDSK, 0 SRN l.00P 09B ROM ,/OFE.AWR2 , ALUB .. . , .. ,., .. 0 DLN , DRN ENO 

01C ROM FLAG,/16B.AEP,ALUA.CALU,MYC, .. , •. ,, . □ SRA SRN 05C ROM FLAG, /1A2,ARC T.ALUA . .. ,SM2,PM2.CTP1,W MEM.SEGBUS .• . O MSRD LOO P 09 ~ ROM FLAG,/083,ATUO.ASHR.CALU.MYC ... ,, ,,BUSR,G BTMF .O FPP OP/S 

01D ROM FLAG,/14B.AEP,ALUA.CALU.MYC.SLG.,,,, ,, , □ DRA DRN □ SD ROM , /D BE. ,ALUB .. MY(L .SYD,PYD ....•• □ MSP.D END D9D ROM ./143.AEP,ALUA.CLUR,MYC.,SP2 .•. WMEM,SEGBUS . BUSR,GCSEL , O !NT 

01E ROM ,/DDD , ARR1.ALUA,CALU .. GYC,., .... . 0 SP.L SRC □ SE ROM • /198 ... , , SLG, , , , . , , , 0 PUP 09E ROM ,/160,AEP.ALUA.CALU.MYC., ., .• ,.GFLOT,O FFX 

01F ROM , /OCE. AWA1. ASHR . • . SRG •.• CTP1., REPEAT , , G CRDSR, 0 DRL DRC □ SF ROM ./1FF.APSW.ALUA , CALU , MYC,., ., , , .,[J READ STATUS 09F ROM ,/09B .,,, ,, .. ,RBUS .. . GBOF .CRFLO FF X UPD CR 

020 FTA AWR1,APB,CRADD AD 060 FTA AWR1. AXB , CR! OG Y. R UHU t1VM ,/10!:i. ,ZERO,., .SYD , .• , .• GFSYS,O IPL 

021 ROM , /1E9, AEP, APB,,., SYD, PYD ... , BUSR , , CRADD AD p 061 ROM ./047.APSW.ALUA.CALU,MYC .. SP2 .,.,, , GFSYS,O INT OA1 ROM , /1E9 .AEP. APB •. , .SYD ,PYD .. , .BUSR,, 0 RF 

022 ROM , /OEC, ARR2, ALVA, . •. SYD. ,, .• BUSR ,. 0 RT3 062 ROM ,/OFC,.,CBIO,MYC.,, ... SEGBUS.,.O RT7 OA2 ROM ,/OE7 . AH!O,ALUA,CALU,MYC,.,,.,,, .0 RT3B 

023 ROM , /OE8. ARR2. ALUA,. ,. SYD., • , , BUSR,, 0 RT3S 063 ROM ,/OF4 ... CBIO, MYC ... , ,,SEGBUS .. , □ RT7S OA3 ROM SNPLA. / 100.ARR2.ALU/LCALU . • GYC.SYO.,,, ,, , 0 RT3C 

024 ROM ,/101.ARR1.APB, . . ,,,,WMEM,,BUSR,,CRADD AD s 064 ROM ,/101,ARR1.AXB .• ,,. , , WMEM ., BUSR,,CP.LOG XR s OA4 ROM • /DOB. AWA1. ASHL.,. SLG. , • CTP1 .• REPEAT, , , U DLA 

025 ROM ,/101,AZ,APLB1, .• .• ,,WMEM .. BUSR .. CRADD IM 065 FTA AWA2 . BSHR, n DLN END OAS ROM FLAG ,/01F ,ATWO,ALUA, .. ,,PYD,., .• . O DLN 

026 ROM ,/077,ATWO,TWOA,CALU,MYC,.,,., ,. ,0 RTN MASTER 066 FTA ARR1,AXB,CRLOG TNM OA6 ROM ,/155,.BSHR.CALU.MYC .•• PM2, .. ,,, 0 IPL LOOP 

027 ROM ,/19E ,AW1 5.AMB., ,,SYD, •. , •. GFSTOV.O INT UPDATE A15 067 ROM ,/180.AWAO.ALUB .• MY G, .. ,., ,. , O PUP OA7 ROM , / OCB .AEP .ALUH,CALU, ,GYC., ..•• ,,0 RT3BM 

028 ROM FLAG,/ODO.AZ,ALUA,CALU,.GYC.,,,, . ,GAEXL .O TRAP SLN 068 ROM FLAG ,/ODO,AZ.ALUA,CALU. ,GY C,., .• , .GAEXL.O MIJF 15R2 TR AP OA8 ROM ,/08D.,,,, .•.•. ,BUSR,GBEX,O EL 

029 ROM ,/OE3.ATEN ,T WOA , CALU.MYC,GYC.,PYD,, , , ,.0 SLN 069 ROM ,/OSF .ARR2.ALUA.CALU . . GYC, ,PYD ... ,, . □ MVF 15R2N OA9 RO M , /08E. .. CBIO,, GYC, SP2 ... , SEGBUS, BUSR , , 0 DA 

02A ROM ,/159.ATEN.ACR,CALU.MYC,GYC,,, ••. , ,O IPL SET 06A ROM ,/OD6 . AWAO,ALU~ ••• .• PM2, .,,.,0 CIU1DRM EMD OAA ROM ./14F.,BSHR.CALU.MYC,,,,,,, .• O IPL LOOP 

02B ROM ,/145,AEP,ALUA., • . SYD,,.RBUS, .BUSR,GBOK,0 IPL END 068 ROM FLAG,/19S.AWA1,ASHL . .. SLG •• PP2.,, , , .O DLN LOOP DAB ROM ,/152,, .CBIO,MYC . , SP2.PP2 • .• SEGBUS ,, ,O DAI< 

02C ROM FLAG,/1D2.AWCT,DB1 0 •. MYG . . SM2.PM2,CTP1. ,S EGBUS, , , 0 MLRI 06C ROM ,/OE4,AWR1,TWOA, .• . •. CTP1.,REPEAT, .,0 SLA □AC ROM ,/101.ARR1,ALUA .. , .. ,,WMEM,.BUSR.GBEX.n ES 

020 ROM ,/ODC , .ALUB .. , . SYD,PYD ••. • BUSR,.O ML.RI 06D ROM FLAG,/1D7.AWAO,ALUB .... , ..•.• , □ SLN DAD ROM . / 094 .AWA2 ,APB. CALU.MYG. GYC, • . ,,,, , 0 DA 

02E ROM ./134., .CLUR.MYC .... .. ,.GCSEL.0 AUTO RESTART 06E ROM ,/1FF .• DBIO.CBIO.MYC, . SP2.PP2,.,SEQBUS ,, ,O READ M PUP A DAE ROM . / 1E9 .AEP . ALUA ,., ,SYD ... ,SEGBUS. ,, 0 TL END 

02F ROM FLAG,/1CO ,APUP .A LUA,CALU, .GYC,,, ,,,, , 0 TEST IPL 06F ROM ,/1FF. ,DBlO.CBIO.MYC .• .• , ,SEG BUS,, .0 READM PUP P OAF ROM FLAG,/150,, •• ,SLG , SP2,,,,SEGBUS.BUSR,GBTMM,O TL LO OP 

030 FTA AWR1, AMB, CR SUB SU 070 ROM SNPLA,/100,AR121S,.,, .• ,,,,.GCTLD,0 SH DSH UBO IROM ,/14D. , B:iHt< , CALU,MYC •....• , . , 0 IPL LOOP 

031 ROM ./1E9.AEP,AMB,.,.SYD.PYD .. ,,BUSR , .CRSUB SU p 071 ROM ./18F,ARA2.ALUA.CALU .. GYC ..... ,,GFKYZO.O DSH 0B1 ROM , / 1E'? .AEP ,AMS.,, ,SYD ,PYD. , .. BUSR,, fJ RB 

032 ROM SNPLA,/100, .• CBIO,MYC.GYC.SP2.PP2,. ,SEQBUS , , , 0 PT~ 072 ROM ./1AD, . DBIO. , . ,SYD.,. ,SEGBUS,BUSR .. □ RT6 OB2 ROM FLAG, / 170,AIPL.APB,CALU.MYC ••.. ,WM EM. ,, ,O IPL NEW QUART , ,,C. 

033 ROM SNPLA . /100, .. C~IO.MYC ,GY C, .PP2, . . SE8BUS., ,0 RE'S 073 ROM ,/1AC .. 0810, ••. SYD .••. SEQBUS.BUSR, ,0 RT65 0B3 ROM SNPLA. / 100.,.,.,,PP2 •..• ,.0 RT2C 

034 ROM ,/101.ARR1,AMB .• ,,.,.WMEM,,BUSR •. CRSUB SU s 074 FTA ARR1,ALUA.CRLOG SHZERO 0B4 ROM ./0D2.AWA1.ASHR ... SRG •.. CTP1,.REPEAT, ,GCRDSR . O DRA 

035 ROM FLAG,/OBC,AEN.ALUA.,., ....• ,GCRFNU,0 C2 OR NGR 075 ROM ,/ODC.ARA2.ALUA, ..• ,,,,.BUSR.GCR FNU,0 OSHZERO OBS ROM FL.AG ./OOF ,ATWO.ALUA,., .. PYO ... ,, ,0 DRN 

036 ROM ,/077.ATWO.TWOA,CALU.MYC,.,.,,,.,O RTN USER 076 ROM ./092.AWA1.DSUB,, .• ,.,, ,BUSR,,CRSU8 DS 066 ROM , / 1E9 . AEP.ALUA ,,.,SYD.,,.S~GBUS., 0 TS END 
037 FTA AWR1.AOB , O INH, RTN A15 AND LC END 077 ROM ,/1 C5.ATWO . ALUA. CALU.MYC,,, ..• ,,,0 WAIT 0B7 ROM FLAG,/148 .. ,,,SLG.SP2 .. ,WEXM,SEGBUS.BUSR.GBOM,O TS LOOP 
038 ROM FLAG./ODO . AZ .ALUA.CAL U .. GYC,. ,, . , , EAEXL,[J TR~P SRN 078 ROM ,/OC7.AEP.ALUA,CALU,MYC, •.• CTP1.,,, ,0 ML 068 ROM FLAG, /ODO.AZ .ALUA. CALU •. GYC, •• ,.,, GAEXL ,0 TRAP 
039 ROM . / ODE.ARR1.ALUA.CALU .. GYC .. ,, ..•. 0 SRM 079 ROM ,/150 .A TWO ,ASHR,C ALU ,.GYC .. , .• , .GBTMM,0 TL 089 ROM . /08A ... CB I ◊ .• GYC . SP2. , . , SEGBUS. BUSR, , 0 OS 
03A ROM FLAG, /1C4. ,BSHR. CALU.MYC, ... ,., .GCRFNU, 0 WAI I O 07A ROM ,/195,AWA1,ASHL. , .SLG,,,., .. ,O ORN OBA ROM , / 1E9,AW15,DBIO ...• ,.,,SEGBUS.,,O IPL END 
03B ROM ETAT ,/1FF ,A EP.ALUA .. ,,SYD,,.,, , .O \·JAl IO 07B ROM FLAG. / 185.AWA1.ASHR ... SRG .. PP2., ,, . GCRDSR.O DRN LOOP OBB ROM . / 14 2.,.CBIO. MYC •. SF2 ,PP2 .. ,SEGBUS,, , [) DSI< 
03C ROM FLAG, /1C2. AWCT, DBI O,,., SP2. PM2, CTP1. , SEQBUS , , G CR 1JML, 0 ML ◊OP 07C ROM ,/OCS.AEP.ALUA.CALU , MYC ., .. CTP1,,, . ,O MS □ BC ROM . / 13D .. BSHR,, •• SYD., .. SEGBUS,,. 0 INT 
03D ROM , / OD C, . ALUB.,., SYD. P'fD., .. CU SR •. 0 ML MD 07D ROM , / 148, ATWO, ASHR. CALU,, GYC ••. , WEXM ,,, GBOM. D TS OBD ROM , /0 8B, AWA2,A MB.CALU ,M Y(LGYC. • . ,.,, .0 DS 
03E ROM ,/15F,ATWO.ACR,,,.,PYD.,,.,,O IPL 07E ROM , /OC3. AEP.ALUA,CALU.MYC,, .• CTP1, .. . ,O MSRD DBE ROM , / 09E.AZ,APLB1,CALU .MYC. ,, •• ,,BUSR . GCRVML , CRADD DIV COR.QUOT 
03F ROM FLAG, / 180, , , • • SLG,, .. RBUS., ,GBOK, 0 TEST l.OADM 07F ROM FLAG, / 1F 4, . BCR, CALU, .GYC.,., ... GCRFNU PU P OB, ROM ./1E9,AUA2,ALUS . •. , .. . , .BUSR,GCRVML,C RL◊5 DIV GUOT ov 
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OCO FTA AWR1.ALUB.O LDK 
OC1 ROM ./1E9 .. ALUB •••• SYD.PYD •..• BUSR •• O LDK P 
OC2 ROM ./135 •• BCR .••..•••• BUSR.GFPLR.O AR PAF INT 
OC3 ROM ./DEE ... CBlO.MYC. •• PP2 ... SEGBUS ... □ RTSC 
OC4 ROM ./04F.AWA2.APB •.••••.•.•• O MVF DEST IN A2 
□ cs ROM ./1E9.ARAO.ALUA .••. SYD.PYD •.•• BUSR .. o MOVE END SLN REST.P 
OC6 ROM .I088.ARR1.ALUA.CALU •. GYC ••••.••. O CA 
OC7 FTA ARR1.AMB.CRCMP CA 
OC8 ROM ./086.ARR1.ACR.CLUR.MYC ......• BUSR.GBCH.O LC 
OC9 FTA AWR1.BCR.O ECR 
□ CA ROM ./1E9 . . DBJ0 .••. 5YD.PYD ..• SE08US . BUSR. - □ AR PAr INT TRAP 
DCB ROM ./132 ..•....•.... GFSYS.O AR END 
DCC ROM ./101.ARR1.ALUA ••.•..• WMEM •. BUSR.GBCH.O SC 
□ CD ROM ./13D .. BSHR • ..• SYD •..•.. GFKYZO.O PAGE FAULT AR 
OCE ROM FLAG./128.ARAO.APB.CLUR.MYC.SLG ........ U EX T8N TEST Kl 
OCF ROM ./16E ... CIOR.MYC.QrC .•.. WBUS.SEGBIO , , GFFTCH , 0 EX L◊~D K 
ODO ROM FLAG./0D0.AZ.ALUA.CALU .• GYC .•••... GAEXL.O TRAP 
0D1 ROM FLAG./0D0.AZ.ALUA.CALU . • GYC ••..•. , GAEXL , O TRAP 
0D2 ROM ./125.AWR2.ALUB .•••....... O PAGE FAULT ML 
003 ROM SNPLA./100 .• D8IO.CBI0 .. 0YC.SYD.PP2 ... SEGBUS , . . O RT4C 
0D4 ROM FLAG./11B.AWAc.AriB.CB10.MYC .. SY!)., .. SFGE!US ., Gfl◊VE . O M1.'F READ 
ODS ROM • /056. AWA1. APB •••..•..... 0 M1JF REST A1 
0D6 ROM FLAG./120 ..•.• SLQ ...••.•• O EX K1 TEST K2 
OD7 ROM FLAG./OF8 .. BCR.CALU •• GYC. •••• .•. 0 EX K1N TEST MD 
0D8 FTA ARR1.AMB.CRCMP CW 
0D9 FTA AEP.AMB.CRCMP CWP 
ODA ROM ./124.APSW.ALUA.CALU.MYC •....••. GFSYS , O PAGE FAULT 
DOB ROM ./122.AR15.ALUA ••.• SYD .•. WEXM .• BUSR.GBOM.O PAGE FAULT 
ODC ROM ./08C.ARR1.ALUA.CLUR.MYC • .•••. • BUSR.GBCH . O CC 
ODD ROM ./110 .. ALUB •• MYG .. SM2 •.• WMEM.SEGBUS,BUSR . • O PAGE FAULT 
ODE ROM FLAG./118 ..•.• SLG .•.••.•• 0 EX K1K2 TEST K3 
ODF ROM FLAG./OF8 .. BCR.CALU •• GYC •• . •.••. O EX K1K2N TEST MD 
OED ROM ./07B •. ALUB •••. SYD ••.•... O WER 
OE1 ROM FLAG./0D0.AZ.ALUA.CALU •• GYC ....•. . GAEXL . O TRAP 
OE2 ROM ./117.ATWO.APB.CALU.MYC .• SM2 .•• WEXM,SEGBUS . BUSR . GBOM . O PAF 
OE3 ROM ./OED ... CBI◊,MYC ...... SEGBUS .•• O RT7C 
OE4 ROM ./057 .• ALUB •• MYG ••. PM2 .• WMEM .. BUSR. ,0 MVF PREP WRITE 
DES ROM ./057 .. ALUB .• MYG .•. PM2. , WMEM .• BUSR.GBEX.O MVSU PREP WRITE 
OE6 ROM FLAG./108 ..••• SLG ........ O EX K1K2K3 TEST K4 
OE7 ROM FLAG./OF8 .. BCR.CALU .. GYC . .•.•... □ EX K1K2K3N TEST MD 
OE8 ROM ./132.AW15.AMB.CIOR.MYC ..••. RBUS.SEGBIO .. GFSTOV.O PAGE FAULT 
OE9 ROM ./1E9.AEP.ALUA •••. SYD •.•• SEGBUS.BUSR .. CRRTN RTN 15R2N 
DEA ROM ./110.ATEN.TWOA.CALU .. GYC .• PM2 •..... 0 TRAP 
.DEB ROM ./073.AEP.ALUA.CBIO.MYG.GYC.SYD .... SEGBUS .. GFPLR . CRRTN RTNA15 
□EC ROM ./02E.ATWO.TWOA.CALU.MYC ••..••.•. O CF 
OED ROM FLAG./130.AWAO.ALUB .....•• WBUS ••.. O EX 
DEE ROM ./06B.ATWO.TWOA.CALU.MYC •.••..••. O CF 15R1 
DEF ROM ./10D.AW15.AMB •.. SLG.SYD • • •... GFSTOV.O TRAP 
□FD ROM ./04E.ATEN.ACR.CALU.MYC ••••••.•• O RER 
OF 1 ROM FLAG. /ODO. AZ. ALUA, CALU .. GYC., ..... GAEXL. D TRAP 
OF2 ROM ./105.APSW . ALUA ••• SL0.SP2 .•• WMEM .. BUSR.GFSYS,O TRAP 
OF3 ROM ./12C . . D8IO •. ,.SYD .... SEGBUS.BUSR .. O RT6C 
OF4 ROM ./OEB.ARA1.ALUA., •• SYD .•••• BUSR •. O MVB PREP 1ST AD 
ors ROM ./OEB.ARA1.ALUA .... SYD ..... BUSR.GBEX,O MVUS PREP 1ST AD 
OF6 ROM FLAG./OF8 .. 8CR.CALU •• 0YC .•..•.•. O EX K1K2K3K4 TEST MD 
OF7 ROM FLAG./0D0.AZ.ALUA.CALU .. GYC ....• . . GAEXL.O EX 150PC TRAP 
OF8 ROM • /OC8. AEN.AI UA. CALU.rwc ••• rM2 ..•. ,. 0 MLK 
OF9 FTA AWR1.BINV.CRLOG C1 
□FA ROM ./104.AEP.ALUA .• MYG •. SP2 •.• WMEM.SEGBUS,BUSR,.O TRAP 
OFB ROM ./103 .. ALU8 ••.. SYD .... SEGBUS ••. O TRAP 
OF C ROM . /135 ...... SM2 •.... BUSR .. 0 TRAP 
OFD ROM ./101 .. BlNV •...••. WMEM .. BUSR •. CRLOG C1S 
□FE ROM ./1E9.AEP.ALUA •... SYD .... SEGBUS.BUSR .. O STORE RESULT 
OFF ROM FLAG./0D0.AZ.ALUA.CALU .. GYC ....... GAEXL.O TRAP 
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Table 2-48 contd. 

ADD. 

100 ROM ./03F ....•.•.••.. GFSYS.O VERIF MAN. PUPIT 
DLN,DRN END 

RTS 
101 ROM ./19A.ARAO.ALUA .. MYG ••. PYD .... BUSR . . O 
102 
103 
104 
105 
106 
107 
108 
109 
10A 
10B 
10C 
10D 
10E 
10F 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
11A 
11B 
11C 
11D 
11E 
11F 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
12A 
12B 
12C 
12D 
12E 
12F 
'130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
13A 
138 
13C 
13D 
13E 
13F 

ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
FTA 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 

• /DEC. ARR2. APB •••• SYD ..•.• DUSR .. 0 
./1AD . ARR2.APB ..•. SYD • . • .. BUSR .. O 
./0D3 ..• CBIO.MYC .•••• RBUS.SEQBIO .. ,0 
FLAG. / 0D4.ARAO . ALUA . . • .• •.. .• GCRFNU , O 
FLAG . /ODO. AZ. ALUA. CALV •. GY C ... •• .. G AEXL, 0 
./066, .BSHR.CALU . MYC •.. • ..•.. O 
FLAG. /ODO. AZ. ALUA. CALU . . GY C ••..•.. G AEXL, 0 
./048 . ARR2.ALUA • .•.. PYD . ..... 0 
./OE8.ARR2.APB •... SYD •.• .. BUSR •• O 

TMP 

EX 
EX 
MVB 
MVB 

RT7 
TEST RD KEYS 

TEST RETURN 
OPER T4T7 TRAP 
□PER T1,T2.T3 
15R2FU TRAP 
15R2FUN 

RTSS 
./1AC.ARR2.APB .. . . SYD ..•.. BUSR .. O RT7S 
./04A . ATWO.ALUA.CALU.MYC.GYC ..•..• , . 0 MVB LENGTH> □ 
./1E9.ARAO.ALUA .. . . SYD.PYO ..•. BUSR .. 0 M1JB LENGTH= □ 
./1EB.ARAO.AMB ..... PYD ••.••. O INT MOVE 
. /125 . ATWO. TWOA. CALU •. GYC. ..•.• .. 0 PAF MOVE 
./ODF .•......••.• GFRZO.O VERIF MAN. REG L 
SNPLA./100.ARR2.APB.CALU .. GYC.SYD .. ,, ... 0 RTSC 
./12C.ARR2.APB ...• SYD •.... BUSR .. O RT7C 
SNPLA./100.AEP.ALUA.CBIO.MYC.GYC.SYD .. .. SEGBUS. , .0 RT3 
• /048.AWA2.APB.CBIO.MYC •. SYD •... SEGBUS • . GMOVE , O MVB READ 
• IOS6.AWA2.APB .••........ O MVB CORRECT A2 
./OAE.ATEN.ALUA •• MYC •.•••••. GFRZO.O TEST DLA 
SNPLA./100 ... CBIO.MYC.GYC .••.. SEGBUS . .. O 
./OEC.AWR2.APB ..•• SYD .•... BUSR .. O 
./1F3.AWR2.AM8 ......•.•• GFSTOV.O 
,/1F2.AWRZ.AMB •.•••...•. GFSTOV.O 
./1E9.ARR1.ALUA •.•. ••. •• BUSR.GCRVML .C RLOG 
FLAG./1B5.ARR1.ALUA ••.•• • •.... □ 
./13A.AWR2.BSHR ••..••••... O 
./1EC . AW1215.DBIO •..•... RBUS.SEGBIO .. , 0 
./1FF .AR1215.ALUA .. MYC •.••••.. GFKYZO.O 
• /009 ......••• R8US •.. GBOK.O 
FLAG./1A5.ATEN.TWOA.CALU.MYC •.• PYD. , . , .. □ 

RT35 
RT3B UPDATE STACK 

STD 
STDP 

SLA CR 
SLN TEST NORM 
SLN RESULT 

KEYS IN (RCPl LR 
LOAD OR READ R 

VERIF MAN. REG L 
SRN 

• /18B. AWR1. ASHR .•. SRG .•• CTP1 . . REPEAT .. G CRDSR. 0 
ARA1.ALUA.CRLOG 

SRLC 
ML DSH 
DLA END 
DLA END 

./ODA ... . MYG •••••••• • □ 
• /OD 7. AWA2. BSHR. CALU. MY C. , •.•... G CRF NU. 0 
.1019 .• BINV •• MYC •.•.•.... □ 
ETAT. /07E .. ALU8. CALU .. GYC •.•.. SEGBUS.,. 0 
./1E9.ARA1.ALUA ••.... , •. BUSR.GCRVML , CRLOG 
./164.AEP.ASHR.CALU.MYC .••.•• . •• O 
./041.ARA1.ACR.CLUR.MYC ........• 0 
FLAG. / 034.ARA2.ALUA •.•.. . •. .• GCRFNU.O 
./043 .. BCR .••• SYD ••• WBUS .... □ 
./OCE .. ZERO ••• SRG .•.•.... □ 
• /115. ATWO. TWOA. CALU. MYC •.• PM2 •..... 0 
• /115. ATWO. TWOA. CALU. MYC ...•. . ... 0 
./OBF ... •••••• ••• GFRZO.O 
./OCD . . .. MYG ..••..••• O 
./ODC.AWA2.ALUB ••.•.•••. BUSR.GCRFNU.O 
. /038 .... MYG • ••••• ; •• 0 
./OCA.AEN.ALUA.CALU.MYC • .• PYD.CTP1 .... ,O 
./1D3.AWR2.APB •••• SYD.PM2 .... BUSR .. O 
./OE9 ..•...•.•..•. □ 
./OC7.AEP.APB.CALU.MYC •..• CTP1 .•.. . O 
./OC6.AEN.ALUA •.••• PYD ..••.. O 
./1C3.ARR2.ALUA.CALU •• GYC •• PM2 .•.. BUSR .. O 
./OC4.AEN.ALUA ••••. PYO •••••• □ 

ROUT.AFFICH.INCR 
DISPLAY INCR 

DLA END 
DLN . DRN END 

TEST RB 
TEST DLA 

TEST TMP-TPM 
DRA 

TRAP CORR LONG EX. 
TRAP 

VERIF MAN. REG M 
DSH 
DSH 

TEST G. CHARG NO. 

TEST DLA 

MLRI 
MLRI 

./1B3.ARCT.ALUA ..•.. PM2.CTP1.WMEM • . 8USR •. u 
,/OC2 . AEN.ALUA.CALU .• GYC •• PYD .•.... □ 
./1A3.ARCT.ALUA ..•.. PM2.CTP1.WMEM .. BUSR .. O 
FLAG./OOA.AEP.ALUA ••••.• • WMEM .... O TEST 
./053.ARA1.TWOA •• MYC.GYC.SM2.PM2, ,WMEM , •.. □ TEST 

MLK 
ML 
ML 
MS 
MS 

MSRD 
MSRD 

MEMOIRE N02 
MEMOIRE N01 

ADD. 

140 ROM 
141 ROM 
142 ROM 
143 ROM 
144 ROM 
145 ROM 
146 ROM 
147 ROM 
148 ROM 
149 ROM 
14A ROM 
14B ROM 
14C ROM 
140 ROM 
14E ROM 
14F ROM 
150 ROM 
151 ROM 
152 ROM 
153 ROM 
154 ROM 
155 ROM 
156 ROM 
157 ROM 
158 ROM 
159 ROM 
15A ROM 
158 ROM 
15C ROM 
15D ROM 
15E ROM 
15F ROM 
160 ROM 
161 FTA 
162 ROM 
163 ROM 
164 ROM 
165 ROM 
166 ROM 
167 ROM 
168 ROM 
169 ROM 
16A ROM 
168 ROM 
16C ROM 
16D FTA 
16E ROM 
16F ROM 
170 ROM 
171 ROM 
172 ROM 
173 ROM 
174 ROM 
175 ROM 
176 ROM 
177 ROM 
178 FTA 
179 ROM 
17A ROM 
17B ROM 
17C ROM 
17D F TA 
17E ROM 
17F ROM 

./07E .•..•.••• RBUS • • . GBOK.O TEST MAN REG M 

./1E9.AWR2.AMB • •• , ••••• BUSR.GFSTOV.O UPD STK MSRD 
• /1CF. AWR1. ZERO ••••.•••• BUSR •• 0 NGR 
./101.AZ.AMB ••••••• WMEM •• BUSR •• CRSUB C2 
./188 . . ALUB ••••.•• WBUS.SEGBIO ••• CRIO CIO ◊TR 
./OB7.ARA2.ALUA.CALU .• GYC •••••••. O MU- MUL.T◊R ING REG. 
FLAG./01C.ATWO.APB •• MYC ••...••• GCRFNU.O TEST NO 1 
./018 ..... SLQ ........ □ TEST NO 1 
./OB6.AWA1.MULTI •.• SRG ••• CTP1 •• REPEAT .•. O MU- ALGORITHM 
./OB5.AWA1.MULTI • • MYG .....••• GMULTI.O MULTI 16TH PASS 
./OB4.AWA2.BSHR ••.•••..••• O MULTI STORE LSB OF PROD. 
./0D7.ARA2.ALUA •.• • •••••• GCRFNU.O MULTI UPDATE FNU 
./OAD .• ALU8 ••• SR0.SP2 •••• SE08US.8USR.GBTMF.O FPP SINGLE RD MA 
./042 .•.... SP2 •••. SEGBUS.BUSR.GBTMF.O FPP OP/S DOUBLE READ M1 
./053.ATWO.ASHR .. MYC.GYC.SM2.PM2 .. WMEM .•.• O T. MEMOIRE N01 
.I06C.AWAl-ALUB .••• SM2.PM2 •••••. 0 TEST MEMOIRE N01 
./09F •.....•••••• GFRZO.O TEST G.CHARG.NO 
./OA1.AWA1.8CR •. MYC.GYC •..•••.• O TEST DLA 
FLAG./030 ..•• MYG •• SP2 •••• SEGBUS.BUSR.GBTMF.O FPP READ LAST MA 
./173.ARAO.TWOA •••• SYD •.•..•• □ FPP OPS WAIT.LOS WITH 1ST AD . 
./010 . . B!NV . 1.ALU •• ~YC.SP2 ••. WEXM.SEG8US.8U~R.GBOF.O FPP/S SI . 
./010 ... • .• SP2 ••• WEXM.SEGBUS.BUSR.GBOF.O FPP/S DOUBLE ST M1 
./OE9 ..••.•••••••• □ TEST DLA 
./OA7.ARAO.AOB •••• SYO ••. RBUS •• BUSR.GBTMP.O INR 
./OA6.AWR1.D8IO.CIOR.MYC •..••• SEGBUS .• GCSEL.CRIO INR 
./188.AWRl.Ao~ •.• SLG .••••.•• O INR TST SST 
./OA4.AWA1.ALUA •.•••••••• GCRVZO.O DIV MEMO SIGNE DIVD 
./OA3.AWA1.DIVSH ... SLG ..• CTP1 •••. GCRDSR.O DIV 1ST PASS 
./OA2.AWA1.DIVSH ••• SLG ••• CTP1 •• REPEAT .•• O DIV PROCESS 
FLAG./1B6.AWA1.DIVALU ... SLG ....... GCRFNU.O DIV 16TH PASS 
./OAO.ATWO.APB.CLUR.MYC ••• PYD •••... O TEST DLA 
./091.AWA2.BCR ••• SRG ••••••.• O TEST DLA 
./039 .•....••• R8US ••• G80K.O TEST G.CHARG NO . 
AWA2.ALUB . O DIV ST CORTD QUOT 
./09F ......•.••••• □ TMP TEST 
.1033.AZ.ALUA •• MYC •.••••••• O TMP TEST 
./09A.AWA1.D8IO ••••••• RBUS,SEG8IO .• GBOF.O FFX LO A1 
./17D .•.....•• RBUS .• 8USR.G80F.O FFX RESET BSY 
./022.AWCT.ALUB •••••• CTP1 ••••• 0 TEST NO 3 
• /023. AWCT. ALUB ..• SLG •.. CTP1 ••••. 0 TEST NO 3 
ETAT.IODE ..•.••••• ~SEG8US .•• O VERIF MAN REG L 
FLAG./09C.APSW.AANDB .....••••• GCRFNU.O TEST TMP-TPM 
./030.ARA2.ALUA •.••.•• W8US.SEG8US.8USR.GBTMF.O FFL LO M1 
./093.AWA2.TWOA .••••••••. GCRFNU.O DA 
./092.AWA1.DADD •...••••. BUSR •• CRADD DA 
AWA2.ASHR.O DAS END 
./090.AEP.TWOA •• HYC •.••••.•• O TEST DLA 
./081.AEP.APB .. MYG ... PYO ...... 0 TEST DLA 
,/019 .. 85HR.CALU.MYC •.•..•.•. O ROUT.AFFICH.INCR 
./152.AEP.ALUA.CBIO.MYC .• SYD •••• SEGBUS .•• O DAR* DA 
./1F7.AEP.ALUA.CBIO.MYC •• SYD ...• SEG8US.BUSR •• O EL 
. /088, AEP . Al UA. Cl◊R .• GYC. SYD ..•• SEGBIJS ..• U CC 
./189 . AWA2. TWOA .•••...... GCRFNU.O OS 
./142.AEP.ALUA.CBIO.MYC •• SYD .••. SEGBUS .•. O DSR 
• /OE9 ......•...•. , 0 TEST DLA 
.1087.AWAO.ALUB .. MYG ..•.•.. 8USR .. □ 
ARAO.AM8.CRCMP 
./083.AWR1.BCR.CIOR.MYC •...•• SEGBUS ... O 
./027 .. ZERO •. MYG.SRG •••••.•• O 
• /026 .. ALUB .. MYG ..• PYO •.•... 0 
./1C8.AEP.ALUA ••.• SYD •.... BUSR .. □ 
AWR1.AOB.O 
./080.AEP.APB ..••• PYD .. WBUS ••.. O 
./18E.AWAO.ZERO .•.•...• SEGBIO .. GFETCH.O 

TEST 

CW CA 
CW CA 

LC 
TEST NO 2 

NO 2 
LC 

LC END 
TEST DLA 

TEST DLA 



Table 2- 48 contd . 

ADD. . ADD. 

180 ROM ./028 •.•. MYQ ••••• RBUS ••• GBOK.O DISPLAY !NCR 1CO ROM . /1E8 .......•• RBUS ••• GBOK.O VERIF MAN . PUP IT 
181 ROM ./020, .. CBIO.MYC .•.•.• SEGBUS ••• O VER IF MAN REGM 1C1 ROM ,/037 . AWA1,AMB •• , .••..••• O DER MVF RE'.3T /\1 
182 ROM ,/050.ATEN, TIJOA.CALU.MYC ••••••••. O (P856 ROUT AFFICHl 1C2 ROM FLAG. /02C .. BSHR •• MYC .QYC., ••.• ,GCRFNU. 0 ROUT.AFFICH.INCR 
183 ROM , /QE9, , , r r • ,. • , , r r , 0 ROUT.AFFICH.!NCR 1C3 ROM ,/085.ATWO,ACR,,MYC,GYC •....•• GFRZO.O TEST NO 2 
184 ROM ,/07A.ARR1.ALUA ••••••• WBUS •• BUSR,6BTME.O WER 1C4 ROM FLAG, /OF 1, AWR2. ALUB •• MYG ••••••••. 0 DER MOVE REST R2 
185 ROM ,/188.ARR1.ALUA •.••••• WBUS.SEGBUS ••. O WER 1C5 ROM ,/188.AWR1.DBIO.CBIO • . • • ••. SEGBUS •.. CRRTN RER 
186 ROM FLAG,/054.AR15.AMB ••. SRG ••••••• GCRFNU,O TEST NO 3 1C6 ROM ./OCC ..• CBIO •• GYC ••••• SEGBUS ••• O TEST G,CHARG NO. 
187 ROM FLAG,/064.ARCT.AMB ••• SLG ••• CTP1 •••. GCRFNU.O TEST NO 3 1C7 ROM • /029 , . ALIJB. r.Lut<. ii YC ..••. WOUS .••. 0 TEST (L C!!ARC NO . 
188 ROM ,/076.AWR2.APB •••• SYD ••••• BUSR •• O RTN 1C8 ROM ,/036,AWA2,AMB ••••••••••. O DER MVF REST A2 
189 ROM SNPLA,/100 •• DBIO •••• SM2.PYD, .• SEGBUS,BUSR.,O RTN 1C9 ROM , /03B. ATWO. APB, CALU. MY C •.• , ••••. 0 DER MOVE M=LGTH 
18A ROM ,/09F ••.• , ••••••.• O TEST NO 2 1CA ROM . /09F ......••••••• O TEST DLA 
18B ROM ,/01B,.ZERO ••• SRG •• PM2, .•••. 0 TEST NO 2 1CB ROM ,/071.ATWO.ASHR. , MYC,,,, ..•.. O TEST DLA 
18C ROM ,/072,ATIJO.APB.CALU.MYC •••••••• GFENB,O COMPUTE MASK RTNA15 1cc ROM ,/O?F .. BINV,.,GYC •..•..•• O TEST NO 2 
18D ROM ,/06E,AWAO.BINV •• MYG ••••.••.• O COMPUTE MASK RTNA15 1CD ROM ,/098.ATWO,ASHR. ,MYC.GYC .•...•. GFRZO.O TEST NO 3 
18E ROM FLAG. /024. ARA1. AXB •••••••••• G CRF NU. 0 TEST DLA 1CE ROM , /OAC. AWAD. ALUB., , .• , . , SEGBUS •• GF LOT, 0 FPP OP/S LD EXP 
18F ROM ./061.ATIJO.APLB1 •• MYC •••••••.• O TEST RB 1CF ROM ,/1B8.AEP.ALUA •... SYD .••• SEGBUS •. GFLOT.O FPP OP LD EXP 
190 ROM .1019 .. BINV •. MYC., ..•.••. O ROUT.AFFICH.INCR 1DO ROM . /02F , . , ...••••.•• 0 NOT USED 
191 ROM ./1BE.ARAO,AOB,CLUR,MYC.GYC .•.•...• □ MASK STACK PSW RTNA15 1D1 ROM , / 06A . AWR1.AMB ...• 5YD •• . . , . • O cr.1sR2M 
192 ROM , /09F ••.•..•.••••• 0 TEST MEMOIRE N01 1D2 ROM FLAG,/07C .. BSHR.,MYC.SRG ••••••• GCRFNU,O ROUT.AFFICH.INCR 
193 ROM FLAG./002 .•• CBIO.MYC •••••• SEGBUS, •. □ TEST MEMO IRE N01 1D3 ROM , / 032.ARAO ..•......•. GCTLD.O TEST NO 3 
194 ROM ,/06A,AWR1.AMB •••• SYD •••••• GFSTOV , O CF .15R2 1D4 ROM FLAG,/OEA,AIJA1 . APB •••. SYD .••• SEGBUS .. GMOVE.O MVB WRITE 
195 ROM ,/068,APSIJ.ALUA •••• SP2 ••• WMEM •• BUSR .. O CF 1D5 ROM FLAG . / DEA. AWA1. APB .... SYD ••.. SEGBUS, . GBEX. 0 MVUS WRITE 
196 ROM . /OE9 ......••••••• O TEST DLA 1D6 ROM ETAT . /09E .......... SEG3US .• . O TEST G,CHARG MC. 
197 ROM ./067.AEP,ALUA •• MYG •• SP2 ••• WMEM.SEGBUS.BUSR •. O CF 1D 7 ROM FLAG. / 0D8 .. AL. UB.CBI O • . GYC .... WBUS . SEQBUS , , .O ROUT.AFFICH . INCR 
198 ROM ./1E9 . . ALUB ..•• SYD . PYD ••• S[GBUS.BUSR , .n CF EMD 1D8 ROM FLAG. / 08 4. ATEN. AXB ...•. • •.•. G CRF NU. 0 TEST NO 2 
199 ROM ./05E .. BSHR.CALU.MYC ..•.••••• O EX 1D9 ROM . / 01 7 .AEP . AMB,,. ,,PYD ...•• ,O TEST NO 2 
19A ROM . /09F ..••.••••.••• D TEST NO 3 1DA ROM . / 09F .... . .....••. D TEST DLA 
19B ROM FLAG./078., •• MYG •••••.•• ,0 TEST NO 3 1DB ROM . / 070.ATEN.TWOA . • MYC, .. . .•... □ TEST RB 
19C ROM FLAG./05C.AEP.AXB •• ,.SM2,PM2 ••.•. GCRFNU,O TEST MEMO IRE N02 1DC ROM FLAG , /098 .... MYG ......... □ TEST NO 3 
19D ROM ./OFB .. , ...••• RBUS •.• G30K.O TMP TEST 1DD ROM , / 078 . ATWO.ASHR.,MYC.QYC •..•... □ TEST NO 3 
19E ROM ,/060.AWAO.BCR •• MYC .••••••• • O TEST RB 1DE ROM FLAG,/OOC .. BINV .•......... O TEST NO 1 
19F ROM ./051.AEP.APB. ,MYC,. ,PYD •• WBUS •.. ,O TEST RB 1DF ROM • /049 .. ALUB ..•.... WBUS .. , • 0 VER IF MAN. REG M 
1AO ROM FLAG./13A,AWAD,ALUB •• MYG ..• PM2 •.. , .. O MVF TEST LGHT=D 1EO ROM , / 100 .. ALUB., • .. PYD .•.•.. O TRAP DLN 
1A1 ROM FLAG. /174. ATEN .AXB .•. , •••••• GCRFNU, 0 EX TEST IF T2 1E1 ROM FLAG. / 195.ARA1.ALUA ........... 0 Dl..N 
1A2 ROM • /09F ..• , .....•••• 0 TEST MEMOIRE N02 1E2 ROM , /09F,,., .• • ••.• • . 0 TEST NO 1 
1A3 ROM FLAG, /062 •.• CBI O. MY C •• , ••• SE.GBUS . • . 0 TEST MEMOIRE N02 1E3 ROM ./021 . . BINV .• MYC •. , . • .... O TEST NO 1 
1A4 ROM ./05A,ARR2,AMB,CALU.MYC ••••••••• O MVF LGHT-2 IN M 1E4 ROM FLAG, / 01A ...•.•• PM2 .••. • • 0 TEST NO 2 
1A5 ROM ./12B.AWA1.APB •. MYQ .. SYD ..•.• BUSR .. □ MVF A1=SOURCE 1ES ROM ,/033 ... ,MYQ •.••... • • O TEST NO 2 
1A6 ROM ,/096,ATIJO.ACR.CALU.MYC ••••• WBUS.SEGBIO,.GFKYZO.CRIO TMP T 1E6 ROM FLAG,/04C .. BSHR • • MYC. • • ,, •. • GCRFNU.O ROUT.AFFICH.INCR 
1A7 ROM FLAG . /058 • . •.• SLG •... W3US ••• CBTMP.Q TEST TMP TPM 1E7 ROM , / 04C. , .• MYG, • . ,., ... 0 TEST NO 1 
1A8 ROM FLAG,/12A.AWA1.AMB, •.. SYD .•.• SEGBUS, , GMOVE.O MVF WRITE DEST 1E8 ROM , /016, AEP. APB. CALU. MYC. SRG .• , •. ,. , 0 TEST NO 2 
1A9 ROM ,/13A,AWR2.ZERO •••...•••.• O MVF CLEAR LGHT 1E9 ROM FLAG, / 074.ATEN.AXB,, .•..•... GCRFNU,O TEST NO 2 
1AA ROM • /09F, . . ...••• • , •• 0 TEST NO 3 1EA ROM , / 09F, .....• ,, •..• D TEST RB 
1AB ROM ,/013,AWA2.FORA, •.••••.••• O TEST NO 3 1EB ROM , / 03 3 .ATEN.ASHR . CALU.MYC ..•..•• , .O TEST RB 
1AC ROM FLAG , /052 .. ALUB •.•• SM2.PM2 •• WMEM,SEGBUS, ,,0 TEST MEMO IRE N01 1EC ROM , / 012 , ATEN . ALUA .• MYC.GYC., •..••. □ TEST NO 3 
1AD ROM ,/OBO.ARAO , ALUA ••.. SYD.PYD .• , .•. O TEST MEMO IRE N01 1ED ROM FLAG, / 044.ARA2,AMB •. ,SRG ..• . •.. GCRFNU.O TEST NO 3 
1AE ROM SNPLA./1FF,AWA1.ALUB.CIOR.MYC,GYC. ,PM2, • • SEGBIO , , GFETCH.O TRB 1EE ROM , / 1E9.AEP.ALUA •. . . SYD,, , .SEGBUS ... CRFLO FPP STORE ST EXP 
1AF ROM ,/0B1.AWAO,BCR •.•• SYD,PYD ....• GFRZD.O (P856 TEST MEM N01 J 1EF ROM FLA G, / 01 0 , ., ,. SLG • c;p;,., • Wl=XM, t;PlDIIC: Allt;R t: A/\1' 0 F PP ST MANTI 
1BO ROM ,/05B.ATWO,ALUA.CALU.MYC.GYC ..... ,, . □ MVF 1FO ROM ,/100, .ALUB , .... PYD .•..•. O TRAP DRN 
1B1 ROM ./046.AWAO.BSHR .. MYG ••••••••. O RER 1F1 ROM FLAG, / 1~5. AWA.L. ASHR ... SRQ .. , •. , . G CRDSR , (J DRN 
·1B2 ROM FLAG,/03C .. BSHR •• MYC, •. , .. ,.GCRFNU.O ROUT.AFFICH.INCR 1F2 ROM , /09F .......• , .... O TEST NO 1 
1B3 ROM FLAG,/OB8.ATWO.AOB .• MYC.GYC ..••• , ,GFRZO , D TEST NO 1 1F 3 ROM , / 07F , . , , , .• , . . . • . 0 TEST NO 1 
1B4 ROM FLAG, /OF 2. AWAO. ALUB ••••. PM2 ••.... D MVB TEST LENGTH 1F 4 ROM , / OC1 . . , . , . SM2. PM2 .•. SEGBUS •.. 0 TEST MEMOIRE N02 
1B5 ROM FLAG,/10B.AWA2.AMB .•••..•••• . □ MVB PREPARE A2 1F 5 ROM , / 063. , ALUB .•. ,S YD.PYD ..•... O TEST MEMOIRE N02 
186 ROM ETAT,/OBE ..•••••• • • SEGBUS •.. O VER IF MAN. REG M 1F6 ROM ,/097 . . DBIO .. . ,, , , ,WBUS,SEQDUS,, ,O VERIF MAN REC L 
1B7 ROM FLAG. /02B .. ALUB •• MYG • .• PM2 •. WMEM , . BUSR, . 0 MVB PREPARE WRITE 1F 7 ROM , / OBB.ARR1.ALUA. CALU.MYC ..•. • WBUS, ,BUSR,GBTMP , O CIO OTR 
1B8 ROM ,/162 .. ALUB ••••.•. WMEM .• BUSR. ,O INT 1F8 ROM , / 036 . AEP , ALUA.CALU,MYC •.•.•••• GCTLD,O DER MVB READ 
1B9 ROM ./03A.ARAO,AOB • • .• SYD ... RBUS.,BUSR,GBTME,D RER 1F 9 ROM , / 007.AWA1.AMB, • .•• PP2 . ,, •. GC l LO . O DER MVB WRITE 
1BA ROM , /09F,.,,, .•.•• •• • □ · TEST NO 3 1F A ROM ,/03E,AEP.ALUA , CALU,MYC, • •• .• • ,GCTLD , O DER MVF READ 
18B ROM , /01A. ,ZERO .• . SRG •..••. . . □ TEST NO 3 1F8 ROM , / 005 . A!.JAJ,. Af't; . .••. PP 2 ..... CCTLL1 , 0 DER MVF WR!TE 
1BC ROM ,/058.ATEN.ALUA.CALU •• GYC •••. WBUS , SEGBIO.,GFETCH,O TEST TMP 1F C ROM FLAG, / 06C,ARA1,AXB., •. SM2.PM2, •. , .GCRFNU.Q TEST ME MOIRE N01 
1BD ROM ,/083,,, ... SP2, •.. SEGBUS.BUSR.GBTMF,O FPP DOUBLE LD 2ND WORD 1FD ROM FLAG, / OCO.ARAO.ALUA,CALU . MYC .. SYO . PYD ,,, ,, ,O TEST MEMOIRE N01 
1BE ROM ,/040,.BCR .• MYC •••••••. GFKYZO.O TEST RB 1FE ROM , / 12D.ATWO.TWOA.CALU.MYG.GYC ...• ,. , GCTLD,O PAGE FAULT ML 
1BF ROM FLAG, /014. AEP .AXB •. MYG ......•. GCRFNU . D TEST RB 1FF ROM , / 125. ATW O. TWOA . CAL U • . GYC •..• , . , GCTLD, 0 PAGE FAULT 

2-19 



Table 2-5A Control - ROM Binary Content P857 

ADD. SNA NA A AOL C M Q s PCT B SEQ R GP CR ADD. SNA NA A AOL C M Q s PCT B SEQ R GP CR ADD . SNA NA A AOL C M Q s PCT B SEQ R GP CR 

000 OD 111101000 00011 00001 00 10 11 00 00 0 111 OD 0 DODOO 00000 040 11 111111111 01100 01000 11 10 11 10 11 0 ODO 10 0 11100 10000 080 DO 000001000 00000 00001 00 OD 00 01 00 0 ODO DO 0 DODOO 00000 
001 11 111111111 00000 00000 11 10 11 10 11 0 000 10 0 11100 00000 041 01 111001000 10110 01000 00 10 00 00 00 0 ODO DO 1 00000 00000 081 00 100000000 00000 DODOO 00 00 00 00 00 0 ODO DO 0 00000 00000 
002 00 111101001 00000 00000 00 00 00 10 11 0 ODO DO 1 00000 00000 042 DO 011111101 DODOO 00000 01 10 00 00 11 0 ODO 10 0 DODOO 00000 082 OD 110110010 01010 01110 00 00 DD 00 DD D 100 11 0 DODOO 00000 
003 01 011010000 10000 00011 DO 00 11 00 00 0 000 OD 0 11011 00000 043 DO 01111010:L 00000 00000 01 10 00 00 11 0 ODO 10 0 00000 00000 083 10 100000000 00101 00011 00 10 11 00 00 0 000 00 0 00000 00000 
004 01 111111000 11110 10010 OD 00 11 00 00 0 ODO DO 0 DODOO DODOO 044 OD 100000001 00100 01000 OD OD 00 DD 00 0 011 00 1 00000 10000 084 00 110001011 01100 10010 00 OD 00 00 00 1 000 01 0 00000 00000 
ODS 00 111111011 00000 00000 00 00 00 11 10 0 000 DO 0 01110 00000 045 OD 100000001 00000 01010 00 00 00 00 00 0 011 00 1 00000 00000 085 OD 110001011 01100 10001 00 00 01 00 00 1 ODO 01 0 00110 00000 
006 00 111111111 10100 00011 00 10 00 00 00 0 000 00 0 00000 00000 046 11 111111111 00100 01000 11 10 11 10 11 0 ODO 10 0 11100 10000 086 DD 101101001 DODOO 00000 00 00 00 00 00 1 000 00 0 00000 00000 
007 00 111111111 00000 01110 01 10 00 00 00 0 000 10 0 00000 00000 047 00 111101001 00000 00000 00 DO 00 00 00 0 ODO 00 1 00000 01100 087 00 101111001 00101 00011 00 00 11 00 00 0 000 00 D 00010 00000 
008 11 111111111 01100 00001 11 10 11 10 11 0 ODO 10 D 11100 10000 048 01 110100110 00001 11100 00 00 00 00 00 0 000 DO 0 00100 00000 088 01 010110011 DODOO 01010 OD 10 00 00 00 0 ODO DO 1 11001 00000 
009 00 111101001 DODOO 00001 00 00 00 01 01 0 ODO 00 1 00000 10000 049 01 101000000 00001 00111 00 11 11 00 00 0 000 OD 0 00000 00000 089 00 010111010 01001 01010 00 00 11 00 00 0 000 00 0 01111 00000 
ODA 00 101101101 11110 00011 00 00 00 DO 00 0 111 DO 0 00000 DODOO 04A DO 011100010 10100 00000 00 10 00 00 00 0 ODO OD D DODOO DODOO 08A 00 100110000 DODOO 00011 00 00 DO 00 00 0 111 DO 1 00000 00000 
DOB 00 111111111 DODOO 00011 00 10 OD 00 00 0 000 00 0 00000 00000 04B 01 110110101 01100 10010 00 00 OD 00 11 D ODO 00 D 00000 00000 08B 01 011010000 10000 00011 00 00 11 00 00 0 000 00 0 11011 00000 
DOC 00 100000001 00100 00011 00 00 00 OD 00 0 011 OD 1 DODOO 00000 04C 01 110110010 00111 00011 00 00 00 10 10 1 011 10 0 00000 00000 08C 01 010101011 11010 01011 00 10 11 00 00 D 001 DO 0 10100 00000 
DOD 00 100000001 10100 00011 00 00 OD 00 00 0 011 00 1 00000 DODOO 040 OD 111101001 DODOO 00001 00 00 00 01 01 0 000 DO 1 00000 00000 080 DO 110101000 00000 00000 00 00 00 00 00 0 000 10 0 01101 00000 
DOE 00 011100110 11011 00011 00 10 00 00 DO 0 000 00 0 00000 00000 04E 01 110101000 DODOO 00000 00 00 01 OD 00 0 000 00 0 01101 00000 08E 01 111010100 10100 00011 00 00 00 10 00 0 000 10 0 00100 00000 
OOF OD 011100101 11011 00011 00 10 00 00 00 0 000 00 0 00000 00000 04F 00 101110010 00000 01110 01 10 00 00 00 0 011 10 0 10001 00000 08F 00 101011001 00000 01101 00 10 01 00 00 0 ODO 00 0 00000 00000 
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Table 2-5A contd. 

ADD. SNA NA A ADL C M Q s P CT B SEQ R GP CR ADD. SNA NA A ADL C M Q s PCT B SEQ R GP CR 
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ADD. SNA NA A ADL C M Q s p CT e SEQ R GP CR ADD. SNA NA A ADL C M Q s PCT B SEQ R GP CR 
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Table 2-58 Control - ROM Binary Content P856 

ADD. SNA NA A ADL C M G s PCT B SEQ R 6P CR ADD. SNA NA A ADL C M G s P CT B SEQ R 6P CR ADD. SNA NA A ADL C M G s PCT B SEQ R 6P CR 
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ADD. SNA NA A ADL C M Q s P CT B SEQ R 6P CR ADD. SNA NA A ADL C M G s PCT B SEQ R 6P CR ADD. SNA NA A ADL C M G s PCT B SEQ R 6P CR 
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ADD. SNA NA A ADL C M G s PCT 8 SEQ R GP CR ADD. SNA NA A ADL C M G s PCT 8 SEG R GP CR 

1AO 01 100111010 01000 00001 00 11 00 00 10 0 000 00 0 00000 00000 1EO 00 100000000 00000 00001 00 00 00 00 01 0 000 00 0 00000 00000 
1A1 01 101110100 11010 00111 00 00 00 00 00 0 000 00 0 00100 00000 1E1 01 110010101 00001 00011 00 00 00 00 00 0 000 00 0 00000 00000 
1A2 00 010011111 00000 00000 00 00 00 00 00 0 000 00 0 00000 00000 1E2 00 010011111 00000 00000 00 00 00 00 00 0 000 00 0 00000 00000 
1A3 01 001100010 00000 00000 01 10 00 00 00 0 000 10 0 00000 00000 1E3 00 000100001 00000 00101 00 10 00 00 00 0 000 00 0 00000 00000 
1A4 00 001011010 00101 00000 00 10 00 00 00 0 000 00 0 00000 00000 1E4 01 000011010 00000 00000 00 00 00 00 10 0 000 00 0 00000 00000 
1A5 00 100101011 01001 00110 00 11 00 01 00 0 000 00 1 00000 00000 1ES 00 000110011 00000 00000 00 11 00 00 00 0 000 00 0 00000 00000 
1A6 00 010010110 11011 01011 00 10 00 00 00 0 111 11 0 01110 01000 1E6 01 001001100 00000 01101 00 10 00 00 00 0 ODO 00 0 00100 00000 
1A7 01 001011000 00000 00000 [JO 00 01 00 00 0 111 00 0 10111 00000 1E7 00 001001100 00000 00000 00 11 00 00 00 0 ODO 00 0 00000 00000 
1A8 01 100101010 01001 00000 00 00 00 01 00 0 000 10 0 00111 00000 1E8 00 000010110 10100 00110 00 10 10 00 00 0 000 00 0 00000 00000 
1A9 DO 100111010 01101 01010 00 00 00 00 00 0 000 00 0 00000 00000 1E9 01 001110100 11010 00111 00 00 00 00 00 0 ODO 00 0 00100 00000 
1AA 00 010011111 00000 00000 00 00 00 00 00 0 000 00 0 00000 00000 1EA 00 010011111 00000 00000 00 00 00 00 00 0 000 00 0 00000 00000 
1A8 00 000010011 01010 10000 00 00 00 00 00 0 000 00 D 00000 00000 1E8 00 000110011 11010 01111 00 10 00 00 OD D DOD 00 0 00000 00000 
1AC 01 001010010 00000 00001 00 OD 00 11 10 D 011 10 0 00000 DODOO 1EC OD 000010010 11010 00011 00 10 11 00 00 0 000 DO 0 00000 DODOO 
1AD DO 010110000 00000 00011 OD 00 OD 01 01 0 000 DO 0 00000 00000 1ED 01 001000100 00010 00000 00 00 10 00 00 0 000 00 0 00100 00000 
1AE 10 111111111 01001 00001 11 10 11 00 10 0 000 11 0 11100 00000 1EE 00 111101001 10100 00011 00 00 00 01 00 0 000 10 0 00000 01100 
1AF OD 010110001 01000 01001 00 00 00 01 01 0 000 00 0 01101 DODO O 1EF 01 000010000 00000 00000 00 00 01 10 00 0 001 10 1 10100 00000 
180 00 001011011 11011 00011 00 10 11 00 DO D 000 DO D 00000 00000 1FO DD 100000000 00000 00001 OD 00 00 00 01 D ODO DO 0 DODOO 00000 
181 00 001000110 01000 01101 OD 11 00 00 OD 0 000 00 0 00000 00000 1F1 01 110000101 01001 01111 00 00 10 00 00 D ODO 00 0 00011 00000 
182 01 000111100 00000 01101 00 10 OD DO 00 0 ODO OD 0 00100 00000 1F 2 00 010011111 00000 00000 00 00 00 OD 00 D 000 00 0 DODOO 00000 
183 01 010111000 11011 00010 00 10 11 00 00 0 000 00 0 01101 00000 1F3 OD 001111111 00000 DODOO 00 OD 00 00 DD 0 DOD 00 0 DODOO 00000 
184 01 011110010 01000 0000 1 00 00 DO DO 10 0 000 DO D 00000 00000 1F 4 00 011000001 00000 00000 00 OD 00 11 10 0 000 10 0 00000 DODOO 
185 01 100001011 01010 DODOO 00 00 00 00 00 0 000 00 0 00000 00000 1F 5 00 001100011 00000 00001 OD 00 00 01 01 0 ODO 00 0 00000 00000 
186 11 010111110 00000 00000 00 00 00 00 00 [) 000 10 0 00000 00000 1F 6 00 010010111 00000 01110 OD 00 00 00 00 0 111 10 D 00000 00000 
187 01 000101011 00000 00001 OD 11 00 00 10 0 011 00 1 00000 00000 1F7 00 010111011 00100 00011 00 10 DO 00 00 0 111 00 1 10111 00000 
188 00 101100010 00000 00001 DO 00 00 00 00 0 011 DO 1 00000 00000 1F8 00 000110110 10100 00011 DO 10 DD 00 00 0 ODO DO 0 00010 00000 
189 DD 000111010 00000 00010 DO 00 OD 01 00 0 100 00 1 10110 00000 1F9 OD 000000111 01001 00000 00 00 00 00 11 0 ODO 00 D 00010 00000 
18A DO 010011111 00000 00000 00 00 00 DO 00 D ODO 00 0 00000 00000 1FA DO 000111110 10100 00011 DO 10 00 00 00 0 000 00 D 00010 00000 
188 DO 000011010 00000 01010 00 00 10 00 00 0 000 00 0 00000 00000 1F8 DO 000000101 01001 00110 DO 00 00 DO 11 0 ODO 00 0 00010 00000 
18C 00 001011000 11010 00011 00 00 11 OD 00 0 111 11 D 11100 DODOO 1F C 01 001101100 00001 00111 00 DO 00 11 10 0 000 00 0 00100 00000 
18D 00 010110011 00000 00000 DO 00 00 10 00 0 ODO 10 1 11111 00000 1FD 01 011000000 DODOO 00011 DO 10 00 01 01 0 000 00 0 00000 00000 
18E 00 001000000 00000 01001 00 10 00 00 00 0 000 OD 0 01110 00000 1FE 00 100101101 11011 10010 00 11 11 00 00 0 ODO 00 0 00010 00000 
18F 01 000010100 10100 00111 OD 11 00 00 00 0 000 00 0 00100 00000 1FF 00 100100101 11011 10010 00 00 11 00 00 0 000 00 0 00010 00000 
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2.48 .INSTRUCTION WORD LOGIC 

The instruction word logic (Figure 2-BAA) comprises the K register and the instruction 

decoder. This logic stores and decodes the program instruction word for use by the 

Microprogram Control. 

2.49 K -- Instruction Register 

This 16-bit register holds the instruction word which is obtained from memory 

via the GP-Bus BIO lines. The instruction-word format is given in Section I 

(paragraph l .62). Four type 74175 IC chips are used as a straight 16-bit buffer 

register, with both high and low outputs available for decoding. Bus data 

BIO00-15R are loaded by CLK at the trailing edge of BP, when GFETCH is active. 

GFETCH is a general-field command bit (Table 2-3). 

2.50 Instruction Decoder 

The instruction decoder uses a programmable logic array (PLA) as the main decoding 

logic. The PLA provides an address code to the microinstruction control-store 

for 96 different input combinations. A set of gate-logic decoders in parallel 

with the PLA are used for ineffective branches and FPP instructions without 

attached FPP. The PLA0, PLA l control logic controls some of the PLA and the 

gate-logic decoding. These instruction-decoder outputs are used with the 

Microprogram Control and are described in paragraphs 2.37 and 2.40 (Microinstr. 

Instr. Word, M.S. Pointer). 

2.51 Logic gates are used to decode the K register into basic fields for 

control I ing the PLA decoder and gate decoders. These gates may indi cote when 

the instruction Rl or R2 fields contain 0 or 15, or when a branch condition is 

indicated and verified. Some bits of the K register are used as direct control 

bits for the PLA decoder. Complete PLA decoding is shown in Table 2-6. 

2. 52 PLA ROM maps are provided (Table 2-7) to show the PLA output 

code (as a two-bit hexadecimal number) produced for the various instructions 

or addressing types. The PLA output code relates directly to the control-store 

ROM address used by the microprogram control. 
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Table 2-6 Instruction Decoder PLA 

Data In put 0 utput Comments 

114------10 FB--Fl 

l LL------------ LLLLLLLL lnhibitmode 

2 
3 
4 
5 
6 
7 
8 
9 

l 0 

l l 
l 2 
13 
14 
15 
16 
17 
l 8 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

HHLLHLLH-----­
HHLHLL -l -----­
H H L H H H -L - - - - - -
H H H - - - - -H - - - - -
HHHLLLL--LHLH­
HHHLHHH--LHLH­
H H -H H H -H- - - - H L 
HHHLHHHH-----­
HHHHLHLL------

H-LH---------­
H-L-H--------­
H -L - - H - - - - - - - -
H -L - - -H - - - - - - -
H-L----H-----­
H -L L L L L - - - - - - -
H-LLLLH------­
H-LHLH-------­
H-LHLLL--HLH-L 
H-LLHHH----H-L 

H -H - - - -- - - - - - -
H -H- - - - - - H - - - -
H -H - - - - - - - H - - -
H -H - - - - - - - - H - -
H -H - - - - - - - - - - H 
H -H L LL H - - L H L - -
H -H H H L L - - - - - - -
H -H L L L L - - L H L H L 
H-HLHHHL-LHLHL 
H -H H L L - L - - - - - -
H -H -- - - - - LL - - -
H -H - L L L - - - - - - H 
H -H L H L L H - - - - - H 
H -H L H H H- - - - - - -
1--i -H H L H L L - - - - - -
H-HHHLH------H 
H -H H L H- H- L H L - -
H -H H L H - H - H- - - -
H -H H H H L - - - - - - L 
HHHHHHL------L 

LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 

L------­
-L------
--L-----
---L----
-------L 
LL------
-------L 
-------L 
-------L 
-----L--

------L-
-L------
--L-----
__ .;.L----

-------L 
-------L 
L------L 
L------­
-----L--
L------L 
L------L 
L------L 
L------L 
L------L 
L------L 
L------L 
L------L 
L------L 
-----L--
---L----

INH, RIT, HLT 
1/ 0 instructions 
RER, WER 
Format l with R l = l ::i 
LD, ST with R2=15 
ML, MS with R2=15 
MVF,MVB,RTN with R2=15 
TS, TS 
EL, ES 

Kl 
K2 

-

K3 Generals 
K4 
0Rl_ 
LDK 
ABK 
RF, RB 
WMP 
S h if t w i th n =0 

~~] Generals 
Kl0 
0R2 

Kl5 ] 
0 PC-1 T3 5t0 r e 

OPC-12 Char. Instr. 
LDR T3 15R2 
MLR T3 l 5R2 
Floating Point 
Tl routine 
ST, TS, MS 
CM 
OPC-7, KO 
EL, ES 
cc 
Dar * , DS R * 
DA, DS 
Return 
Return, User 

Group 

Privileged 
I nstru cti on 
Detection 

Execution 

Format 0 

Addressing 
Routines 

Format l 



Data input 0 utput 

114------10 F8-Fl 

41 LHHH----------
42 LHH-H---------
43 LHH--H--------
44 LH----H-------
45 LHH------H---H 
46 LH-----H------
47 LHHLLHH--LL--H 
48 LHHLH-L--LL--H 
49 LH-LLLH-------
50 LH-LLLL-------
51 LHHLLLL--LH-HH 
52 LHHHLH-H-LHH--
53 --HHLH-H-LL---
54 LHHHHLL--LL---
55 LH-HHHL--LL---
56 LHHHHHH-------
57 LH-LHHH-------
58 LHHLHHHL-LHLHH 
59 LHHLHHH--LHH--
60 LHLLHHH--H----
61 LHLLHHH---H---
62 LH-HHHL-----HL 
63 LHHHLLHL-LL---

64 H--LHHLH------
65 H-LHLL-H------
66 H--HLHH------H 
67 H-LHHLL-------
68 H-HL-----LHH-H 
69 H-HLLLH--H---H 
70 H-HLLLH---H--H 
71 H-HLLHHH-LL--H 
72 H-HLHL-H-----L 
73 H-HLHLLH-LL---
74 H-HLHLHH-----H 
75 H-HLHLH--LL--H 
76 H-HLHHH--LL---
77 H-HLHHHH-LHH--
78 H-HHL--H-----H 
79 H-HHL----LHH-H 
80 H-HHL-LL-LL---
81 H-HHLL-L-LHH--

L---L---
-L------
--L-----
---L----
-----L--
-------L 
-----L-L 
-----LL-
-------L 
----L---
------L-
------L-
-----L--
-------L 
-----L--
-------L 
----L---
------L-
L------­
------L-
-----L--
------L-
------L-
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 

KO.Kl 
K0.K2 

Comments 

-

Group 

KO. K3 Generals Execution 
K4 
K0.K9.Kl5 
0Rl -
NGR 
TM, TNM 
AB 
LD, ST 
STR with R2=15 
DAK, DSK 
DAR, DSR (ADD. also) 
ECR 
CR, EX 
Cl 
ML, MS, TL, TS, Shift 
MSR with R2=15 
MLK 
Shift K9 
ShiftKl0 
RTN with R2 =15 
FFX, FFL 

XRK 
1/ 0 instr. 
RB 
0 PC-12 
K0.Kl.Kl5 

]AB 
SUR 
AN, OR 
ANR 
ORS 
ORR 
OPC-7 
MLK 
OPC-8 to 11 
OPC-8 to 11 
OPC-8, 10 
OPC-8, 9 

0Rl 
0Rl 
Kl5 
KO 
(T2) 

Kl5 

Kl5 
0Rl, Kl5 
OR l 
0Rl 
Kl5 
(Tl ) 
OR l 
0Rl .Kl5 
T2.Kl5 
T1.0Tr1 
T2. OR l 

Trap 

Detection 

82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 

94 
95 
96 

Data Input 0 utput Comments Group 
114 · 10 F8--Fl 

N ,;:t --0 00 

o~ l.l) o l.l) _ .... M .... LO~ .... 
<( <( a~ o LI.J;:;:;l.l) 0 0 
....J....JO~Nc"1-.::t~LJ...Jo-. NN~ <( <( 
C...Cl...~~~~Q,:'.Q,:'.~O,:'.Q,:'.~ a,:: a,:: 

- -H-HHLHLL-LHH-- LLLLLLLL DAK 0Rl 
H-HHHLLH------ LLLLLLLL OPC-12 0Rl 
H-HHHLL--LHH-H LLLLLLLL OPC-12 T2.Kl5 
H-HHHLHH-H---H LLLLLLLL ] Trap cc 0Rl H-HHHLHH--H--H LLLLLLLL Detection -----H-HHHHLL-----L LLLLLLLL OPC-14 0Rl , Kl5 --H-HHHH-H-LL--L LLLLLLLL OPC-14, 15 0Rl, Kl 5, T2 
H-HHHH---LHH-L LLLLLLLL OPC-14, 15 Kl 5, T2 -H-HHHH-H-H---L LLLLLLLL OPC-14,15 OR l , K 15, K9 
H-HHHHHH-LL--- LLLLLLLL Cl R 0Rl 
H-HHHHH--LHH-- LLLLLLLL C2 T2 
H-HHHHHH-LHL-L LLLLLLLL Cl R * 0Rl 

LHH-------H--H -----L-- KO Kl0 Kl5 
l.HHHLLHL-LL--H -----L-- FFX Execution 

LHHHHHL-H----H ------L- CF with Rl=l5 Misc. 
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Table 2-7 PLA ROM Map 

P LA Output 

F: la 7 6 sl 4 3 2 Example: Addressing type RT5S = / 43 = 0100 0011 2 
MSB LSB 

LSB 
MSB 0 1 2 3 4 5 l:, 7 R g A B C D E F 

NO NO NO 
0 JI.J,!P J~ F"PP 

LSB 

MSB 0 1 2 3 4 s 6 7 8 9 A R C D E F 

0 LC Lr P ST STP ST.J ST'.l P 

SLA '.: LI. SU Dlt SRA D4<A SPL '.JRL 

1 ABK 1 AB SLN CLN SLC '.l LC SRI, ORN SRC DRC 

2 A:'I< il:)KP RT3 Rns RTN 2 AD ADP ADS IM 

3 
RTN 

S:.JK SUKP RT 2 RT2S LSER 
3 SUP SUS 

C2 
SU 

NGR 

HLT 
4 ANI< RIT RT5 RT5S 

I~ 

, 
4 AN ANS CP n1. 

ENB 
5 ~K sa.o RT4 RT4S s OR ::JRS 

Ll<lt' 

G .l(RK RT7 RT7S G XR XRS T~ 

SIi D~ 
RT6S 

SH DSH 

,, J C 
RT6 

.., J C .,, ,, J C n J 0 7 W.L TL .,.S T5 11.SR:c 

CIO w~•P RT1 8 CTR 
RT10 8 F"L Ill F"S 

:,:,1 

C, T5T RT1P RT1DP 
I~ 

9 F" C CV ffl F" 0S ""X 

A RF" RTIB Rnc RTI !JI, 
DARa 

A EL CA ::: AK ES DAR 

'.:' SR • a RB RT2C ·- cs ::: SK J SR 

C LCK LCKP RT5C C LC ECP - -.:, ~ 

D c-.c CWCP RT4C D cw O,P cc 

E WER M\4= RT7C 
RT,-; (}" 

E RTN (}" EX 
A1 5 1~R1 

F RER ~VB RT6C F MU: c• C15 

ADDRESSING MODE EXECUTION MODE 
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2.53 DATA HANDLING LOGIC 

The Data Handling Logic (Figure 2-4) comprises the arithmetic logic unit (ALU), 

data and address storage and handling registers, and the logic for the data path. 

The basic components of the Data Hand I ing Logic are : 

Logic 

ALU -- Arithmetic Unit 

M -- CPU Working Register (multi-in) : 

I oad C ; I oad Q . 

D Selector : ALU direct ; ALU exchange character; 

ALU shift right; BIO. 

L -- Data Register (multi-in) : 

Load D direct; load D shift left. 

(operation result; output buffer) 

C Selector: D0-15 or 8-15; BIO0-15 or 8-15; 

INTAD 0-5; ASRO-7. 

Q -- Shift Register: load; shift right; shift left. 

S -- Address Register/Counter 

A - Bus Selection 

IPL -- Initial Program Loader 

P -- Program Register /Counter 

AO-A 15 -- Scratchpad 

PSW - Program Status Word 

PLR -- Priority Level Register 

CR -- Condition Register 

GF -- General Flip-Flops 

A, D, L Command 

Para. Diagram 

2 .59 2-8 GG 

2 .64 2-8 GG 

2. 61 2-8 H H 

2. 63 2-8 H H 

2. 65 2-8 JJ 

2. 67 2-8 JJ 

2. 71 2-8 K K 

2. 72 2-8 LL 

2. 76 2-8 LL 

2.77 2-8 LL 

2. 79 2-8 MM 

2.84 

2. 85 2-8 N N 

2. 86 2-8 N N 

2. 89 2-8 pp 

2. 56 2 -8 FF 

The Data Handling Logic performs parallel processing of 16-bit words. Double­

length operations are provided for processing of 31-bit words. Two 16-bit data 

paths loop through the arithmetic unit (ALU) : one loop for operand A and one 

I oop for operand B. 

2.54 Operand A is supplied by the A-Bus. A-Bus control logic selects 

which of the sources on the A-Bus is to be used as the operand. The various 

sources are connected by open-collector gates so only the selected inputs acti­

vate the bus. Operand A includes the scratchpad A0-A15, program counter P, 

program-status word PSW, initial program loader IPL, constant selector, and 

control-panel selector which supplies control-panel commands and system 

commands. Operand B is supplied by CPU working register M, shift register Q, 

and data selector C. The Q register is used as a shift register in double-length 

operations and as an auxiliary operand accumulator. 

2.55 Data Path 

Figure 2-4 shows the data path for instruction fetch operations (heavy dashed 

line) and instruction execution operations (heavy solid line). The fetch 

operation loads the instruction word into the instruction register K, and the 

eight least significant bits, via C, into the Q and M registers. The execution 

operation processes both operands through the ALU and outputs the result via D 

to the L register. Actual processing of data may be done by registers other 

than the ALU : the D selector and L and Q registers can perform shift operations 

in the data-path loop. With D selector at BIO direct, there is a direct loop 

from L, via BIO and D, to L. Scratchpad read, rewritten as same clock: path 

with D (exch. char.; shift right) and L (shift left). 

2.56 A,D,L Command 

The A, D, L command logic (Figure 2-8FF) controls the arithmetic operations 

by providing simultaneous command signals to the ALU, the D-selector, and the 

multiple-input L register. Thirty-two 8-bit command codes are stored in the ADL 

read-only memory (ROM). The command codes are selected by microinstruction 

bits f-.1 ADL0-4 and some internal flags: Q15, Q16, FSIG, and MOON. 

2.57 The first three address bits (f,.IAD L0-2) are used for direct ROM 

addressing (inputs E, D, C); they also control a dual 4-input multiplexer (type 

9309) which selects the last two address bits (inputs B,A) of the ROM. ROM 

inputs Band A may be the last two microinstruction bits (muADL3-4, inverted) 
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2-30 

LL 

;.\-BUS 
CON TROL 

LL 

SWITC HES IPL 
ARF 

CON TROL START 
PANEL LOGIC 

Data Paths : 

- - - Instruction Fetch Cyle 
[(p+a)-p] 

K5- 8 

---Instruction Execution Cycle 
[update PSW] 

LL 

Note: AA,BB etc. refers to logic 
diagrams 2-8.A.A, BB etc. 

PSW/P SEL ECT 

P0 -14 

PROGRAM 
REG/COUNTER LL 

D0-14 

PLR 0 - 5 

K 

~ 
INTERRUPT 

LOGIC 

A - BUS 

LL 

0 -1 3 , 15 

PS W 

SP AO-A15 
ADDRESS SCRATCHPAO 
SELECTOR (RAM ) 

(CT COUNTER MM 

0 0 -1 5N 

S 
ADDRESS 
REG/COUNTER KK 

GP BUS 

8 10 

B -OPERAND 

L 

A 

ALU 
AR ITHMETI C 
UN IT 

B 

GG 

ALU00 -15N 

D SELECTOR 
( R SHIFT) HH 

00-15 

HH 

AOL COMMAND 
LOGIC 

L B - 15 

V 24 CU 

I 
l 

Figure 2-4 Data Handling Logic 

,.-

. i~T~T;;:;;:;-W-;;;O ~IC- 7 
I I K - INSTRUCT, REG I I 
L • I ------1--_J 

TT 

I 
I 
I 
I 
I 
I r _ _; ... 

I 
L-'1s,00-15 

I 
I 
I 
I 
I 

ASR0-7 1810 

GR BUS 



ortheflagbitsO15, Ql6, FSIG, MOON, as follows 

Multiplexer Multiplexer Output 
Select Input to ADL Command ROM 

µADL: RA LUA: RADL3 RADL4 
0, l , 2 l N, 2N 

0 0 0 l l µADL3N µADL4N 
0 0 l l l µADL3N µADL4N 
0 l 0 l l µADL3N µADL4N 
0 l l l l µADL3N µ ADL4N 
l 0 0 l l µ AOL3N µADL4N 
l 0 l l 0 Ql5 016 
l l 0 0 l µADL3N FSIGN 
l l l 0 0 µADL3N DIVFLAGN 

DIVFLAG = FSIGN EB MOON 

Table 2-8 shows the complete microinstruction/ flag control of the ADL ROM, 

the ROM contents, and the output functions. 

2.58 The ADL-ROM outputs ALUS0N-3N are used as the ALU selection 

inputs S0-4 (Figure 2-8 GG). The ALUCO16 signal is sent to the ALU and 

the ALU look-ahead-carry unit as a carry control signal. The microinstruction 

bit µADL4 is also sent directly to the ALU CE input to select logic functions 

(CE-high) or arithmetic functions(CE-low). The ADL-ROM outputs DS0-1 

(combined with microinstruction field bit GMULTI) are the control signals 

for the four-input D selector (Figure 2-8 HH). The D00DN signal that is 

generated as an auxiliary part of the ADL command logic is used as one input 

to the D selector, bit 0; this logic is described with the D selector. The 

ADL-ROM output LSEL is sent to the L register (Figure 2-8HH) to select 

direct load (LSEL-low) or shift left (LSEL-high). 

MUADL FLAGS 
0 l 2 3 4 

0 0 0 l l 

0 0 0 l 0 

0 0 0 0 l 

0 0 0 0 0 

0 0 l l l 

0 0 l l 0 

0 0 l O l 

0 0 l O 0 

0 l O l l 

0 l O l 0 

0 l O O l 

0 l O O 0 

0 l l l l 

0 l l l 0 

0 l l O l 

l O O l 0 

l 0 0 0 l 

l 0 0 0 0 

I..(') --0 

00 

10100 00 

10100 01 

l O l O 0 

l O l O 0 

l 0 

l l 

Table 2-8 ADL Command ROM 

V) 

V) 

LU 
~ 

0 
0 
<( 

--0 

zzzz 0 0-NM 
V)V) V) V) uz z _J 

::) ::) ::) ::) ::) 0 - LU 
_J _J _J _J _J V) V) V) 

<( <( <( <( <( 0 0 -.l 

MNEMO 

0 0 0 0 0 0 0 l l 0 ALUA 

0 l 0 0 l 0 0 l l 0 AOB 

0 2 l 0 l 0 0 l l 0 ALUB 

0 3 l 0 0 l l l l 0 AMB 

0 4 0 l l 0 0 l l 0 AXB 

0 5 0 l l 0 0 l l 0 A PB 

0 6 0 l 0 l 0 l l 0 BINV 

0 7 0 l l 0 l l l 0 APLBl 

0 8 0 0 0 0 0 0 l 0 ACR 

09 00 l l 11 l 0 ZERO 

0A l 0 l 0 0 0 l 0 BCR 

0 B 0 l l l l l l 0 AANDB 

0 C 0 0 0 0 0 l 0 0 ASHR 

OD 00000000 DBIO 

0 E l 0 l 0 0 l 0 0 

OF 11111111 

1011111111 

11 11000110 

BSHR 

TWOA 

12 000001 l l ASHL 

1311000111 FORA 

14 000001 00 

l 5 0 l l 0 0 l 0 0 MULTI 

1610011100 

l 7 0 0 0 0 0 l 0 0 

FUNCTION 

Operand A 

Logical OR of A and B 

Operand B 

Arithmetic Subtract 
A minus B 

Logical XOR of A and B 

A r i th met i c Add it i on 
A pl us B 

0 perand B Inverted 

Arithmetic Addition with 
Carry A plus B plus l 

Operand A characters 
crossed on Selector D 

ALU output is zero 

Operand B characters 
crossed on Selector D 

Logical AND of A and B 

Operand A shifted right 
one position 

BIO Receivers se I ected on D 

Operand B shifted right 
one position 

Not used 

Not used 

Operand A added to itself 

Operand A shifted left one 
position 

Operand A four I ines (two 
in ALU and SAR) 

Operand ASHR 

Operands A plus B and SHR 

Operand A minus B and SHR 

Operand ASHR 
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'° V') 

ZZZZo V') 

MUADL FLAGS w 0-NM MNEMO FUNCTION a::: 
V') V') V') V') u z z ....J 

0 l 2 3 4 0 :::> :::> :::> :::> :::> 0 - w 
0 ....J....J....J ....J....JV')V') V') 

<( <(<(<( <(<(OO ....J 

l l 0 l 0 l l 8 0 l l O l 1 l 0 ] Arithmetic addition 
DADD A plus B plus l 

l l O l 0 (..') 0 l 9 0 l l O O l l 0 Arithmetic addition 
- A plus B 
V') 

] 
LL. 

lA 100101 l 0 Arithmetic subtract 1 l O O 0 1 

DSVB A minus B minus 1 

l l O O 0 0 1 B 100111 l 0 Arithmetic Subtract 
A minus B 

l l l l 0 l lC 0 l l O O l l l l Addition and SH R 

DIVSH 2 (A+B) + QO 
0 

l 1 l l 0 ~o 1D l O O l l l l l Subtract and SHR 

EB 2 (A-B) + 00 

l l l 0 0 (..') l l E 0 l l O O l 1 0 
] DIVALU 

Addition A+ B 
V') 

l l l O 0 LL. 0 l F l O O l l l l 0 Subtract A - B 

2.59 ALU -- Arithmetic Unit 

The arithmetic unit (Figure 2-8 GG) uses four 4-bit ALU chips (type 74181) to 

perform arithmetic and logic functions on two 16-bit operands. The ALU chips 

are controlled by microinstruction bit µADL4 and the AOL-command logic 

(using bits µADL0-4). Bit µADL4 is applied to the CE input to select 

arithmetic (CE-low) or logic (CE-high) functions. All control bits are active 

high, while the data in and out (in this application) are active low. The ALU 

functions are shown in the following table. The control-signal logic, and the 

complete arithmetic unit functions combined with the D and L register operations, 

are discussed in the previous section (A, D, L Command) and shown in Table 2-8. 
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ALU Function Table 

AOL-Control ROM 

µADL4 ALUCO16 A LUSO-----3 

CE CIN S3 S2 Sl so 

0 0 l 0 0 l 
0 0 l 0 l l 
0 0 l l 0 0 
0 l 0 0 0 l 
0 l 0 0 l l 
0 l 0 l l 0 

l - 0 l 0 l 
l - l 0 0 l 
l - l 0 l 0 
l - l l l l 
l - l 0 0 l 

Control signals are all active high. 

Operation 

A plus B u 
A or B -

I--

A plus A 
w 
~ 

A and B I 

Zero 
I---a::: 

A minus B <( 

B inverted 
AEB B u -
B (..') 

A 0 
....J 

AEBB+l 

Functions are for active-low data 
in and out. 

A carry-look-ahead unit (type 74182) is used in conjunction with the ALU chips 

to provide anticipated carry across all four ALU circuits. 

2.60 The zero-A LU ( 0 A LU N) output is generated in subtract mode when 

both operands are equal (A=B). A zero-ALU, left-half (OALUL) output sets the 

stack overflow indicator (STOV). Since stack operations forbid a memory address 

equal-to or less-than 128 (l 00 hexadecimal), the left-most character of the 

address (bits 0-7) must have at least one bit set. When S is loaded from the ALU 

during a stack operation, the all-zero ALU output (A=B) indicator STOV is 

therefore gated by GFSTOV to set GF flip-flop PIF (Figure 2- 8 PP). 

2.61 D Selector 

The D selector (Figure 2-8 HH) is used as a control element in the arithmetic 

loop. The four D-selector functions (ALU direct, exchange ALU characters 

left and right, ALU shifted right, and BIO direct) are selected by the ADL­

command logic (Table 2-8). The AOL-command signals DSO, DSl operate the D 

selector as follows : 



S 1 so 
DS0, 

0 0 

0 

ALU 00-15N 

ALU 08-15N I ALU 00-07N 

DO0DN 

0 I" I ALU 00-14N 
1-----L-------------; 

BIO 00-15AN 

;.=============;=============~ 
L.,_00 ____ 0_7..1..l _0_8 ____ 15__,I N D 

ALU direct 

Exchange A LU characters 

ALU shift right 

BIO direct 

The D selector comprises eight type 9309 (dual 4-input multiplexer) circuits. 

These circuits provide both the true and complementary outputs of th.e active­

low inputs. The inverted D-selector output (active-high) is sent to the L 

register, C selector, and P register/ counter. The true output (active low) 1s 

sent to the S register/counter. 

2.62 The ALU shift-right mode is used for shift-right and multiplication 

operations. The input bit D00DN used during this mode is provided by the 

ADL command logic (Figure 2- 8 FF). Shift Right Arithmetic (SRA) and 

Shift Right Normalize (SRN) instructions use the ALU sign bit, ALU00. The 

Double Shift Right Circular (DRC) instruction uses 015 for D00DN. Multi­

plication instructions set D00DN directly when negative overflow is detected 

(NOVF), or use the ALU sign bit ALU00 when positive overflow is not 

detected (POVF). The D00DN selection is shown in the following table. 

GCRDSR. K9. ALU00 Shift Right, Arithmetic or Normalize (SRA,SRN) 

GCRDSR.K08Q15 Double Shift Right Circular (DCR) 

1-1ADL0. NOVF Multiply and negative overflow 

1-1ADL0. P0VN. ALU00 Multiply and positive overflow 

2.63 L -- Data Register 

The L register (Figure 2- 8 HH) is a 16-bit, multiple-input register comprised 

of four type 74298 chips. The L register is used for storing the data from the 

ALU (or BIO) to be output to the scratchpad (A0-15) or the GP bus. The input 

data to the L register is provided by the D selector. The L register is in the 

operand-A loop between the ALU and the scratchpad. Since the L register is 

loaded by the leading-edge of BP, an operand can be read from and re-written 

into the scratchpad on the same clock cyclP.. The two inputs to the L register 

are D direct and D shifted left. These two operating modes for Lare selected 

by the ADL command logic (Table 2-4) bit LSEL: 

LSE L Data Source Function 

0 D 00-15 D direct 

1 D 01-15 Q00 D shifted I ef t 

L 00 14 15 

Bit Q00 is shifted into the least-significant position during a Division instruction 

when the new remainder is loaded. 

The L register stores active-high data with no inversion between input and 

output. 

2.64 M -- CPU Working Register 

The M register (Figure 2-8 GG) is a 16-bit, multiple-input register comprised 

of four type 74298 chips. The M register is used as the CPU working register 

in the operand-B data path. Microinstruction control of the register uses bits 

1-1MLOAD and 1-1MSEL to load the register and to select the C selector or Q shift 

register for inputs, as fol lows : 

Enable Select 
Mnemonic Data Source 

Clock C or Q 

1-1MLOAD 1-1MSEL 

0 - No Op Off; previously stored data 
available at output. 

1 0 MYC C 00 15 

l 1 MYQ Q 00 15 

M 00 15 

The M register stores active-low data with no inversion between input and output. 

The 1-1LOAD signal enables the CLMN input to the clock to store the selected data 

on the I eadi ng edge of BP. 
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2.65 C Se I ector 

The C selector (Figure 2-8 JJ) uses two, quad 2-input multiplexers (type 8234) 

for the bit 0-7 selection, and four, dual 4-input multiplexers (type 9309) 

for the bit 8-15 selection . The result is a four-input multiplexer with two 

16-bit sources and two 8-bit sources. Three microinstruction selection bits 

are used in such a manner that the two 16-bit sou r ces (D and BIO) can be 

selected whole or as short constants (bits 8-15 only), or either of the 8-bit 

sources (INTAD and ASR) can be selected. The sources are selected by 

microinstruction bits fJC0, fJCl, and GCSLEN as follows: 

fJC0 fl Cl GCSLEN --
(fJC0+Cl) Mnemonic Source 

CLEF SO 
00-07 08-15 

so Sl so Sl 

l 0 0 1 CALLJ D00 

0 0 l l CBIO B1O00 

1 l 0 l CLUR DOB 

l l 1 l CIOR B1O08 

15 

15 

15 

15 

1 l 0 0 CLUR I NT ADO 51010 

l 1 l 0 CIOR ASR0 7 

l 0 0 0 (CALU) D00 07 INTAD0 s1010 

0 0 l 0 (CBIO) B1O00 07 ASR0 7 

C 0ON 07N 08N 15N 

The last two possibilities are not used. 

2.66 The C selector inve rts al I selected data from active high to acti v e 

low. The O's supplied for the not-used bit positions are therefo re output as 

inactive highs. The C-selector outputs are sent to the Q and M registers in 

the operand-B data path. The six least-significant bits (C00N-05N) are also 

sent to the priority level register during an interrupt routine. 
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2.67 Q Shift Register 

The Q register (Figure 2-8 JJ) uses four type 74194 circuits as a 16-bit, 

left/ right shift register. Q may be parallel-loaded from the C selector, shifted 

right (with ALU15N as a serial input), or shifted left (with the selected bit, 

Ql5DN, as a serial input). Loading and shifting i:; done on the leading-edge 

of clock pulse BP (BPO) according to the function selected by microinstruction 

bits fJQ0, fJQ l as follows : 

fJQ0, Ql Mnemonic Function 

0 0 QI Hold contents (No Op) 

0 l SLQ Shift Left Q 

l 0 SRO Shift Right Q 

1 l QYC Parallel load Q from C 

In the operand-B arithmetic loop, Q can be loaded from the M register, via 

ALU--D--C, and reloaded into the M register on the same BP clock pulse. 

No O-register shifting may be performed on a single-clock-pulse loop since 

Q must be in the parallel-load mode. 

2.68 The shift-right serial input, ALU15N, is used for double-length, 

shift-right operations. The shift-left serial input, Q15DN, is used for double­

length left circular (DLC) shift and Divide instructions. Ql5DN is derived 

from a 74151A circuit by the selection-inputs K008N, MOON, and ALU00N. 

For DLC shift instructions (K08N active low), the serial input is provided by 

microinstruction bit GCSELN if MOON is active; the serial input is a logic 

zero (high) if MOON is inactive (high). For Divide instructions (K08N high 

and RALUAlN (fJADLO.l) = 0), Q15DN is produced from the quotient bit 

ALU00 ® MOO. See fo l lowing diagram. 



z 
z z 0 

0 
co 0 :) 
0 0 -' 
~ ~ <{ 

S2 Sl so 0 l 5DN = 

L L L 
] GCSELN 

L L H 
L H L H 

DLC 

L H H H 
H L L (µAD LO. l) 
H L H H 
H H L H 

Divide 

H H H (µAD LO. l) 

L = low = active 

2.69 The two least-significant bits of O are used to control the next-cycle 

operation of a Multiply execution. One bit position (016) of a fifth 74194 1s 

used to save the previous contents of O 15 at the end of the Multiply cycle, 

while 014 is shifted into 015. Q00, Q15N, and Ql6N are used by the ADL 

command logic (Figure 2- 8 FF) for arithmetic operation control. The three 

other bit positions of the fifth 74194 are used in the Bus Controller logic 

(Figure 2-8 TT). This fifth 74194 is used in the Hold (GCRFNUN = 0) or 

Parallel-Load (GCRFNUN = l) modes only. 

2.70 O-register bit Q00/ Q00N is used for microinstruction addressing in 

the Flag mode (paragraph 2.28 and Figure 2-8 DD). Q00 is also used as a 

serial input to the L register during a left-shift L operation. 

2.71 S -- Address Register/ Counter 

The S register/counter (Figure 2-8 KK) is a 16-bit synchronous up/ down 

counter using four type 74Sl 69 circuits. Fourteen bits of the S register/ 

counter are used to store the memory word address, and increment or decrement 

the address in one-word steps. Loading or counting takes place on the leading 

edge of the BP pulse, according to the following control from microinstruction 

bits µSO and µSl: 

µSO, S l Mnemonic Function 

0 0 SI Inhibit counting or loading 

0 l SYD Load S0-l 6N with D0-l 5N 

l 0 SP2 s plus 2 (count down) 

l 1 SM2 s minus 2 (count up) 

Since S is loaded with negative (low-level active) data, the count-down mcde 

increments the value of the contents and count-up decrements. The S register/ 

counter is loaded from the D selector, as shown in the following diagram : 

Word Address \ Character Bit ,-------------~--
00 14 15 D Selector 

15 00 14 S REG I STER/ COUNTER 

00 14 15 MAD lines 

D00-14, representing the memory word address, is loaded into the least­

significant position of S, while Dl5, representing the character address, is 

I oaded into the most-significant position. S-regi ster counting then affects a 

two-character address change (S plus 2, or S minus 2) for a single increment 

or decrement of the counter. The character indicator from the most-significant 

position in S is then switched back to the least-significant position on the 

memory address lines (MAD00-15). The S register/ counter works with low­

level data, and does not invert. 

2.72 A-Bus Selection 

The A-Bus selection logic determines which source is to be used as operand-A 

of the arithmetic operation. Control of the A-bus selection is by microinstruction 

bits µA0-4 (Table 2-9). The possible sources for operand-A on the A-bus are : 

• Scratchpad AO-A 15 

• Initial program loader IPL 

• Program counter P 
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• Program status word PSW 

• Instruction field (Rl or R3) 

• Constant 2
10 

(/002) or 16
10 

(/010) 

• Control-panel/System 

• A-bus equals zero 

All operand-A sources onto the A-bus are via active-low, open-collector output 

circuits (8234 multiple x ers, 6200 ROM, 7489 RAM, and one 7403 gate). All 

these circuits provide a high-level output to the bus when they a re not select e d . 

This high is then ove r -ridden by any active lo w signal from a selected source. 

2 . 73 The scratchpad (Figure 2-8 MM) is selected di rectly by fJA0 to the 

chip-select inputs of the sc ratchpad logic. The specific scratchpad address 

(AO to A15) is then selected by fJA2-4 controlling the scratchpad-address 

logic. When the scratchpad is selected, fJAl differentiates bet ween reading 

and writing the selected address . 

2.74 Any A-bus sou r ce e x cept the sc ratchpad is selected by th e A-bus 

control logic (Figure 2-8 LL). The in v e rted fJA0 input to the 1-of-10 decode r 

chip (type 9301) fo r ces the decode r highe r than the se ven possible outputs that 

are connected; this effectively keeps th is p a rt of the A-bus sel e ct i on sw itched 

off when the scratchpad is selected. If fJA0 is active (high), a nd fJA 1-3 are 

all low, the non-connected output-0 is decoded a nd no A-bus source is 

selected; operand-A is then equal to z ero. The active-low outputs from the 9301 

decoder select either the IPL (output-]) or one of the type 8234 multiple x e rs. 

These multip lexers have their A inputs selected by an active lo w to Sl only, o r 

their B inputs selected by an active lo w to SO. 

2 .75 Double-Word Trap. If a Trap occurs during a double-wo rd ope ration, 

(P) must be decremented an extra position. The DWIF flip-flop (Figure 2-8 LL) 

is set for all double-word instructions. If a Trap routine (Figure 1-12) is initiated, 

the first microinstruction (address / OFF) produces GAEXL which is gated by 

DWIF to set A-bus bit A00N. This inc rements the normal microinstruction 

add ress by one to select / 12E rather than / I 2F . 
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Mi croinst r u cti on 
fJA0,AI ,A2,A3,A4 

I 

0 0 0 0 0 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 1 

0 0 1 0 0 

0 0 1 0 1 

0 0 1 1 0 

0 0 1 1 1 

0 1 0 0 0 

0 1 0 0 1 

0 1 0 1 0 

0 1 0 1 1 

0 1 1 0 0 

0 1 1 0 l 

0 1 1 1 0 

0 1 1 1 1 

1 0 0 0 -
1 0 0 1 -

1 0 1 0 -

1 0 1 1 -
1 1 0 0 -
1 1 0 1 1 

1 1 0 1 0 

1 1 1 0 -
1 1 1 1 -

Table 2-9 A-Bus Selection 

Control Mnemonic Function 
de coder 
(930 l) 
output 
active 

Read scratchpad ac cumu I a tor : 
ARA0 AO 

ARAl Al 

ARA2 A2 

ARA 15 A 15 

ARR 1 Rl (Addressed by K5-7, 8) 

ARR2 R2 (Addressed byKll-14) 

AR1215 (Addressed by K12-15) 

ARCT (Addressed by CT counter) 

Write scratchpad accumulator : 
AWA0 AO 

AWAl Al 

AWA2 A2 

AWA15 A 15 

AWRl Rl (Addressed by K5-7, 8) 

AWR2 R2 (Addressed by K 11 -14) 

AW1215 (Addressed by K 12-15) 

AWCT (Addressed by CT counte r) 

-- AZ A-bus equals z e ro 

1 AIPL Read IPL 

2 AEP Read p 

3 APSW Read PSW 

4 AEN Read content of K5-8 

5 ATW0 Cons t ant 2
10 

(/002) onto A-bus 

5 ATEN Constant 16
10 

(/010) onto A-bus 

6 APUP Control panel inputs onto A-bus 

7 ASYS System inputs onto A-bus 



2.76 IPL -- Bootstrap 

The IPL circuit is a 64-word hardware bootstrap stored in a type 6200 Read Only 

Memory (ROM) of 256 four-bit words. The ROM contents are regrouped into 

16-bit words when they are I oaded in to main memory by the IPL-microprogram 

routine (Figures 1-9, 1-10). The IPL/Bootstrap logic (Figure 2-8 LL) is addres­

sed by the P-register/counter (bits P07-14) and is accessed through the A-bus. 

The A-bus-selection command code is 1-1A0, 1,2,3 = 1 0 0 1 for the read-IPL 

routine. Table 2-10 is a listing of the bootstrap after being loaded into memory 

00-63. Use of the bootstrap for initial program loading is discussed in Section Ill. 

2. 77 P -- Program Register/Counter 

The P register/counter (Figure 2- 8 LL) is a 16-bit synchronous up/down counter 

using four type 74S169 circuits. The fourteen least-significant positions of P 

are loaded from the D selector with the 14-bit word address of the program. The 

P register is also used as an internal counter : in this case, the most-significant 

bit (which isn't loaded from D) is sent to the flag-selection logic as PMl 

(P minus 1). PMl is used by microinstruction Addressing, Flag mode (paragraph 

2.26) to indicate the end of a multiple word instruction. 

2.78 Loading or counting of P takes place on the leading edge of the BP 

pulse (BPP) according to the following control from microinstruction bits 1-1P0 

and 1-1Pl : 

fJ PO, P 1 Mnemonic Function 

0 0 Pl Inhibit counting or loading 

0 1 PYD Load P0-14 with D0-14 

1 0 PM2 p minus 2 (count down) 

1 1 PP2 P plus 2 (count up) 

The program word-address in P is accessed through the A-bus. The A-bus selection 

code 1-1A0,Al ,A2,A3 = 1010 for read-P. The eight least-significant address bits 

(P07-14) are also applied directly to the addressing inputs of the IPL ROM, for 

use when the IPL is selected. 

Step 

000 
001 
002 
003 
004 
005 
006 
007 
008 
009 
010 
011 
012 
013 
014 
015 
016 
017 
018 
019 
020 
021 
022 
023 
024 
025 
026 
027 
028 
029 
030 
031 
032 
033 
034 
035 
036 
037 
038 
039 
040 
041 
042 
043 
044 
045 
046 
047 
048 
049 
050 
051 
052 
053 
054 
055 
056 
057 
058 
059 
060 
061 
062 
063 
064 
065 
066 
067 
068 
069 

070 
071 
072 
073 
074 
075 
076 
077 
078 

079 

Table 2-10 List of Bootstrap Loaded in Memory 
p 

Reg. 
Mem. 
Cont . 

BOOT 

0000 0200 F 
0002 0300 F 
0004 0400 F 

0006 861E 
0008 263F 
000A 9629 
oooc 9620 
000E 9641 
0010 0000 F 

0012 87 IE 
0014 3FC8 
0016 5600 F 
0018 260F 

001A 9631 
00IC 3E41 
00JE 9641 

INIT20 

0020 0000 F 
0022 9641 
0024 0000 F 

Instruct .j 
!DENT BEBOOT 

DISPLAY THE KEYS AS FOLLOWS : 

BITS MEANING 
0=1 IPL LOADED FROM ASR, FORMAT 4° 4 
1=1 DISK, THEN 
2=1 MOVING HEADS 
2=0 FIXED HEADS 
3 =1 1/ 0 BUS 
3=0 MULTIPLEX 
4 to 7 BOU LINE (4 RIGHTMOST BITS) 
8 ~1 MULTI DEVICE CONTROLLER 
8 =0 SINGLE DEVICE CONTROLLER 
9=1 COD DISK 
10 to 15 DEVICE ADDRESS 

DESCRIPTION 

BE BOOT LOADS ONE RECORD ONTO LOCATION / 80 THEN START AT / 84 
THE RECORD IS THE SECTOR 1 1 IF DISIS:,OR 254 CHARACTERS OF THE 
INPUT DEVICE,LEADING NULL CHARACTERS IGNORED 

USED REGISTERS : 

Al BOU LINES,NOT TO BE DESTROYED IF BOOT IS CALLED AGAIN 
A2 ADDR OF INR INSTRUCTION 
A3 ADDR OF CIO INSTRUCTION(WHICH IS DESTROYED AND NEEDS TO BE 

RESTORED IF BOOT IS CALLED AGAIN) 
A4 ADDR OF SST INSTRUCTION 
AS MULTIPLEX: CONTENTS OF 1ST WORD TO BE SENT TO EXT REGISTER 

10 BUS : CHARACTER COUNT,INITIALIZED AT 254 AND DECREMENTED 
A6 MULTIPLEX: CONTENTS OF 2ND WORD TO BE SENT TO EXT REGISTER 

(LOADING ADDR) 
10 BUS : ADDR OF NEXT CHAR TO BE LOADED,INIT AT / 80AND 

INCREMENTED 
A7,A8 WORK REGISTERS 
A9 WORK REGISTER 
A 10 TO A 14 NOT USED 
A 15 CONTAINS THE KEYS'VALUE 

28 / 8/ 73 ARE FIXED: 
MULTIPLEX DLBLE WORD INITIALIZATION 
SST INST FOR MULTIPLE DEVICE CONTROLLER 

EJECT 
ADRG 0 

EQU • 
INITIALIZE REGISTERS 
LDK A2, INR ADDR OF INR INSTRUCTION 
LDK A3,CIO ADDR OF CIO INSTRUCTION 
LDK A4, SST ADDR OF SST INSTRUCTION 

LOR 
ANK 
ADRS 
ADRS 
ADS 

LOR 
SLC 
RF(6) 
ANK 
EQU 
ADRS 
SLL 
ADS 

ADS 

A6,A 15 
A6, / 3F 
A6,A2 
A6,A3 
A6,HIO 

A7,A 15 
A7,8 
IN IT20 
A6, / F 

A6 , A4 
A6, I 
A6 , WER 1 

A6 , WER2 

EXTRACT DEVICE ADDR AND INIT 1/0 COMMANDS 

DEVICE ADDR 
INITIALIZE 1/ 0 INSTRUCTIONS 

EXTRACT CONTROLLER ADDR AND INIT WER INST 

MULTI OR SINGLE DEVICE CONTROLLER 
SINGLE ONE 
MULTIPLE ONE 
INITIALIZE MULTIPLEX DBLE WORD : 
SST INSTRUCTION 

SET UP WER INSTRUCTIONS 
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2-38 

Step p 
Re9. 

080 
081 0026 
082 0028 
083 
08<4 002A 
085 
086 002C 
087 002E 
088 
089 0030 
090 0032 
091 003<4 
092 0036 
093 
09<4 0038 
095 003A 
096 003C 
097 003E 

0040 
098 
099 
100 
101 0042 
102 
103 0044 
10<4 0046 
105 00-48 
106 00<4A 
107 00<4C 
108 004E 
109 0050 
110 
111 
112 
113 0052 
11<4 
115 005<4 
116 0056 
117 0058 
118 005A 
119 oosc 
120 005E 
121 
122 
123 
124 0060 
125 0062 
126 0064 
127 0066 
128 0068 
129 006A 
130 006C 
131 006E 
132 
133 0070 
134 0072 
135 0074 
136 0076 
137 
138 
139 0078 
1-40 
141 
1-42 007A 
143 007C 
144 007E 
145 
146 
147 
148 

BOOT 
HIO 
NODISK 
STATUS 

:EOF 

Mem. Instruct. 
Cont. 

. 
81 lC LDR 
0550 LDK . 
0680 LDK . 
3FE7 SRC 
5600 F RF(6) . 
3FC1 SLC 
5600 F RF(6) 
0103 LDK 
<41C0 CIO CIO 

NOSEEK EQU 
81 lE LDR 
3966 SRL 
213C ANK 
8520 LDKL 
80CD 

NODISK EQU . 
WERl EQU 

7 500 WER 
WER2 EQU 

7601 WER 
F031 EXR • 
F02D EXR* 
5C06 RB(4) 
871E LDR 
3F43 SLL 
5600 F RF(6) . . . 
8194 LDR 

INR EQU 
4F00 INR 
SC0-4 RB(4) 
E994 CWR 
5-400 F RF (4) 
27FF ANK 
580C RB (0) . . 

INRl0 EQ U 
879E LDR 
5600 F RF(6) 
3F44 SLL 
809C LDR 
F029 EXR* 
5C04 RB (4) 
270F ANK 
9702 ADR 

STORE EQU 
E739 SCR 
1601 ADK 
lD0l SUK 
5924 RB(l) . . 
4180 HIO CIO . 

STATUS EQU 
4FC0 SST SST 
5C04 RB(4) 
0F84 AB . . . 

END 

SYMBOL TABLE 

0000 A INR 
0078 A INIT20 
0042 A NOSEEK 
007A A 

ASS . ERR . 00000 

A 1, A7 
A5,80 

A6, / 80 

A7,7 
NODISK 

A7, 1 
NOSE EK 
A 1,3 
A 1, 1,0 . 
A l,A 15 
A 1,6 
A 1, / 3C 
A5, / 80CD 

. 

. 
A5,0 . 
A6, I 
A4 
A3 
• -4 

A7 , A 15 
A7,3 
SST 

A9,A5 . 
A7,0 , 0 
• -2 

A9,A5 
INRI0 
A7 , / FF 
INR 

. 
A 15,A 15 
STORE 
A 7,4 
AB,A7 
A2 . -2 
A7, / F 
A7,A8 . 
A7,A6 
A6, I 
AS, I 
INR 

A 1,0,0 

. 
A7,0 
• -2 

/ 84 

BOOT 

0054 
001A 
0038 

A 
A 
A 

LOAD A I WITH BOU CONTENTS 

MULTIPLEX DOUBLEWORD : LOAD 80 CHAR INTO 
LOCATION / 80 

CHECK IF DISK 

NO 
FIXED HEADS ? 

YES 
SEEK ZERO 
CIO SEEK ZERO 

SECTOR NUMBER 

1ST WORD OF MULTIPLEX FOR DISK DEVICE 

EXECUTE WE R, WHATEVER THE CHANNEL IS 

SST 

MULTIPLEX 

10 BUS 

IF A9=A5 IGNORE LEADING CHAR. 

READ ONE CHAR 

LEADING CHAR? 
NO 
CHECK IF NULL 
YES, IGNORE 
NO,CHECK IF 4* 4 

4 • 4 
NO 8 + 8 
YES , 4 • 4 
SAVE LEFT BITS 
READ NEXT CHARACTER 

GET 4 RIGHT MOST BITS 

STORE CHAR 
NEXT CHAR ADDR 
COUNT DONE ? 
NO 
YES 

CIO 
WERI 
INRI0 

0036 A 
0042 A 
0060 A 

SST 
WER2 
STORE 

007A 
0044 
0070 

A 
A 
A 

2.79 AO-A 15 -- Scratchpad 

These sixteen 16-bit accumulators comprise 15 working registers (AO-A 14) and 

the stack pointer (A 15). The working registers are used as an operand for some 

instructions. Fifteen registers (Al-Al5) are program addressable. The scratchpad 

(Figure 2-8 MM) is controlled by the A-bus selection commands, µA0-4. The 

complete command code for scratchpad addressing and function is given in 

Table 2-9. For the write-scratchpad modes, the contents of the L register 

(L00-15) are loaded in the selected address (AO-Al5). For read-scratchpad 

modes, the inverted contents of the selected address are gated onto the A-bus. 

2.80 The 16-word scratchpad comprises four 64-bit read/ write memory 

chips, type 7489. These circuits provide data inversion (active high input, low 

output) and open-collector outputs with a high-level off-state when µAO to the 

chip-select input isl (scratchpad not selected). The scratchpad write-enable 

input, WSPN, from the start logic (Figure 2-8 RR), is active from the center 

of clock time T6 to T7, if µAO,A l = 01. 

2. 81 The four-bit scratchpad address (SPA0-3) is selected through four 

type 74151A eight-input multiplexers. The first four sets of inputs are wired to 

+5 or O volts to obtain the direct address code of AO, Al, A2, or Al 5. The 

inputs 4, 5, or 6 select different fields of the instruction word to address the 

sc ratchpad: the Rl / R3 field is provided by buffered K05-08/ K05-07 (K08 is 

given via K0008BUFN if KOO = l, indicating format-] instruction); the R2 field 

is provided by Kl 1-14N; the Kl2-15 field gives the num ber of shifts (in 

complement form). The seventh input selects the CT counter for addressing 

successive scratchpad registers. 

2.82 The five-bit CT counter (Figure 2- 8 MM) is used to count repeat 

cycles for the sequensor control, or (for P857) to address sequential scratchpad 

registers during Multiple Load or Store instructions. The counter comprises a type 

7416 l BCD counter for the four least-significant bits (CTO). A buffer at the 

output of the counter maintains the scratchpad address while the counter is being 

incremented. The buffer copies CT at the trailing edge of each AP pulse. 



Counter operation is controlled by microinstruction bit µCT and general-field 

bit GCTLDN, as follows : 

µCT GCTLDN Function 
(H=l) (L=l) 

0 0 No change 

0 1 Load CTl -4 from SPA0-3; CT0 from Kl 1 

1 0 Count CT at each T3N 

The counter is preset to 16 (CT0-4 = 10000) by KRYN during each instruction 

Fetch cycle. Other initial counts less than 16 may be loaded into CT] -4 via 

the scratchpad address selector. 

2.83 The number of shifts to be performed are loaded in complement form 

from the K12-15 field and effectively decremented by the counter operation. 

The counter is loaded with (R2) for the Double Arithmetic instructions in 

Tl D addressing mode, enabling the least-significant operand word to be 

processed first. For DAR and DSR instructions in Tl D addressing mode, 

(R2) + 1 addressing is obtained by the CT counter providing the least-significant 

address bits to the scratchpad. Multiply and Divide instructions count from 

the preset count of 16. The CTEND signal is generated when the count 

reaches 31 (CT0-4 = 11111). CTEND is used by the Sequensor to end the repeat 

cycles. 

2.84 PSW -- Program Status Word 

The PSW is a 16-bit status word comprising the priority level register (PLR), 

condition register (CR), and general flip-flops (GF). The complete PSW is saved 

in the stack, via the A-bus, during the following : 

• Interrupt routine • Inhibit Interrupt (I NH) 

• Trap routine • Reset Internal Interrupt (RI T) 

• Page Fault • Enable Interrupt (ENB) 

• Call Function (CFR) • Link to Monitor (LKM) 

• Halt(HLT) • Set Mode (SMD) 

During a Return (OPC14) instruction, System Mode (A15), the PLR, the CR, and 

the ENB and FU-bits of GF are restored from the stack to the PSW; the other bits 

of GF are not changed by the Return. During a Return instruction, User Mode 

(A 15), only CR is restored from the stack. 

Program Status Word 

PLR CR GF 

0 2 3 4 5 0 RUN ENB CPF PFF RTCF PIF FU 

Interrupts I 
1 = User Mode 
0 = System Mode 

RESTORED FROM STACK AFTER: 

RTN (A 15) RTN (A 15) 

PLR PLR 

CR 

ENB (ENB unchanged) 

FU 

2.85 PLR -- Priority Level Register 

The PLR (Figure 2-8 NN) 1s a 6-bit register that stores the priority level code 

of the running program for the Interrupt logic. This register, comprising two 

type 74175 circuits, is preset to priority level 63 by the system master-clear 

signal MCLN. The register output, PLR0-5, is used by the Interrupt logic 

(paragraph 2.97) for comparison with Interrupt Requests. If an Interrupt Request 

is accepted, the Interrupt Routine is initiated : the contents of the PLR are saved 

in the stack with the rest of the program status word, and the PLR is loaded with 

the new program's interrupt level by INTAD0-5 via the C selector. 

2.86 CR -- Condition Register 

The 2-bit condition register (Figure 2-8 NN) indicates the result of various CPU 

operations. The condition register flip-flops are updated at each BP clock time 

(BPQ). The CR input conditions (Table2-11) are selected by a pair of type 74175A 

8-input multiplexers, with the selection controlled by microinstruction bits µCR0-2. 
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Table 2-11. CR Input Conditions 

CR INPUT SELECTION 

Selection Mnemonic Input to CR Function 

µCR0,1,2 CR0 CRl 

0 0 0 CRNC CR0 CRl No change 
0 0 1 CRRTN BIO06R BIO07R CR load during Return 
0 l 0 CRIO Timeout ACBN Programmed chann e I I oad i ng 
0 l l CRFLO FLOCR0 FLOCRl Floating Point loading 

l 0 0 CRLOG ROMCRl ROMCR5 Logic operation loading 
l 0 l CRADD ROMCR2 ROMCR6 Addition operation loading 
l 1 0 CRSUB ROMCR3 ROMCR7 Subtraction operation loading 
1 l l CRCMP ROMCR4 ROMCR8 Compare operation loading 

CR INPUT ROM CODE 

ROM Addressing ROM Output to CR Input Selector 

z LOGIC ADD SUB COMP 
.....J Cle:'. 0 z CR l, 5 CR2, 6 CR3, 7 CR4, 8 ::) ::) 0 z 
.....J .....J ::) 0 0 

<t <t .....J 0 0 

0 0 <t <t :E 

0 0 0 0 0 1 0 1 0 1 0 l 0 
0 0 0 0 1 1 0 1 0 1 0 1 0 
0 0 0 l 0 1 0 1 0 l 1 0 1 
0 0 0 1 1 l 0 1 l 1 0 l 0 
0 0 1 0 0 0 1 1 1 0 l 0 1 
0 0 1 0 1 0 1 0 l 1 1 l 0 
0 0 1 1 0 0 1 0 1 0 1 0 l 
0 0 1 1 1 0 1 0 1 0 1 0 1 
0 1 0 0 0 1 0 l 0 1 0 1 0 
0 1 0 0 1 1 0 1 0 1 0 1 0 
0 1 0 1 0 1 0 l 0 1 1 0 1 
0 1 0 1 1 1 0 1 1 1 0 1 0 
0 1 1 0 0 0 1 1 1 0 1 0 1 
0 1 1 0 1 0 1 0 1 1 1 1 0 
0 1 1 1 0 0 1 0 1 0 1 0 1 
0 1 1 1 1 0 1 0 1 0 1 0 l 

1 0 0 0 0 1 1 l 1 1 1 1 1 
1 0 0 0 1 1 1 1 1 1 l 1 1 
1 0 0 1 0 1 1 1 1 1 1 1 1 

not used 

1 0 0 1 1 1 1 1 1 1 1 1 1 

1 0 1 0 0 0 1 1 1 0 1 0 1 
1 0 1 0 1 0 1 0 1 1 1 1 0 
1 0 1 1 0 0 1 0 1 0 1 0 1 
1 0 1 1 1 0 1 0 1 0 1 0 1 
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ROM Adressing ROM Output to CR Input Selector 
z LOGIC ADD SUB COMP 

.....J Cle:'. 0 z CRl, 5 CR2, 6 CR3,7 CR4, 8 ::) ::) 0 z 

.....J .....J ::) 0 0 

I <t <t .....J 0 0 

0 0 <t <t :E 
...... 
::> l l 0 0 0 1 l 1 l l 

, 
l l 0. I 

C l l 0 0 l l l 1 l l l l l ·-
Q) l l 0 l 0 l l l l l 1 l l -

not used 
...c l l 0 l l l 1 l l l l l 1 0 

C 
LU 1 l l 0 0 0 0 l l 0 0 0 0 
+ 1 l l 0 l 0 0 0 0 l 1 l 0 l.J.... 

> l l 1 l 0 0 0 0 0 l l 0 l 
0 l l 1 l l 0 0 0 0 0 0 0 0 .. 

1 - - - - - l 1 l l 1 l l l 

Input O copies the previous CR contents (no change). Inputs 1-3 select condi­

tions for Return, programmed channel loading, and Floating Point loading • 

2.87 Inputs 4-7 are selected for arithmetic operations, and the input 

conditions are provided by a type-7488A read only memory (ROM). One 

specific pair of the eight ROM output bits is selected for the type of arithmetic 

operation being performed (logic, addition, subtraction, or compare). The 

2-bit condition codes a re selected from one of 32 ROM addresses by : the sign 

bit of the two ALU operands, AO0N and MOON; the sign of the result, ALUO0N; 

and the zero contents of the result for both left and right characters, 0ALUL and 

0ALUR. 

2.88 An overflow condition, set into the OVF flip-flop, sets CR to 3 

(11
2

) by switching off the enable input to the ROM to produce an all-Ones 

output. The overflow condition is tested by two series-connected multiplexers 

(the 8-input 75141 and the quad 2-input 74157), as follows: 



74157 74151 

Select Select Function 
Input 

A0O 
In 

K0l ALU00 A0l 

(+5V) l 0 (11) ( 0 0 l l overflow 

µMLOAD l (l 0) 2 0 0 l OK 

( l 0 OK 
Shift 

µMLOAD 0 ( 11 ) l 0 
(+5V) l l (IO) 3 0 0 0 overf I ow 

GCRDSRN 0 (11) ( 4 l l l overflow 

OVFMUN l (I 0) 5 l l 0 OK 

( 11 ) [ l 0 l OK 
Divide 

(+5V) l 0 6 
GCRDSRN l (IO) 7 l 0 0 overf I ow 

OVFMUN = GMULTI.ALUS0.M00 

The OVF signal fed back to the input-selection enable, prevents changing the 

overflow condition once an overflow has been set. The overflow flip-flop must 

be reset by command bit GCRVZ0N. The K0l input is 0 for Op-codes less than 

8 to select shift instructions, or l for Op-codes of 8 or higher to select Multiply, 

Divide, or Double instructions. The shift instructions set overflow (via 74151A 

inputs 0, 3) on the test AO] N EB A00N to indicate a changing sign bit. The 

Divide instructions, specified by command bit GCRDSRN, set overflow (via 

74151A inputs 4,7) on the test ALU00N EB A00, indicating that the quotient 

is greater than one word. 

2.89 GF -- General Flip-Flops 

These seven general control flip-flops (Figure 2-8 PP), which can be program 

controlled, are part of the program status word (PSW). All GF bits are stored 

in the stack along with the rest of the PSW, but only the FU (User Mode) is 

restored from the stack by the Return instruction. 

GF PSW Function Loaded ar CLG Set by Reset by 
Bit (set or reset) 

RUNF 8 Main CPU LOB STARTF.Tl GFRZ0 +(PREQ. 
status pointer RUN. Tl)+(FTDEL. 

lTTJf-:J"")+RS LF 

ENBF 9 Enable L09 GFENBN. MCLN GFSYSN 
interrupts 

CPF l 0 Operator's Ll 0 (CPI NT+V241 NT). MCLN 
Interrupt .Tl 

--
PFF l i Power Failure Ml l resets PWF S PWF. RSLF. 

Interrupt UNLOCK 

RTCF l 2 Real Time Ll2 RTCFZ l N MCLN 
Clock lnterru~t from C. Pane I 

PIF 13 Op-Code Ll3 GSTOV.STOV MCLN 
(Program) from A LU 
Interrupt 

FU 15 User Mode CLPLR.C15 Ll5.CLG GF SYS N+MC LN 
(0=S ystem 
Mode) 

Program control of the GF bits is by the A-bus command signal AEPSWN (at 

clock time T8). AE PSWN selects the program status word (with GF) to the 

A-bus and gates the L-register data back into the GF. The AEPSWN. T8 control 

signal CLG gates L08-10, 12, 13, 15 to the respective GF bits. GF bit 11 

(PFF) is reset at that time if Ml 1 = 0. Bit 11 uses the M-register rather than the 

L-register because of the require·d polarity. In addition to the program control 

of the GF bits, asynchronous set and reset inputs are prov : ded to each flip-flop. 

2.90 RUNF. This is the primary machine-state pointer (refer to Figure 

1-8). The RUNF flip-flop is set at time Tl by the Start Command from the 

control panel. The RUNF flip-flop can be reset by any one of four ways: 

• command bit GFRZ0; 

• a Preset Address Compare from the control panel, at time Tl; 

• control-panel command Not Run, enabled by the buffered FETCH 

signal, FTDEL; 

• RSLF which is set during the power-off sequence. 
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2.91 EN BF. This Enable-Interrupt flip-flop is set (with GFENBN) by the 

Enable Interrupt (ENB) instruction and reset (with GFSYSN) by the Inhibit 

Interrupt (INH) instruction. ENBF is also set or reset (with GFENBN) by the 

Return instruction when R2 = 15, and in function with ENB of the restored PSW. 

2.92 CPF. This Operator's Inter rupt can be set either by the I NT switch 

on the control panel or by the interrupt signal BRGFN generated by the 

V24/ Serial control unit. CPF is reset either by an RIT instruction with bit O = 0 

(110 = 0 during the CLG clock) or by the MCLN signal. 

2.93 PFF. The Power Failure Interrupt flip-flop is set at the start of a 

power failure by the leading edge of the PWFN signal from the power supply; 

PFF is then reset during the power-off sequence if the key switch is set to any 

unlock position (OFF, ON, ONRTC). The Power Failure Interrupt flip-flop 

is set during the power-on sequence if the key switch is set to LOCK. PFF 

is reset by an RIT instruction with bit 11 = 0 (Ml l = 0 during the CLG clock). 

Po wer- Off 

PWF N '-------~ 
RS LN 

RS LF 

PO W ON 

(LOCK) 

UNLOCKN- - -

PFF 
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Power -On 

WI .CLG , 
L 

2.94 RTCF. The Real Time Clock Interrupt flip-flop is set by the RTCFZlN 

signal from the control panel. RTCFZ 1 N is a one-microsecond signal generated 

once every 20ms by the power supply, and set via the control-panel key switch 

ONRTC or LOCK positions. The RTCF flip-flop is reset by an RIT instruction 

with bit 12 = 0 (L12 = 0 during the CLG clock) or by the MCLN signal. 

2.95 PIF . . The Operation-Code (Program) Interrupt flip-flop is set by a 

stack overflow condition or by the Link to Monitor (LKM) instruction to switch 

from User Mode to System Mode. Stack overflow (STOY from the arithmetic unit) 

sets PIF during memory stack operations (command bit GFSTOV) when the stack 

pointer decrements to less than 128
10

. The LKM instruction sets PIF via the 

load input, with Ll3 = l. The PIF flip-flop is reset by an RIT instruction with 

bit 13 = 0 (L13 = 0 during the CLG clock) or by the MCLN signal. 

2.96 FU. The User Mode flip-flop is set during the Return A15 instruction 

if the p reviously-interrupted program was in User Mode (CLPLR.C15); the CLPLR 

signal loads the priority level register from the C-selector during the Return 

instruction, and C15 indicates the state of FU during the previous interrupt. 

The User Mode flip-flop is also set by the Set Mode (SMD) instruction (L15 = 1 

during the CLG clock). FU is reset, to System Mode, by the Inhibit Interrupt 

( INH) instruction (with GFSYSN) or by the MCLN signal. 

2 . 97 INTERRUPT LOGIC 

The Interrupt logic (Figure 2-4 and 2- 8 SS) generates th e Scan External 

Interrupt signal (SCEIN), tests for internal and external interrupt requests, and 

initiates the Interrupt routine when a request is received of a higher priority 

than the running program. Refer to paragraph l. 16 for a description of the 

complete interrupt system . The Enable Interrupt control flip-flop, ENBF, is 

located with the general flip-flops (GF), along w ith the four dedicated internal 

interrupts: CPINTF, PFF, RTCF, and PIF. 

2. 98 Internal Interrupts 

Eight internal interrupt request lines (IS00-07N) are provided which have the 

highest system priority. At clock-time AP, all internal interrupt requests are 



clocked into the two 74175 registers and are then available at the priority encoder 

74148. If there are any internal interrupt requests waiting at the priority 

encoder, the low GS output switches the 74158 multiplexer to select the internal 

interrupts, and the high EO output (IECE) forces INTAD0, 1 low (inactive). 

The highest-priority interrupt request is indicated by a 3-bit code at the 

74148 A-outputs. The interrupt request code is switched through the 74158 

multiplexer to the INTAD0-5 lines. The IECGSN signal is sent to the Start 

logic (Figure 2-8 RR) to enable setting the automatic restart flip-flop during 

the power-on/power-off sequences. 

2.99 Extern a I Interrupts 

A Scan External Interrupt (SCEIN) signal is generated during the status test 

at the end of each instruction, or during the Move instruction, if more than 

two microseconds have passed since the start of the previous scan. In order 

to validate the interrupt at the end of an LKM, ENB, INH, or SMD 

instruction, the microprogram does a 2.070 1-1sec wait before ending those 

instructions. 

Instr i+ 1 i+2 i+3 

a □ □ D 

) ) ) 
SCAN (21-1 sec)7 ! i 

The m i c r o i n st r u ct i on con tr o I bi ts ( F i g u re 2 - 8 S S) are NA E TA N (fJ SN AO . 1 ) for 

status test, and GMOVEN for the Move instruction. Either of these inputs 

puts a high on the D input of the FETAT flip-flop, if there is no pending 

Interrupt Request (Not IR). At time T3, FETAT is set and the FETATN output 

triggers the SCEIT single-shot. SCEIT is inverted to provide the 21-1sec SCEIN 

signal to the GP bus. 

2. 100 The BIECINH flip-flop is triggered by T5 90ns after SCEIT is started. 

The low BIECINHN output is fed back to the OR'ed input of the single-shot 

to prevent SCEIT from being re-triggered. On the first T5 pulse after 

PRIORITY 
ENCODER 

cu 

PRIORITY 
ENCODER 

SCEIN 

r-----
I INTERRUPT 
I LOGIC 

(SS) 

SEOUENSOR mu INST 
TIMING CONTROL 

SCAN 
LOGIC 

AP 

(PP) (NN) 

PSW/ GF 
PLR 

7 
INTERNAL I 
INTERRUPT I 
REGISTER 

.,., 
I 

I 
PRIORITY 

_, 

ENCODER I 
I 
I 
I 

SEL I MPXR 

I 

--------+------.f E COMPARE 

L ___ _ 
IECGSN 

ARF / IPL 

(RR) 

IR 

Microprogram Control 

I 
_J 

Figure 2-5 Interrupt System 

s 
9-14 

D 
9-14 

8-13 

C 
0-5 0-5 

r -, 
I 

ALU I 
I I 

M L- ...J 

Mi croprogrom 

/ 09D : INTAD-C-M 
/ OC2 : M-(ALU)-D, 

Exchange characters, 
-C-PLR 

D - shift right ... S 
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the completion of the 21-1sec SCEIT signal, BIECINH is reset, and the SCEIT 

single-shot is prepared for the next microinstruction-control led start of a scan 

signal. The high BIECINH output applied to the most-significant input of the 

comparator inhibits comparison for 21-1sec to wait for stabilization of the BIEC 

lines (propagation time plus selection of the h-ighest priority level). IR could 

be sent between T3 and TS, but is never used during status test. 

2. l O l At the receipt of SCEIN, any CU with a pending interrupt request 

examines the BIEC lines. If there 1s no higher priority request, the CU's 

priority encoder puts the interrupt code on the BIEC0-5 lines. The BIEC 

code received at the Interrupt logic is switched through the 74158 multiplexer 

to the INTAD0-5 lines if there is no internal interrupt request. 

2. l 02 Compare Interrupts 

The highest-priority interrupt request (internal or external) is available at 

the INTAD0-5 lines. If the Enable Interrupt flip-flop ENBF is set and the 

BIECINH delay is completed, the INTAD lines are compared with the 

priority of the running program (stored in the priority level register PLR). 

BIECINH and ENBFN to the two most-significant inputs of the comparator 

must both be low to enable comparison. (The comparator inputs A3 / B3 must 

compare equa I before the A2/ B2 inputs are tested, etc.; a 11 four A and B 

inputs must compare before the casccde inputs from the lower-priority 

comparator are tested.) If the interrupt request on the I NT AD I ines is of 

higher priority (lower number) than the current PLR, the A<B output is 

activated to generate Interrupt Request signal IR. 

2. 103 The IR signal is sent to the Microprogram Control logic to initiate 

the Interrupt routine (Figure 2-5) . The interrupt address on the INTAD0-5 

I ines is switched through the C and D selectors during the Interrupt routine 

to form part of the address in the S register and to reload the PLR with the 

new priority level. 
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2. l 04 SEQUENSOR (CPU CLOCK) 

The Sequensor (Figure 2-8 EE) uses a crystal-controlled oscillator to drive 

twelve shift-register cells which provide the CPU timing signals: 

• AP, Tl, T2, T3, T4, TS, T6, 

• BP, T7, T8, T9, Tl0. 

The basic CPU clock signals are AP and BP. AP represents the beginning of a 

functional cycle (or microprogram) and is used to load the microinstruction 

address and read the microinstruction from the ROM control store; CPU logic 

controls and data paths are established by the command bits of the microinstruc-

tion. At each BP pulse time, the CPU logic executes the microprogram, according 

to the conditions established at AP time, and loads the results into the 

appropriate CPU registers. 

2. l 05 Operating Modes and Cycles 

The Sequensor operated in four different modes (Figure 2-6) control led by 

microinstruction bits 1-1SEQ0, l. Within the basic modes, the Sequensor 

operates in one of six cycles. Five of the operating cycles begin with the AP 

pulse; the sixth (Repeat cycle) begins and ends with the BP pulse, skipping AP. 

For internal CPU operations (LOGIC and REPEAT modes), the cycle lengths are 

control led by control I ing the generation of AP to begin the next cycle (pulses 

T7-Tl0 are inserted or deleted after BP as required). For all GP-bus cycles 

(SEQ BUS and SEQ BIO modes) and Floating Point execution, the cycle lengths 

are controlled by controlling the. generation of T6 just before BP (pulse TS 

may be repeated as a waiting loop until a synchronizing reply signal triggers 

T 6). 

2. l 06 Internal CPU Operations (AP Generation) 

Four fixed-length Sequensor cycles are provided for the internal operations 

LOGIC mode : 

• Logic cycle (360ns) 

• 
• 

Scratchpad cycle (405ns) 

FI ag eye I e (450ns) 

• Fetch cycle (540ns) 



mu SEQ 0, 1 Mnemonic Function 

0 0 LOGIC lnternol CPU Operotions 

0 1 REPEAT Short Execution Cycle 

1 0 SEQ BUS GP-Bus Cycles 

1 1 SEQ BIO 1/ 0 Cycles with Bus not released 

osc 
--j f---45ns 

lnternol CPU Oper.:itions 

mu SEQ 0 , 1 = 00 

AP 

Tl-6 

BP 

AP 

Tl -6 

BP 

T7 

AP 

Tl-6 

BP 

T7-8 

AP 

TI -6 

BP 

T7- I 0 

Short Execution Cycle 
mu SEQ 0 , 1 = 01 

T2-6 

BP 

_J 2 3 4 s 6 ___ r 

..., 405 ns 

_J i I 2 3 4 I s I 6 r 

!71 

f-- FLAG CYCLE ►I 450 ns 

___f7 IL 
1 I • r _J 2 I 3 I 4 s I 6 I 

7 I 8 L_ 

_ ____ FE_T_C_H_ C_Y~LE (Followed by PLA) .,., 540 ns 

__f7 ____________ ____.rl__ 

__J 1 2 I 3 4 I s I 6 ... I _______ ____,r 

7 I a 9 I 10 L__ 

~1,,. ____ R_E P_E_A_T_C_Y_C_LE __ .,..-tl 2 70 ns 

2 3 4 5 6 

Bus/BIO Cycles (or Floot ing Point Execution, mu SEQ 0, 1 = Ox) 

mu SEO 0, 1 = 10/ 11 VARIABLE CYCLE I 
i--------- - - _ ___ .,.--+Variable ; min imum 360 ns if no wait ot TS 

AP 

Tl -5 

ASYNCHRONOUS "REPLY" 

T6 

BP 

1 I 2 3 I 4 I s I cs1 :- (s> T · 

6 

Figure 2-6 Sequensor Operating Cycles 

1/ 9 / 7 5 

Note : TS retriggers 

itself , even when the 
extra pulses ore not used 

All these cycles begin with Al-' and count directly through Tl, T2, T3, T4, TS, 

T6, and BP. The time between BP and the end of the next cycle (next AP) 1s 

then controlled to provide the required execution time for the operation and to 

define all Next-Address data. The cont rol is provided by a type 74151A 

multiplexer (APDN) which selects which clock pul se is to generate AP, as 

follows : 

z 
I 0 -

<( ....J u Vl 
I- ....J a::: APDN Generation w l..J.... c... 
l..J.... <( Vl 

0 z 3: 

S2 S1 so Input Function 

0 0 0 TB 
]Flag Cycle (NAFLAG) 

0 0 1 TB 
0 1 0 BP Logic Cycle (NAFLAG. WSP) 
0 1 1 T7 Scratchpad Cycle (NAFLAG. WSP) 
1 0 0 Tl0 

]Fetch Cycle (GFETCH) 
1 0 1 Tl0 
1 1 0 Tl0 
1 1 1 Tl0 

2. 107 Logic Cycle. This cycle is used for register-to-registe r operations, 

with the result stored into a register other than the scratchpad. input 13 of 

the APDN multiplexer is selected so that the AP pulse to begin the next cycle 

follows the BP pulse. 

2. 108 Scratchpad Cycle. This cycle is used for reg is ter-to-register opera-

tions with the resu lt sto red in the scratchpad. Data t ransfer from the L register 

to the scratchpad requires the extra clock pulse T7 between BP and the end of 

the cycle. 

2. 109 Flag Cycle . This cycle is used with a microinstruction that specifies 

Next-Address Flag mode. Two extra clock pulses (T7 and TB) are required to 

gate the Flag information onto the control-store address bus. 
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2. 110 Fetch Cycle. The Sequensor fetch cycle is used during an instruction 

fetch cycle, where the Next Address must be decoded by the instruction­

register PLA decoder. The timing required to decode the instruction word 

and to access the PLA needs four extra clock cycle (T7, T8, T9, Tl0) following 

BP. 

2 • 111 Short Execution Cycle (No AP) 

The Repeat cycle counts directly through T2, T3, T4, T5, T6, and BP without 

an AP or Tl clock pulse. This cycle is used for looping while the scratchpad 

CT counter counts. The microinstruction control inputs, with CTEND, hold 

REPENDI high to gate the BP pulse directly to the T2 input. REPENDI also 

disables the APDN multiplexer to inhibit the AP pulse. The current 

microinstruction does not change during the Repeat cycles since AP is inhibited. 

When the CT counter reaches its full count of 31
10

, CTEND forces REPENDI 

low and the APDN multiplexer is enabled to generate AP to begin the next 

cycle. 

2. 112 GP-Bus Cycles (T6 Generation) 

Variable-length cycles are used for all GP-Bus operations and for Floating 

Point instruction executions. All these cycles begin with AP and count 

directly through Tl, T2, T3, T4, and T5. The cycle-length parameters then 

control the generation of the T6 clock. The BP pulse and the succeeding AP 

pulse directly follow T6. The control of T6 is provided by a type 74151A 

multiplexer which selects the T6-enabling signal T6DN, as follows : 

I-
0 u ....J 

C 4: 0 
w 0 >- T6DN Generation 
V') ....J V') 
:l. LL. co 

S2 Sl so Input Function 

0 0 0 1 
Internal CPU operations (T6 follows T5) 

0 0 1 1 
0 1 0 DONEF F loatinq Point instruction execution 
0 1 1 0 

not used 
1 0 0 0 
1 0 1 SYNCT6 Bus and Bus 1/0 cycles (SEQBUS, SEQBIO) 
1 1 0 0 

not used 
1 1 1 0 
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2. 113 For the internal CPu operations, T6 directly follows T5. Sequensor 

control is provided through control of the AP pulse (preceeding paragraphs). 

The enabling One-bit is selected through the multiplexer by µSEQ0=O and the 

floating point command bit FLOACT=0. 

2. 114 The Floating Point instruction execution is an operation that requires 

the DONE F response si gna I from the F PP before the eye le can be term i noted. 

DONEF is selected directly at the 12 input of the T6DN multiplexer by 

µSEQ0=0, floating-point command bit FLOACT=l, and BSYDL=0. The FLOACT 

signal is the buffered microinstruction general-field bit GFLOT. 

µSEQ 0 I 1 

1 0 SEQ BUS 

1 1 SEQ BIO 

2. 11 5 For all GP Bus operations (SEQBUS and SEQBIO), the SYNCT6 

input to the multiplexer is selected by µSEQ0=l, BSYDL=l, and FLOACT=0. 

The µSEQ0 bit= 1 for all Bus operations. BSYDL = 1 95ns after the CPU 

takes control of the GP Bus. The Sequensor does a waiting loop on the T5 

clock until the required reply is received via the 8-input Nand gate SYNCT6. 

For Bus transfers that don 1 t require memory exchange, the reply signal is provided 

by the Microprogram Control and T6 may directly follow T5. The reply signal 

(listed in Table 2-12) must be one of the following: 

a. TRMN (SYNMEMN) must be received during a CPU/Memory exchange 

or during a CPU/ External-Register exchange. The TRMN response 

signal (from Memory or External Register) on the Bus is received and 

gated by the Bus Controller logic (Figure 2-8 TT) to the Sequensor as 

input signal SYNMEMN. 

b. TPMN delayed 190ns (TPMDLN) is received from the CU during a 

CU/ Memory exchange under CPU control (programmed-channel 

transfer). The 190ns delay of TPMN is produced by Bus Controller 

logic for assuring data timing. 

c. TIMEOUT generates T6 to end the cycle if no response is received 

to one of the Master-to-Slave signals TMRN, TMPN, TMEN within 



6.48 µsec. This may indicate that the addressed Memory, Programmed 

Channel, or External Register is not present. 

d. BIOEKEY gates T6 without extra TS waiting loops during a control­

panel to CPU transfer. BIOEKEY is generated on the Bus Controller 

logic (Figure 2- 8 TT) by the microinstruction general-field bits 

GCRFNUN and GBOKFN, and gated into the Sequensor by GIDLEN. 

e. GFETCHN general-field bit gates T6 without extra TS waiting loops 

during instruction {K) register loading from the L register, via the 

Bus BIO lines. GFETCHN is gated by microinstruction control bit 

µ T MRN to generate SYN I MN to the T 6 input gate. 

f. DONE MN is received from the MMU during an MMU / Memory 

exchange which is always under CPU control. 

g. DONEFN is received from the FPP during an FPP/ Memory exchange 

which is always under CPU control. 

h. MFAULTN, delayed 120ns, from the MMU indicates a page fault 

(PAFN) during a Move Table inst ruction. The MFAULTN signal sets 

the PAF flip-flop in the control-store addressing logic (Figure 2- 8 CC). 

The PAFN signal is delayed l20ns at the Sequensor input (SYNCT6) 

for control-store address timing. 

i. BOFFN from the general-field bits GCRFNUN and GBOFN (Bus 

Controller logic) gates T6 without extra TS waiting loops when FPP 

dat:i is loaded, via the Bus BIO lines, into the CPU during a Fix 

i nstruc ti on. 

2. 116 POWER FAILURE, RESTART, RESETS 

The power-on and power-off sequences are shown on Figure 2-7. The logic is 

shown on Figure 2-8 RR, Start/ Resets. While power is off, the Reset Logic 

(RSLN) signal is held at ground {active low) through a relay on the power 

supply. 

2. 117 Power-On Sequence 

When the power supply is switched on, or when the mains power is restored after 

a failure, there is approximately an 850ms delay while the power supply 

stabilizes (Section 5, Power Sequence Logic) before RSLN goes inactive (high). 

I-

0 u 
a <( 

w 0 
Vl ....J 

:::l. LL.. 

S2 S l 

0 0 

0 l 

l 0 

Table 2-12 Sequensor T6 Generation 

....J 

0 
>-
Vl 
co 

so Cycle (text) Synchronize T6 on : 

X Internal CPU TS 
operations 

0 Internal, Floating DONEFN from FPP 
Point execution 

GP Bus transfers with Memory exchange 
l 

CPU / Memory (a) TRMN (SYN ME MN) from memory 

C PU / Externa I (a) TRMN (SYNMEMN) from memory 
Register 

Programmed C hanne I TPMN from CU, delayed 190ns 
CU/ Memory (b) 

Addressed Device TIMEOUT, generated 6.48µsec 
Missing (c) after T MRN / T MPN / T MEN sent. 

MMU / Memory (f) DONEMN from MMU * 

F PP / Memory (g) DONEFN from FPP * 

Page Fault (h) MFAULTN from MMU (PAFN), * 
de I ayed 1 20ns. 

GP Bus transfers without Memory exchange 

Control Panel (d) T5, if GBOKFN / GCRFNUN 
(BIOEKEY), and GIDLEN 

Fetch execution (e) TS, if GFETCHN and µTMRN. 

Load from FPP (i) TS, if GBOFN (BOFFN) and 
(Fix execution) GCRFNUN * 

any (a-i) TIMEOUT, if required reply not 
received within 6.48 µsec 

* Note - Signals (f,g,h,i) used with 857 only. 
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When RSLN goes high, the OSCN pulse immediately resets RSLF to remo ve the 

logic reset condition. The inactive RSLAN / BN / CN signals to the Sequensor 

enable clock-pulses Tl, T3, T5, T6, AP, BP, and the clock begins running. 

2. 11 8 Automatic Restart 

A!.!tomatic restart is performed by the CPU if the control-panel key is at LOCK 

when the power comes on, therefore the key must be switched to LOCK when 

switching on or following a power failure while the key is not at LOCK. If 

the key is at LOCK when the +5 volts comes on to operate the flip-flops (and 

before RSLN, RSLF drop), PFF is set at the beginning of the power-on 

sequence (paragraph 2.93, PSW/ GF, PFF). Beginning with the first AP, the 

internal interrupt request PFF is sampled by the Interrupt Logic. A level-0 

(highest priority) Interrupt Request (IR) is then generated and the any-internal­

interrupt signal IECGSN is active to the ARF flip-flop. The Power Failure 

(PWFN) signal from the power supply goes inactive (high) 0.5ms after RSLN 

goes inactive. 

2. 119 With the key at LOCK, the IECGSN signal sets Automatic Restart 

flip-flop ARF at the edge of the high-going PWFN signal. The ARFN output 

sets the STARTF flip-flop directly, via the asynchronous S-input. The RUNF 

flip-flop (2-8 PP) is set on the first Tl clock after STARTF is set. At the 

first AP after RUNF sets, the first microinstruction of the Automatic Restart 

routine (Figure 1-13) is read, and the CPU switches from Idle state to Run 

state. The second microinstruction of the Automatic Restart routine resets 

ARF with the GFENBN signal. The PFF flip-flop should be reset during the 

automatic restart subroutine by an RIT instruction. 

2. 120 Power-Off Sequence 

The Power Failure (PWFN) signal is set by the power supply l Oms after 

detection of a mains loss, caused by power failure or by the key switched OFF. 

PWFN is sent via the GP Bus to the CPU and to any other elements on the 

Bus that must take action during power failure. The leading edge of PWF sets 

the PFF (GF/interrupt) flip-flop. This level-0 internal interrupt is detected 

by the Interrupt Logic at the first AP clock following the start of PWFN. The 

resulting Interrupt Request (IR) can initiate an interrupt subroutine for a power 

failure. 

2. 121 PWFN to the Bus Controller logic inhibi t s setting the OKVAL flip-

flop. The Bus Controller thus denies requests by any other Master for Bus access, 

and the CPU has exclusive control of the Bus. The power failure subroutine 

requested by IR and PFF should commence with the second AP clock following 

PW FN. The subroutine should then reset PFF with an RIT instruction and reset 

RUNF with an HLT instruction. This saving subroutine must not last more than 

2ms, and must end with a HLT instruction. The HLT instruction selects 

Microprogram Control address / 177 to place the CPU in the Idle state. The 

Reset signal (RSLN) from the power supply is activated 3ms after PWFN. 

2. 122 Resets 

The CPU logic is reset at the end of the power-off sequence by the RSLN signal 

from the power supply. RSLN is held active low while power is off. The first 

OSCN pulse after RSLN is active sets the RSLF flip-flop. RSLF activates RS LAN, 

RSLBN, RSLCN, and WSPRSLI, and resets the flip-flops STARTF, WSP, and 

RUNF. The RSLF-derived signals set or reset the CPU registers and flip-flops 

to their off states (Table 2-13) and hold them in that condition until the power-on 

sequence. The RSLN signal also activates the Master Clear signals CLEARN 

(to the Bus), MCL, and MCLN. · Sequensor clock pulses are disabled by RSLF 

so that the CPU clock is stopped, although the oscil later-generated signal OSC 

runs continuously. 

2. 123 Master CI ear 

The Master Cle::ir signal CPMCN can be generated by the control-panel MC 

switch if the key is no!_ at LOCK and if the CPU is not in Run mode. The CPMCN 

signal (Figure 2-8RR) is OR'ed with the RSLF output to activate the signals 

CLEARN, MCL, and MCLN. CLEARN is sent on the GP Bus as a reset/ initialize 

signal to all System elements . MCL is sent to the V24 CU on the CPU card. 

MCLN is used by the CPU (Table 2-13) to set the priority level register (PLR) to 
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Tab I e 2 -1 3 Resets and C I ears 

Logic-Resets, by RSLN / RSLF only 

Logic Sig. Action Logic Sig. Action 

(RR) RS LF RSLAN,BN,CN-1 (J J) RSLCN Q-reg - 0 
STARTF - 0 
WSPRSLI - 0 (LL) RSLBN DWIF - l 

WSPRSLI WSP - 0 
RS LAN ARFN - 0 (NN) RSLBN OVF -o 

I PLF - 0 CR0,l-0 

(AA) RSLBN K-re_g-0 (PP) RSLF RUNF - 0 
RS LAN KxxBUFN - 0 (S S) RS LAN BIECINH - 0 

(BB) RSLBN RA0-8 - 0 IF00-07 - 0 

(CC) RS LAN FT DEL - 0 (TT) RS LAN BUSF - 0 
KRY -o DE- 0 

RSLBN PUPN - 0 FNU - 0 (DD) 

FSIG - 0 TMEF - l (DD) RSLBN 
TMPF - l FSIGDIV -o 
WRITFN - 0 

(EE) RSLBN Tl,T3,T5-0 RSLBN BIOELN - 1 
TC810 - 0 BSYCPU - 0 

CHFN - 1 
RS LAN AP- 0 FLOACT - 0 

BP -o GBCPFN - 1 
T6 - 0 MADCPUN - 1 

RSLCN BPQ - 0 MADLCPUN - 1 
MUBUSRFN - l 
OKVAL-0 
TMFN - l 
TMMN - l 
TMMU - 0 
TMRF - 0 

(PP) RSLF.PWF . LOCK set interrupt flip-flop PFF 

Resets by Master CI ear or RS LN / RS LF 

(RR) CPMCN MCL -1 
or 

RS LAN 
MCL CLEARN - l 

MCLN - l 
V24 resets 

(NN) MCLN PLR - level 63 
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Logic s i g. Action 

(PP) MCLN ENBF - l 
CPINTF-0 
RTCF - 0 
PIF - 0 
FU - 0 
CPGFZ0N -1 

CPGFZON CPGF - 0 
V24 resets 

level 63 and set the Enable Interrupt flip-flop ENBF. The GF flip-flops CPINTF, 

RTCF, PIF, and RU are all reset, and the control panel interrupt flip-flop 

CPGF is reset. 



Table 2-14 CPU Signal LIST (A-C) Table 2-14 CPU Signal LIST (C-G) 

0ALU!:_,!3___,N GG BIO00AN-15AN KK 
0ALURA NN BIO00R-15R KK 

CPINT,A pp ,n ECHO, N V24 
CPINTF,N pp ECHOZl N V24 - --

Bl OE KEY TT CP iNT4N pp ENBF,N pp 
.A.00N-15N LL, MM A-Bus BIOELN TT CPINZl N pp ENBFZlN pp 
A00AN NN BIOL TT CPLR LL ETA TEST cc 
ABN AA BIEC0-5 ss input(ext . Int) CPMCN RR in from C. Pane I 
AC,N NN BUS(in) BI EC0R-5R ss CPRR LL F0-1,N V24 
ACAN V24 BIECINH,N ss C R0-1 NN F0Zl N V24 
ACBN NN BP, N EE CROON NN Fl Z0N V24 
AC HAL TN V24 BPLN HH CRl DN NN FACINR,N V24 
ACINR,N V24 BPP EE CR0XK6 AA FE, N V24 
ACOTRN V24 BPQ, N EE CR l X K7 AA FECHO V24 
ACSOT,N V24 BPS KK CT0-4 MM FETATDN,EN ss 
ACS ST, N V24 BRC AA CTl0l,102 V24 grounds FETA TN -- ss 

- - -
ACSTARTN V24 BRGF,N V24 CT l 06, 7, 9 V24 FETCH BB ---
AECONSTN LL BSYCPU, N, AN TT CT l 082 V24 in for DN OTOP FHALT,N V24 
AE I PLN LL BSYDL TT CT 133 V24 in for DREADYN FHALTZ0N,ZlN V24 
AENBN LL BSYN,R TT BUS(in/ out) CT l 03, N V24 ,n FLAG DIV- - - DD 
AEPN LL BSYZ0N-lN TT CT104, N V24 FLAGN DD 

-----
AEPSWN LL BUSF,N,AN TT CT0DN MM FLOACT TT 
AESYSN LL BUSFDEL,N TT CT0Z l N MM FLOCR0-l NN ,n 
ALU00 FF BUSFREN TT CTlCO MM FNU,N,D DD 
ALU00N-15N GG BUSR, N TT BUS (in) CTBUFlN-4N MM FPPABS AA infromFPP ----
A LUC 004, OB~ 12, l c GG BUSRDEL TT CTEND MM FSIG,N DD 

-- -- -- -
AEPUPN LL BUSRPFIN TT CVN AA FSIGDVD DD 
ALUCG00N ,04N, CVKCR AA FTBOF EE ---

08 N, l 2 N GG C00N-15N JJ FTDEL,N BB,LL 
A LUC POON, 04N- CHA TT BUS D00-15 HH FTDERU pp 

---
08N, 12N GG CHFN TT D00N-l5N HH FTE0CN V24 --------

ALUS0-3 GG CHIPER,D V24 D00DN FF FU pp User mode 
ALUS0A-3A GG CHPERZ0N V24 DE, N TT FU l 5 R2 I'~ DD 
ALUS0N-3N FF C LEARN RR BUS DEBSYN TT FUZ0N-ZJ_N_ pp 
AP,N,DN EE CLEFTZ0 JJ --- DEZ0N TT GAEXL,N BB CMD/ G 
AREDELA,N V24 CLF0N V24 DEZlBPN TT GB0FN BB CMD/ G 
AREDELBN V24 CLG pp DESlT2N TT GB0KN BB CMD/ G 
ARERCA,CB V24 CL K AA DIVFLAG FF GB0MN BB CMD/ G --
ARF,N,D RR CLMN GG DNOTOP V24 CT1082 input GBCHN BB CMD / G 
ARFZ0N RR C LPLR BB CMD / G DONEF,N EE in from FPP GB C PFN TT 
ASR0-7 V24 C LTE0C V24 DONE MN EE in from MMU GBCPN BB CMD/ G 

CLV24 V24 DREADYN V24 CTl 33 input GBEX, N BB CMD / G 
BOFFN JJ COMVAL V24 DS0-l FF GBTMEN BB CMD/ G 
BOKFN JJ C PBABS LL in from C. Pane DS0N-lN FF GBTMFN BB CMD/ G --- --
BOKIDLN EE CPBRG pp DWIF, Z0N LL GBTMMN BB CMD/ G 
BOMFN JJ CPGFN pp DWIN AA GBTMPN BB CMD/ G 
BIO00N-l5N KK BUS(in/ out) CPGFZ0N pp 

--- - I 
GCRDSR, N BB,FF CMD/ G 
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Table 2-14 CPU Signal LIST (G-M) Table 2-14 CPU Signal LIST (M-R) 

GCRFNU,N BB, DD CMD/ G K00-15, N AA 1-1C0N JJ OSC,N EE 
GCRVMLN BB CMD / G K0008 AA 1-1CR0-~ BB CMD OSC90, N EE 
GCRVZ0, N BB, DD CMD/ G K05-08BUFN AA 1-1CT BB CMD OSCFLO EE 
GCSELN BB CMD / G K08Q 15 FF 1-1GP0-4 BB CMD to CMD/ G OT I NECH V24 
GCT MM Kl0R2E0 AA 1-1GPl N BB CMD to CMD / G OTRECH N V24 
GCTLDN BB CMD/ G Kl0R2N AA 1-1MLOAD BB CMD OUT V24 In/Out FF 
GFENBN BB CMD/ G K4l ON AA 1-1MSEL BB CMD OVDIVA,B NN 
GFETCH,N BB CMD / G K4l 5N AA 1-1NA0N-8N BB CMD OVF,N,D NN 
GFKYZ0N BB CMD/ G K567 AA 1-1NA7 AA OVFMU, N NN 
GFLOT,N BB CMD / G KFL0 AA MUl'~A7rUN AA OVSHA, B NN 
GFPLRN BB CMD / G KRY,N,DN cc 1-1 PO-_! BB CMD 

to C LPR KRYZ0N-ZlN cc 1-1P0N LL P00-14 LL 
---- ---

GFRZ0, N BB CMD / G 1-100-1 BB CMD PAFDELN EE 
GFST0V,N BB CMD/ G L00-15 HH 
GFSYSN BB CMD / G LOADMN CC, LL in from C. 

1-1 S0-l BB CMD PAFN,Z0N cc 
1-1s5FT KK PARl'fB-- V24 

GIDLEN BB CMD/ G Panel 1-1 S E Q Q_.:_!_ BB CMD PCO03,07,llN LL 
CMOVEN BB CMD/ G LOAD RN CC, LL in from C. 1-1SEQ 1 N BB CMD PE,PEB V24 
CMULTl,N BB,FF CMD/ G Panel 1-1SNA0-l,N BB CMD PFF, N pp 

GOSH DD LSEL FF 1-1TMRN BB CMD PFFZ0N, ZlN pp 

GOTOECH V24 1-1WRITE BB CMD PIF~ -- pp 

GOTOWST V24 M00N-15N GG MVREADN cc PIFZlN pp 
MAD00-15, MVRML cc PLOADN LL 

I EC0-2, N ss 64~ f28 KK 
- - - - -

PLA0-1, ON AA 
IECE ss MADCPB TT NACND AA PLAVALl AA 
IECGSN ss MA DC PUN TT NACNDAD AA PLAVALN AA 
IF00N-07N ss MADLCPUN TT NADRT cc PLR0-5 NN 
IN V24 MADLDN TT NADRTMV cc PMl-- LL 
IN RECH V24 MAD LS TT - NAETAN BB CMD 1-1SNA0. l POVFN FF 
INSTN -- not used MADMMU,N,A TT NAETAT cc POWON pp 

(C. Pan) MADMUN TT NAEXPL cc PREQN pp in from C. P. 
INTAD0-5 ss Interrupt MADS TT NAFLAGN cc PREQTl pp 

-
address MCL, N RR NAFLG cc PUPN,D cc 

I NTEPL ss MFAULTN cc in fromMMU NAFLGX cc PWF, N TT in from P. 
INTGPL ss MMUABS TT in from MMU NAPLINH cc Supply 
INT LPL ss MOVE cc NOFLON AA PWFAN pp 
I NTSERN V24 MOVIRN cc NOJUMPN AA 
INTVAL V24 MSN TT BUS (in) NOVF FF Q00 JJ 
I PL, N RR in from MSR TT 

C. Panel 1-1A0-4 BB CMD 
t--J XTCH IN V24 Q00N-16N JJ 
NXTCH0 V24 Q15DN- JJ 

I PLDE L RR 1-1A0N-4N LL 
I PLF, N RR 1-1Al N RR OD EV PAR V24 R 1 E0, N AA 
IR, N ss 1-1ADL0-4 BB CMD 
IS00N-07N ss in (Intern. 1-1BIOL,N BB,TT CMD 

OKO TT BUS R1El5 AA 
OKVAL TT R2E0, N AA 

Int 's) 1-1BUSR, N BB,TT OR, ORB V24 R2E15 AA 
1-1BUSRFN TT CMD ORO PE V24 Rl 10, N V24 
1-1C0-l BB CMD 
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Table 2-14 CPU Signal LIST (R-T) Table 2-14 CPU Sir:1nal LIST (T-W) 

R600,1200 V24 SCEIN ss BUS TMRR, N TT 
R2400,4800 V24 SCEIT ss TOUTZ0N TT 
R9600 V24 SEQINH V24 TPMDLN TT 
RA0-8 BB SLOADN KK TPMN TT BUS (in/out) 
RAD0-8 AA,CC Control SPA0-3 MM TPMR TT -

Addr-Bus SPYC,A TT BUS TPMRDEL TT 
RADET6N-T8N cc SPYCOKN TT TRMN TT BUS (in/out) 
RADETPLN cc SPYCADEL TT TRMR TT 
RADL3-4 FF SSST V24 TROHLTN V24 
RA LUA 1 N-2N FF STAFCL,A RR TROUBLEN V24 
RATESEL V24 STAFZ0N RR TYAC V24 
RCP0N-3N LL in from START,N RR in from TYAD0-5 V24 address code 

C. Panel C. Panel T YARE, N V24 
RD08-15 V24 ST ARTF RR 
RDA,N,1 V24 STOPNB V24 UNLOCK,N pp in from 
RDADEL.,-N V24 STOV GG C. Panel 
RDARC V24 SYNCT6 EE 
RDARN V24 SYNIMN EE VALK08N V24 
READ MN CC, LL in from SYN ME MN TT VALNA0 cc 

C. Panel 
READRN CC, LL in from T 1 -1 0 EE WRITE TT BUS 

C. Panel Tl ,3,5,6,8N EE WRITEFN TT 
READSTN CC, LL in from T2,5D- - - EE WSP, N RR 

C. Panel T2DREPN EE WSPRSLI RR 
RE PENDi EE T4T5N EE 
RFBN AA T6DN, DEN EE 
ROMCRl-8 NN TC810~ EE 
ROMCREN NN TDSN V24 
ROME NB BB TE0C V24 
RS LAN, BN, CN RR TES TN cc in from 
RSL,N -- RR BUS (in C.Panel 

from P. S.) TIMEOUT,N TT 
RS LF RR TMEF TT 
RTCF ,AN pp TMEN TT BUS (in/out) 
RTCFZ 1 N pp in from TMER,N TT 

P. Sup. TMF, N TT 
RUNF,N,A pp TMMOFN TT 
RUNFZ0N,ZlN pp TMMCY TT ----
RUNN pp in from TMMN TT 

C. Panel TMMU, D TT 
RUNT3 RR TMPF TT 

TMPN TT BUS (in/out) 
S00-03 KK T MPR, N TT 
S00N-15N KK TMR,N TT BUS (in/ out) 
SCO03,07 ~N KK TMRF, D TT 
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OCT Binary OCT 

-
0 0 0 0 0 0 0 0 0 0 0 0 0 6 4 0 4 0 

0 0 1 000000001 0 4 1 
0 0 2 000000010 0 4 2 
0 0 3 000000011 0 4 3 
0 0 4 000000100 0 4 4 
0 0 5 0 0 0 0 0 0 1 0 1 0 4 5 
0 0 6 000000110 7 0 0 4 6 
0 0 7 000000111 0 4 7 
0 0 8 0 0 0 0 0 1 0 0 0 0 4 8 
0 0 9 000001001 0 4 9 

0 OOA 0 0 0 0 0 1 0 1 0 04A 
0 0 B 000001011 0 4 B 
0 0 C 0 0 0 0 0 1 1 0 0 0 4 C 
0 0 D 0 0 0 0 0 1 1 0 1 0 4 D 
0 0 E 0 0 0 0 0 1 1 1 0 0 4 E 
0 0 F 0 0 0 0 0 1 1 1 1 0 4 F 
0 1 0 000010000 80 0 .'i 0 
0 1 1 000010001 0 5 1 
0 1 2 0 0 0 0 1 0 0 1 0 0 5 2 
0 1 3 000010011 0 5 3 

2 ,'.) 0 1 4 0 0 0 0 1 0 1 0 0 0 5 4 
0 1 5 0 0 0 0 1 0 1 0 1 0 5 5 
0 1 6 0 0 0 0 1 0 1 1 0 0 5 6 
0 1 7 000010111 0 5 7 
0 1 8 000011000 0 5 8 
0 1 9 000011001 0 5 9 
01A 0 0 0 0 1 1 0 1 0 9 0 0 5 A 
0 1 B 000011011 0 5 B 
OlC 0 0 0 0 1 1 1 0 0 osc 
010 000011101 0 5 D 

3 0 0 1 E 000011110 0 5 E 
0 1 F 0 0 0 0 1 1 1 1 1 0 5 F 
0 2 0 0 0 0 1 0 0 0 0 0 0 6 0 
0 2 1 0 0 0 1 0 0 0 0 1 0 6 1 
0 2 2 0 0 0 1 0 0 0 1 0 0 6 2 
0 2 3 0 0 0 1 0 0 0 1 1 Q 6 3 
0 2 4 000100100 10 C 0 6 4 
0 2 5 0 0 0 1 0 0 1 0 1 0 6 5 
0 2 6 000100110 0 6 6 
0 2 7 000100111 0 6 7 

4 .o 0 2 8 0 0 0 1 0 1 0 0 0 0 6 8 
0 2 9 000101001 0 6 9 
02A 0 0 0 1 0 1 0 1 0 06A 
0 2 B O O O 1 0 1 0 1 I 0 6 B 
0 2 C 0 0 0 1 0 1 1 0 0 0 6 C 
0 2 D 000101101 0 6 D 
0 2 E 000101110 0 0 6 E 
0 2 F 0 0 0 1 0 1 1 1 1 0 6 F 
0 3 0 0 0 0 1 1 0 0 0 0 0 7 0 
0 3 1 000110001 0 7 1 

5 0 0 3 2 000110001 0 7 2 
0 3 3 000110011 0 7 3 
0 3 4 000110100 0 7 4 
0 3 5 000110101 0 7 5 
0 3 6 000110110 0 7 6 
0 3 7 0 0 0 1 1 0 1 1 1 0 7 7 
0 3 8 0 0 0 1 1 1 0 0 1 12 0 0 7 8 
0 3 9 0001 1 1 0 0 1 0 7 9 
03A 0 0 0 1 1 1 0 1 1 07A 
0 3 B 0 0 0 1 1 1 0 1 1 0 7 B 

60 0 3 C 0 0 0 1 1 1 1 0 0 0 7 C 
030 0001 1 1 1 0 1 070 
0 3 E 0001 1 1 1 1 0 0 7 E 
0 3 F 0 0 0 1 1 1 1 1 1 0 7 F 

2-54 

Binary 

001000000 
001000001 
001000010 
001000011 
001000100 
0 0 1 0 0 0 1 0 1 
0 0 1 0 0 0 1 1 0 
001000111 
001001000 
0 0 1 0 0 1 0 0 1 
0 0 1 0 0 1 0 1 0 
0 0 1 0 0 1 0 1 1 
001001100 
0 0 1 0 0 1 1 0 1 
0 0 1 0 0 1 1 1 0 
0 0 1 0 0 1 1 1 1 
001010000 
0 0 1 0 1 0 0 0 1 
0 0 1 0 1 0 0 1 0 
001010011 
001010100 
0 0 1 0 1 0 1 0 1 
001010110 
0 0 1 0 1 0 1 1 1 
0 0 1 0 1 1 0 0 0 
001011001 
0 0 1 0 1 1 0 1 0 
0 0 1 0 1 1 0 1 1 
0 0 1 0 1 1 1 0 0 
0 0 1 0 1 1 1 0 1 
0 0 1 0 1 1 1 1 0 
0 0 1 0 1 1 1 1 1 
001100000 
0 0 1 1 0 0 0 0 1 
001100010 
001100011 
001100100 
001100101 
001100110 
0 0 1 1 0 0 1 1 1 
001101000 
001101001 
001101010 
0 0 1 1 0 1 0 1 1 
001101100 
0 0 1 1 0 1 1 0 1 
0 0 1 1 0 1 1 1 0 
0 0 1 1 0 1 1 1 1 
001110000 
001110001 
0 0 1 1 1 0 0 1 0 
0 0 1 1 1 0 0 1 1 
0 0 1 1 1 0 1 0 0 
0 0 1 1 1 0 1 0 1 
0 0 1 1 1 0 1 1 0 
0 0 1 1 1 0 1 1 1 
0 0 1 1 1 1 0 0 0 
0 0 1 1 1 1 0 0 1 
0 0 1 1 1 1 0 1 0 
0 0 1 1 1 1 0 1 1 
0 0 1 1 1 1 1 0 0 
0 0 1 1 1 1 1 0 1 
0 0 1 1 1 1 1 1 0 
0 0 1 1 1 1 1 1 1 

12 

13 

8 

0 

14 0 

15 0 

iO 16 

17 0 

18 0 

19 0 

OCT Binary 

0 8 0 010000000 19 2 
0 8 1 010000001 
0 8 2 010000010 
0 8 3 0 1 0 0 0 0 0 1 1 
0 8 4 ·o 1 o o o o 1 o o 
0 8 5 0 1 0 0 0 0 1 0 1 
0 8 6 0 1 0 0 0 0 1 1 0 
0 8 7 010000111 
0 8 8 010001000 20 0 
0 8 9 0 1 0 0 0 1 0 0 1 
OBA 0 1 0 0 0 1 0 1 0 
0 8 B 0 1 0 0 0 1 0 1 1 
oac 010001100 
0 8 D 0 1 0 0 0 1 1 0 1 
0 8 E 0 1 0 0 0 1 1 1 0 
0 8 F 0 1 0 0 0 1 1 1 1 
0 9 0 010010000 
0 9 1 0 1 0 0 1 0 0 0 1 
0 9 2 0 1 0 0 1 0 0 1 0 21 0 
0 9 3 010010011 
0 9 4 0 1 0 0 1 0 1 0 0 
0 9 5 0 1 0 0 1 0 1 0 1 
0 9 6 010010110 
097 0 1 0 0 1 0 1 1 1 
098 0 1 0 0 1 1 0 0 0 
0 9 9 0 1 0 0 1 1 0 0 1 
09A 010011010 
0 9 B 0 1 0 0 1 1 0 1 1 
09C 010011100 22 0 
090 0 1 0 0 1 1 1 0 1 
0 9 E 0 1 0 0 1 1 1 1 0 
0 9 F 0 1 0 0 1 1 1 1 1 
0 A 0 010100000 
OAl 0 1 0 1 0 0 0 0 1 
0 A 2 0 1 0 1 0 0 0 1 0 
OA3 0 1 0 1 0 0 0 1 1 
OA4 0 1 0 1 0 0 1 0 0 
OAS 0 1 0 1 0 0 1 0 1 
0 A 6 0 1 0 1 0 0 1 1 0 23 C 
0A7 0 1 0 1 0 0 1 1 1 
OAS 0 1 0 1 0 1 0 0 0 
0 A 9 0 1 0 1 0 1 0 0 1 
OAA 01010101 0 
0 A B 0 1 0 1 0 1 0 1 1 
OAC 0 1 0 1 0 1 1 0 0 
0 AD 0 1 0 1 0 1 1 0 1 
OAE 0 1 0 1 0 1 1 1 0 
0 A F 0 1 0 1 0 1 1 1 1 
0 B 0 0 1 0 1 1 0 0 0 0 24 0 
0 B 1 010110001 
0 B 2 010110010 
0 B 3 0 1 0 1 1 0 0 1 1 
0 B 4 010110100 
0 B 5 0 1 0 1 1 0 1 0 1 
0 B 6 0 1 0 1 1 0 1 1 0 
0 B 7 0 1 0 1 1 0 1 1 1 
0 B 8 0 1 0 1 1 1 0 0 0 
0 B 9 0 1 0 1 1 1 0 0 1 
OBA 0 1 0 1 1 1 0 1 0 25 ic 
0 B B 0 1 0 1 1 1 0 1 1 
OBC 0 1 0 1 1 1 1 0 0 
0 B D 0 1 0 1 1 1 1 0 1 
0 BE 0 1 0 1 1 1 1 1 0 
0 B F 0 1 0 1 1 1 1 1 1 

Table 2-15 Microinstruction Address Code 

OCT Binary OCT Binary 

0 C 0 0 1 1 000000 25 6 1 0 0 1 00000000 
0 C 1 0 1 1 0 0 0 0 0 1 1 0 1 100000001 
0 C 2 0 1 1 0 0 0 0 1 0 1 0 2 100000010 
0 C 3 0 1 1 0 0 0 0 1 1 1 0 3 100000011 
0 C 4 0 1 1000100 260 1 0 4 100000100 
0 C 5 0 1 1 0 0 0 1 0 1 1 0 5 1 0 0 0 0 0 1 0 1 
0 C 6 0 1 1 0 0 0 1 1 0 1 0 6 1 0 0 0 0 0 1 1 0 
0 C 7 0 1 1 0 0 0 1 1 1 1 0 7 1 0 0 0 0 0 1 1 1 
0 C 8 0 1 1 0 0 1 0 0 0 1 0 8 100001000 
OC9 0 1 1 0 0 1 0 0 1 1 0 9 1 0 0 0 0 1 0 0 1 
OCA 0 1 1 0 0 1 0 1 0 IOA 1 0 0 0 0 1 0 1 0 
0 C B 0 1 1 0 0 1 0 1 0 1 0 B 1 0 0 0 0 1 0 1 1 
0 CC 0 1 1 0 0 1 1 0 0 IOC 1 0 0 0 0 1 1 010 
0 CD 0 1 1 0 0 1 1 0 1 1 0 D 100001101 
0 C E 0 1 1 0 0 1 1 1 0 27 0 1 0 E 100001110 
0 C F 0 1 1 0 0 1 1 1 1 1 0 F 1 0 0 0 0 1 1 1 1 
0 D 0 0 1 1 0 1 0 0 0 0 'l 1 0 100010000 
0 D 1 0 1 1 0 1 0 0 0 1 1 1 1 1 0 0 0 1 0 0 0 1 
0 D 2 0 1 1 0 1 0 0 1 1 1 1 2 1 0 0 0 1 0 0 1 0 
0 D 3 0 1 1 0 1 0 0 1 1 1 1 3 100010011 
0 D 4 0 1 1 0 1 0 1 0 0 1 1 4 1 0 0 0 1 0 1 0 0 
0 D 5 0 1 1 0 1 0 1 0 1 1 1 5 1 0 0 0 1 0 1 0 1 
0 D 6 0 1 1 0 1 0 1 1 0 1 1 6 1 0 0 0 1 0 1 1 0 
0 D 7 0 1 1 0 1 0 1 1 1 1 1 7 1 0 0 0 1 0 1 1 1 
008 0 1 1 0 1 1 0 0 0 28 0 1 1 8 1 0 CllO 1 1 0 0 0 
0 D 9 0 1 1 0 1 1 0 0 1 1 1 9 100011001 
ODA 0 1 1 0 1 1 0 1 0 1 IA 100011010 
0 D B 0 1 1 0 1 1 0 1 1 1 1 B 1 0 0 0 1 1 0 1 1 
0 DC 0 1 1 0 1 1 1 0 0 1 IC 100011100 
0 DD 0 1 1 0 1 1 1 0 1 1 10 1 0 0 0 1 1 1 0 1 
0 D E 0 1 1 0 1 1 1 1 0 1 1 E 1 0 0 0 1 1 1 1 0 
0 D F 0 1 1 0 1 1 1 1 1 1 1 F 1 0 0 0 1 1 1 1 1 
0 E 0 0 1 1100000 1 2 0 100100000 
0 E 1 0 1 1 1 0 0 0 0 1 1 2 1 1 0 0 1 0 0 0 0 1 
0 E 2 0 1 1 1 0 0 0 1 0 29 0 1 2 2 1 0 0 1 0 0 0 1 0 
0 E 3 0 1 1 1 0 0 0 1 1 1 2 3 1 0 0 1 0 0 0 1 1 
0 E 4 0 1 1 1 0 0 1 0 0 1 2 4 1 0 0 1 0 0 1 0 0 
0 E 5 0 1 1 1 0 0 1 0 1 1 2 5 1 0 0 1 0 0 1 0 1 
0 E 6 0 1 1 1 0 0 1 1 0 1 2 6 100100110 
0 E 7 0 1 1 1 0 0 1 1 1 1 2 7 1 0 0 1 0 0 1 1 1 
0 E 8 0 1 1 1 0 1 0 0 0 1 2 8 1 0 0 1 0 1 0 0 0 
0 E 9 0 1 1 1 0 1 0 0 1 1 2 9 1 0 0 1 0 1 0 0 1 
0 EA 0 1 1 1 0 1 0 1 0 12A 1 0 0 1 0 1 0 1 0 
0 E B 0 1 1 1 0 1 0 1 1 1 2 B 1 0 0 1 0 1 0 1 1 
0 E C 0 1 1 1 0 1 1 0 0 10 30 1 2 C 1 0 0 1 0 1 1 0 0 
0 E D 0 1 1 1 0 1 1 0 1 1 2 D 1 0 0 1 0 1 1 0 1 
0 E E 0 1 1 1 0 1 1 1 0 1 2 E 1 0 0 1 0 1 1 1 0 
0 E F 0 1 1 1 0 1 1 1 1 1 2 F l O O 1 0 1 1 1 1 
0 F 0 0 1 1 1 1 0 0 0 0 1 3 0 100110000 
0 F 1 0 1 1 1 1 0 0 0 1 1 3 1 100110001 
0 F 2 0 1 1 1 1 0 0 1 0 1 3 2 100110010 
0 F 3 0 1 1 1 1 0 0 1 1 1 3 3 1 0 0 1 1 0 0 1 1 
0 F 4 0 1 1 1 1 0 1 0 0 1 3 4 1 0 0 1 1 0 1 0 0 
0 F 5 0 1 1 1 1 0 1 0 1 1 3 5 1 0 0 1 1 0 1 0 1 
0 F 6 0 1 1 1 1 0 1 1 0 3 10 1 3 6 1 0 0 1 1 0 1 1 0 
0 F 7 0 1 1 1 1 0 1 1 1 1 3 7 1 0 0 1 1 0 1 1 1 
0 F 8 0 1 1 1 1 1 0 0 0 1 3 8 1 0 0 1 1 1 0 0 0 
0 F 9 0 1 1 1 1 1 0 0 1 1 3 9 1 0 0 1 1 1 0 0 1 
0 FA 0 1 1 1 1 1 0 1 0 1. 3 A 1 0 0 1 1 1 0 1 0 
0 F B 0 1 1 1 1 1 0 1 1 1 3 B 1 0 0 1 1 1 0 1 1 
0 F C 0 1 1 1 1 1 1 0 0 1 3 C 1 0 0 1 1 1 1 0 0 
0 F D 0 1 1 1 1 1 1 0 1 1 3 D 1 0 0 1 1 1 1 0 1 
0 F E 0 1 1 1 1 1 1 1 0 1 3 E 1 0 0 1 1 1 1 1 0 
0 F F 0 1 1 1 1 1 1 1 1 1 3 F 1 0 0 1 1 1 1 1 1 

OCT Binary OCT 

32 0 1 4 0 101000000 3 84 1 8 0 
1 4 1 1 0 1 0 0 0 0 0 1 1 8 1 
1 4 2 101000010 1 8 2 
1 4 3 1 0 1 0 0 0 0 1 1 1 8 3 
1 4 4 1 0 1 0 0 0 1 0 0 1 8 4 
1 4 5 1 0 1 0 0 0 1 0 1 1 8 5 
1 4 6 101000110 3 19C 1 8 6 
1 4 7 1 0 1 0 0 0 1 1 1 1 8 7 
1 4 8 1 0 1 o-o 1 0 0 0 1 8 8 
1 4 9 1 0 1 0 0 1 0 0 1 1 8 9 

3 30 14A 1 0 1 0 0 1 0 1 0 1 8 A 
1 4 B 1 0 1 0 0 1 0 1 1 1 8 B 
14C 101001100 18C 
140 1 0 1 0 0 1 1 0 I 1 8 D 
1 4 E 1 0 1 0 0 1 1 1 0 1 8 E 
1 4 F 1 0 1 0 0 1 1 1 1 1 8 F 
1 5 0 1 0 1 0 1 0 0 0 0 4 00 1 9 0 
1 5 1 1 0 1 0 1 0 0 0 1 1 9 1 
1 5 2 1 0 1 0 1 0 0 1 0 1 9 2 
1 5 3 1 0 1 0 1 0 0 1 1 1 9 3 

3 40 1 5 4 1 0 1 0 1 0 1 0 0 1 9 4 
1 5 5 1 0 1 0 1 0 1 0 1 1 9 5 
1 5 6 1 0 1 0 1 0 1 1 0 1 9 6 
1 5 7 1 0 1 0 1 0 1 1 1 1 9 7 
1 5 8 1 0 1 0 1 1 0 0 0 1 9 8 
1 5 9 1 0 1 0 1 1 0 0 1 1 9 9 
1 5 A 1 0 1 0 1 1 0 1 0 4 10 19A 
1 5 B 1 0 1 0 1 1 0 1 1 1 9 B 
15C 1 0 1 0 1 1 1 0 0 19C 
1 5 D 1 0 1 0 1 1 1 0 1 190 

3 50 1 5 E 1 0 1 0 1 1 1 1 0 1 9 E 
1 5 F 1 0 1 0 1 1 1 1 1 1 9 F 
1 6 0 101100000 IAO 
1 6 1 101100001 1 A 1 
1 6 2 1 0 1 1 0 0 0 1 0 1 A 2 
1 6 3 1 0 1 1 0 0 0 1 1 1 A 3 
1 6 4 101100100 4 20 1A4 
1 6 5 1 0 1 1 0 0 1 0 1 1 A 5 
1 6 6 1 0 1 1 0 0 1 1 0 1 A 6 
1 6 7 1 0 1 1 0 0 1 1 1 1 A 7 

3 60 1 6 8 101101000 1 A 8 
1 6 9 1 0 1 1 0 1 0 0 1 1 A 9 
1 6 A 1 0 1 1 0 1 0 1 0 1 A A 
1 6 B 1 0 1 1 0 1 0 1 1 1 A B 
1 6 C 1 0 1 1 0 1 1 0 0 1 AC 
1 6 D 1 0 1 1 0 1 1 0 1 1 AD 
1 6 E 1 0 1 1 0 1 1 1 0 4 30 1 A E 
1 6 F 1 0 1 1 0 1 1 1 1 1 A F 
1 7 0 101110000 1 B 0 
1 7 1 1 0 1 1 1 0 0 0 1 1 B 1 

3 70 1 7 2 1 0 1 1 1 0 0 1 0 1 B 2 
1 7 3 1 0 1 1 1 0 0 1 1 1 B 3 
1 7 4 1 0 1 1 1 0 1 0 0 1 B 4 
1 7 5 1 0 1 1 1 0 1 0 1 1 B 5 
1 7 6 1 0 1 1 1 0 1 1 0 1 B 6 
1 7 7 1 0 1 1 1 0 1 1 1 1 B 7 
1 7 8 1 0 1 1 1 1 0 0 0 4 40 1 B 8 
1 7 9 1 0 1 1 1 1 0 0 1 1 B 9 
1 7 A 1 0 1 1 1 1 0 1 0 1 BA 
1 7 B 1 0 1 1 1 1 0 1 1 1 B B 

3 80 1 7 C 1 0 1 1 1 1 1 0 0 1 BC 
1 7 D 1 0 1 1 1 1 1 0 1 1 B D 
1 7 E 1 0 1 1 1 1 1 1 0 1 B E 
1 7 F 1 0 1 1 1 1 1 1 1 1 B F 

Binary 

1 10000000 
1 1 0 0 0 0 0 0 1 
1 10000010 
1 10000011 
1 10000100 
1 1 0 0 0 0 1 0 1 
1 10000110 
1 1 0 0 0 0 1 1 1 
1 10001000 
1 1 0 0 0 1 0 0 1 
1 10001010 
1 1 0 0 0 1 0 1 1 
1 10001100 
1 1 0 0 0 1 1 0 1 
1 1 0 0 0 1 1 1 0 
1 1 0 0 0 1 1 1 1 
1 1 0 0 1 0 0 0 0 
1 1 0 0 1 0 0 0 1 
1 1 0 0 1 0 0 1 0 
1 1 0 0 1 0 0 1 1 
1 1 0 0 1 0 1 0 0 
1 1 0 0 1 0 1 0 1 
1 1 0 0 1 0 1 1 0 
1 1 0 0 1 0 1 1 1 
1 10011000 
1 1 0 0 1 1 0 0 1 
1 1 0 0 1 1 0 1 0 
1 1 0 0 1 1 0 1 1 
1 1 0 0 1 1 1 0 0 
1 1 0 0 1 1 1 0 1 
1 1 0 0 1 1 1 1 0 
1 1 0 0 1 1 1 1 1 
1 1 0 1 0 0 0 0 0 
1 10100001 
1 1 0 1 0 0 0 1 0 
1 1 0 1 0 0 0 1 1 
1 1 0 1 0 0 1 0 0 
1 1 0 1 0 0 1 0 1 
1 1 0 1 0 0 1 1 0 
1 1 0 1 0 0 1 1 1 
1 1 0 1 0 1 0 0 0 
1 1 0 1 0 1 0 0 1 
1 1 0 1 0 1 0 1 0 
1 1 0 1 0 1 0 1 1 
1 1 0 1 0 1 1 0 0 
1 1 0 1 0 1 1 0 1 
1 1 0 1 0 1 1 1 0 
1 1 0 1 0 1 1 1 1 
1 10110000 
1 1 0 1 1 0 0 0 1 
1 1 0 1 1 0 0 1 0 
1 1 0 1 1 0 0 1 1 
1 1 0 1 1 0 1 0 0 
1 1 0 1 1 0 1 0 1 
1 1 0 1 1 0 1 1 0 
1 1 0 1 1 0 1 1 1 
1 101 ~1000 
1 1 0 1 1 1 0 0 1 
1 1 0 1 1 1 0 1 0 
1 1 0 1 1 1 0 1 1 
1 1 0 1 1 1 1 0 0 
1 1 0 1 1 1 1 0 1 
1 1 0 1 1 1 1 1 0 
1 1 0 1 1 1 1 1 1 

s 44 

450 

46 0 

470 

48 ic 

49 0 

50 0 

51 0 

OCT 

1 C 0 
1 C 1 
1 C 2 
1 C 3 
1 C 4 
1 C 5 
1 C 6 
1 C 7 
1 C 8 
1 C 9 
lCA 
1 C B 
ICC 
lCD 
1 CE 
1 C F 
1 D 0 
1 D 1 
1 D 2 
1 D 3 
1 D 4 
1 D 5 
1 D 6 
1 D 7 
1 D 8 
1 D 9 
IDA 
1 D B 
lDC 
100 
1 D E 
1 D F 
1 E 0 
1 E 1 
1 E 2 
1 E 3 
1 E 4 
1 E 5 
1 E 6 
1 E 7 
1 E 8 
1 E 9 
1 EA 
1 E B 
1 E C 
1 E D 
1 E E 
1 E F 
1 F 0 
1 F 1 
1 F 2 
1 F 3 
1 F 4 
1 F 5 
1 F 6 
1 F 7 
1 F 8 
1 F 9 
1 FA 
1 F B 
1 F C 
1 F D 
1 F E 
1 F F 

Binary 

1 1 1 0 0 0 0 0 0 
1 1 :000001 
1 1 1 0 0 0 0 1 0 
1 1 1 0 0 0 0 1 1 
1 1 1 0 0 0 1 0 0 
1 1 1 0 0 0 1 0 1 
1 1 1 0 0 0 1 1 0 
1 1 IO O O 1 1 1 
1 1 1 0 0 1 0 0 0 
1 1 1 0 0 1 0 0 1 
1 1 1 0 0 1 0 1 0 
1 1 1 0 0 1 0 1 1 
1 1 1 0 0 1 1 0 0 
1 1 1 0 0 1 1 0 1 
1 1 1 0 0 1 1 1 0 
1 1 1 0 0 1 1 1 1 
1 1 1010000 
1 1 1 0 1 0 0 0 1 
1 1 1 0 1 0 0 1 0 
1 1 1 0 1 0 0 1 1 
1 1 1 0 1 0 1 0 0 
1 1 1 0 1 0 1 0 1 
1 1 1 0 1 0 1 1 0 
1 1 1 0 1 0 1 1 1 
1 1 1 0 1 1 0 0 0 
1 1 1 0 1 1 0 0 1 
1 1 1 0 1 1 0 1 0 
1 1 1 0 1 1 0 1 1 
1 1 1 0 1 1 1 0 0 
1 1 1 0 1 1 1 0 1 
1 1 1 0 1 1 1 1 0 
1 1 1 0 1 1 1 1 1 
1 1 1100000 
1 1 1 1 0 0 0 0 1 
1 1 1 1 0 0 0 1 0 
1 1 1 1 0 0 0 1 1 
I 1 1 1 0 0 1 0 0 
1 1 1 1 0 0 1 0 1 
1 1 1 1 0 0 1 1 0 
1 1 1 1 0 0 1 1 1 
1 1 1 1 0 1 0 0 0 
1 1 1 1 0 1 0 0 1 
1 1 1 1 0 1 0 1 0 
1 1 1 1 0 1 0 1 1 
1 1 1 1 0 1 1 0 0 
1 1 1 1 0 1 1 0 1 
1 1 1 1 0 1 1 1 0 
1 1 1 1 0 1 1 1 1 
1 1 1 1 1 0 0 0 0 
1 1 1 1 1 0 0 0 1 
1 1 1 1 1 0 0 1 0 
1 1 1 1 1 0 0 1 I 
1 1 1 1 1 0 1 0 0 
1 1 1 1 1 0 1 0 1 
1 1 1 1 1 0 1 1 C 
1 1 1 1 1 0 1 1 1 
1 1 1 1 1 1 0 0 0 
1 1 1 1 1 1 0 0 1 
1 1 1 1 1 1 0 1 0 
1 1 1 1 1 1 0 1 1 
1 1 1 1 1 1 1 0 0 
1 1 1 1 1 1 1 0 1 
1 1 1 1 1 1 1 1 0 
1 1 1 1 1 1 1 1 1 
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SECTION Ill 

OPERATION AND TEST! NG 

3. 1 This section contains al I control panel information and system testing 

information. The testing is divided into two parts: automatic testing via the 

control panel with the built-in hardware microdiagnostic, and test programs. 

3.2 CONTROL PANEL 

The P857 M is provided with the Extended Control Panel (Figure 3-1). The top 

half of the panel contains ADDRESS controls; the bottom half, which is identical 

to the P852M/856M control panels, contains DATA controls and the CPU 

operating controls. When the computer is running, the BIO lines are displayed 

on the DAT A I amps and the MAD I ines are di sp I ayed on the ADDRESS I amps. 

When the computer stops, both the address and the contents of the next 

instruction are displayed. The ADDRESS half of the Extended Control Panel 

provides debugging facilities with the following functions: 

• Display or load memory in the whole range of addresses (from Oto 

128K). 

• Halt on a preset memory address. 

All controls and indicators on the panel are described in Table 3-1. 

3 .3 The P856M is provided with the Standard Control Panel (Figure 3-1 ). 

This panel is identical to the P852M panel, with the exception of the TEST 

position for the key switch. The TEST function operates the microdiagnostic test 

routines. The P856M Standard Control Panel lacks the ADDRESS controls and 

the halt-on-preset-address feature. 
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3 .4 A mini control panel (Figure 3-1) 1s provided as an option for either 

the P856M or P857M systems. 

3. 5 Key and Command Operations 

Control panel operations within the CPU operation !.equence is shown in 

Figure 1-8 (Machine-State Pointer, Control Panel Operations). Each of the 

control-panel sequences shown on the flow diagram is described briefly in 

Table 3-1. The system is switched on by setting the key switch to ON, ON 

RTC, or LOCK. The LOCK position disables all control panel command 

switches except interrupt, which is still operable with the control panel locked. 

With the control panel switched ON or ON RTC, the CPU is set to the Run 

state by pressing RUN or I PL. Pressing any of the command switches MC, INST, 

RST, RR, RM, LR, LM will reset the Run state. When the key switch is set to 

TEST, the computer is set to Diagnostic mode, and the command switches then 

ha v e different functions to those listed in Table 3-1. 

3 .6 Address Operations (P857 only) 

The ADDRESS half of the c ontrol panel operates through an internal address 

register with incrementing logic. During normal running (PRESET at OFF), the 

ADDRESS lamps display the Bus MAD lines. When the computer stops, the 

ADDRESS lamps display the address of the next instruction, which is in the 

p rogram counter (P), the address register (S), and on the MAD lines. 

3.7 For either a read memory (RM) or load memory (LM) operation 

(Table 3-1 ), the .A.DDRESS lamps display the address placed in the control-panel 

address register by the panel switches. The address is first loaded by setting 

up the switches and then pressing LOAD ADDR. Thereafter, each time RM or 

LM is pressed, the address register is incremented and the ADDRESS lamps 

display the new address. The CPU program counter (P) is not used or affected 

by either of these operations. 



Table 3-1 Control Panel Switches and Lamps 

Key Switch 

OFF/ON Main power switch connected directly to the power supply. 

The power is switched on (POWER lamp Ii ghted) for positions 

ON, ON RTC, LOCK, and TEST. 

ON All panel controls are enabled. 

ON RTC All panel controls are enabled, and the Real Time Clock 

operates (Paragraph 5. 6 ) . 

LOCK A 11 control-pane I command switches except I NT are disabled. 

TEST The automatic microdiagnostic test mode is selected 

(paragraph 3. 16). 

Command Switches 

MC Master CI ear : CI ears or resets most hardware logic. Activates 

the GP Bus signal CLEARN, and the CPU signals MCL, MCLN. 

RUN Begins the program. The RUN switch sends the momenta r y 

signal START and the flip-flop signal RUNN to the CPU RUNF 

logic (paragraph 2.90). 

INST Instruction Step: Each time INST is pressed, the CPU performs 

the one instruction indi coted by the program counter (P) and 

then halts. IN ST may be used to step the computer th rough a 

program (or part of one) instruction-by-instruction. The INST 

switch resets the control panel RUNN flip-flop, and sends a 

1131-1sec START signal to the RUNF logic. 

RST Read Status. The contents of the program status word are 

displayed on the DATA lamps (paragraph 1 . .47) . 

RR Read Register. The contents of the scratchpad register 

(AO-A 15) selected by the SCRATCHPAD switches are displayed 

on the DATA lamps. 

RM Read Memory. The contents of memory are displayed on the 

DATA lamps. Consecutive words can be read by repeated 

pressing of the RM button. 

LR 

LM 

IPL 

INT 

DATA 

P856 : memory address is selected by the program counter (P), 

and P is incremented with each RM. 

P857 : memory address is selected by the ADDRESS switches. 

The panel address register is automatically incremented; the 

program counter (P) is not used or affected. 

Load Registe r . The word code set on the DA TA switches is 

loaded into the scratchpad register (AO-Al 5) specified by the 

SCRATCHPAD switches. 

Load Memory. The word code set on the DATA switches is 

loaded into memory. Consecutive words can be loaded by 

repeated pressing of LM. 

£_§_;5__§_: memory address is selected by the program counter (P), 

and P is incremented with each LM. 

P857 : memory address is selected by the ADDRESS switches. 

The panel address register is automatically incremented; the 

program counter (P) is not used or affected. 

Initial Program Loader. An initial bootstrap program located in 

a hardware read on I y memory is I oaded into memory word 

locations 00 to 063
10 

(characters 00 to 7Eh ) . 
ex 

Interrupt. This button generates a level-1 Interrupt Request 

for the Operator's interrupt. The same interrupt can be set by 

the 1/0 console via the integral serial control unit. The 

interrupt may be used by the operator, for example, to change 

the running program with information sup p lied by the operator. 

Data 

The 16 DAT A switches are used to set a data word onto the Bus 

BIO lines during load register (LR) and load memory (LM) 

operations. For all computer operations, the DATA lamps 

display the contents of the Bus BIO lines. When a running 

computer stops, the DATA lamps display the contents of the next 

instruction. For RR and LR operations, the DATA lamps display 

the contents of the scratchpad register (A0-A15) selected by 
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ADDRESS 

LOAD ADDR 

PRESET 

3-4 

SCRATCHPAD. For RM and LM operations, the DATA lamps 

display the contents of the memory address selected by the 

panel address register (P857) or program counter (P856). 

Address Section (P857 only) 

The ADDRESS switches are used to select an initial memory 

address -for read memory (RM) and load memory (LM) operations. 

For all computer operations except RM and LM, the ADDRESS 

lamps display the contents of the Bus MAD lines, via the panel 

address register. When a running computer stops, the 

ADDRESS lamps display the address of the next instruction. For 

RM and LM operations, the ADDRESS lamps display the 

contents of the panel address register, which is loaded from 

the ADDRESS switches and incremented by the RM and LM 

operations. No control is provided for bit 15 (character 

selector) because the panel accesses only memory word 

addresses. 

When this button is pressed, the code set on the ADDRESS 

switches is immediately loaded into the panel address 

register. This address is incremented by successive RM or LM 

operations; the address register is reloaded from the MAD lines 

for any other operation. 

This switch is used to select a Stop On Address mode. The 

stop will occur when the MAD-line address, via the panel 

address register, compares with the code set on the ADDRESS 

switches. 

OFF Normal operation. Do not stop on address. 

ACC 

WRITE 

Stop On Address, Access. Stop when any memory 

operation accesses the address set on the ADDRESS 

switches. 

Stop On Address, Write. Stop when any memory ope­

ration writes at the location set on the ADDRESS 

switches. 

Scratchpad Registers 

SCRATCH PAD These four switches select one of the scratchpad registers 

(AO-A 15) to be accessed by the read register (RR) or I oad 

register (LR) operation. 

3.8 Halt on preset address is performed by setting the PRESET switch to 

ACC or to WRITE. The control-panel address register is loaded with the desired 

address set on the ADDRESS switches and LOAD ADDR pressed. In access mode 

(PRESET to ACC), the computer wi 11 halt whenever the memory address on the 

MAD lines is the same as the one set on the ADDRESS switches. In write mode 

(PRESET to WRITE), the computer will halt when the memory address on MAD 

compares with the ADDRESS switches during a memory write operation. 

3.9 Interface Signals 

The control panel interface signals are listed in Table 3-2, along with a brief 

description of each signal. All interface signals are also shown on the control 

panel block diagram, Figure 3-2. The control panel connector is included in 

the W iring and Cabling part of Section Ill. 

3. l 0 Control Panel Logic 

A block diagram and a detailed schematic diagram of the control panel are 

provided in Figures 3-2 and 3-3. 
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3. 11 Key Switch. The Key Switch is shown on the power supply schematic, 

Figure 5-3. One contact of the switch controls the mains input power to the 

power supply. A second contact produces the enabling signal RTCFZl N for the 

real time clock logic. A third contact of the Key Switch produces the test 

signal TSTN and the control-panel enable/inhibit signal LOCKN. T'he test 

signal is described in the Diagnostic Testing part of Section Ill. The Lock 

signal is used to disable all the control-panel command switches except INT. 

The following table is a review of the Key Switch functions. 

Key Switch Power Real Time UNLOCKN Conditioning for : 

Clock Signal 

OFF off -- -- RUN, INST, 

ON on -- low LR, LM, RR, MCL, 

ON RTC on on low RM, RST, IPL 

LOCK on on h 

3. 12 Scratchpad. The four Scratchpad switches are used to address a 

scratchpad register (AO-A 15). The switches produce the true-logic 

(+5V = logic 1; 0V = logic 0) signals RCP0-4 . 

3. 13 Data. The DATA switches are used to set the 16 bits of a data word 

to be placed on the GP-Bus BIO lines. The DATA switches are gated onto the 

BIO lines by CPU signal BIOEKEY. BIOEKEY is produces by BUSFN and 

BOKFN in the Bus Controller logic (paragraph 2. 10). 

3. 14 INITIAL PROGRAM LOADING 

A hardware bootstrap is provided which consists of a 256x4 bit ROM and an 

IPL-microprogram routine. Th is hardware routine organizes the bootstrap-ROM 

contents into 64 sixteen-bit words and loads them into memory locations 00-63. 

The system then has a bootstrap loaded and is able to accept a software I PL 

followed by a program. A basic procedure is given here for loading a program 

from paper tape into the system. This procedure assumes that the tape has been 

assembled with the software IPL, followed by the program. 

3-8 

Program Load Routine 

3. 15 

• 
• 

• 

Load I PL/Program tape into paper-tape reader • 

Set DAT A switches for 1/0 Bus and paper tape reader 
\ 

1 o o o 110 o o 010 o 1 010 o o o 1 

(The codes are shown at the top of Table 2-10, Bootstrap listing). 

Press INST, MC, IPL 

a. Hardware bootstrap organized by hardware IPL routine and loaded 

into memory 00-63. 

b. Bootstrap then loads the I ow-core part of software I PL into memory 

080 towards 000, partly overwriting bootstrap. 

c. Low-core part of software IPL begins loading high-core IPL into 

memory nnn (decision of IPL based on memory size) towards 000. 

d. High-core IPL begins loading program, deciding where to start 

and loading towards memory 000. Interrupt Start Addresses are 

loaded at this time in locations 63-00, overwriting bootstrap. 

Part o(IPL is also overwritten. 

Bootstrap Test 

The hardware bootstrap can be loaded into memory for testing (comparing with 

table 2-1 0) without being overwritten by the software I PL. This is done by 

performing the Program Load Routine without a device connected (Paper-tape 

reader off, disc off, etc.), as follows: 

• Set DA TA switches for 1/0 Bus and reader • 

• Press INST, MC, IPL. 

• 
• 
• 

a. Hardware bootstrap organized by hardware IPL routine and loaded 

into memory 00-63. 

b. CPU stops after bootstrap is loaded. 

Load highest memory address into P-register (DATA+ reg=0) • 

Press INST which increments P to 000 . 

Begin pressing RM, and copy bootstrap from DATA lamps . 



3. 16 MICRODIAGNOSTIC TESTS 

Diagnostic test routines are included in the CPU microinstruction control ROM. 

Approximately 100 words of the CPU control store are allocated for microdiagnos­

tic routines. The complete microdiagnostic tests about 70%of the CPU hardware 

(Figure 3-4). These microdiagnostics are performed, with the system off line, 

by setting the control-panel key switch to TEST. The microdiagnostics are 

arranged sequentual ly from very basic data-path and register tests to complex 

instruction operations (Figure 3-5). The different methods of running the tests, 

in the suggested order, are : 

3. 17 

• Automatic G o/N o-G o Mode. The i nstru cti on-tests DLA and RB are 

executed and a final display is given. The memory and CPU/ CU 

test is executed and a final display is given. Correct results in this 

mode indicate correct machine operation. 

• Test-By-Test Mode. The operator steps sequentually through logic 

• 

• 

tests Tl, T2, T3, the memory and CPU/CU tests M, and the instruction 

tests R, and obtains a display indication at each stage. The Chained 

Tests mode provides further exercise of the same sequence of tests. 

Basic Tests. The operator steps sequentually through basic tests of 

the control panel, L register, M register, and Q register, exercising 

all DATA switches and lamps for each test. This checks the basic 

registers and data paths. 

Test Procedure, Basic Tests 

Key switch to TEST. (Loops through control-panel test.) 

• Operate each DATA switch. 

oo Corresponding DATA light should light. 

• Press LR. (Loops through L-Register test.) 

• Operate each DA TA switch. 

oo Corresponding DATA light should light. 

• Press LR. (Loops through M-Register test.) 

• Operate each DAT A switch. 

oo Corresponding DATA light should light. 

• Press LR. (Loops through Q-Register test.) 

MEMORY 

MODULES 

GP BUS 

TESTED PART 

MICROP~OGRAM 
CO!'.TROL 

Address Req. 

Control ROM 

Decoding 

DATA 
HANDLING 

UNIT 

ALU 

L,M,Q,S,P 

Registers 

C,D Selectors 

! 

INSTRUCTION 
WORD 

PLA Decoder 

Figure 3-4 CPU Logic Tested by Microdiagnostics 
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• 
00 

Operate each DA TA switch. 

Corresponding DATA light should light. 

The test is now looping through the Q-Register test. To continue to the next 

series of tests, set the DATA switches as required (refer to Automatic Mode or 

Test-by-Test Mode) and press LR or RUN. 

3. 18 

• 
• 
• 

00 

• 
• 

00 

3. 19 

• 

Test Procedure, Automatic Mode (Go/No-Go) 

Key switch to TEST. (Loops through control-panel test.) 

DATA-switch Oto 0 position. (Enables final display.) 

RUN. (Instruction test performs DLA and RB and then loops at end-of­

test display). 

Wait for display 0000000000001000. If error, do Test-by-Test mode 

to diagnose fault. If correct, do Memory and CU test. 

Set address of existing CU device on DATA switches 02-07. 

Press LM. (Executes memory tests l and 2, and CPU/ CU test and 

then loops at end-of-test display.) 

Wait for display 0000000000000000. If error, do Test-by-Test mode 

to diagnose fault. 

Test Procedure, Test-by-Test Mode 

Set address of existing CU device on DATA switches 02-07 . 

• Key switch to TEST. (Loops through control-panel test.) 

• DATA-0 to 0 position. (Enables display at each stage.) 

• DATA-15 to l. (Selects test Tl first.) 

• Press LR four times. (Steps through the basic tests, performs logic test 

Tl, and loops at end-of-test display.) 

oo Wait for di sp I a y 0000000000000001. 

• Press LR. (Executes test T2, loops at end-of-test display.) 

oo Wait for display 0000000000000010. 

• 
00 

• 

Press LR. (Executes test T3, loops at end-of-test display.) 

Wait for display 0000000000000100. 

Press LR or RUN. (Executes instruction test R, loops at end-of-test 

00 

• 

00 

Wait for di sp I ay 0000000000001000. 

Press LR or LM. (Executes memory and CPU/CU test M, loops at 

end-of-test display.) 

Wait for di sp I ay 0000000000000000. 

Chained tests performes the same tests in the same sequence as above, but without 

halt on display after each stage. 

• 
• 
• 
• 
• 

• 
00 

• 
• 

Key switch to TEST. 

Address of existing CU device on DATA 02-07 . 

DATA-0 to l (chained tests, no display loop) . 

DATA-15 to l (selects test Tl first). 

Press LR four times (steps through basic tests, then loops through the 

five operating tests without stopping.) 

Set DATA-0 to O to stop the chained tests. 

Wait for one of the five displays. 

Press LR to step through the tests and obtain the display for each . 

Set DATA-0 to l to restart the chained-tests loop . 

To restart the tests at the beginning, do : 

• DATA-0 to l. 

• Key switch away from TEST (OFF is best), then back to TEST. 

To Start a test out of sequence (for examp I e, to start test T3 after an error 

indication for test T2) : 

• Key to TEST; CU address on DATA 02-07; DATA-0 to 0 . 

• Set DATA 08-15 to select desired test 

00000001 (/01) for logic test T 1 . 

00000010 (/02) for logic test T2. 

00000100 (/04) for logic testT4. 

00001000 (/08) for instructi en test R. 

00010000 (/1 0) for memory, CU test M. 

3.20 Analysing Tested Functions 

3. 21 Basic Tests . In the control-panel test (Figure 3-6), the operator 

display.) verifies the operation of all control-panel DATA switches and lamps and the BIO 

Note: 0 -- lamp on 
I -- lamp off 
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data path to and from the GP Bus. In the L-register test, the data path through 

the CPU D-selector and L-register is added to the control-panel test. The 

M-register test adds the C-selector, M-register, and ALU to the data-path loop. 

The Q-register test adds the Q-register to the data-path loop. 

3.22 These tests exercise all bit positions of the control-panel switches 

and lamps and the CPU L, M, and Q registers as well as the data path. Not 

all the functions of the registers, the C and D selectors, or the ALU are tested. 

3.23 Q-Register Test. This test is not only a part of the basic tests, but 

also the start and the error output of the following logic, memory, and instruction 

tests. While looping through the Q-register test, the DATA switches content 

are loaded into the CPU registers to select the type of Test-by-Test operation 

and the number of the next test. (Test selection and incrementing is shown 1n 

Figure 3-7.) If a test has been performed and an error occured, the test 

branches back to the Q-test loop and the DATA lamps display the setting of 

the switches rather than the correct display. 

3.24 

3.25 

3.26 

• 
• 
• 

• 
• 

• 
• 

Logic Test Tl. The tested functions (Figure 3-8) are : 

Q -reg. shifted left • Qo • A ORB 

A-Bus selection • ALU=0 • A + B 

Constant Two • B 

Logic Test T2. The tested functions (Figure 3-8) are: 

Q-reg. shifted right • ALUZERO • A - B 

Constant Ten • P-register • A + B 

• p - 2 • crossed 

Logic Test T3. The tested functions (Figure 3-8) are 

A-operand shifted right • 4 X A 

Reading and writing scratchpad, address incrementation by CT 

counter (particular addresses A=A2 and A=A15). 

A 

3.27 

3.28 

3.29 

3.30 

• 

• 

Instruction Tests R. The tested functions (Figure 3-10) are: 

The K-register is loaded with the instruction code for the DLA 

instruction. 

Scratchpad registers A 1 and A2 are loaded with known values. 

• Branch to the DLA microprogram and execute DLA instruction. 

• 

• 

Return to Test R via CPU Idle loop and verify A 1 and A2. 

(The CR is verified by the next instruction.) 

The K-register is loaded with the instruction code for the RB instruction. 

• Address the RB microprogram with the PLA, and execute RB instruction. 

• 
• 

• 
• 
• 

Return to Test R via CPU Idle loop and verify P-register. 

A failure in CR positioning or in CV (condition verified) circuit, or 

PLA addressing function should cause wrong value of P counter. 

Memory Test Ml. The tested functions (Figure 3-9) are 

Bit-15 is set to 1 in all addresses of a 16k block. 

The block is read and verified. 

The pattern is shifted left 1 position (to bit 14) and the block 1s 

read and verified. 

• Shifting the pattern and reading the block 1s continued until all bit 

positions have been read and verified . 

Memory Test M2. The tested functions (Figure 3-9) are: 

• Every word of a 16k memory block is written with its ovm address value. 

• Each word is read and verified. 

CPU/ CU Dialogue Test M3 (part of Memory-test loop). The tested 

functions (Figure 3-9) are: 

• An existing CU device address (from DATA switches 02-07) and TMP 

are sent on the GP-Bus MAD lines. 

• The CU response TPM is verified by means of condition register 

(CR-f3). 
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3-7 LOGIC TEST 1 
Tested : SLQ, Bus-A Select, A+B, 
BINV(M), Constont 2, A or 8,00, 
ALU=0. 
Note : ALU=0, BSHR, CRIGHT, Flog 
AFressing used before (Figure 3-6). 

At beginning, M=0,Q =l. 
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RUNFZ0 

• LAMP OFF 
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3-7 TEST 1 OK (Q=-2) 

l000000OOO00O00Otl 
180 

1C3 
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Figure 3-8 Logic Tests (Tl, T2, T3) 
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Figure 3-9 Memory and CPU/ CU Dialogue Tests (Test M) 
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Chassis Card Models Maximum Width - 19 inches (483mm) 

M4 

M5 

SI ots Memory Depth - 21.65 in. (550mm) 
Size 
(l 6-bit 
words) 

P856 32K 

P857 MMU 32K 

/ /2 
10 FPP optional 

P857 MMU 64K 
standard P.S., FPP 
optional 

"/ 

OPTIONAL 

P856 32K 

/4 17 

P857 MMU, FPP 
128K P.S. ~ 

p. s. 1/ 

• The Memory Management Unit (MMU) is required for al I systems 

with more than 32k words of memory. 

• The Floating Point Processor (FPP) is available with any P857M 

system. 

• l U = 44.45 mm (l. 75 inches) 

Figure 4-l P856M/ P857M Chassis Configurations 

Height 

6 U 

267mm 

l l U 

489mm 

SECTICN IV 

MECHANICAL 

4.1 GENERAL 

The P856M/ P857M System is available in either of two basic chassis (M4 or 

M5), with two different extension chassis (El, E2) available for additional 

control-unit cards. The different basic-chassis configurations are shown in 

Figure 4-1. Each chassis contains a power supply, ventilation, printed circuits, 

and 1/ 0 cable connectors, as well as the logic-card slots. Each chassis is 

slide mounted in a 19-inch (483mm) rack. Each basic chassis includes a 

control panel (either complete or simplified) mounted on the front face. The 

chassis dimensions and installation data are provided in Figure 4-2. 

4.2 WIRING AND CABLING 

4.3 General 

The cable connections on the P857M basic chassis and the extension chassis, 

are shown on Figure 4-3. The uses of the different connectors on rhe cards 

are shown on Figure 4-4. Lists of signals and pin numbers for the card connectors 

are provided in the following tables: 

Table Connector 

4-1 GP Bus connector, IOM-1OB 

4-2 CPU-A connector-l (V24 CU) 

4-3 Connector-3 (CPU, Memory, IOP, CU) 

4-4 CPU-A connector-5 

4-5 Control Panel Connector 

4-6 IOP Connectors 4, 5 (Break) 

4-7 Extension Connectors AIE/TAIE 
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P856/857 

BASIC 

CHASSIS 

M4 or M5 

P852/856 

/857 

EXTENSION 

CHASSIS 

E2 

P850M/ 

P855M 

EXTENSION 
CHASSIS 

El 

BREAK 

FOR AIE / TAIE 

4-4 

CPU 
MMU 

~ FPP 

MEMORY -3 ~ --/" ----~ ~ ~ ~~ ~~~~~ I ~ 1CUJOR ANY ~~---,~~~ 
-- I~~ 

BACK PANEL 

_- I ~~ 
I ~ 

2 

I 

I 
I 

CU/IOP 
IOP COMBINATION 

-c::>a,...·\lo,J'(~'{'~--==: ""--
<I!' BREAK SIGNALS 

,.,/ 

FROM EXTERNAL 
CHASSIS 

' ~ INTERNAL BREAK 

SIGNALS 

P856/857 
BASIC CHASSIS 
M4or M5 

CONNECTIONS TO P852/856/857 EXTENSIONS 

P852 /856/857 
EXTENSION CHASSIS 
E2 

P852/856/857 
EXTENSION CHASSIS 
E2 

TERMINATOR BOARD !N 

CABLE-EXIT SLOTS 

CONNECTIONS TO P850M/P855M EXTENSIONS 

P856/857 
BASIC CHASSIS 
M4 or M5 

GP BUS CABLE --------­
(FIGURE 5-5) 

P850M/P855M 
EXTENSION CHASSIS 
El 

AIE 

108 IOM 

BREAK CABLE 
(FIGURE 5-4) 

1/0 
BUS CABLE 

P850M/P855M 
EXTENSION CHASSIS 
El 

TAIE 

108 IOM 

BREAK CABLE 

Figure 4-3 P856M/ 857 M Basic/ Ex tension Chassis Connections 



CPU MEMORY 

3 5 37 3 

t i . t 
Internal Interrupts GP Bus F pp 

V24 CU DC Power MMU 
C. Panel 

MMU FPP 

3 5 37 3 5 37 

10 P QUAD CU 

3 2 _,13_.,, 3 

Figure 4-4 Circuit-Card Connector Uses 
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,~....,.....,._'-'---_ 
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P852M 

BASIC CHASSIS 

M1,M2,M4 
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I lOM I IVS I 

/ BA<. t< PANEL 
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Table 4-l GP Bus Connector IOM, IOB 

P850M / P855M 

EXTENSION CHASSIS 

El 

'--

N -.:;t-

~ M 

l 3 

2 4 

--0 

It) 

5 7 

6 8 

9 l l 13 15 17 

10 12 14 l 6 l 8 

Connector 3M 

19 21 23 25 27 29 31 33 35 37 39 41 43 

20 22 24 26 28 30 32 34 36 38 40 42 44 

Connector viewed from cable side 

I 
I 

,. 
I 

2 I 

TO NEXT AIE / TAIE 

AIE 

N ° Pin 

l 
2 
3 
4 
5 
6 
7 
8 
9 

l 0 
11 
12 
13 
l 4 
15 
l 6 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Connector I O M 

Signal N ° Pin 

MA 26 
MAD 04 27 

M A 28 
MAD 03 29 

M A 30 
MAD 08 31 

M A 32 
MAD 09 33 

M A 34 
MAD 10 35 

M A 36 
MAD l l 37 

M A 38 
MAD 12 39 

M A 40 
MAD 13 41 

M A 42 
MAD 14 43 

M A 44 
MAD15 45 

M A 46 
ACN 47 

M C 48 
ARN 49 

M C 50 

Connector I O B 

Signal N ° Pin Signal N ° Pin 

MC l M C 26 
CLEA RN 2 RSLN 27 

M C 3 M C 28 
M C 4 PWFN 29 

TPMN 5 M B 30 
M C 6 BIO 15N 31 
M C 7 M B 32 

TMPN 8 BIO 14N 33 
M C 9 M B 34 
M C 10 BIO 13N 35 

TMEN l l M B 36 
M C l 2 BIO 12N 37 
M C 13 M B 38 

TRMN 14 Bl O 11 N 39 
M C 15 M B 40 
M C 16 B 10 l ON 41 

Spare 17 M B 42 
M C l 8 BIO 09N 43 

Spare 19 M B 44 
M C 20 BIO 08N 45 

Spare 21 M B 46 
M C 22 BIO 07N 47 

Spare 23 M B 48 
M D 24 BIO 06N 49 
5V 25 M B 50 

--0 CX) 0 

""'" ""'" 
It) 

It) I"--. 0-

""'" ""'" ""'" 

45 47 49 ~ 

46 48 50 

Signal 

BIO 05N 
M3 

BIO 04N 
M B 

BIO 03N 
M B 

BIO 02N 
M B 

BIO 01 N 
M B 

BIO 00N 
M B 

BIEC5 
M C 

SCEIN 
M C 

BIEC3 
M C 

BIEC4 
M C 

Bl ECl 
M C 

BIEC2 
M C 

BIEC0 



4.4 Operator 1/0 Device 

The operator's input/ output device is connected to the CPU-integral Serial 

Control Unit via CPU connector 1. The maximum cable length between the 

device and the CPU is 20 meters. The operator's interrupt does not use the 

encoded BIEC I ines, but is connected from the Serial Control Unit directly to 

the internal-interrupt inputs (see Figure l -3A). 

4.5 Interface Signals 

All interface signals between the CPU and the units (Serial CU, MMU, FPP, 

and interrupts) are listed in Table 4-8. The GP Bus signals are described in 

Section II. All these signals are also included in the signal lists for the 

connectors where they are used. 

4.6 Interrupts and Breaks 

The use of interrupts and breaks, and their interconnections, are described in 

Section I and shown in Figure 1-2. 

4.7 CARDS 

The complete CPU and the V24 Serial Control Unit are mounted on a single, 

multi-layer printed circuit card. The circuit-card locations within the chassis 

are shown in Figure 4-3. The CPU card fits in a dedicated slot at the top of the 

chassis. The MMU and FPP (P857 only), and memory cards fit in the next three 

dedicated slots. The MMU and FPP must be close to the CPU card. Both the 

MMU and the FPP have some discrete wiring connections to the CPU which are 

used to increase operating speed. If either the MMU or FPP are not used, a 

memory card may be placed in that dedi coted slot. Card connector uses are 

shown in Figure 4-4. Circuit locations and parts lists are provided at the end of 

this section. 

4.8 INTEGRATED CIRCUITS 

A complete list of integrated circuits (ICs) and a guide which shows the IC 

symbols, input and output polarities, control codes, and pin numbers is provided 

in Appendix A. 

4.9 Read Only Memories (ROMS) and PLA 

The ROMs and the Programmable Logic Array (PLA) circuits are pre-loaded with 

special contents, or codes, which cannot be shown on the general IC-diagram 

drawing. The following list is a directory to the logic descriptions that use 

these circuits : 

Circuit Logic Paragraph 

6200 l 024-bit ROM LL I PL 2.66 

7488A 256-bit ROM FF A, D, L Command 2.47 

NN CR code selection 2.76 

8205 4096-bit ROM BB Mi crocommand Control Store 2.37 

8576 96-code PLA AA Instruction De code 2.42 

4. l 0 PARTS LISTS 

The following figures and tables give the parts layout and parts lists for the 

circuit cards and the control panel. 
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Tab I e 4 - 2 C PU -A , C on n e ct or l (V 2 4 C U ) 

l A0l ov lB0l ASR LINE 
l A02 FIFN 1B02 RTC AN 
1A03 CPFN l B03 SCEIN 
l A04 IS02N 1B04 IS05N 
l A05 FFFN 1B05 IS04N 
l A06 BIEC4 1B06 RTCFZlN 
l A07 BIEC2 1B07 B IEC l 
l A08 BIEC5 1B08 BIEC3 
l A09 IS06N 1B09 BIEC0 
lAl0 IS03N l Bl 0 IS07N 
l Al l IS01 N l Bl l !SOON 
l A 12 INTASRN (INTSERN) l Bl 2 
l A 13 l Bl 3 
l A 14 1Bl4 
l A 15 l Bl 5 
l A 16 1Bl6 
l A17 1Bl7 
lAl 8 l Bl 8 
l A 19 1Bl9 
l A20 1B20 
l A21 1B21 
l A22 l B22 
l A23 l B23 
l A24 1B24 
l A25 1B25 
l A26 1B26 
1 A27 ov 1B27 ov 
1 A28 5V 1B28 5V 
l A29 1B29 
1A30 Mech. Ground 1B30 
1 A31 CT103 1B31 ov 
1A32 CTl 04 1B32 ov 
l A33 CTl 06 l B33 ov 
l A34 CTl 07 1B34 ov 
l A35 CT 1082 l B35 ov 
1 A36 CTl 09 1B36 ov 
1A37 CT133 1B37 ov 

4-8 

Table 4-3 Connector 3 (CPU, Mem, IOP, CU) 

3A01 +18V 
3A02 BIEC0 
3A03 BIEC2 
3A04 BIEC4 
3A05 SCEIN 
3A06 +16V 
3A07 ov 
3A08 BIO 00N 
3A09 BIO 02N 
3A l 0 BIO 04N 
3Al l BIO 06N 
3Al 2 BIO 08N 
3A 13 BIO l ON 
3Al 4 BIO 12N 
3A 15 BIO 13N 
3A 16 OKO 
3Al7 PWFN 
3A 18 ov 
3A 19 +5V 
3A20 +5V 
3A21 ov 
3A22 ov 
3A23 BR (CU - 4) 
3A24 ov 
3A25 ov 
3A26 WRITE 
3A27 CHA . 
3A28 TRMN 
3A29 TMRN 
3A30 TMEN 
3A3 l TMPN 
3A32 TPMN 
3A33 ov 
3A34 ACN 
3A35 SPYC 
3A36 BUSRN 
3A37 MSN 
3A38 BSYN 
3A39 CLEA RN 
3A40 ov 
3A41 BR (CU-2) 
3A42 BR (CU-3) 
3A43 BR (CU-1) 

a- CPU only 
b- Memory only 

C 3B01 
a C 3B02 
a C 3B03 
a C 3B04 
a C 3B05 

b 3B06 
3B07 
3B08 
3B09 
3Bl0 
3 B 11 
3B12 
3Bl3 
3B 14 
3Bl5 

* a C d 3Bl6 
a C 3Bl7 

3Bl8 
3Bl9 
3B20 
3B21 
3B22 

C 3B23 
3B24 
3B25 

* 3B26 
* 3B27 
* 3B28 

a b C 3B29 
a C d 3B30 
a C d 3B31 
a C d 3B32 

3B33 
a C 3B34 

* a C d 3B35 
* a C d 3B36 
* a C d 3B37 
* a C d 3B38 

a C d 3B39 
3B40 

C 3B41 
C 3B42 
C 3B43 

c- Control Unit only 
d- IOP only 

-l 8V r. 

C hassus Ground C 

B IEC l a C 

BIEC3 a C 

BIEC5 a C 

+16V b 
ov 

BIO 01 N 
BIO 03N 
BIO 05N 
BIO 07N 
BIO 09N 
BIO 11 N 
BIO 13N 
BIO 15N 
OKI * C d 
-5V a b c 
-5V 
+5V 
+5V 

ov 
ov 

+5V Battery 

+16VM 
MAD 15 
MAD 14 
MAD 13 
MAD 12 
MAD 11 
MAD 10 
MAD 09 
MAD 08 
MAD 07 * 
MAD 06 * 
MAD 05 * 
MAD 04 
MAD 03 
MAD 02 * 
MAD 01 * 
MAD 00 * 
MAD 64 * 
MAD 128 

* CU use only on DMA 
(main chassis) 

b 

b 



Table 4-4 CPU-A Connector-5 Table 4-5 Control Panel Connector 

5A01 5B01 * SP05 
5A02 5B02 * GBCPFN 
5A03 5B03 * PREQN 
5A04 5B04 * CPBABS 
5A05 5B05 * TESTN 
5A06 5B06 
5A07 5B07 
5A08 5B08 
5A09 5B09 
5Al 0 * SP03 
5A 1 1 * F LOACTN 
5A 12 * BSYCPUAN 
5Al 3 * GFETCH 
5A14 * DONEFN 
5Al 5 * FLOCRl 
5Al 6 
5A 17 * OSCF0 
5A 18 
5A 19 * MMUABS 
5A20 * DONEMN 
5A21 * BOMFN 
5A22 * FU 
5A23 * S0l 
5A24 * S03 
5A25 * SP02 
5A26 
5A27 * ov 
5A28 * 5V 
5A29 BIOEKEY 

5B10 * SP04 
5B 11 * SP0l 
5B12 * TMFN 
5B13 * BOFFN 
5B14 * PLOCR0 
5B15 * FPPABS 
5B16 
5B17 * MOS CF LO 
5B18 
5B19 
5B20 * MFAULTN 
5B21 
5B22 * S00 
5B23 * S02 
5B24 * TMMM 
5B25 * TMMU 
5B26 
5B27 * ov 
5B28 * 5V 
5B29 CPMCN 

A0l BIO15N 
A02 BIO 14N 
A03 BIO13N 
A04 BIO12N 
A05 BlO11N 
A06 BIO 1 ON 
A07 BIO09N 
A08 BIO08N 
A09 BIO07N 
Al 0 BIO06N 
A 11 BIO05N 
Al 2 BIO04N 
A 13 BIO03N 
A14 BIO02N 
A 15 BIO0lN 
A 16 BIO00N 
A 17 
A 18 READ RN 
A 19 ov 

B0l CPMN 
B02 BIOEKEY 
B03 IPL 
B04 UMLOCKN 
B05 START 
B06 RUNN 
B07 CPINT 
B08 RCP0N 
B09 RUN FA 
Bl0 LOADRN 
B 11 RC Pl N 
B12 READSTN 
B13 RCP2N 
B14 RCP3N 
B15 READ MN 
B16 INSTN 
B17 LOADMN 
B18 LOCK 
B19 +5V 

5A30 UNLOCKN 5B30 I PL 
5A31 RUNN 5B31 START 
5A32 RC POON 5B32 CPINT 
5A33 LOADRN 5B33 RUN FA 
5A34 READS TN 5B34 RCP0lN 
5A35 RCP03N 5B35 RCP02N 
5A36 LOAD MN 5B36 READ MN 
5A37 READ RN 5B37 INSTN 

4-9 



Table 4-6 IOP Connectors 4, 5 (Break) Table 4-7 Extention Connectors AIE/ TAIE 

TAIE Connec to:s 

4A01 IR07N 4B01 IR06N lA0 l • 5V lB 0l ov 2A0I BO F02N 2B0 I IR 04N 

4A02 IR05N 4B02 IR04N 
I A 02 IB02 ~IN00N 
l A 03 Bl NOON lB03 BIN0 l N 

2A02 tO R 2B02 I R02N 
2A03 BO F0l N 2B 03 IR06N 

4A03 IR03N 4B03 IR02N 
lA04 BIN0l N l B04 BfN02N 
l A05 BIN02N 1B05 BIN03N 

2A04 BO F00N 2B 04 IR07 N 
2A05 BOU 14 2B05 IR00N 

l A 06 BIN03N lB06 BIN04N 2A06 BOU 13 2B06 IR0 l N 

4A04 IR0l N 4B04 IR00N 

4A05 4B05 

l A0 7 BIN041'-i IB0 7 BIN05N 
l A08 !l !N 05N IB08 B!N06N 
I A09 BIN06N I B09 BIN07N 
I Al0 BIN0 7N l Bl 0 

2A 07 BO U I 2 2B 07 IR03N 
2A08 BOU09 2B08 I R05N 
2A09 BOU 10 2B09 
2Al0 BOUI I 2Bl 0 

I Al I B~00 I BI I ACCN 2A i l BOU f 5 2B 11 
4A06 BREX07N 4B06 BR07N I A 12 BRO I l BI 2 ACCN 

I Al 3 ACCN IB1 3 AREN 
2A l 2 MCN 2Bl2 
2A 13 BAD03N 2B13 

4A07 BREX06N 4B07 BR06N l Al 4 AREN 1Bl4 AREN 
l A 15 1Bl5 SP4 

2A 14 DA V N 2Bl4 
2A 15 BAD04N 2Bl5 

4A08 BREX05N 4B08 BR05N 
I A16 1Bl 6 SP3 
l Al 7 BR02 IB1 7 SP2 

2Al6 BAD05N 2Bl6 
2A 17 BOU08 2B1 7 

4A09 BREX04N 4B09 BR04N 
I Al 8 BR03 l B 18 SPI 
IA19 BR06 l B 19 

2A 18 BOU07 2Bl8 
2Al9 BOU06 28 19 

IA 20 B R0 7 1B20 2A20 BO U05 2B20 

4A10 BREX03N 4B10 BR03N I A2l BIN08N IB21 BIN08N 
l A22 BINl4N I B22 BI N 14N 

2A21 BOu0-1 2B2 1 
2A 22 BA DOON 2B22 

4Al 1 BREX02N 4B 11 BR02N 
I A23 BR04 I B23 
1A24 BROS IB 24 s 

2A23 BOU03 2B23 
2A24 BAD0 l N 2B24 

l A25 lB25 2A25 BAD02N 2B25 
4Al 2 BREX0lN 4B12 BR0l N l A26 BI N 13N IB 26 BIN 13N 

I A2 7 BIN 15N IB2 7 BIN 15N 
2A26 BOU0? 2B26 
2A2 7 BOU0l 2B2 7 

4A 13 BREX00N 4B13 BR00N I A28 BIN09N IB2 8 BIN09N 
1A29 BINION 1B29 BI N ION 

2A28 BOU00 2B28 
2A29 • 5V TELEC 2B29 P\'/FMODl 

I A3 0 BIN I IN 1B30 B!NI I N 2A3 0 2B30 PV/ F MOD2 
I A3 l SIN 12N I B31 BINI 2N 2A31 - 5V 2B3 1 ov 

5A01 5B01 

5A02 5B02 B,cok C onne ctor f o, AIE TAIE Ca rds 

5A03 5B03 {Vi e w fr om p lug si de) 

5A04 5B04 j32 30 28 26 24 22 20 I 8 I 6 I 4 l 2 I 0 8 6 4 2 
• • • • • • • • • • • • • • • • 1 • ••••••••••• • • • • 

5B05 312927 25 2321191 7 15l311 9 7 5 3 I 5A05 

5A06 BREX07N 5B06 Ground (OV) 
BR00N (I) 17 BR04N (I) 

5A07 BREX06N 5B07 Ground (OV) 2 BR00N (0) 18 B" 04N (0 ) 

3 M 19 M 
5A08 BREX05N 5B08 Ground (OV) 4 M 20 ,._,, 

5A09 BREX04N 5B09 Ground (OV) 5 BRO! N \ I) 2 1 BR05N (I ) 

6 BRO! N (0 ) 22 BR05N (0) 
5Al 0 BREX03N 5B10 Ground (OV) 7 M 23 M 

5A 11 BREX02N 5B 11 Ground (OV) 8 M 24 M 

9 BR02N 11) 25 BR06 N t i ) 

5Al 2 BREX0l N 5B12 Ground (OV) I 0 BR02N (0) 26 BR06N (0) 

11 M 27 M BR xx N (I ) 
5A13 BREX00N 5B13 Ground (0V) BRxx N tO ) -12 M 28 M ---

13 BR03N (I ) 29 BR0 7 N ( I) 
· 5 ~ 

14 BP. 03N (0 ) 30 BR07 N (0) 

15 M 31 M 

16 M 32 M 

P. efer en ce Be, g 65 268 - 00 5 

4-10 



Table 4-8 Interface Signal List 

GP BUS (Section II) MEMORY MANAGEMENT UN IT (MMU) 

Input to CPU Input/ Output Output from CPU Input to CPU 0 utput from CPU 

BUS RN ACN CHA DONEMN BOMFN OSCFLO 
MSN BIO00-l5N WRITE MF AUL TN BSYCPUAN S00-03 
PWFN BSYN CLEA RN MMUABS FU TMMN 
RSLN TMEN MAD l 2 8, 64, 00- l 5 GFETCH TMMU 
BIEC0-5 TMPN OK0/ OK l 

TMRN SCEIN FLOATING POINT PROCESSOR (FPP) 
TPMN SPYC 
TRMN 

Input to CPU 0 utput from CPU 

DONEFN BOFFN GFETCH 
CONTROL PANEL (Section Ill) FPPABS BSYCPUAN OSCFLO 

Input to CPU Output from CPU 
FLOCR0, l FLO ACT TMFN 

*CPBABS RCP0-3N BIOEKEY INTERNAL INTERRUPTS (LEVELS 0-7) 
CPINT READ MN * BSYCPUAN 
CPMCN READ RN * GBCPFN 

Input to CPU 0 utput from CPU Input to CPU 

INSTN READS TN RUN FA (P.Supply) PWFN PFFN ISO0N 
I PL RUNN (C. Panel) CPINT CPINTFN ISOl N 
LOAD MN START (CPU program) PIFN ISO2N 
LOAD RN TESTS * = Extended (Address) half of (P. Supply) RTCFZ l N RTCFAN ISO3N 

* PREQ N UNLOCKN panel, P857 only 

V24 SERIAL CONTROL UNIT (Section VI) 

Input from Device 0 utput from Device Ground Signals 

---------------1 ISO4N 
(V24 CU) INSERN--- ISO5N 

ISO6N 
ISO7N 

CT l 03 CTl 04 CT l 01 
CT l 082 CTl 06 CT102 
CTl 33 CTl07 

CTl 09 

C PU/V24 SERIAL CU (CPU Logic) 

Input to CPU 0 utput from CPU 

ARED ELA (TT) BUSFDET (TT) K04,08,l0-l5 (AA) f-!Ql (BB) 
ASR0-7 (J J) CPGFZ0N (PP) K04,08-l5 (AA) RS LAN (RR) 
BRGFN (PP) Dl0,15 (H H) L08-l5 (H H) RSLCN (RR) 
TYAC (TT) FNU (DD) MCL, MCLN (RR) T5N, T7 (EE) 

TC8l 0 (EE) 

V24 CU to CPU lnterruet 

IN TSE RN 

4- l l 
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U-LINK POSITIONS 

Odd par , r y 

1 
, 

selected PAR 2 sr o p b •·s 
r.:--:11 se iec ted 

I -~• YES NO ,, 

•I~ ~jSTN8 
I 2 

,~ ~Je51GN 
'leady s gMI ODD EVEN 
'C T l33) ,~ ~i- CTI33 
no t selected I NO YES 

L-'- \ 
.l.SR,V2 4 Pf" 3 100 ; 

d 1s p10-, \ 

V24 
ADDRESS 

Selec ted address' 10001 1 

V24SPEED 
e e 9600 , ' 
~4800 . 
'e-.2400 ~ 
• • 1200 : 
• • 600 · 
e e II O : 

- pleC'ea 3aud rat e , 4aoo 

Figure 4-5 CPU Card Layout 



Table 4-9A P856M CPU Parts List Table 4-9A Contd . 
.. 

Refe,·ence Description 12NC Code Reference Description 12NC Code 

Printed Circuit 5111 10005701 Integrated Circuit 74S74 
Heat Sink 

Integrated C ircuit 74S112 
Right Spring 

lntegroted Circuit 74S138 
Left Spring 

Integrated Circuit 74S169 
Integrated Circuit 7400 

Integrated Circuit 74S1 7 4 
Integrated Circuit 7402 

Integrated Circuit 74S175 
Integrated Circuit 7403 

T3 . I nteg roted Ci rcuit 7812 (TO22O ) 
Integrated Circuit 7404 

T2 . lnt·egroted Circuit 7912 (TO22O ) 
lntegroted Circuit 7408 

lntegroted Circuit 1488 
Integrated Circuit 7 410 

Integrated Circuit 1489A 
Integrated Circuit 7420 

Integrated Circuit 1801 
lntegroted Circuit 7425 

Integrated Circuit 1891 (8576) 
Integrated Circuit 7427 

Integrated Cir c uit 8234 
lntegroted Circuit 7428 

Integrated Circuit 9301 
lntegroted Circuit 7430 

Integrated Circuit 9309 
Integrated Circuit 7432 

Integrated Circuit ADL 2011 
Integ rated Ci rcuit 7 43 7 

Integrated Circuit REC 0612 
Integrated Ci rcuit 7450 

Integrated Circuit 2502 (UART) 
Integrated Circuit 7453 

Integrated C ircuit CR 2021 
Integrated Circuit 7474 

Integrated Circuit ROM 2032 (8205) 
Integrated Circuit 7485 

lntegroted Circuit ROM 2042 (8205) 
Integrated Circuit 7486 

Integrated Circu i t ROM 2052 (8205) 
Integrated Circuit 7489 

Integrated Circuit ROM 2062 (8205) 
lntegroted Circuit 74121 

Integrated Circuit ROM 2072 (8205) 
lntegroted Circuit 74132 

Integrated Circuit ROM 2083 (8205) 
Integrated Circuit 74148 

lntegroted Circuit SN 74L5169N 
lnteg,ated Circuit 74151A 

Integrated Circuit 7415 7 CI0 . Capocito, lnF, 100V, 1~;. , ceramic. 

Integrated Circuit 74158 C68 . Capacitor 200pF, 500V, 1 ~;. . 

Integrated Circuit 74161 C8,76. Capacitor 390pF, 250V, ~ :, ' ' , c: . 

Integrated C ircuit 74174 C 157. Capacitor 510pF, 250V, 1 ~ .. , . 

Integrated Circuit 74175 CI, 5, 14 . Capacitor 620pF, 250V, 1% . 

lnteg,ated Circuit 74181 C9. Capacitor l000pF, 125V, 1 o=. 

Integrated Circuit 74182 C7,6 . Capacitor 1. 3nF, 63'1, P o. 

Integrated Circuit 74194 C2, 4. Capacitor 430pF, 250V, l o 

lnteg, ated Circuit 74298 Cl3. Capacitor 2 nF, 63V, I o/c 

Integrated Ci,cuit 74S00 C 158 . Capacitor 150pF ,. 63V, 2nc , 

Integrated Circuit 74S10 C21,24. Capacitor 1 0fJ F, 63V, FITCO. 

Integrated Ci, cuit 74S1 I C15,18,20,22,23,25,27,29,31-35,38, 
41, 42. Capacitor l0fJ F, 25V, FITCO. 

lnteg,ated Ci,cuit 74S20 
C3. Capacitor 1,8nF, 125V, 1 °c. 

Integrated Ci, cuit 74530 

lnteg, ated Ci, cuit 74<;04 

lnteg,ated Ci,cuit 74564 
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Table 4-9A Contd. 
Table 4-9B P857M CPU Parts List 

Reference Descriptio n l 2NC C ode Refe rence Descri pti on 12 NC Code 

C 12, 46 , 49-64, 67, 69, 7 1 , 7 4, 79, 80, 85, 
Pri nted Circuit 5111 100 05 7 01 

86 ,8 8 , 90 , 92 , 94 , 9 7, 100 , 102 , 104-106 , Heot Si nk 

109,110, 1 12,113, 1 15, 1 17, 120 - 12 2, 1 24, 
128-130, 133,134 ,138, 142 ,14 6, 147, 149 , 

151 ,1 5 2, 155 . Copoc itor I OnF, ceramic. 

Ri ght Spr in g 

Lef t Spr ing 

R3,8,37,54,74,75. Res istor IOOn, I aw, I C 

R27,36,65 - 72. Resistor 4 7 On , i 4W, 50 

R53 . Resis t or 56On, 1 4W, 50 

Integrated Circuit 7400 

Inte grat ed Circ uit 7402 

Integ ra te d Cir cu it 74 0 3 

Rl4,19-26 ,28 -35 , 39-52,55-62,64, 76, 
80-109, 130 . Resistor 1 Kn , 1 4W , 50_. 

Integrated Circuit 7 404 

lntegroted Cir cu i t 7 408 

RO4-O6,O 7, 38,63, 77 , 79, 131,132 . Re si sto r I OKn, I 4 W , 50 . lntegrot e d Circuit 74 10 

R 16. Resis to r 464n, I aw, I o .. . In tegra ted Circuit 7 420 

R 17. Resis t or 681n, I aw, I o . . Integrate d Circuit 7 42 5 

R 12 . Resistor 2. l 5Kn, 1 aw, I o, _ lntegro ted Circuit 7 42 7 

R 11 , 13. Resistor 3. I 6Kn, I aw, I C Integrated Circuit 7428 

R 11 0-115 , 122 ,1 23, 126, I 27. Res isto r 22On, 1 4 W , 5" , . Integrated Circuit 74 30 

Rll 6- 121,124,125,l28, l 29. Resistor 39On , I 4V/ , 50 . Integr ated Circu it 7 432 

R 15 . Resi stor I . 4 7K n , I aw, I C Integrated Circuit 7437 
-

RI , 2, 1 0 , 73 . Resistor 11 On , 0 . 125 W, 10 Integrated Circuit 7 4 5 0 

R9,78. Resi sto r 14 7n , 0 . 125 W , 1 " · Integrated Circuit 7453 

CRI , 2. IC . TERN ET Resistor s . 

y I . Ouo rtz QA 55A22.22 Mh z . 

Int egra ted C irc u it 7474 

Inte grated Circuit 7 485 

T I . Tronsistor BSX2 O I 
U- Lin k DC WO6 . 

I 

I 

lntegroted Circuit 7 486 

Integrated Circuit 7489 

Mi co 56325 . j 
Integrated Circuit 74121 

ln teg roted Circu i t 7 4132 

In tegrated Circuit 74 148 

Int e gra ted Circuit 74151A 

In tegra ted Circu it 7415 7 

Integrated C ircuit 74158 

lntegroted Circuit 74161 

Integ rated C ir cui t 7 41 7 4 

Integra ted C ir cu it 7 41 75 

Integra te d C ir cu it 7 4181 

Integrated C ir cuit 7 4182 

Integrated Circuit 74194 

Integrated Ci rc uit 7 4298 

Integrated C irc u it 7 4 SOO 

Integrated C ir cu it 74S 10 

Integrated Cir c uit 74S 11 

In tegrated C irc u i t 74S2O 

Integra ted C ir cu it 7 4S3O 

Integrated Ci rcuit 7 4SO4 

Integrated C ir cuit 74S64 

Integrated Circuit 7 4S 7 4 
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Table 4- 9B Contd. Table 4- 9B Contd. 

Reference Description 12NC Code Refc,encc Description I 2NC Code 

Integrated Circuit 74S112 R3,8,37,54, 74,75. Resistor 1 00n, 1 :aw , 1% . 

Integrated Circuit 745138 R27 , 36,65-72 . Resistor 470n, I ./4W , 5°1 . 

Integrated Circuit 745169 R53 . Resistor 560n, 1/ 4 W , 5%. 

Integrated Circuit 745174 Rl4, 19-26,28-35,39-52,55-62,64, 76, 

Integrated Circuit 745175 80-109 , 130. Resistor 1 Kn, 1_1 4W , 5°k . 
' 

T3 . Integrated Circuit 7812 (TO22O) I- 4, 5, 6, 7, 3 8, 63, 77, 79, 131 , 13 2 . Resistor 1 0Kn, l / 4W , 5°!. 

T2. Integrated Ci rcuit 7912 (TO22O) I< I~ . Resistor 464n, 1/ 8 W , l o/:. 

Integrated Circuit 1488 R 17 . Resistor 681n, 1/ 81/v, 1%. 

Integrated Circuit 1489A 1' 12 . Resistor 2 . 1 SKn, 1/ 8W, 1%. 

Integrated Circuit 1801 R 11, 13. Resistor 3. 16Kn, I / SW , 1%. 

lntegraied Circuit 1891 (85 76) RI 10-115, 122,123,126,127. Resistor 220n, 1/ 4W, 5% . 

Integrated C ircuit 8234 RI 16-1 21 , I 24, 12 5, I 28, I 29. Res istor 390n, 1/ 4W , 5%. 

Integrated Circuit 9301 RI 5 . Resisto r 1 , 47Kn, 1/ 8 W , I o;:. 

Integrated Circuit 9309 1/1,2,10,73 . Resistor 11 On, 0, 125 W , I "/c. 

Integrated Circuit 2502 (UART) R9 ,78 . Resistor 147n, 0, 125W , 10/ . 

Integrated Circuit AOL 2011 CRI, 2 . Diode AAZ 18. 

Integrated Circuit REC 0612 y I . Ouartz QA SSA 22.22 Mhz. 

Integrated Circuit CR 2021 T I. Transistor B5X 20. 

Integrated Circuit ROM 2442 (8205) IC TERNET Resistors. 

Integrated Circuit ROM 2452 (8205) U-Link DCW06. 

Integrated Circuit ROM 2462 (8205) Mica 56325. 

Integrated Circuit ROM 2472 (8205) 

Integrated Circuit ROM 2482 (8205) 

Integrated Circuit ROM 2493 (8205) 

Integrated Circuit 5N74L 5 169N 

C 10. Capac itor I nF, I00V, I 0° .- , ce ramic. 

(68 Capacitor 200pF, soov ' I "I, . 

ca. 76 Capac i to r 390pF, 250V, 1%. 

C 157. Capacitor 510pF, 250 V , 1%. 

CI ,5, 14 . Capacitor 620pF, 250V , 1% . 

C9. Capacitor I000pF, 125V, 101c. 

(6,7 . Capacitor I . 3nF, 63 \/ , I o1. 

C2, 4 . Capocitor 430pF, 250 V , l °k . 

(13 Capac;tor 2nF, 63V, I 0o. 

(12,46,49-64,67,69,71,74,79,80,85, 
86,88,90,92,94,97,I00,102,104-106, 
I 09, I IO, I 12, I 13, I 15, I 17, I 20-1 22, I 24, 
128-130, 133,134,138,142,146,147,149, 
I 51 , 152, I 55 . Capacitor l0nF, ceramic . 

(21,24-. Capoc itor 101,1F, 63V, FITCO . 

Cl5,18,20,22,23,25,27,29,31-35,38, 
41, ,2 . Capacitor I 01,1F, 25V, FITCO . 

Cl58 C<:>pacito, I SOpF, 63V, 2°1·. ceramic. 

CJ . Capacitor I . 8nF, 125V, I o;_ 
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Table 4-10 General Purpose Card Parts List 

Reference Description 

Printed circuit 

IC 1,4, 10, 12, 13, 15,23. lntegroted Circuit 1801 

IC 9,16,22. Integrated Circuit 7404 

IC 11. Integrated Circuit 7438 

IC 18, 19. Integrated Circuit 7402 

IC 20. Integrated Circuit 74S74 

IC 21. Integrated Circuit 7417 

IC 24,30. Integrated Circuit 7474 

IC 25. Integrated Circuit 7451 I 

IC26,29 . Integrated Ci rcuit 7430 

IC 28. Integrated Circuit 74175 

IC 31 . Integrated Circuit 7400 

IC 27. Integrated Circu it 74S175 

IC 17. Integrated Circuit 9301 

IC 2,3,5,6,7,8, 14. Integrated Circuit REC 0613 

C 7,8. Capacitor 681.1F, 16V, CTS. 

C 2,5,12-15,17-26. Capacitor 3,31.1F, 16V, CTS. 

C 3,4,6,9,10,11,l6. Capacitor 101.1F, ± 20%, ceramic . 

R 1. Resistor 220n, 0 .250V,.: ± 5% . 

R 2,9,10,11,12,13. Resistor 390n, 0.250W, ± 5% . 

R 3-8, 14-17. Resistor 1 Kn, 0 . 250W, ± 5%. 

L 1,2. Inductance . 

S 0-12 . U-Link. 
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Table 4- ll TAIE Parts List 
Reference 

A5 , A6,A7, C7, D5, D7, E7, F5, G6, HS 

A1,81,C1,G2 

Gl, Fl 

A3 , A4, 83, 84, C4, 04, F2 

F3, G3 

E1,E2,F4,G4 

E4 

85,F7,H1,H7 

CJ, DJ , E6, G5 

D6 

86, 87, C5, C6, F6, G7, H6 

R37 thru R51 

R 1 thru R36 

R60 

R61 

R62 

R63, R68 

R57 

R65 

R66 

R 56, R 58 , R 59 

R64 

R67 

R52 thru R55 

01· 

Q2,Q3,Q4 

Kl 

CR 1, CR2 

CR3 

CR5, CR6 

CR4 

C53 

C1,C2,C3 

C4 

C5 

C6 

C7 

CB 

C9 t hru C19 

C20, C21 

C22 thru C32 , C52 

C33 thru C36 

C37 thru C51 

TAIE CARD 

U-link 

IC 1801 

IC 74174 

IC 7474 

IC 74175 

IC 74H11 

IC 9602 

IC 9318 

Descr ipt ion 

IC Ternet Resistors 

IC 7404 

IC 7417 

IC REC 0612 

Resistor, 1Kn, :5% , 0,25W 

Resistor, 390n, :5% , 0,25W 

Resistor, 5,62Kn, :1%, 0, 125W 

Resistor, 14,7Kn, :1% , 0, 125W 

Resistor, 31,6Kn, :1% , 0 , 125W 

Resistor, 26, 1Kn , ~1 % , 0, 125W 

Resistor, 1, 6Kn , :5% , 0, 25W 

Resistor, 12Kn , :5% , 0, 25W 

Resistor, _24Kn, :5% , 0,25W 

Resistor,' 300n, :5% , 0,5W 

Resistor , 100n , :5%, 0,5W . 

Resistor, 10Kn, :1 %·, 0, 125W 

Resistor, 220n, :5% , 0, 25W 

Transistor BSX60 

Transistor 2N2219 

Relay MRMD 15005 

Diode BAX 13 

Diode 1N746A 

Diode AAZ 18 

Thyristor 2N 1595 

. Capac itor, 0,331,1f, 10% , 100V, MPR 

Capac itor, 470pf, :10% , 100V, 'cer._plat 

Capacitor, 471,1f, 25V, FITCO 

Capocitor, 0, 11,1 f, 10% , 100V, MPR 

Capacitor, 221,1f, 16V, CTS13 

Copacitor, 331,1f , 10V, CTS13 

Copacitor, 11,1 f , 35V , CTS13 

Capacitor, 3,31,1f, 16V, CTS13 

Capacitor, 101,1 f, 15V, FITCO 

Capacitor, 10000pf, 40V , cer.pla t 

Capac itor , 100pf, 2% , 63V, cer.plat 

Capacitor, 0,011,1 f, -10% , 100V, MAC 

12NC-Code 

5111 199 8 1440 
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Table 4-12 AIE Parts List 

Reference 

A5,A6, A7, C7, DS, D7, E7, F 5, G6, HS 

A 1 , B 1 , C 1 , G2 

Gl, Fl 

A3,A4, B3 , B4 , C4, D4, F2 

F3, G3 

E1,E2,F4,G4 

E4 

Hl 

C3,D3,E6,G5 

D6 

B6,B7,C5,C6,F6,G7,H6 

R37 thru R51 

Rl thru R27,R30,R31,R32,R35,R36 

R60 

R61 

R62 

R63, R68 

R57 

R65 

R66 

R56, R58 , R 59 

R64 

R67 

Ql 

Q2,Q3,Q4 

Kl 

CRl, CR2 

CR3 

CR5,CR6 

CR4 

C53 

Cl,C2,C3 

C4 

cs 
C6 

C7 

ca 
C9 thru C19 

C20,C21 

C22 thru C32-C52 

C33 thru C36 

C3 7 thru C51 

Description 

AIE CARD 

IC 1801 

IC 74174 

IC 7474 

IC 74175 

IC 74H 11 

IC 9602 

IC 9318 

IC Ternet Resistors 

IC 7404 

IC 7417 

IC REC 0612 

Resistor, lKn, ~5%, 0,25W 

Resistor, 390n, ~5% , 0,25W 

Resistor, 5, 62Kn, ~ 1°/r , 0, 125W 

Resistor, 14, 7Kn, + 1°/r- , 0, 125W 

Resistor, 31, 6Kn, + 1%, 0, 125W 

Resistor, 26, 1 Kn, ~1 % , 0, 125W 

Resistor, 1, 6Kn, +5%, 0,25W 

Resistor, 12Kn, ~5%, 0,25W 

Resistor, 24Kn, + 5% , 0,25W 

Resistor, 300n, ~5% ' 0, SW 

Res istor, 100n, ~S'Yc , 0, SW 

Resistor, l0Kn, ~ 1'1/c , 0, 125W 

Trnos istor BSX 60 

Trnasistor 2N2219 

Relay MRMD 15005 

Diode BAX 13 

Diode 1N746A 

Diode AAZ 18 

Th yr istor 2N 1595 

Capocitor, 0,33µ F, 10% , 100V , MPR 

Capacitor, 470pf, ~ 10%, 100V, cer.pla_t 

Capacitor, 47µF, 25V, FITCO 

Capacitor, 0, 1µ f, 10%, 100V , MPR 

Copacitor, 22µf, 16V, CTS13 

Capoc it or, 33µf, l0 V , CTS13 

Capacitor, lµ f, 35V, CTS13 
\ 

Capacitor, 3,3 µf, 16V , CTS13 

Capacitor, 10µ f, 25V , FITCO 

Capacitor, l0000pf, 40V, ce r. plat 

Capacitor, l00pf, 2%, 63V, cer . plot 

Capacitor, 0,0l!J f, +10¼ , 100V, MAC 

12NC-Code 

5 11 1 1 99 78 4 50 
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Figure 4-11 (A) AIE Card Schematic 

4-22 



2 
~ 
Q 
co 

7 

; .. ii 

IAOti 1A08 1A O.J 

z 
'7 

3 
cri 

<:t 
CJ 

ii, 

z 
C 
0 
0 
cri 

Al 

::, 
:., 
::, 
0 
:n 

I; 

2l.2il 

IA0 7 IA2 I 

13 

R 

12 15 

1/\17 

11\22 l.'.10 5 

z 
0 
0 
CD 

12 

z 
N 
0 
0 
(Il 

34 

z 
lf) 

0 
0 
(Il 

5 3 2 

5 
lf) 

C 
::, 

11\26 

z ,.., 
z 
CD 

4 

0 

z 
<:t 
0 
0 
(Il 

3 

5 26 

Bl 
74 174 

10 
<:t 
0 
::, 

IA0 3 IA29 IA28 

z ,,., 
0 
CD 

5 3 8 

II 

(Il 

5 10 

14 

S 2 2 

R 

2 

DAV 

I A3 I 

3 

z 
N 

0 
CD 

IA30 IA09 IA I0 

5 12 

12 

z 

0 
(Il 

z 
w 
0 
0 
CD 

z 
co 
0 
0 
CD 

z 
0 
0 
cri 

5 · 14 5 24 5 20 

15 

Cl 
74174 

:l) 

0 
::, 

IU 
co 
0 
::, 

z 
(J) 

0 
0 
(Il 

5 ·16 

4 
1B14 AR EN s ARCN 
I Al 4 0•--e--t-+-"◄ 

1813 
0 5 

18 13 
1811 u--... -+--=-t 0 9 

ACFN 
1B12 

+ SV _ _,RR3377r---... 
13
-----' 

6 ·30 

6 30 

6 2 7 

6 27 

6 33 

5 30 

C 

I Kn. 

TPMN 

CLEA RN 

TMPN 

6 20 

lf) 

0 
<[ 
:;; 

6 2 0 

618 6 ·0 4 

,,., 
0 
0 
<[ 
;:,: 

6 18 

F2 
74 17 5 

<:t 
0 
0 
<[ 
:;; 

6 ·0 4 

2 15 6 z 10 

~ Cl'. g '5 

6 ·0 2 6 ·1€ 

" 

+5V 

N 

0 
<[ 
:i; 

614 6 12 

0 
<[ 
:;; 

61 0 

G2 
74174 

6 ·0 8 

(J) 

::> 
0 
<[ 
:;; 

DION 

9602 
Q I >-+--+--+--

R 9 
13 

6 06 

co 
0 
0 
<[ 

~ 

6 0 8 6 ·0 6 

C TMP 
9 

R 

9 

10 

II 

3 
..__---◄ c 

C36 

D6 

96 0 2 

960 2 

DAV 

DPA 

VBI 

V 82 

G3 

•6 

2 

('J 
0 
::, 
0 
(Il 

8 
CD 

0 
(Il 

,.._ 
0 
::, 
0 
(Il 

N 
::, 
0 
CD 

::, 
0 
(Il 

0 
CD 

0 
(Il 

5 

0 
::, 
0 
(Il 

0) 

0 
::, 
0 
(Il 

z2 
lf) 

0 
0 
<[ 
CD 

0 0 lJ.. lJ.. 

(Il (Il (Il <[ W O O _J 
21\16 2Al 5 2A0 2 2A0 4 

L-----------+-+----------+---+----+----------+--------1--
21\27 2A2 0 2A2 I 2A26 2A06 2 Al8 2A07 2AI0 2Al 9 2 Al7 2A09 2A08 

+5V 

1A ;>Q I A 2 3 

Figure 4-11 (B) AIE Card Schematic 

6 ·36 

z 
w 
~ ... 

E 36 

6 .39 

z 
~ 
Cl'. ,-. 

6 · 39 

4-23 



4-24 

Front 
Panel 

: · L 1 

9.t~-:-:-:}RU N 
t :e.1i ·· ···LPl_7 

-::::::;:;:::::::::::::::::::::i:::::::::: 

, .· 

74/04/03 

Side View 

Connector 

Control Panel Parts List 

Reference Description 

Control Panel 
Front Cover 
Printed Circuit, equiped 
Circuit Board 

I Cl 8, IC19 Integrated Circuit 74729 
I Cl 7 7410 
1Cl3 7404 
I Cl 2 9602 
ICl l, ICIS 7432 
ICl, IC7 , IC8 7416 
IC3, IC4, ICS, ICI0 l 801 
1(14 7420 
1(16 7400 
IC2, IC6, IC9 REC 0612 
Cl9, C20 Capacitor, 47fA F, ?.0V, 
Cl Capacitor, 4700pF, l00V, 
C2thruCl8, C2I Capacitor, 3900pF, I00V, 
L l , L2, L3 Inductor 
RI Resistor, l0Kn, 0.250W, 
R2 Resistor, 46 . 4Kn, 0 . 125W, 
R23 thru R38 Resistor, 330n 0.250W, 
R3 thru R22, R39 , R40 Resistor, l Kn, 0 . 250W, 

Toggle Switch 7101 LYCG 
Push Button Switc!, 2RT - TFB 
Lamp 6V 30mA ref. 2306 
Jumper Block F088 

IPL-Enable Jumper 

Figure 4-l 2A Standard Control Panel Layout 

l 2NC Code 

5111 199 81450 
79700 
82070 

100 05213 

CTS13 
• l 0 cer plat 
± l 0 cer plat 

±5 
± l 
±5 
±5 



1 ••••••••••••••••••••••••• . . . . . . . . . . . . . . . . . . . . . . . . . 
C21 1 C39 

c::i 

U7 U9 

Reference 

U I , 3, 5, 6, 7, 29. 

U2,4,8,26. 

U28. 

U27. 

U9,18,25. 

UIO, 13, 16, 19,22. 

U 11 , I 4, 17, 20, 23. 

Ul2, 15,21,24. 

Cl-17,19-39. 

CIB. 

RIB,19,20 , 22,23,24. 

Rl-17. 

R21. 

LPl-17. 

Extended Control Panel Parts List 

Description 

Printed Circuit 

Integrated circuit 1801 

' Integrated circuit REC 0613 

Integrated circuit 74S1 I 

Integrated circuit 74S00 

Integrated circuit 7417 

Integrated circuit 7,4157 

Integrated circuit 74S169 

Integrated circuit 9324 

Capacitor IOnF, ceramic . 

Capacitor 560pF, 10%, ceramic. 

Capacitor 221,1F, JOY, FITCO. 

Resistor l Kn, 0.25W, 5% . 

Resistor 330n, 0.25W, 5%. 

Resistor lOOn, 0. 25W, 5%. 

Lamp 6 V 30 mA ref. 2306. 

Figure 4-9B Extended Control Panel Layout 

12NC Code 

5111 I 00 05764 

U25 

0

~26° 2c20 c:~~?:s 
~ QR2t:~~~:~ 0~19 G:€J 

~ 
R23 R24 
~ 

QR20 1s171 QRl9 
L . ---

---c-.J­
R 18 
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SECTION V 

POWER SUPPLIES 

5.1 GENERAL 

Each basic chassis contains its own power supply (Tobie 4- l). The power supply 

with the M4 chassis provides regulated +5V at 43 amps, +l 6V at 9 amps, and -5V 

at 2 amps, as well as unregulated +18 and -18 volts at 2 amps each. The MS 

chassis contains two power supplies: one identical to the M4 supply, and a 

second supply that differs only in some component positions. The main power 

and logic signals of the basic supply are shown in the block diagram, Figure 5-l. 

The mechanical configuration and parts locations are shown in Figures 5-6 

through 5-9. 

5.2 INPUTS 

The power supply operates on voltages of l00V, 115V, 220V, or 240V, ±10 %, 

single phase, at either 50 Hz(± 2 Hz) or 60 Hz(± 3 Hz). The power supply 

is adapted to the selected input voltage by wiring the input-side of the mains 

transformer, T20l, as shown in Figure 5-2. The transformer input connections 

and jumpers are made by individual plugs at the rear of the chassis (Figure 5-7). 

The AC input is filtered, fused, and then switched by means of a remote­

control circuit. The remote-control circuit (Figure 5-3, sheet 1) is located on 

printed-circuit card Pl. 

5.3 A battery connection is provided on the power supply chassis. The 

purpose of an external battery supply is to maintain the +l 6V and part of the 

+5V supplies during a mains power failure. The battery connector wiring is 

shown on_ Figure 5-3, sheet l . 
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Operation 

llJQ V 
Operation 
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J 
Pcint 9 of the transformer is a shield between primary and secondary windings. 

The shield must be connected to the ground. 

The fan is connected on the first 115V winding (1-3) so that it is always 

supplied with 115V. 

Figure 5-2 Mains Input Wiring 

OUTPUTS 

output voltages, and maximum currents from this supply are : 

• +l 6V, 9A, ±3% (due to± 10% mains and load variation) 

• + 5V, 43A, ] ±2% (due to± 10% mains and load variation) ±2% for 

• - 5V, 2A, ripple and noise, p-p from Oto 20 MHz. 

• +l 8V, 2A, ] -10%, +70% (non regulated) 

• -l 8V, 2A, 



The +16V supply is used by the memory (inhibit amp I ifiers). About 9 amps are 

required for 32k words of memory; the 16V, 9-amps supplies 64k words of 

memory with two modules working at the same time, with interleaving. The -5V 

supply is used by memory (about 1. 5 amps) and by the interface drivers for the 

big disc control unit (about l amp). The unregulated +l 8V and -l 8V supplies 

are used by data-communication and teletype control units; the 18 volts 

are converted to 12 or 6 volts by regulators on the control-unit cards. The 

+5V supply is used by the P857 logic. 

5.5 LOGIC SIGNALS 

The RSLN (Reset Line) and PWFN (Power Failure) signals are used for power 

on/off sequences and automatic restart. The full logic description is given 

in paragraph 2.45. The power supply controls both signals with the following 

timing : 

PO WER ON +, (>lOµsec) PO WER OFF ( > l OfJ se c) 

(4-BV) 

t (>lOµse c) 

I 
( > 2µs ec ) .~ 

-
7 111 I I I 

+5V, -5V v 
i I I 

L 
I + 16V 

I I 
I I RSLN 

I I I 
PWFN 

I ◄ ~ > 10 ms j > 2ms I 
.. 4 .. 

µ sec 

The power-off sequence is shown for switching off or for a power failure 

greater than 10 ms. Shorter line failures will not cause the "off" sequence. 

Once PWFN goes active (low), the sequence must continue to activate RSLN. 

5.6 REAL TIME CLOCK 

The Real Time Clock (RTC) is a l us pulse every 20ms which 1s sent to the RTCF 

flip-flop (program status bit 12) to be "Jsed as an internal interrupt. The RTC 

pulse is generated by pulse-shaping the mains frequency. The RTC pulse is then 

sent via the control-panel key switch (positions ON RTC and LOCK) to the 

CPU logic RTCF flip-flop (Figure 2-8 PP). The operation of the General 

Flip-Flop (GF) RTCF is described in Section II. The RTCF interrupt is also 

shown on the Interrupts and Breaks diagram in Section I. 

5.7 FUSES 

The power supply contains one fuse in the mains input (F206) and additional 

fuses for the supplied voltages. The fuses for the supplied voltages (at the 

rectifier/ filter outputs) are to protect the rectifiers and transformer in case of 

regulator failure; the regulators themselves are electronically protected. The 

power supply fuses are listed in the following table : 

Fuse Purpose Schematic Location 

F206 Mains input, slow operating : sheet l 

4 amp for 220V / 240V inputs 

8 amp for 100V/ 115V inputs 

Fl 01 0. l amp, mains detec t or sheet l 

F20l 20 amp, +5V regu I a tor sheet 2 

F202 l 0 amp, +l 6V regulator sheet 3 

F203 2 amp, auxillary 15V supply for the sheet 2 

power-supply circuits. 

F204 3. 15 amp, - l 8V and -5V supplies sheet 4 

F205 3. 15 amp, +l 8V supply sheet 4 

5.8 RECTIFIER CIRCUITS 

The inputs to all of the DC supplies use center-tapped, full-wave rectifiers. 

The AC voltage is supplied by five center-tapped secondary windings of 

transformer TR2. The rectifier circuits are shown on the schematic diagram 

(Figure 5-3) with their appropriate supplies. The +5V and +l6V regulators 

take the positive voltage from the transformer center taps, which al lows the 

anodes of the high-current diodes to be mounted in heat sinks at zero volts 

5-3 



(ground). The +18V and -18V supplies use a full-wave bridge package, but each 

supply is using only two diodes of the bridge together with the center-tapped 

transformer winding. The -5V regulator takes its input voltage from the 

unregulated -18V supply. 

5.9 +5V REGULATOR 

5.10 Voltage Regulation. The +5V, 43-amp power is supplied by a switching 

type regulator (Figure 5-3, Sheet 2). High efficiency is obtained because of the 

regulator transistors (Q201, 202, and 203) being always on or off. The regulator 

transistors are controlled by a voltage detector and a voltage corrector. The 

switching frequency is controlled by an independent clock circuit common to 

the +5 and +16 volt supplies, and is thereby not load-dependent . 

The +5V regulator controls the mean voltage V M (following diagram) by 

varying the switch-on tirr,e in direct relation to the requi red correction. 

The At is reduced, while the switching frequency is held constant, in order 

to reduce the mean output voltage. 

5.11 The switching regulation operates at a frequency (20 KHz, ± 5%) 

determined by the type 555 clock circuit, ICl. The clock provides a timing input 

to voltage corrector IC2. IC2 is a type 555 pulse-width modulator (PWM) which 

generates a pulse to switch regulator Q201 / 2/ 3 on and off. Regulation is provided 

by the variable pulse width from IC2. When Q201 / 2/ 3 switches on, current 

flows through inductor L203 to the load, increasing linearly, and charges the 

output capacitors. When Q201 / 2/ 3 switches off, L203 current starts to 

decrease, and diodes CR201 / 2 are forward biased; the current now flows 

through C R201 /2, decreasing I inearl y. 

5-4 

5. 12 The +5V output sense voltage is compared to a reference voltage by 

error amplifier IC4. (Since the type uA723 reference voltage is about 7 volts, 

the +5V supply ( < 7V) adjusts the reference level.) As the sense voltage 

increases, the output current at IC4, pin 9 increases and the Q8 collector 

voltage to PWM IC2 decreases. The reduced threshold voltage at pin 5 of IC2 

decreases the pulse width output from the voltage corrector. The narrower 

pulse to 0201 / 2/ 3 (via transformer Tl) results in less "on time" for the regulator 

transistors, and reduces the final output voltage. 

5. 13 The 1 :1 transformer Tl is used to couple the high-current supply with 

sensitive, low-current control circuits. This allows higher-voltage regulation 

control with resultant higher efficiency and higher-speed operation for the 

voltage regulation. The coupling transformer is supplied with 3.5 volts at 

high current during power-on time by starting-supply IC5, Q12. Once the 

+5V supply is up, Tl is supplied by the +5 volts via diode CRl; the emitter 

of Q 12 is back-biased and the starting supply is held off. The starting supply 

is inhibited (along with the clock) by an overcurrent cutoff. 

5. 14 Overvoltage Crowbar. An overvoltage detection circuit (crowbar) 

fo r the +5V supply is made up of a threshold detector (Q 101) and thyristor 

(CRl0l). If the supply output voltage increases beyond the nominal value, 

between 6 and 7 volts, Q 101 switches on and the thyristor fires to short­

circuit the supply. 

5. 15 Overcu rrent Detection. Current detection on this 43-amp supply is 

performed by passing the +5V I ine through the center of a variable-µ ferrite 

core (L204) which has a sensing coil wound about it. Direct current through the 

+5V line produces a magnetic field (H) which causes a magnetic flux in the 

core. The flux density (B) and the properties of the core material determine the 

permeability (u) of the core; thus, any change in the current through the core 

(I) changes the field strength (H) which changes the permeability (u). 



6 
B = µ H 

I I H 
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5. 16 A type 555 square-wave generator (IC3, 07, Q9) produces a voltage 

square wave which passes through the L204 coil (from pin A to B) to the over­

current detector (IC6). The inductance (L) of the coil retards the leading edge of 

the squarewave to produce a current sawtooth output to the detector (following 

diagram). Since the inductance of the coil (L) is approximately L = u N
2 

(where N is the number of turns, a constant), a change in u causes a change in 

the sensing current through the coil ( 61). The height of the sawtooth is thus 

directly dependant on the coil's L, as follows: E = Le::,.1/ 6.T, with e::,.T and E 

constants from the squarewave generator. Excess current therefore increases the 

amplitude of the sawtooth sufficiently to trigger the threshold detector at the 

IC6 input. 

5. 17 

SQUARE _flf1.j 
WAVE 

GENERATOR 

IC3 

Vref 

Q9 

/ 

_,,,,, ,,, 

43 AMP /1/Vl 

CR5 

CURRENT 
DETECTOR 

THRESHOLD DETECTOR 

I C13 

When overcurrent detector IC6 is triggered, it produces an inhibit 

signal which blocks the Tl starting supply and the clock. With the clock (ICl) 

stopped, the +5V and +16V supplies are blocked. The starting supply to Tl must 

be inhibited separately because it derives its power from the unregulated part 

of the +5V supply which is not stopped when the !Cl clock stops. 

5.18 When the +5 volts is off, the squarewave output ls off and transistor 

Q9 is on. Since the L204 coil is short for DC, the threshold detector detects a 

constant high and adds to the shut off condition. Negative spikes (caused by L) 

are removed from the Q 9 square wave output by zener di odes CR 14 and CR 15. The 

resistors shown as part of L204 are selected during manufacture to produce the 

same u for all units. The relationship from current (I) to squarewave voltage is 

1_.H_.u_,..L_.b.l _.b.E. 

1' 1' ww 1' 1' 
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5. 19 +16V REGULATOR 

5.20 Voltage Regulation. The +16V, 9-amp power is supplied by a switching 

type regulator (Figure 5-3, Sheet 3). High efficiency is obtained because 

regulator transistor 0204 is always on or off. The regulator transistor is controlled 

by a voltage detector and a voltage corrector. The switching frequency is 

controlled by an independent clock circuit common to the +5 and +16 volt 

supplies, and is thereby not load-dependent. The +16V regulator controls the 

mean voltage V M (following diagram) by varying the switch-on time in direct 

relation to the required correction. The ~tis reduced, while the switching 

frequency is held constant, in order to reduce the mean output voltage. 

Vmax 

j--1---1--L 
l:"' ► IT .I 

5.21 The switching regulation operates at a frequency (20 KHz) determined 

by the type 555 clock circuit, IC]. The clock provides a timing input to 

voltage corrector IC9. IC9 is a type 555 pulse-width modulator (PWM) which 

generates a pulse to switch regulator 0204 on and off. Regulation is provided 

by the variable pulse width from IC2. When 0204 switches on, current flows 

through inductor L202 to the load, increasing linearly, and charges the output 

capacitors. When 0204 switches off, L202 current starts to decrease, and 

diode CR203 is forward biased; the current now flows through CR203, decreasing 

I inearly. 

5.22 The +16V output sense voltage is compared to a reference voltage by 

error amplifier IC8. (Since the type uA723 reference voltage is about 7 volts, 

the +16V supply (>7V) adjusts the sense level.) As the sense voltage increases, 

the output current at IC8, pin 9 increases and the O 19 collector voltage to 

PWM IC9 decreases. The decreased threshold voltage at pin 5 of IC9 decreases 

5-6 

the pulse width output from the voltage corrector. The narrower pulse to 0204 

(via 020 and 013) results in less "on time" for the regulator transistor, and 

reduces the fi na I output voltage. 

5.23 0 vervol tage Crow bar. An overvol tage detection circuit (crowbar) 

for the +l 6V supply is made up of a threshold detector (0 l 02) and thyristor 

(CR103). If the supply output voltage increases beyond the nominal value, 

between 16. 8 and 20. 3 volts, Q 102 switches on and the thyristor fires to 

short-circuit the supply. The THTR signal is used to shut off the 16-volt 

supply during the power-off sequence (paragraph 5-41 ). 

5.24 Overcurrent Detection. Current sensing in the +16V supply is performed 

by resistor R207 in series with the supply. The lower-voltage half of R207 is 

used as a reference at the pin-4 input of error amplifier IC7. This reference 

voltage is held constant by zener diode CR8, and an adjustment is provided by 

trimpot PR4. The higher-voltage half of R207 is used as a sense input at IC7, 

pin 3. Zener diode CRlO is used to reduce the sense-input voltage. An 

increase in current through R207 will increase the sense voltage (developed 

across R45) in relation to the reference voltage. The resultant high output 

from IC?, pin 2, via 015, will gate on thyristor CR13 and shut off the 

+16 volt supply. 

5.25 Inhibit Signals. The inhibit signal INHl delays operation of the +16V 

regulator during initial power-on time to produce a slow rise of the +16 volts. 

INHl is active (high) for approximately 300 ms after power on (Figure 5-5). 

During this initial delay time, the overcurrent detector is blocked via 017 and 

the overvoltage circuit is blocked via 016 and 018. 

5.26 The inhibit signal INH2 blocks the +16\/ regulator if either the +5 volts 

or -5 volts are not present. Loss of either voltage drops out relay K102 

(Figure 5-3, sheet 4) which then grounds the output of the overvoltage corrector 

circuit (sheet 3). 
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5.27 -5V REGULATOR 

5.28 Voltage Regu I ati on. The -5V, 2-amp power is supplied by a switching 

type regulator (Figure 5-3, sheet 4). Transistor Q 111 is switched on and off at 

about 20 kHz by a type 7905 regulator (I Cl 09) used as the voltage detector. 

The -5V regulator controls the mean voltage V M (following diagram) by varying 

the switching frequency Tin inverse relation to the required correction. The T 

is increased, while the on-time 6t is held constant, in order to reduce the 

m eon output vol toge. 

= 

5.29 The output voltage is compared to a reference voltage by I Cl 09. The 

reference voltage at pin 1 is established by the small-value R156/157 relative 

to the la rge Rl 55. When I Cl 09 detects less than 5 volts between pins 2 and 

it switches off, and Ql 11 is switched on. With Ql 11 on, diode CRl 12 is 

reverse biased and not conducting; current flows through Q 111 and L201 to the 

load, increasing (more negative) linearly by charging the output capacitors 

Cl0l / 102. The capacitors continue charging until the -5V is detected by 

I Cl 09. 

5.30 When I Cl 09 detects more than 5 volts, it switches on and Q 111 is 

switched off. With Q 111 off, L201 current starts to decrease and CRl 12 is 

forward biased; the current now flows through CRl 12, and discharging from 

Cl 01 / 102, decreases linearly. When the sense voltage falls below the reference, 

I Cl 09 switches Q 111 back on and the cycle repeats. 
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5.31 Overvoltage Crowbar. An overvoltage detection circuit (crowbar) 

for the -5V supply is made up of a threshold detector (Q106) and thyristor (CR108). 

If the supply output voltage increases beyond the nominal value, between -6 ar.d 

-7.5 volts, 0106 switches on and the thyristor fires to short-circuit the supply. 

5.32 Overcurrent Detection. The overcurrent circuit comprises sensor 

Rl51 / Rl50/ PR10l, switches Ql07 and Ql09, thyristor CRl 15, and switch Ql 10. 

An overcurrent through the sensing resistor networ k produces an increased 

voltage across the base-emitter of Ql07 which switches it on. Transistor Ql09 

then switches on, and CRl 15 fires. CR] 15 switches off Q 110 (regardless of the 

voltage operation through I Cl 09) and holds it off until the current drops back 

below the maximum of two amps. 

5.33 ADJUSTMENTS 

The +5V and +l 6V regulators can each be adjusted for voltage level and 

overcurrent by trimpots located on circuit card PO. The switching frequency, 

which is produced by a clock circuit common to these two supplies, is non­

adjustable. The -5V regulator can be adjusted, for current protection only, 

by a trimpot located on circuit card Pl. 

+5V output voltage is adjusted by potentiometer PRl . • 
• 
• 
• 

+5V overcurrent is adjusted by potentiometer PR2 for a value of 43 amps . 

+ 1 6 V output vol toge is adjusted by potentiometer P R3 . 

• 
+16V overcurrent is adjusted by potentiometer PR4 for a value of 9 amps • 

-5V overcur rent is adjusted by potentiometer PRl 01 for a value of 2 amps . 

Power sequence adjustments are made by trimpots located on circuit card Pl. 

• Power-Off detection time (paragraph 5. 39) is adjusted to l O ms 

(with mains at 220V) by potentiometer PRl 03. 

• The +16V detector is adjusted by PRl 02 to switch on when the 16-volt 

supply reaches 14.7 volts (paragraph 5.37). 

5.34 POWER SEQUENCE LOGIC 

The power sequencing logic controls the power-on and power-off sequence of 

the 5-volt and 16-volt supplies and the power logic signals RSLN and PWFN. 

The logic is included on regulation card Pl, and shown on the power supply 

schematic, Figure 5-3, sheet l. A block diagram is shown in Figure 5-4, and 

Figure 5-5 gives the sequence timing. 

5.35 Power-O n Sequence. When the power is switched on, the two 5-vol t 

supplies begin to rise; when they reach their nominal value, relay K102 

energizes and blocks the INH2 signal (paragraph 5. 25). Also at power-on 

time, the mains detector circuit (amplifier IC103 and schmitt trigger 108-3) 

generates the VSECTN signal. 

5.36 When VSECTN goes low, the INH-1 circuit begins a 300ms delay. 

During this delay, the INHl signal blocks turn-on of the +l6V regulator 

(paragraph 5. 25). At the end of INHl time, RVSECTl is generated while 

VSECTN and INHl are both low. Delay 1 is not triggered by the negative-going 

VSECTN. RVSECT2 drops when RVSECTl comes on. 

5.37 Also at the end of INHl time, the +l6V supply switches on and begins 

its slow rise. When the 16-volt output reaches 14. 7 volts (in about 250 ms), 

the +l 6V Detector circuit (amplifier !Cl 06 and schmitt trigger l 08-6) generates 

5-1 l 
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VMEMN (memory voltage). The leading edge of VMEMN triggers Delay-2. 

RV MEM l is generated approximate I y 300 ms after V ME MN, when De I ay-2 d rops. 

RVSECT2 (inverted at gate 101-3) and RVMEMl together switch off Ql08 to 

terminate the reset-line signal RSLN. 

5.38 Delay-3 is an R-C circuit (R128 and C124) which produces the RVMEM2 

signal O. 5 ms after the rise of RV ME Ml • RV MEM2 term i notes the power fa i I ure 

signal PWFN, as long as VSECTN and DELAYl are both low. 

5.39 Power-Off Sequence. The Mains Detector circuit (amplifier IC] 03 

and schm itt trigger l 08-3) detects any mains fai I ure I onger than l O ms, and 

indicates the failure by de-activating the VSECTN signal. The circuit uses the 

discharge time of C127 through PR103 and Rl33. The time constant is adjusted by 

PRl 03 so that the dropping power reaches the critical level at l O ms. 

5-12 

5.40 The rising edge of VSECTN drops RVSECTl without a delay, via the 

the bypass of the INH-1 circuit. VSECTN immediately generates power-failure 

signal PWFN via gates 107-12/ 13, 101-13/ 11, and 104-9,10/8. The Delay-1 

circuit drops 3 ms after RVSECTl falls, and RVSECT2 goes high. RVSECT2 thus 

generates reset-line signal RSLN (via gates 101-1,2/3 and 104-4/6) 3 ms after 

PWFN. 

5. 41 The RVSECT2 signal switches on transistor Q 103 to generate signal THTRN. 

This signal activates the +16V overvoltage circuit which quickly shuts off the 

+16V supply. The loss of the +16 volts also drops out relay K101; the closed 

contacts then ground RSLN, thus holding the signal in its active state while 

power is off. Since transistor Q 108 operates after K 101 for power on and before 

K 101 for power off, contact bounce is masked from the reset I ine. 



5.42 The +5V supply begins to drop after the +16V supply is off. The fall 

time of the +5V supply is about 20 ms with minimum load. 

5 . 43 MECHANICAL 

The power-supply chassis is mounted on a base plate in the basic mounting box 

(Figure 5-6). The power supply output voltages are connected to the system 

circuit cards via back-panel connector 3. The main power-supply assemblies are 

shown in Figure 5-7 . Most of the electronic circuits are located on two 

printed-circuit cards, PO and Pl (Figure 5-8). Power transistors and rectifiers 

and the fuses are mounted on the heat-sink assembly (Figure 5-9). A few 

very large components (coils and capacitors) are mounted directly on the 

chassis base plate. The mains power transformer (T201) and the two fans a re 

mounted on the basic box at the rear. The key switch is mounted on the front 

of the basic box (Figures 5-6, 5-9). All components not moun ted on the two 

circuit cards have the reference designations 2 

5.44 Top Cover Removal 

Figures 5-6 and 5-7 show the power supply with the top cover removed. The 

cover is at tached by five screws : two on each side and one in the back, at 

the corner near the fan. 

5.45 Power-Supply Chassis Removal 

The power -supply chassis (except mains transformer and fans) can be removed 

on its base plate from the basic mounting box. (Refer to Figure 5-7.) 

Disconnect : 

• connections at connector 3 (five small plugs, not the two bigger ones; 

main ground, at connector-3 end). 

• RTC connector. 

• T R201 outputs 10 through 21 . 

• Circuit card PO, for access to remote-key connections 

a. connector plug off. 

b . Remove four screws and spacers onto Pl (one at each corner of PO). 

A ground wire from the remote key is attached by one of the corner 

screws. 
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• 
• 

• 

remote-key connections A, B, C . 

Pl power connections (five plugs) as follows 

BAT +16V 

- 5S 

white -

Six screws, three on each side, directly through base plate -- not 

those through any other brackets mounted on the base plate (however, 

one does hold a plastic cable clamp). 

5.46 Heat-Sink Assembly Removal 

The heat-sink assembly can be removed from the basic mounting box. The * 

indicates the steps already done if the power-supply chassis has been removed 

from the mounting box. (Refer to Figure 5-7.) Disconnect : 

* 

* 

* 

• 

• 
• 
• 

connections at connector 3 (five small plugs, not the two bigger ones; 

main ground, at heat-sink end). 

connector plugs at PO and Pl . 

RTC connector. 

T R201 outputs 10 through 21 . 

• three cables to C204 and C205 (the two biggest capacitors). 

• Unsolder three wires to C206 and C207 (the two smaller capacitors). 

• +5V cable to L203. 

• +5V power cable (through L204) at both ends . 

• ground connection between heat sink and base plate. 

• four mounting screws, each through a plastic foot bracket, from the 

base plate. 

5-14 

5.47 Circuit-Card PO Removal 

The PO circuit card must be removed before the power-supply chassis is removed 

or the Pl circuit card is removed. PO can also be removed alone from the basic 

mounting box. (Refer to Figure 5-7.) Disc-:onnect : 

5.48 

• connector plug. 

• four screws and spacers onto Pl (one at each corner of PO). A ground 

wire from the remote key is attach·ed by one of the corner screws. 

Circuit-Card Pl Removal 

The Pl circuit card can be removed from the power-supply chassis. The * 

indicates the steps already done if the chassis has been removed from the mounting 

box. (Refer to Figure 5-7.) Disconnect : 

* 

* 
• 
• 
• 
• 

and remove card PO (previous paragraph). 

remote-key connections A, B, C. 

al I eight power connections at connector 3 • 

the +5V cables to L203 and L204 (from the same point on the circuit 

card). 

• ground cable to the heat sink. 

5.49 List of Components 

All power-supply components are listed in the following parts-list, Table 5-1. 



Ch a ss is, equ i pped 

51 1 I I 99 7 5340 

Connector Suppo r t 
Assembly 

5111 199 75520 

Ba c k Pa ne I, 
equipped 

5111 199 75350 

M4 
Basic 

Mounting Box 

5111 199 75320 

2U Panel, 
equipped 

5111 199 75760 

Chass is 

5111 199 75530 

Li a so n Pa nel 

5111 199 75400 

C 

Regulator C a rd PO 
(+5V, + 16V) 

51 11 199 75 420 

Cable Ch a ssis , 
equ i pped 

' 511 I 199 75330 

C to G Pa rts Lists Incl uded 

Table 5-1 A M4 Parts List Guide 

D 

RST Card Pl 
( -5V ) 

(Sequencing) 
(R emo te Control) 

51 l 1 199 7 541 0 

G 

He at Sin k 
Sub - A ssembl y 

5111 199 75380 

E 

F 

Sub-Chassis 
Assembly 

5111 199 75360 

Heat-Sink 
Assembly 

51 1 l 1 99 7 53 90 

Heat-Sin k Cable, 
e q uipped 

511 l 199 75370 
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Chassis, equipped 

5 1 LI l 99 7 4040 

Connector Support 
Assembly 

MS Basic 
Mounting Box 

5111 199 74720 

7U Panel 

51 l l 199 85240 

Chassis 

E 

SI ide Adaptors 

5111 199 73610 

F 

Cable Chassis 

Sub-( hassis l 
Assembly 

5 1 1 1 1 99 7 53 60 

Heat-Sink 
Assembly 

Filture Unit 

511 l 199 74050 

F 

Sub-Chassis 2 
Assembly 

511 l 199 73640 

Heat-Sink 
Assembly 

C 

Regulator Card PO 

5111 199 75420 

511119975520 5 l l 1 1 99 7 4090 5111 199 75330 5111 199 75390 5111 199 73630 

Bock Panel, 
equipped 

5111 199 75350 

Liason Panel 

5111 199 75400 

C to G = Parts Lists Included 
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G 

Heat-Sink 
S Sub-Assembly 

511 l 199 75380 

Heat-Sink Cable, 
equipped 

5111 199 75370 

G 

Heat-Sink 
Sub-Assembly 

5111 199 75380 

Table 5-1 B MS Parts list Guide 

Heat-Sink Cable, 
equipped 

5111 199 75620 

D 

RST Card Pl 

5111 199 7541 0 



Table 5-lC Regulator Card PO Parts List Table 5- lC Contd, 

Re ference Des crip t io n 12NC Co d e Reference Description 12NC Code 

Pri nted C irc uit 5111 100 05 843 
R2 2, 2 7 , 28. Resistor 10Kn, 0. 25W, 5 '?.¢ . 

IC! ,2 , 3,9 . Integrated Ci rc u it NE 555 V. 
R 18. Resistor 150n, 0.25W, Sq¢_ 

IC 7. Integrated C ircuit fJA 7 10 DC . R 17 , 23. Resistor 1. 5 Kn, 0. 25W, sqc- _ 
IC4,6,8. In te grate d Circu it UGA 7723 393. R3 5 , 3 7, 44, 45. Resistor 3 . 83 Kn, o.sw , 1% . 

ICS. V ol t age Regu lator 7 815 (TO22O). RI. Resist or 200n, 0.5W , S'lc . 

R34. Resistor 20n, o.sw, 5% . 

Q 12. Trans i stor 2N 3055 (T0.3 ) R53 . Resistor 3 Kn, o.sw, 5% . 

Q2 , 4. Tronsistor BD X 77 (TO22O ) R2. Resistor 47n , 10% , WRO617E . 

Q 1 , 3, 7, 8, 11, 17, 20. Transistor 2N2219 R4 I , 42, 43 . Resistor l.5Kn, 5q~ , W RO61 7 E. 

Q 9, 14 , 15 . Trans ist o r 2N2905 RS, 6, 7. Resi.stor 33n , 5q,c, , WRO825E. 

Q 13 . Tr a nsistor BD X78 (TO22O ) R63. Res ist or 620n, 0. 25 W , 5% . 

Q 5,6, 10, 16 , 18, 19 ,21,2 2 . Tronsistor BSX2 0 R6 4. Resistor 3Kn , 0. 25W, ± 5% . 

R55 . Re si st or 1.47K, 0. 25W, 1% . 

CR4. D io d e BZ X79 C4 V7. R65. Resist or 680n, 0. 25W, ± 1% . 

CR8,10 , 14,15 . Diode BZX79 Cl0. R66. Res isto r 1 0 Kn , 0. 25 W, ± 1% . 

CR9. Di o de BZX7 9 C 16. 

CR 7. D iode BZX79 C 12. C4, 8. C apa cit or 0 , 01 fJF, 125V, 1 q;. _ 

CR2,3,11,12. Di ode BZ X75 C3 V 6. C3 . Capac it or l S0OfJF , 10V. 

CRS, 16. D iode BA X 12. C 2 , 6 , 9, 1 I , 20, 2 5, 2 6, 2 8 , 3 1 , 3 9. Capacitor 1 0n F, ceramic 

CRT. D iode BYX 49-300. C19. Capacitor 1 00pF, ceramic 

CR6. D io de BZX79 CS V6. CS , 13,16, 30. Capac it or 0, 1 fJF, 100V, 10% , MPR 

CR13. Thyrist o r 2N2323. CI, 10. Capacitor 0,0lfJF, 250V, 10% , MPR 

C 7 , 1 7 , 1 8, 2 4, 2 7. Capacitor l SfJF, 20V, CT Sl 3. 

P2 , 3. Po tent iometer 2600 Pl 0 2. C l 2 ,1 5 , C22. Capacitor 33fJF, l0 V, C T'i13. 

P4. Potentiometer 2600 P203 . C23. Capacitor 3.3fJF, 16V , CT Sl 3. 

p 1. Po te n tiometer 2600 P5 0 2. C 14. Capacitor 220fJF, 25V, FITCO. 

C33. Capacitor l00fJF, l0 V, FITCO. 

Rll,38,39,47. Resistor I Kn, 0. 25 V✓, I o,. _ 
C32, 34. Capacitor 0. 022fJ F , 250 V, MPR. 

R3 . Resisto r 5. 62Kn, 0. 25W , 1 o., . C37. Ca pacitor 470pF, 10°c, ceramic 

R 13. Resist or 215n, 0. 25 V✓ , 1 o . . 
C29. Capacito r 0,47fJ F, 1 oov, 10°0, MP R. 

R49. Res isto r 68Kn, 0. 25W, 50 . C 38. Capacitor 3900pF, l00V, : ) 0°c , cer amic 

R46. Resistor 1 0 Kn, 0. 25W, Io, . C35. Capacitor 1 0fJF . 25 V, FITCO . 

R4,8, 12 , 19,2 1 ,24 ,25 , 26,29,30,3 2 ,33, Heat Si n k PB1-2U. 
0. 25W, 5 0_ . 36,50,51,52 ,56. Resi stor 1 Kn, 

R 15. Re sistor 200n, 0. 25 W, 50 
Mi co i nsu I otor 56325. 

R 14. Res istor l . 2Kn , 0. 25 W , 50 
T I. Transformer TRI M4 . 

R16,31,48,54,58. Resistor 2K n , 0. 25W, 50 

R9. Resistor 5. 1 Kn , 0. 25W, 50_ 

RIO. Resist or 510n, 0,25 W , 50 

R60 , 62. Res is to r 1 0On, 0, 25W , 50, . 

R5 7. Res istor 4 . 7K n, 0 , 25 W, 50_. 

R40. Resi st o r 8. 2Kn, 0,25 W , 50, . 

R59, 61. Resistor 390n, 0 ,25W, 50_ . . 

R20. Res istor 470n, 0, 25W, 50. 
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Table 5-1D RST Card Pl Parts List 

IC 103,106. 

IC 101, i 08. 

IC102, 105. 

I Cl 07. 

IC104. 

IC109. 

Q 111, 113. 

Q I 03, 112. 

Q I 09. 

Q I 04, I 07. 

Reference 

Q 105,108,110,114. 

Q 1 0 I , I 02, I 06. 

CR 107, 116. 

CR 102, I 09. 

CR 106. 

CR 114. 

CR I 04, 1 05, 11 0, I 11 , 11 8. 

CR 112. 

CR IOI, 103. 

CR 117. 

CR 113 . 

P 101, I 03. 

? 1 02. 

R I 05, 1 27. 

R 113 . 

R 134. 

R 117. 

Rll8,119. 

R 130. 

R l 15, 1 16, 135,137,143, 144, 1 67. 

R 123. 

R I 29,133, l 50. 

R 103, 111 , 112, 1 26, 128, 131 , 142,153, 
154,160,161,166. 

R 124. 

R l 58. 

R132,14l. 

R 136, 146. 
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Descript i on 

Printed Circuit 

Integrated Circuit UGA 7723 393. 

Integrated Circuit 74132. 

Integrated Circuit 9602. 

Integrated Circuit 7402. 

Integrated Circuit 1801. 

Regulotor 7905 (T O22O). 

Tronsistor BDX77 ( TO22O). 

1ransistor 2N2219. 

Tronsistor 2N2905. 

Transistor BSX20 . 

Transistor BSX60 . 

Transistor 2N2906. 

D iode BZ X7 9 C4 V7. 

Diode BZ X7 9 CS V6. 

Diode BZ X79 C18 . 

D io de IN4005. 

Diode BAX12. 

D iode MR820. 

Th yri stor BT W92 / 600RM. 

Th y ristor 2N2323. 

Trio c TXA L 615 M. 

Potentiometer 2600 P 102. 

Potentiometer 2600 P 502 . 

Resistor 46. 4n, 

Resistor 121 ti, 

Resistor 19. 6Kn, 

Resistor 5. 11 Kn, 

Resistor 4 . 22Kn, 

Resistor 31 .6K n, 

Resistor l Kn, 

Resistor 270n, 

Resistor 510n, 

Resistor 1 00n, 

Resistor 300n, 

Resistor 51n, 

Resistor 330n, 

Resistor 30Kn, 

0. 25VI, 

0.25 W , 

0. 25W, 

0. 25 W , 

0. 25W, 

0. 25W, 

0. 25W, 

0. 25W, 

0. 25W, 

0. 25W, 

0. 25W, 

0.25W, 

0. 25W, 

0.25W, 

1 O ' c. 

1 °c. 

5%. 

5%. 

5%. 

5%. 

12NC Code Reference 

5111 100 05854 
R 159. 

R 156,157. 

R 122. 

R 125. 

R 145. 

R 138,147. 

R l 01, l 06. 

R 1 04, 1 5 2 , l 92. 

R 149. 

R 114. 

R l 02, 10 7. 

R 120. 

R I 21. 

R 1 08, 1 09, 1 l 0. 

R 151, 168. 

R 139, 

R 164. 

R 165. 

R 162. 

R 140. 

R 163. 

R 155. 

C l 23, 126,128 , 130 , 134 , 136, 138,141 , 
144,190. 

I 

C 131,139. 

C 142, 143. 

C 129. 

C 1 1 5, 1 l u , 1 20, 1 22. 

C 119, 132. 

C 135. 

C 11 7,125, 137. 

C l 24, 127,140 . 

C 118,121 , 133,145, 149. 

C 146. 

C 147. 

C 148. 

C 104. 

C 105-114. 

C 101,102. 

Table 5-1D Contd. 

Description l 2NC Cod"? 

Resistor 470n, 0. 25W, 50, . 

Resistor ln, 0.25 W , 5°c . 

Resistor 680n, 0. 25W, 50, . 

Resistor 33n, 0. 25 W , 50, . 

Resistor 120n, 0. 25W, 59, . 

Resistor 2.4Kn, 0. 25W, 5°c . 

Resistor 1 00n, o . sw, 59, . 

Resistor 1 On , o.s w , S'lc . 

Resistor 1 Kn, o.sw, s ~'c , 

Resistor 200n, o. s w , 50, o. 

Resistor 300n, o. s w , 50, . 

Resistor 51 On, o.s w , 50, . 

Resistor 240n, o.sw, 5°c . 

Resistor WR O61 7 E 560 

Res is tor 0. 3n, 50, o, 224E . 

Res ist or 1 0Kn, 0.25W, 50, . 

Resistor 2Kn, 0. 25 W , -; 50, . 

Resistor 390n, 0. 125 W , 5°c . 

Resistor 6.8Kn, 0. 25 W , 50 . . 

Resistor 200n, 0. 25W, 5°c . 

Resistor 20 Kn, 0. 25 W, 50_ 

Adjustable Resistor 510n to 2 Kn, 
o.sw, 50, , E 24. 

Copocitor 1 0nF, ceramic 

Copocitor 560pF, ceramic 

Copocitor 1 000pF, cer a m ic 

Copacitor 56pF, cer a mic 

Capocitor 0 . 1 µF, 1 oo v , 10°, , MP R 

Copocitor 0. 01 µF, 250 V, 1 ooc, MPR 

Copocitor 0. 47µF, 100V, 1 r, .:., 
V • ' MPR 

Copocitor 33µF , l0 V, CT S l 3 

Capocitor 3. 3µF, 16 V, CT Sl 3 

Capacitor 22µF, 25V, F ITCO 

Capacitor 47000pF, 400 V, 20°, , PM A 

Capacitor 22000pF, 400 V, 20° . , PMA 

Capacitor 0. 1 µF, 630 V, 20°-, ' PMA 

Capac itor 680µF, 25 V. 

Capacitor 1500µF, I0 V. 

Capacitor 1 00µF, 10 V, FI TCO 



Table 5-lD Contd. Table 5-lF Heat Sink Assembly Parts List 

·Reference Description l 2NC Code Reference De scr iption 12NC Code 

Heat- S ink Sub-Assembl y 5111 199 7 5380 
K l 01. Reloy MRMD 15006. 

H orness (M4,M5) . 511 I 199 753 7 0 
K l 02. Relay MRMD 15005. 

Harness ', MS}. 5111 199 73630 
F l O l. Fuse D 1/ 0. 1. 

R2O3 , 204,205. Resistor lOn, O.S W , 50, . 

Mico insulator 56325 
R2O6 . Resistor 27n, o.sw' 50 ' 

Trice Heat-Sink 5111 100 22541. 
C2O1,2O2,2O3 . Capacitor 0 . O221,JF, 25O V , l oc, , PMA. 

C21O, 211. Capacitor 10 fl F' 1OO V , 20°, ' PMA. 

F 201 . F !.! se A13 / 2O. 

F 202 . Fuse D8 ' 10 . 

F2O3 . Fuse Dl ,'2. 

F2O4,2O5. Fuse D 1/ 3 . 15 . 

Table 5-1 E Sub-Chassis Assembly Parts List 

Reference Description l 2NCCode 
Table 5-1 G Heat-Sink Sub-Assembly Parts List 

Sub-C hossis 511 l 100 22312 Refe re nc e Description 12NC Code 

Heat-Sink Assembly 5111 199 7 5390 

L 20 l. Inductance SLF 2091 Heot S ink 5111 l 00 22523 

L2O2. Inductance SLF 1712 L2O4 . Inductance SLF 2541. 

L2O3. Inductance SLF21O1 IC 20 l. Regulator 7815 (TO3). 

C2O4-C2O5. Copocitor 330001-' F, 4O V. Q 201,202,203 , 204. Transistor 2 N5685. 

C2O6-C2O7. Capacitor 5O00 +5OOO1,JF, 4O V. C R2O1, 202 . Diode RPR 1040 R. 

CR2O3 . Diode IN391O R. 

R 208-209 . Resistor l Kn, WRO617E. CR2O4. Diode BZY93 C9 V I. 

R21O-211. Resistor 3 . 9Kn, o.sw, 50· 
' ' CR2O5,2O6,2O 7 ,2O8 . Diode BYX52 JOO R. 

R2O2. Resistor 56On, O. S W , 50 ' U 201 . Bridge MDA 952-2 . 

R2 I 2. Resistor 3On, 25 w, C 30, . R 207 . Resistor 0 . l n , 30 (RH l 0) . 

R213 . Adjustable Resistor 22n to 3Kn, o.sw, ' 50, . Relay REVIC ID. 
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2 Cards Heat Sink 

\ 
Fans 

Transformer 

I 

Connector 3 

TOP/ CARD SIDE 
RE AR/ BA C K -PAN EL SI D E 

Figure 5-6 Basic Mounting Box 
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Plug 

Re mote Ke y . 
Connec ti ons­
A , B, C 

Regulator PO Card (on top) 

\ 
Transformer TR 

TOP VIEW REAR VIEW 

Pl Card (on bottom) 
_ --------L20l (-5) 

~ -.:ci!ho· __ J --------------RT C Connector 

Fans 

Connector 3 

_Pl Power Connections -----

.... L204 

ll 

0 

I 1~11111111111111111111 
111111111111111111111,11 
I. I 1111111111111 II 

Mains 
Power 
Cable 

Mains 
Fuse 

Tran sf or mer 
Mains-Input 
Connections 

~ Filter 

Power Connections 

Figure 5-7 Power Supp I y Assembly Locations 

Sockets 
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REG CARD 

Figure 5-8 
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C 105-1 10 
(+5V) 

Power Supply Circuit Cards 

C 103,104 
(+16V) 

RST CARD 

C 101, 102 
(-5V) 



Figure 5 - 9 Heat - Sin k Assembl y 
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FRONT VIEW 
(Control Panel Removed) 

Figure 5 - 10 

REAR/SIDE VIEW 

Detail of Key and Control-Panel Socket 



SECTION VI 

V24 SERIAL CONTROL UNIT 

6. l GENERAL 

The V24 Seri a I Control Unit (V 24-C U), I ocated on the CPU card, interfaces 

an Operator's device with the CPU. The V24-CU converts between eight-bit 

parallel CPU characters (at +5/0V) for the CPU and bit-serial data (at +12/-12V) 

for the device. The V24-CU can provide parity bit insertion and checking; this 

feature is plug-programmable by means of U-links on the CPU/CU card. 

Operating speed is also plug-programmable, with the possibilities : 

110 baud, for ASRV24 

600 baud, for PER 3100 

1200 baud 

2400 baud 

4800 baud 

9600 baud 

for display 

The V24-CU uses direct interfcce connections with the CPU for address, command, 

and data to minify GP-Bus utilization. The address and commands are received 

directly from the CPU K-register. CU/CPU data is received directly from the 

least-significant half of the L-register (L8-15) and sent directly to the CPU 

via the C-se lector. 

6. 2 Channel and Interrupts 

The CU operates via the system programmed channel, under direct control of 

the CPU. The CU sends an interrupt (INTSERN) to the CPU to request each 

character transfer and to indicate when it is in Wait Status mode. 
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6.3 Se r ial Data Format 

The bit-serial data format for a single character is shown in Figure 6-l. The 

eighth 11 Data 11 bit may be either an actual CPU data bit or it may be a parity 

bit supplied and checked by the V24-CU. The parity bit, if used, can be 

either even or odd. Either one or two stop bits may be selected (by a plug on 

the card) to conform to the device requi rements . 

+ l 2V ( l) 

-1 2V (0) 

I~ 
7 

S ta r t 

Bit 

l character 

l Bit n 
I I 

Da ta = 8 bit s 

(or 7 b i ts · l pa rity b it) 

Exa mpl r: Lette r "U" - 10101010 

Figure 6-l Se r ial Data Format 

1 o r 2 
St o p bit s 

·1 

A logic One is represented by a high level (+l2V) and a logic Zero is 

represented by a low level (-l2V). When no character is being exchanged, 

the line is in the One state. Characte rs may be transferred end-to-end or 

may be separated by any amount of gap . 

6.4 CPU INTERFACE AND CONTROL 

The V24-CU operations are controlled by CPU 1/ 0 instructions (CIO Start, 

CIO Halt, OTR, INR, SST}. These instructions are format-0, type TB. The 

instruction word contains address and cont rol information which is sent direct I y 

to the CU on the K lines 4, 8-15, as follows 

6-2 

K-Register 

Bit : 0 4 5 7 8 9 10 15 

0 OPC R3 DA 

CIO 1000 10 = start 1/0 
l l = stop 1/ 0 

OTR 1000 
OF J F may be used by device to 

INR 1001 OF specify a function, such as 
binary or ASCII 

SST l 001 l l 
TST 1001 l 0 \ I y y 

I 
To control logic To Address-Recognition 

Circuit 

Additional control is provided directly from the CPU D-register. Bit Dl5 

ind icates input (Dl 5 high) or output (Dl 5 low} operations. This bit controls 

the setting of the CU flip-flop IN / OUT during a CIO Start operation. Bit 

Dl0 is set during a CIO Sta rt operation to indicate Echo mode (routing the 

device input data directly back to the device during input data transfers). 

6.5 The C U de t e ct s its address from K l 0 - l 5 when i t re c e iv es C PU ti m i n g 

signal T MPR from the CPU. The CU recognizes its address, generates internal 

Address-Recognized si gna I TY A RE / N, and sends A RE DE LA back to the CPU. 

The address code is determined by the addressing U-links. If the command is 

accepted, the CU sends signal TYAC back to the CPU; if the command is not 

accepted, TYAC is not sent and no other action is performed by the CU . 



6 • 6 0 PE RAT I O N 

The V24-CU operates in six different states, as follows 

Operational F0/Fl Function 
State 

Inactive The CU is inactive. 

Execute-In The CU is waiting for or receiving a character bit-
serial from the device. 

Exchange-In The CU is waiting for or performing an IN R command 
(Character to CPU). 

Execute-O ut The CU is transmitting one character bit-serial to the 
device, or is waiting for a free line. 

Exchange-Out The CU is waiting for or performing an OTR command 
(Character from CPU). 

Wait Status The CU is waiting for or executing an SST command. 

The operating flow is shown in Figure 6-2. The CU is set to the Inactive state 

by master clear (MCL/RSL), including at system power-on time. When the 

CU receives a CIO Start command (input or output), it goes to the Execute 

State if the device is operable; if the device is inoperable, the CU switches 

to Wait Status state. 

6.7 In input mode, the CU goes to Execute-Input state and receives or 

waits for a character from the device. When the character has been received, 

the CU switches to Exchange-Input mode and transfers the character to the 

CPU, with an IN R command. 

6. 8 In output mode, the CU switches from Execute to Exchange state as 

soon as the device is ready. The CU waits for, or receives, an OTR command 

with one character from the CPU. The CU switches to Execute-Output state 

to transfer the character bit-serial to the device, and switches back to 

Exchange state. 

CPU CU 
TRANSFER -

CPU CU 
STATUS 
TRANSFER 

MASTER CLEAR, OR 
POWER ON 

CIO START 
IN PUT 

EXECUTE INPUT 

Rec e ive character 
bit-serio I 

from device 

CHARACTER 
RECEIVED 

INACTIVE 

01 

11 

EXCHANGE INPUT 
Wait for, or 

perfo rm IN R -
char to CPU 

INR 
PERFORMED 

CIO HALT, OR 
DEVICE NO-OP 

WAIT STA TUS 

Wait for, or 

perform SST 

STATUS 
SENT 

00 

CIO START 
OUTPUT 

EXECUTE OUTPUT 

01 

Wait for 
Device 
Ready 

'i end character 
bit-serial 
to device 

READY CHARACTER 
SENT 

11 

EXCHANGE OUTPUT 
W ait for, or 

perform OTR -
char from CPU 

OTR 
PERFORMED 

Figure 6-2 V24-CU Operational States 

CU / DEVICE 
TRANSFER -
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6.9 When the CU receives a CIO Halt command from the CPU, it goes 

to Wait Status state. The switch to Wait Status is not delayed if CIO Halt 

is received while the CU is exchanging a character with the device, because 

the exchange is performed independently by the UART chip once the CU has 

initiated the operation. If a new exchange is requested, however, it must 

wait for the end of the current transmission, when FTEOC is reset by the TEOC 

signal from the UART chip. 

6. 10 LOGIC DESCRIPTION 

A block diagram of the V24-CU 1s shown in Figure 6-3. Detailed logic 1s 

provided in Figure 6-4. 

6. 11 Data Path 

Output data is 8-bit parallel from the CPU L-register direct to the integrated 

receiver/ transmitter circuit UART in the CU. The UART circuit outputs the 

character bit-serial (with the appropriate start, stop, and parity bits added) to 

the device on the CT104 line. Input data is received bit-serial from the device 

via the CT103 line. The input character is assembled by the UART circuit 

(with start, stop, and parity bits removed) and sent 8-bit parallel to the CPU 

C-selector. 

6.12 The input data path to the CPU is via a type 74157 multiplexer 

circuit. This circuit is used to place status bits on the data lines during an 

SST command. Voltage conversion, from +5/ 0V logic to the +12/ -12V used 

by the device, is perfo rmed by the type 1488 output inverters and the 1489A 

input inverters. 

6. 13 Character Conversion 

Cha racter conversion between bit-serial and bit-parallel is performed directly by 

receiver/transmitter circuit UART. During output operations, the UART circuit 

adds the start bit (logical zero) and stop bits (logical 1) to each character. 

Either one or two stop bits are added, depending on the U-link selection for the 

NSB input of the UART. (Two stop bits are normal, but a device may require just 
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r-­
CPU 

-----------7 

I 
11 D-REG I I K-REG I SEO I T~ I L : _J - - --- -- -- - -- - - - .· . 

·. 

8 8 

DATA 

TMPR TC810 

' 

ADDRESS CLOCK r MP X I 
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one.) During input operations, the UART circuit strips off the same start and 

stop bits that it is set to add during output operations. 

6. 14 Transmitting speed is controlled by CU clock logic which is synchronized 

with the CPU clock. The basic clock signal is TC810 from the CPU. This clock 

rate is divided by type 74161 counters and flip-flops to provide clock rates for 

110, 600, 1200, 2400, 4800, and 9600 baud. The desired rate is selected by 

positioning a U-link jumper. The selected clock signal drives the UART 

circuit, via flip-flop CLV24, through the TCP and RCP inputs. 

6. 15 Parity 

The UART circuit can be manually programmed (by means of circuit U-links) to 

operate without parity, or to insert and check either even or odd parity. With 

no-parity selected (high level to the UART inputs NPB and NDl), all eight 

data bits to and from the CPU are sent and received as data bits on the device 

data lines. If the U-link is set to select parity operation (NPB/NDl low), a 

second U-link at the POE input determines whether even or odd parity is to 

be used. 

6. 16 Whenever parity is selected, the UART circuit ignores the least-

significant bit to and from the CPU (bit 15). For output operations, the 

UART circuit determines the parity of the seven data bits used and places the 

resulting parity bit in place of the eighth data bit with the serial character 

to the device. For input operations, the UART circuit checks the parity of 

the first seven data bits received, and compares the result with the eighth (parity) 

bit. The UART circuit indicates an error by activating the PE signal. A parity 

error sets the CHIPER and FHALT flip-flops and switches the CU to Wait Status 

state. 

6. 17 Device Interface 

All CU-Device signals are via connector 1, as follows 

Conn. 
1 

1A30 

1B31 
to 

1B37 

1 A.27 
1B27 

1 A28 
1B28 

1 A31 

1A32 

1 A33 
1 A34 
1A36 

1 A35 

1A37 

6. 18 

Line 

CTl 01 

CTl 02 

CTl 03 

CTl 04 

Signal 

Mechanical Ground, to/from GP Bus connector 3 

Ground 

Signal Ground 

+5V 

Data In, serial data from device to CU. 

Data Out, serial data from CU to device. 

CT106 Not Used 
CTl 07 Not Used 
CT109 Not Used 

CT1082 Not Operable, low when device is connected and switched on. 

CT133 DREADY, Device ready to transfer next output character. If 
the device does not provide this signal, a U-link on the CU 
must be positioned to hold this signal active within the CU. 

Echo Mode 

Echo Mode is programmable by bit l 0 in the R3 register associated with the 

CIO Start; this is indicated to the CU during CIO Start by Dl0 to the FECHO 

flip-flop. Each accepted INR command is memorized by the FACINR flip-flop. 

At T7 of the CPU ROM address 159, the active MUQ l sets the CU flip-flop 

ECHO, and TDSN is validated up to T5 of the next cycle . The low level to 

the TDN input of the UART circuit causes the input data to be channelled back 

to the Data Out line to the device. The FACINR flip-flop remains set until the 

Wait Status state when it is reset by FNU from the CPU. 
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555 
1488 
1488X 
1489A 
1 801 ( 7 438) 
6200 
7400 
74S00 
7402 
7403 
7404 
74S04 
7408 
7410 
74Sl0 
7 4S 11 
7416 
7417 
7420 
74S20 
7425 
7427 
7428 
7430 
74S30 
7432 
7437 
7450 
7453 
74S64 
7474 
74S74 
7485 
7486 
7488A 
7 489 (93403) 
74S112 
74121 (9603) 
74132 
74S138 
74148 (9318) 
74151 A 
74157 
74158 

APPENDIX A 
IC List for CPU Card, C.Panel, P.Supply 

Integrated Circuit 

Timer 

Line Receiver, quad 
NAND, auad 2-input 
1024-Bit ROM (256x4) oc. 
NAND, quad2-input 

II 

NOR, quad 2-input 
NAND, quad 2-input 
INVerter, hex 

II 

AND, quad 2-input 
NAND, trip 3-input 

II 

AND, trip 3-input 

AMPiifier, hex buff/driver ov. 
NAND, dual 4-input 

II 

NOR, dual 4-input strobed 
NOR, trip 3-input 

NAND, sing 8-input 

OR quad 2-input 
NAND, quad 2-input 
AND/OR Inv Exp, dual 2x2-in. 
AND/OR Inv Exp, sing 4x2-in. 
AND/OR Invert, 4-3-2-2 input 
D Flip-flop, dual 

II 

4-bit Comparator 
Exclusive-OR, quad 
256-b it ROM (32x8) 
64-bit RAM (16x4) 
JK Edge-Trig Flip-Flop, dual 
SS Multivibrator 
NAND, quad 2-in. Schmitt Trig. 
Line De coder 
Priority Encoder 
Multiplexer, sing 8-input 
Multiplexer, quad 2-input 
Multiplexer, quad 2-input, inv. 

Used on Logic Sheet 
(except common) 

LL 

C. Panel 

AA 
FF 

ss 
AA 
FF, N N 
MM 
RR,TT 
ss 

BB 

P.Supply 

ss 
DD,EE,JJ,MM,NN 
NN,V24,C.Panel 
ss 

INTEGRATED Cl RCUITS 

7 41 61 (931 6) 
74S169 
74174 
74S174 
74175 
74S175 
74181 (9341) 
74182 
74194 
74298 
74297 
7812 (TO22O) 
7815 (TO22O) 
7905 (TO22O) 
7912 (T 0220) 
8205 
8234 
8576 
9301 
9308 
9309 
9324 
9602 
ADL2011 
C R2021 
RCF 
REC 
SN74LS169N 
SWITCH 
TER 
UART 
UGA7723393 
µA710 
µA723 

Integrated Circuit 

4-bit Synchronous Counter 
4-bit up/down Counter 
6-b it Register (hex D-F /F s) 

II 

4-bit Register (quad D-F/Fs) 
II 

4-bit ALU, 24-pin 
Look-Ahead Carry Generator 
4-bit Shift Register 
Multiplex/Register, quad 2-in. 

4096-bit ROM (512x8) 
Multiplexer, dual 4-in. oc 
Programmable Logic Array 
l -of-10 decoder 

Multiplexer, Dual 4-input 
5-bit Comparator 
SS Multivibrntor, dual retrig. 

INVerter, hex 

U-Link Jumper Connection 
Ternet double resistor 
Receiver/Transmitter, 40-pin 
see µA723 
Linear Amplifier 
Linear Amplifier 

P856M/ P857M CPU Service Manual Pub. No. 5122 991 26951 

Used on Logic Sheet 
(except common) 

EE, MM, V24 
KK,LL,C.Panel 
TT 

AA, MM, N N, SS, TT 

GG 
GG 
JJ 
GG,HH 

BB 
JJ,LL 
AA 
LL 

F.F,HH,JJ 
C.Panel 
P.Supply 

V24 

P. Supply 
P.Supply 

A-1 
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NE555V 

1488 

QU AD MOTL LINE ORJ V£A 

·-D· 
:D• 
,:D• ··~ .. rs--L.__/'" 

7• DY 

14 •'f+• +l5Y IHX 

T !HER 

8200 

[ HAB LE 

13 

I •Vee 

7~ 

a THRESHOLD 

5 CONTROL 
YOlTAGE 

7400 
S00 
HOO 
031 

372 

38 
1801 1 

1 ~~;~ec tor 
2 buffer 

,.n 

102 4- B IT ROH ( 256x 4 ) o.c . 

AD DR ESS ENABLE 

s • 1 • 3 2 1 15 ,. 

12 11 ,0 • Vee 16 
GNO 8 

DATA Ct:'!' PUT 

D 
D 
D 10 11 
1 

::D-v 
Vee 14 

GND 7 

7404, S04 , H04 
7408 o.c. JOV 

7414 ,h Tris 

7416 o.c. 15V 

t>o--2 
~ 
~ 
~ 
1~ 

1~ 

Vee 14 
GNO 7 

7408 

D 091 

l open 
col h e tor 

D 
D ·o 11 
13 

:ov 
T•XI 

Yee 

GNO 

14 

7 

7416 

(see 7404) 

7417 

t>--2 
~ 
~ 
~ 
1~ 

1~ 

---V- vccl 4 
GNO 7 

7427 7437 V· 1 

D 
(see 7400) 

·D 11 

POS IT IYE LO GIC :A 
Y• ~ aa=>-v 

Yee 14 

GND 7 

7428 7438 
2 - Input Pos i t ive -N OR-Buff er 

(see 7400) 

·u 13 
12 

l •Y -• -lSY 1111x GND l 

1489A 7402 7410 7420 7440 
LIN[ REC£IVER 0 u D BUFFER 

1 

D Respo nse control V u D gives: 

a ) Logic th r es-
hold sh ift i ng LJ>o b) I nput no1 se D ·LY ·D (11 teri ng 11 

u 11 1 
13 

12 POSIT J V£ LOGI C: POSITIVE , o,1c ,.p-V Y• Jrn: evv Y•J:ffiJ ! y 
I) 12 :=C>--v 3 ,11 N . C Yee 14 POSITIVE LOGIC: Vee 14 

GNO 7 GNO 7 ,.x ~1/Y Yee 14 

C • respon s e GMO 7 
coet r ol Yee 14 

GNO 7 

1 801 7403 7411 7425 

D· 3 
4· INP UT NOR 

D 1 WITH STROB( 

(see 7400) (see 7400) D 11 

·P '.D 12 

13 
11 

POSIT iVt LOGIC : 
PO SITIV E LOG IC : A 

y .. ~ ~iP--y Y•ASC •D• 
Vee " Yee 14 

GND 7 GND 7 
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Po sitive Logic: Y • J:+1 

7430 7450 ( EXPAN DABLE) 

7432 

8 - INPUT NA NO GA TES 

Yee 14 
GNO 77 

N.C . 9 ,10 ,1 3 

V 
D 
D ·u 11 
13 

POSIT IV E LOGI C: 
Y•A+8 :D-v 

Vee 

GNO 

14 

7 

7451 

2- WIO E 
2 - IN PUT 
AN0 -011:-I NY[RT 8D 

·~. 
·D1rr7 POSITIV E LOGIC : (1211) 745 0 

y.mrr;y :~ only 

X•OUTPUT Of C y 
7460 , 7462 O X 

7453 ( EXPANOABLE ) 

7454 
4- WID E 
AND-OR ·J NVER T 

HS J,H54 
o n ly 

Vee 14 

GNO 7 

(12 11) 7453 only POSIT IVE LOGIC : 

'53 
Y•AB+C O+F li +R I +X 
'H SJ 
Y •XB+CDE +F C+H I + X 

; !,,: ar.,~c o~,T, ~c .~.~1 
' HS4 '.~· 
Y•ABH OBF G+H I Ve e 1 4 

GHO 7 



7484 
4-2- 3-2 -IN PUT AND -O R- I NYE RT GATE S 

FUNCTI ON TA BLE 

I NP UTS OUTPUTS 

PR ESET CLEA R CLOCK J ' Q Q 

L H X X X H L 
H L X X X L H 
L L X X X H H 
H H t L L Qo Qo 
H H t H L H L 
H H t L H L H 
H H t H H TO GGLE 
H H L X X Qo Qo 

Positiv e l og i c : Y• ABCO• EF +G Hl +JK 

7474 , H74 , S74 

• 

DUAL D- TYPE POSITIV[-EOGE - TR!GGEREO FllP - fLOPS 

1010' 
5 8 9 8 ~~~ I; 

FUNCTION TABLE 

INPUTS OUTPUTS 

s R C 0 Q ~ 
L H X X H L 
H L X X L H 
L L X X H H 
H H I H H L 
H H I L L H 
H H L X Qo Qo 

7485 
4 - BIT HA GNIT UO E CO MPARA TOR 

2 3 10 12 13 15 9 1114 1 

5 e 
FL! NCT IO N TABL ES 

COHPAR IN G C,. SC ADING 
I NP UTS I NP UTS 

AJ , BJ A2 , 8 2 Al , Bl AO , BO A>S A<B A• B 

Al> BJ X X X X X X 
Al ~ Bl X X X X X X 
AJ• BJ A2 >B2 X X X X X 
AJ•BJ A2 <82 X X X X X 
AJ"' B3 A2• 82 Al >Bl X X X X 
Al• BJ A2• 8 2 Al <Bl X X X X 
AJ• BJ A2• B2 Al•Bl AO >BO X X X 
AJ• BJ ,'2• 82 Al•B l AO <BO X X X 
Al • BJ A2 • 8 2 Al• Bl AO• BO H L L 
A J ■ BJ A2• 82 Al • Bl AO • BO L H L 
A • ' . 

74 86 
QUADR UPLE 2 -IN PUT EXCLUSIVE-OR GATES 

1•0 11 
13 

: :):[:>-v Vee 14 
GND 7 

Positive Logic: Y• AGlB•'lB+Al!" 

16 
8 

OUTPUTS 

A>S A<S 

H 
L 
H 
L 
H 
L 
H 
L 
H 
L 

A• S 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

7488A 256 -BI T READ- 0NLY MEHORIES 

15 W 13 12 11 10 

7489 

234 5 1 7 

WOR P INP.JTS WORD 
1 :i:~u -s 

ED C I\ .C ED CB 4. 

0 t t LL L 16 H L L L L 
I LL H 17 H L L L H 
2 LL L < L I S H L L H L 
J LL L H ' 19 H L L H H 
4 LL H L L 20 H L H L L 
5 LL H L H 21 H L H L H 
6 LL H H L 22 H L H H L 
7 LL H H H 23 H L H H H 

L H L L L 24 H H L L L 
9 L H LL H 25 H H L L H 

10 IL H L H L 26 H H L H L 
II IL H L H H 27 H H L H H 
12 IL H H L L 28 H H H LL 
13 IL H H L H 29 H H H L H 
l l IL H H H L JO H H H H L 
15 IL H H H H JI H H H H H 

t, 4- BIT RE AD/ WRITE '.1[1-IORY 

1 15 M 13 4 fS 10 12 

5 9 11 
16 

8 

M[ WE OP ERATI ON CONDITION Of !JU T PUT S 

L Write Cor-,pl ement of Data !npu t s 

16 
8 

L Read Cor.-.plement of Se l ected ',,' ord 
H I n h ib it 

Storag e Compl ement of Da ta l nouts 
H H Do 

Not hi ng High 

74 S112 
J -K NEGATIVE-EDGE-TR ! GGEREO FLIP-FLOPS 

·v· 1 • 1• 10~ ~1 :: ~ 1• 

s • 
a 

Vee 16 
5 8 9 7 GN D 8 

FUNC T ION TABl[ 

INPUTS OUTPUTS 

s R C J ' Q u 
L H X X X H L 
H L X X X H H 
L L X X X H H 
H H I L L Qo Qo 
H H I H L H L 
H H I L H L H 
H H I H H TOGGLE 
H H H X X Qo Qo 

74121 

MONOSTA BLE MULTIVIB RATO R 

To use the 1 n t er n a 1 tl 111 1n g re s1 s tor 
co nnect R1 nt to Vee . 

An ext erna l t111 in9 c a p ac ito r ••Y be 
c onne c t ed be tw ee n Cext and Ru,t / Cext . 

f or ac c u r a t e r e p e at ab l e puls e w idt h s, 
conn e ct a n e x te rn• l r es 1 s to r b e t wee n 
Re xt/C e xt and Vee w ith R1 nt o pe n-c l r c u l t ed . 

To obt a i n orla bl e puls e widths, con ne ct 
ext e r na l v a riab le resist a nc e b e twe e n 
R1nt or Ru t/C ut and Ye e . 

74132 

POSIT IV E NANO ~ 
SCW•IITT TRIGGER ~ 

y 
1{J 
·y 11 
13 S T 

POSI. l. E L OG I C: 

Y•A B ::@),-v Vee 14 
GNO 7 

Positive go in g threshold V• l. 7 

Negqt iv e goin g thres ho ld Vs O. 9 

74138 
OE CODER 

1 2 34 51 

15 M 13 12 11 10 9 7 

Vee 16 
GNO 8 

F JNC. '0'" Tt. BL E .. 
· ·, pns 

OUT PL' TS 
ENABLE SELEC G, ~ 2 C ' . , ; ,1 Y2 Yl " y; ,,. '! ; 

X H X ' ' ' ' H H H H H H 
L X " " H H H H ' ' H L L L ' H H H H " < 
" L L 'I ' H " H " h 

L L ' C " L H H " H < 
H L L " H " " " L " " H s 
H L H L L " " " H L H H H 
H L " L H " ' " H H L H " H L H H L " ' " H H 'H L H 
H L H H H " H " H ,· ' H L 

·G2 "' G2.A • G28 

74148 

8-LlrlE-TD-3-LINE PRIORITY ENCOD ER 

(I 0 

' H 

' X 
X 
X 
X 

L L 

74151A 

fLI N(T JON TABLE 

16 
8 

INPUTS OUTP UTS 

l 2 3 4 5 6 7 A2 Al AO GS ED 

' X ' X X H H H H H 
H H H H H H H H H H H L 

' X X L L L L L H 
,: ' X X L H L L H L H 

X ' L H H L H L L H 
:-: ' X L H H H L H H L H 
X ' L H H H H H L L L H 
X L H ' H H H H L H L H 
L H h H H " H H H L L H 
H H H H h " H H H H L H 

DATA SELECTORJ :,:uL T IPLEXER 

4 3 2 1 15 141312 1110 . 

5 • 
ru.,.; .:T IO N TABLE 

IN PUTS OUTP UTS 

~ EL l CT STROBE y " C r. ; 
L H 

CL oo no 
L H 0 1 01 
H L 02 02 
H H 03 O.J 
L L D:4 04 
L H 0 5 05 
H L 06 06 

H H ►/ L 07 07 

00 , DI. . . 07 th e •level of t he 0 
inou t 

res p ecti ve 

74157 

QUAD 2- t o-1-LIN E OAT A SHECTORS/MUL TI PLEXERS 

I NP UTS 
SELEC T STRO BE 

I 14 13 II 10 5 4 2 3 15 

4A 48 3A 38 2A 28 IA 18 

G 

IY 2Y 3 Y 4Y 

4 7 9 12 

Vee 16 
OUT PUTS GMO 8 

741511 

QUftD 2 -to-1 - L !NE o.r H SEL[ CTOII.S/ HUL T 1 Pl [\ EII.S 

l.~PU T S 
SEL ECT STRO BE 

I 14 13 II 10 5 4 2 3 15 

4 A 48 3A 38 2A 28 IA 18 

G 

IY 2Y 3Y 

4 9 

OU TPUTS 

4Y 

12 

Vee 16 
GNO 8 

74161 

(see 9310) 

741419 

SYNCHRONOUS 4-BI T UP / OOWN COUNTERS 

IN PUTS 

• 1 2 3 4 5 8 

16 141312 11 
OUTPUTS 

10 7 

16 
8 

74174 

HE X D-TYPE FLIP - FL OPS WITH CO MM ON CLOC K ANO RESET 

74175 

74181 

9 3 4 6 II 13 14 I 

2 5 7 10 12 15 Vee 16 
GNO 8 

FUN CTIO N TABL E 

I NP UTS OUT PUTS 

R C 0 Q Ut 
l X X L H 
H t ,, H L 
H t L L H 
H L X Qo Uo 

QUAD 0-TYPE FL IP-FLOPS 

I 9 4 0 12 ,. 

Vee 16 

2 3 7 S 10 II " ' 14 GNO B 

FUNCTIO N TABLE 

INPUTS OUTPUT S 

R 

L 
H 
H 
H 

C 0 Q ~ 
X X L H 
I H H L 
I L L H 
L X Qo Qo 

ARJTt!!'[TIC LOGIC U'.l!T 

INPUTS 

INV. 
FUNCT ION­
SELECT 

MOOE CONTROL CARR Y 
........__ !:PUT 

1 22 20111 a , 3456 2 232119 

9101113 11,1715M 

z 
0 

;;_ 

► I- < a,: 
a,:<<!) 0 
a,: a,: .... I-

~ ~ ~ i 
< < 

OLITP UTS 

TAal.11 

24 
12 

MllCTION • ·• 
, OGoc 

M• t. . A•IT ... TICOPIUTIOIII, 

C. • N C.. • L 
S J U S t M FUIC TtOIII .... __,. 

' ' ii 
' .' 

A lo'II\I V S I 

f ... .,_ I I\I US I 

• "' ' t,1 111tus 1 

A il> LUS I A • 1 1 

• •• " LUS •• • 1 1 

' .. 
• •"LVS .. • 1 11> 1.. us I 

f Al " LI.IS , A • I I " L VS I I 
f ~ 

, • . I 
' ,. 
. .. 0 . 

• A M•III US I Wl t l\l US I 

, • • I 
• A ..- 11rro1 us I 

F Ul • I • '° L U$ I 

f A l" L US t a • IJ > 

f Ad' LUS I 

~ t!1 J AJ(l>LlJSt A • I I 

f • I , A • I 

F O f A .. l\,IS A' 

L H F Al F .. . " LIJS A 

F ""' Alll' LUS A 

74112 
LOOK-AHEAD CARRY GENERATOR 

INP UTS 

f .t, l' LUS A • l • ' LVS I 

f A il> ll,S l il'LVS 1 

• ... l'LUS A . I t •u,s , 
f , A • 9 t il>UIS I 

f Al>LUS Al'LUSI 

F • Al l'L US A " LU5 I 

F ... 11>1..us A " LUS 1 

, A ' LUS l 

CARR Y GENERATE 

CAR PY CARRY P~OP AGATE I 
13 • 2 15 • 31M5 

I 
CARRY 

OUTD UVi 

Cr.+x • ~ O ♦ P O C n 

C n ♦ y • Gl ♦ f'lGO ♦ PIP OCn 

7 10 

< ~ 
~ < 

Vee 16 
GNO 8 

iS ~ 
► ► ~ 
~ ~ 0 
a,: a,: - ­
< < 

C n ♦ z • ';2 ♦ P 2 G1•P2PlGO ♦ P 2Pl P OC n 

G • GJ(P3 ♦ G2) ( PJ ♦ P2 ♦ G l ) {P3 ♦ P 2 ♦ Pl•GO) 
P • P3P2P1PO 

74188A 

256-BIT PROGRAMMA BL E REAO- ON LY MEMORY 

B ! NARY SELECT 

14 13 12 11 10 

OUTPUTS 

16 
8 

Organized a s 32 Words of 8 B1ts Ea ch 

74194 

4-BIT SHIFT REGISTER 

Shift Right 
Serial Jnput Parallel 

Inputs 

r-----t-,-,--:,:----1-:,- .-----+,- .-,-,-us-,- --~ Mod e Select 

Shift Left 
Serial I npu • • 

J i--:--a 
' .. 
' 0 

' ii 
' . 
' . ' .. 
r ". I 

r "' • 
' . 

F A • . F , A • I I " LUS l 

A • I f ·IA • l l " LVS I 

f MlN VS I 17', C OMl" LI F IE 1111 0 

I A " LUS Al f A " L US •I , u.JS I 

F IA · . , ' UIS Al r IA • l l ' L US Al , u ,s 1 

f A .. !NUS . .. IN VS 1 J A .. IN US 9 

1 Al .. 1"-VS 1 1 Al 

I "'LUS A• r "'LUS A. fl lVS l 

F ""LVS • I A'LVS 9ll'l\JSI 

f IA • 1 1 il' LVS A9 I •A • 111 P LUS AS " LVS 1 

F APL US A " r APLVS" " LVS I 

F IA • • 1 Pu,,S A f IA • 9 1 PLUS A il' LVS 1 

f •A • 1 1 J' t US A r , A • 1 1 fl LUS A PLUS I 

F A .. , ,_VS I 

• E .ch b i t is 1h i t 1ed t o t h e ne•t m o,e 1i9n i f 1eant p os1t 1on . 
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74279 QUADRUPLE S-R LATC HES ,.Bi "Bi 
,. 1 

11 4 S/ I 2S/ 

A-4 

,~ ,.~ 
:I ,S1/ 10 4 11 3SV I 

S 12 

FUN CT ION TABLE Vee 16 
GNO 8 

INP UTS OUT PUT 
s• R 

H H 
L H 
H L 
L L 

R Q 

Qo 
H 
L 
H' 

"" Fo r l atches with 
do ub l e S inputs: 
H • both S inputs high 
L • one or both S i nputs lo 'lit 

Qo • the level of Q before t he indicated 
i nput co nd itions were established. 

Thi s output lev el is pseudo stable; 
that is, It may not persist when the 
Sand 11. Inputs ret urn to t heir in act ive 
{high) leve l . 

742H 
QU ADRUPLE 2-IN PUT HULTIPLEXE R WITH STORAGE 

11 3241 9578 10 

151'1312 
Vee 16 
GN D 8 

f UNCT !Oti TA BLE 

IN PUTS OUTPUTS 

wn o :j 
SEL ECT CLOCK QA QB QC QO 

I 
; •l bl cl dl 

" ; , 2 b2 c2 d2 

' QAO QBO QCO QOO 

al,a2,et c . • t he level of ste ady- state 
; " '"' : t ill Al ,A2 ,etc . 

QAO , QBO, etc. t ~ le vel o f QA , QB ,e tc . 
" 'l !e red o-, t he 111ost -r ece nt 
• tr ansition of the c l ock 
input. 

7812C (+12V) 

7815C (+15V) 

POSITI VE VO LTAGE ~[";'.. U-TOR 

7815 

OUTPUT 121 
~131 
IWUT l11 

(see 7815) 

7905 (-5V) 

N[G AT: JE VOLT AG[ Q.[GU LA TOR 

7912 

OUTPUT 12) 

·~ 131 C~l1l 

(see 7812) 

8205 
51218 ROH WITH J STATE OUT PUTS 

St r obe 

Str o be 

8234 

INP UT 
SE LECT 

• 

DAT A OU TP UT 

Hi gh [l / E2 g ate the o u tpu t 

Low l.ist addressed word ,, 
It th e outpu t 

QUAD 2-I NP UT MULTI PLE XER 

1 

DATA l ' IPUTS 

2 • 

SO S l 

0 0 
0 l 
l 0 
I l 

5 10 11 

12 

OUTPUTS 

Sel e cts , 
B 
A 
Hi gh O,t 

15 14 

13 

stopped 

I NP UT 
SH ECT 

1 

Vee 16 
GNO 8 

8578 

PLA, J ATA ENC OD ER 

UAT A 1/IP UTS 

21 2223 1 2 3 4 5 8 1 I I 10 n 

13 M 15 ,e 17 18 11 20 

CO O[O OUT PUT S 

PLA • Progr a ml'l<1 ble logic Array 

96 Input comb i nat io ns .ire c oded 

Vee 2 4 
GNO 12 

(Re fe r to cod e t.ible for specific un i t} 

9301 

ONE-OF-TEN DECODER 

15 14 2 

Ao A1 A2 

0 123456789 

Multipurpose Decoder wi 11 accept 
fou.r input s and provide 10 .mutuall y 
exclusive outputs. 

11308 

PARALLEL LAT CH 
I NPUTS 

PARAL_ LE L LATCH 

EllAllLE 

2 3 

['lA BLl I NP UTS 

4 •• ., 1415 •• :ac,221 

• 11 11 1• :n 

FUN CT IO N TABLE 

"" ED El O Q, OP [RA T !O N 

H L L L L Data Ent r y 
H L L H H Data Entr y 
H L H X Cn-1 Hold 
H H L X Qn- 1 Hol d 
H H H X Qn- 1 Hold 
L X X X L Reset 

Qn-l Previou s Ou tpu t St ate 
Qn Pre s ent Out put St ate 

9309 
DUAL, 4 - INPUT HULTIPL[X[R 

Se le ct In put s 
3 IS II: 4 II I 10 I I f 

II 14 I I 
Vee 16 
GND 8 

23 

Vee 24 
GND 12 

9310 , 74181 

BCD COUNTER 
BI NARY COU NTEI 

Parallel Par a l le l Puall•l 
Enable Data In 

Trtck.h 
IO 1 e I 4 8 I 

I f4 II ta 11 11 
Clock 
{Cou"t ) hr■ tna1 

9318 

Coullt 

4- BIT BINARY COUNTER 

Para I lel 
Enable 

Parallel I 
I np uts 

21079 
Para llel 

~ 
3 4 5 6 

16 
8 

14 13 12 II 15 Ve e 16 
GN O 8 

Out puts 

9318 
£JGH T-IN PtlT PRIORITY ENCOD ER 

Ena ble 
In pu ts I 

10 II 12 13 I 2 3 4 5 

0 

15 
I 

Enab l e 
only 

2 3 4 5 6 7 El 
I NP U TS--

9 7 6 
~ 

Code of hig hest 
priority active 
in put. 

Outputs 

GS 
Vee 16 

14 
GNO 8 

' Any input 
active 

9318 i s a Hul ti pur pose Encoder disigned 
to a cc ept eight in put s .ind produce a 
b i nary we i ghted code of the highest or de r I nput . 

9324 
S- B IT CO MPARA TOR 

1312 11109 3 4 5 6 7 

0 I 2 3 4 01 23 4 
A 8 

E 

A,B A, 8 A•8 

15 2 14 
Vee 16 
GNO 8 

A High Speed Expand ab le Co mparator th at 
prov id es compar ison be tween two 5-bit 
words .ind g ives thre e outputs , • l e ss th an", 
• gr ea tor than • and • equ a l to ". A HIGH 
l eve l on the active LO W enable input fo r ces 
a l 1 th r ee outp uts LO W. 

9341 

(see 74181) 

93403 

(see 7489) 

9602 SI NGL E SHOT 

Cx Rx Cx Rx 

4 

5 

3 13 

TRIGGER I NG FUNCTIO N TABLE 

PIN NO 'S 
Oper a ti on 5(1 1 ) 4 (12) 3(13) 

H-l L H Trigger 
H L-H H Trigge r 
X X L Reset 

Du al Retriggerable, Res etta ble Monos ta b le Multivib ra tor 
provides an output pulse wh ose du r atio n and a cc ura cy is a 
f uncti on o f external timing components E11 and Rx. 

9603 
SINGLE SHOT WITH SCH MITT TRIGGER I NPU T 

3 

4 

'n 
L 
X 
H 
H 

FUNCTION TABLE 

INPUT • tn ♦ l INPUT 

X L L X H 
L L X L H 
H " X L H 
H H L X H 

Cx 

OU TP UT 

Tr i gger 
Tr igger 
Tr ig ger 
Tr igger 

• • Triggering Tran s l ti on 

Rx 
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ADL2011 

(see 74188) 

CR202A 

(see 74188) 

REC 

(see 7404) 

UART 

(see over) 



UART 
DATA INPUT 

26 27 28 29 30 31 32 33 

2345671 

TRANSMITTER 
SHIFT 

REGISTER 

TRAN SM I TTE R c LDC K 40 ,-,_ __ T_i_M .. IN ..... G_A_N_o_c_o_N_T_R_o .. L,_ _ _. 

2!5 SERIAL OUTPUT 

24 REGISTER EMP TY 

LOAD CONTROL REGISTER34.;:;;;:;::=:i.....JL-, 
PARITY · 1NHIBIT 3!5 

,--..S.z...~::,:;:j"l8 STATU S WORD ENABLE 
22 BUFFER EMPTY 

STOP BITS SELECT 36 
37 

WORD LENGTH 38 

EVEN PARITY 39 

SERIAL INPUT 20 

OUTPUT ENABLE 4 

5 

13 PARITY ERROR 

14 STOPBIT ERR OR 
1!5 OVERRUN 

.__"':t':j:'"""C=!!~~l9 CHARACTER RECEIVED 
18 RDA RESET 

TIMING AND CONTROL 

NR 21 RESET 
RECEIVER 

SHIFT Vee 

Vdd 2 

Gnd 3 

BUFFER REGISTER 

e II 4 3 2 

6 7 8 9 10 II 12 

DATA OUTPUT 

f1A710DC 

HIGH SPHD DIF fE RENTl"l COMP ARATOR 

N".ll: - JNVERTING INPUT :l=t>-· OUTPUT 
lN \' EPT ING IN PUT .. -

µA723 

GND 2 
+V 11 
-v 6 

PRECIS ION VO LT AG E REG ULAT OR 

TEMPER AT URE 
COMPE NSATED 
ZENER 

FR EQUEN CY 
CO MPEN SA TION , 

,, 

Vout 

v, 
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