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SECTION |

GENERAL DESCRIPTION

1.1 SYSTEM ORGANIZATION

The P856M/P857M systems consist of a basic central processor unit (CPU) and
various independent elements interconnected via a General Purpose 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 P856 M/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 cards are mounted in their own chassis and
connected to the GP Bus via a bus converter unit. Chassis information and

wiring is included in Section IV.

1.3 The P857M and P856M systems use the same basic logic 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 Il
Also, the P857M and P856M systems have different standard control panels as

shown in Section IlI.

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 address, and
usually shown in hexadecimal. CPU logic which deals with memory word addresses
simply places the word code on the GP Bus lines 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 Function
Word Character
0 000 Interrupt
62 07C list words
63 07E Trap routine list word
64 080 OVERFLOW
127 OFE OF STACK
128 100 :'
1.6 Memory Management Unit (MMU)

The MMU is a P857 single-card hardware option which uses Virtual Addressing.
This option extends the main memory from 32k to 128k words, while still using
the 16-bit addressing. The Virtual 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 operations. The FPP uses a dedicated slot (beside the MMU position)
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in the cabinet. Dedicated wiring 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 AppendixD.

1.8 | /O Processor (IOP)

" The IOP is a hardware |/O channel that manages direct 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 | /O channels is given in paragraph 1.28,

1.9 GP BUS
The General Purpose Bus is a 57-line communicating link between all system
elements, such as the CPU memory modules, |/O processors, and control units

(Figure 1-1). 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 |/O 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.

1.11 CENTRAL PROCESSOR UNIT

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 |I, CPU Logic

description.

REV.]
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1.12 The Data Handling Unit does the processing of all data words accessed
by the CPU. This unit also handles the addressing for both data transfers 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 comprising sixteen 16-bit registers (A0 to Al5) is directly accessible

to software. The scratchpad contains 15 working registers (A0 to A14) and a
stack pointer (A15). The working registers are used as an operand for some
instructions. The scratchpad is located in the Data Handling section of the

CPU logic and is connected to the operand=-A input of the arithmetic logic unit.

1.14 A 2-bit condition register (CR) is provided for testing operation results.

This register is also located in the Data Handling section of the CPU logic.

1.15 BUS CONTROLLER

The Bus Controller scans the GP Bus priority chain for selecting a master,
provides control for the memory, and gates input/output data between the GP

Bus and the CPU. The Bus Controller is included on the CPU card and is

interconnected with the CPU logic.

1.16 INTERRUPT SYSTEM

The Interrupt System is a hardware feature which allows a running program to
be interrupted by a higher-priority program. The Interrupt System is used for
CPU logic functions and for control-unit |/O channel operations. There are
63 interrupt levels, divided into two groups: internal and external. There is

a separate interrupt-request associated with each of the 63 levels.

1.17 Internal Interrupts
The internal interrupts (Figure 1-3A) use the eight highest-priority levels,

0-7. Four of the internal interrupts are pre-wired from CPU logic functions;

the other four may be connected to other units in the basic chassis, but are not

1-4 REV.I
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used for CU |/O 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 0 - Power failure, Automatic restart, |
1 - Operator's interrupt (Control Panel or /O 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 ex’rerndl 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. AIll 1/O 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 |IOP; the 1OP then makes a Bus
Request to obtain control of the GP Bus for the word transfer. A break request

is part of the |OP 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

lines.

1-6

1.20 Interrupt Control

An Enable Interrupt (ENB) 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 generating 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:

e the CPU is set to Enable Interrupt mode,

e the current program level is established at 63, and
e 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.chle 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
BIEC lines) 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 in’rerru;I)’r
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 A15. P contains the address of the next instruction
(except for Move Table, where P points to the instruction itself). Al5
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.
e The Inhibit Interrupt state is set.
@ The system User Mode flag is reset (unless clready reset).

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

e —



'@ An indirect branch is made to the corresponding memory location
(paragraph 1.23).
e The interrupt routine is executed.
Note: A Return instruction with a pointer other than A15 can be used
independently of the interrupt routine to switch from any program to

another under a supervisory program control.

1.22 Interrupt Routine
The following operations must be performed by the interrupt-routine program:
e Some or all of the accumulators (A0 - 15) are saved in the interrupt
memdry stack.
® The interrupt itself is 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.
e A Return instruction, referring to stack pointer A15, is programmed.
During this instruction, the contents of A15 are used (with incrementing)
to restore the program counter into P and retrieve the program status

word.

1.23 Interrupt Addresses

The first 63 word locations in memory are used for the interrupt-routine list
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 O 0 0 0 0 Of O 0
] 0O 0 0 0 O 1 0 2
2 O 0 0 01 O O 4
3 O 0 0 O 1T 1 0 6
4 O 0 0 1 0 O0f O 8
5 O 0 0 1T 0 1 0 A
6 O 0 0 1 1 Of O C
etc. to
62 1 1 1 1T 1 0 O 7C

1.24 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 link 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.

1.25 The stack operates on a last-in first-out basis, controlled

by the automatic updating of stack pointer A15. Load, Store, Multiple Load,
and Multiple Store can be used as stack-handling instructions when their
effective address refers to A15. 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.

1.26 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]0 (word address) to indicate that the stack is almost

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

1.27 Additional memory stacks may be used by software, using the scratchpad
accumulators AO to Al14 for stack pointers. These software stacks will not have
the automatic handling and updating like the system stack which uses A15 as

the pointer. A1l references here to the stack pertain to the automatic-handling
stack. AIll memory stacks may have software limits to stack size established at

system generation time.

1.28 INPUT/OUTPUT CHANNELS

The P852M/P856M/P857M systems have three different input/output channels:
e programmed channel,
e multiplex-type |/O-processor channel, and
e direct memory access channel.

All 1/O data transfers are via the GP Bus and are timed by the Bus Controller



logic on the CPU card. For all three types of | /O transfers, the program initiates

control-unit operation with a CIO Start command. The CU must reply with an
interrupt request or a kreak request (depending on the type of /O 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 |/O 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
hasﬁ been transferred (length = zero). The method of handling this pair of control
words depends on the type of 1/O 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 fransférred, 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
This procedure continues until the last word of the block

word from memory.

When the program loads the last data word, its block length is
The CPU then sends CIO Halt to the CU along with the last

is transferred.
counted to zero.

OTR data transfer, and the transfer is ended with the status transfer.

1-8 REV .1
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Figure 1-4 Programmed Channel Transfers



1.32

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 /O Processor Channel

The Input/Output Processor (IOP) channel manages data transfers directly
between memory and a number of multiplexed control units (Figure 1-5).
CPU registers are not used, and there is no need for progrdm 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 |OP 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
Break Request (BR) to the |OP,
of the GP Bus (Figure 1-3),

For input or output transfer, the CU signals that it is ready with a
The 1OP makes a Bus Request to obtain control

The OP then sends a simulated INR or OTR

The INR/OTR command is

command to the CU to initiate one word transfer.

simulated in that it is generated by the |OP and is not a programmed instruction.

The |OP logic updates its control-word registers for each data word. When the
block length is counted to zero, the |OP sends End Of Record (EOR) to the CU
along with the last simulated INR/OTR data transfer. The data block transfer
is ended with an SST command and status transfer between the CU and CPU.

136

The |IOP can be loaded with the data-exchange control information
for a number of control units (up to eight for the type-A [OP). The |OP then

multiplexes the exchanges between the CUs and the memory.

<+— T|ME

CPU IOP CU(n)
pren « - - -
CUl
N
WER Inst B N
¢ = cus
(for CUn) Mem. Address -
Block Length
1
1
L
b, S~
ClO START -
= . _— —————
- BR
SimINR/OTR
(Addr) p-— Increment Address u L L
r—" Decrement Length
o — —
Data [Cismiiiiimmii i ey Data
< BR
SimINR/OTR
(Addr) Increment Address il /
r—- Decrément Length
b N
Data |G e ) Data
- BR
SimINR/OTR(EOR
(Addr) == Increment Address L ( —’
r- Decrement Length (=0)
R L R T
BRI e 2y Data
[
- Interrupt Request (BIECO-5)
Send Status Command (SST) -
CERR I e e STATUS WORD
Note -~ This diagram shows the sequence for transferring a block 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 | /O Processor Channel Transfers
REV .1
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1.37 Direct Memory Access Channel

CPU DMA-CU | |
j The DMA channel manages data transfers directly between memory and a single
WER instr. o Mem. Address high-speed control unit (Figure 1-6). CPU registers are not used, and there is
Block Length no need for program control except for starting the exchange and testing status
CIO START — -
at the completion. The DMA channel is a hardware channel included as a part
of the high-speed control unit (DMA-CU card).
MEMORY
. increment Address | o o 1.38 At the beginning of a transfer, the program uses two WER instructions to
Decrement Le"g'hJ\ load the starting address and block length into the DMA control-word register.
DATA ¥ DATA |
v The DMA logic then provides all GP Bus timing signals to control the data

Increment Address

Addr b |(READy) transfers directly between the memory and the DMA CU. The DMA logic

Decrement Length

lb--—_

DATA also updates the control-word register for each data word and detects when the
A —

DATA

<+ TIME

complete block has been transferred. The data block transfer is ended with an
| Add
Addr [ ;:::::;' Lenr;t (READY) SST command and status transfer between the CU and CPU.
L (=0) _n
DATA 3 Y DATA
i | 1.39 Data Communications Channels
CPU Data communication with the P856M/P857M system is accomplished with various

Line Control Units operating via the programmed channel or the multiplexed 10P

< Int. Request (BIECO-5) ,

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

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

Commmnnnie e STATUS WORD . . . . . . . .

""""""""""""" communications lines, either directly or via modem interface or repeater units
(following diagram).

MODEMS
Line o
REPEATERS
- 1 Control
Figure 1-6 Direct Memory Access Channel Transfer Unit
GP
CPU
BUS

Line
Control
Unit

----------
.............
---------------
...........
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Some Line Control Units used with the system are:
e SLCU Synchronous line control units
e ALCU Asynchronous line control units

e ALM Asynchronous low speed multiplexers

1.40 CLOCKS

1.41 CPU Timing Clock

The CPU logic timing is controlled by the Sequensor which provides the clock
signals AP, BP, and T1 through T10. The Sequensor is described in Section II.

142 Real Time Clock
A Real Time Clock produces an interrupt signal every 20ms. The real-time
clock pulse is produced directly from the power supply and is described in

Section V.
1.43  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 |I]I.

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 microdiagnostic tests. Description and operation is provided in

Section IllI.

1.46 TESTING

The P856/7 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 approximately 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 IlI.

1.47 STATUS

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

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

The status word contents are shown in the following diagram.

Program Status Word
PLR CR GF

314|501 |RUN| ENB| CPF| PFF| RTCF

Interrupts
g
L_—__ 0

1.48 DATA FORMAT

The data are handled in 16-bit words with 15 magnitude bits and bit 0 as a

2

er Mode

= Us
= System Mode

s}gn 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 1 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

REV .1 1=11



1.49 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.

1.50 Double precision is used for the product of the multiplication of two

single-precision words, and for some other operations.

st Word
Bit: O ] 15
S ]

Sign Bit T Most-significant Magnitude Bits
Most=-significant Bit

2nd Word
Bit: O 1 15
0 ]
not used Least-significant Magnitude Bits T
Least-significant Bit
1.51 Logical Data

Logical data, such as the condition of sixteen binary indicators, can be stored
in a single data word. This type of data is generally not treated arithmetically
by the program but logically by means of boolean operations such as AND,

OR, and Exclusive=-OR. In this case, bit 0 of a word is not used as a sign bit.

1.52 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.

1st Word
Bit: O | 15
S Mantissa
Sign Most -significant Bits (1-15)

1-12 REV.I

2nd Word

Bit: O ] 15
0| Mantissa

Not Used Least-significant Bits (16—36)

3rd Word
Bit: O 1 15
S. Exponent
Sign

1.53 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).

1.54 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 (0 = system; 1 = user).

1.55 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:

e Control Instructions which modify the CPU state:
HLT -- Halt
INH == Inhibit Interrupt
RIT =-- Reset Internal Interrupt
e All1/O Instructions:
ClO, OTR, INR, SST, TST
e External Register Instructions:
WER, RER
° (P857M) MMU -related instructions, Extended Lodd or Store, and

Segment Table Load or Store:

r—



ELR, EL, ESR, ES,
TLR, TL, TSR, TS
e Some other instructions are reserved for System Mode when they

modify the contents of the stack pointer (A15). Refer to Table 1-1.

1.56 User Mode

This mode is reserved for the user program execution. |f 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 stack', and the program

branches to the address contained in memory location 7E.

-1.57 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.

1.58 When a program running in 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 1.

1.59 INSTRUCTIONS
The P856/857 instruction set is divided into ten groups:
e load and store
‘o arithmetic
° logical
e character handling
e branch
o shift
e table handling
e control
e input/output
e 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 1.65 and listed in Table 1-2,

1.60 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.

1.61 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.

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

¢ Format 0 Constant handling instructions.

@ Format 1 Memory reference or register-to-register operations.

1.63 Format O Instructions (Type T8)

R3
0 OPC CONSTANT
0 1 4 CND 8 15
5 7
OPC : Operation code
R3 :  Register (scratchpad A0O-A7) on which the operation is performed.

CND : Condition for relative branching (when specified by OPC).

1-13



Table 1-1 P856/857 Instruction List
Flow ]
: . L/S | Address :
|]3|.cgrcm Mnemonic | OPC (Bit 15) | Type Instruction Name
Load and Store Instructions
LDK 0 0 T8, 2 Load constant
LDR 0 0 T1,3 Load reg/reg; update stack pointer
15 LD 0 0 T4-7 Load register
STR 0 1 T3 Store reg/reg; update stack pointer
ST 0 ] T4-7 Store register
MLK 7 0 T2 Multiple load constant
MLR 7 0 T3 Multiple load register
MSR 7 ] T3 Multiple store register
MS 7 1 - T4-7 Multiple store
ELR 10 0 T3 Extended load register '(MMU)
EL 10 0 T4-7 Extended load (MMU)
29
ESR 10 ] T3 Extended store register (MMU)
ES 10 ] T4-7 Extended store (MMU)
Arithmetic Instructions
ADK 2 0 T8, 2 Add constant
ADR 2 0/1 T1,3 Add reg/reg
17 AD 2 0/1 T4-7 Add
| MR 2 ] T3 Increment memory/reg
M 2 | T4-7 Increment memory
SUK 3 0 18,2 Subtract constant
SUR 3 0/1 11,3 Subtract reg/reg
SU 3 0/1 T4-7 Subtract
18
N GR 3 ] T1 Negate register
C2R 3 ] T3 Two's complement/reg
C2 3 ] T4-7 Two's complement
MUK 8 0 T2 Multiply with constant
25 MUR 8 0 T1,3 Multiply reg/reg
MU 8 0 T4-7 Multiply
DVK 9 0 T2 Divide with constant
26 DVR 9 0 11,3 Divide reg/reg
DV 9 0 T4-7 Divide
DAK 10 0 T2 Double add with constant
29 D AR 10 0 T1,T3 | Double add reg/reg
DA 10 0 T4-7 Double add

1-14

Flow

Diagram | Mnemonic | OPC L/S Address Instruction Name
1. (Bit 15) | Type
Arithmetic Instructions
DSK 11 0 T2 Double subtract with constant
30 DSR 11 0 T1,3 | Double subtract reg/reg
DS 11 0 T4-7 | Double subtract
28 FFL % 0 T1 Integer to floating point (FPP)
FFX 9 ] T1 Floating point to integer (FPP)
FADR 9 0/1 T3 Floating-point addition/reg (FPP)
FAD 9 0/1 T4-7 | Floating-point addition (FPP)
FSUR 9 0/1 T3 Floating-point subtract/reg (FPP)
FSU % 0/1 T4-7 | Floating-point subtract (FPP)
27 FMUR 9 0/1 T3 Floating-point multiply/reg (FPP)
FMU 9 0/1 T4-7 | Floating-point multiply (FPP)
FDVR 9 0/1 T3 Floating-point divide/reg (FPP)
FDV 9 0/1 T4-7 | Floating-point divide (FPP)
Logical Instructions
ANK 4 0 18,2 | Logical AND with constant (R3#0,R1#0)
19 ANR 4 0/1 T1,3 | Logical AND reg/reg (RT1#£0)
AN 4 0/1 T4-7 | Logical AND (R1#0)
ORK 5 0 T8,2 | Logical OR with constant (R370,R1#0)
ORR 5 0/1 T1,3 | Logical OR reg/reg (R1#£0)  §
20 OR 5 0/1 T4-7 | Logical OR (R1#0)
XRK 6 0 T8,2 | EXclusive OR with constant (R1#0)
X RR 6 0/1 T1,3 |EXclusive OR reg/reg (R1#0)
XR 6 0/1 T4-7 | EXclusive OR (R1#£0)
~ CWC 13 X T8 Compare word to short constant
39 CWK 13 0 T2 Compare word with constant
CWR 13 0/1 T1,3 | Compare word reg/reg
1 CW 13 0 T4-7 | Compare word
37 CIR 15 0/1 T1,3 | One's complement reg/reg
Cl 15 0/1 T4-7 | One's complement
19 T™M 4 ] T1 Test mask
20 TNM 6 ] T1 Test not mask
10 CMR 4 ] T3 Clear memory/reg
CM 4 1 T4-7 | Clear memory




1Flow

L/S

i ) Address .
Il).logrom Mnemonic |OPC (Bit 15) | Type Instruction Name
Character Handling Instructions
ECR 12 0 T1 Exchange character reg/reg (R17#0)
LCK 12 0 T2 Load character with constant (R17£0)
LCR 12 0 T3 Load character/reg (R15#0)
31 LC 12 0 T4-7 | Load character
SCR 12 ] T3 Store character/reg (R170)
SC 12 ] T4-7 | Store character
CCK 13 ] T2 Compare chdracfer/constan‘r (R1#£0)
32 CCR 13 ] T3 | Compare character/reg (R1#£0)
CC 13 ] T4-7 | Compare character (R1#0)
Branch Instructions
AB ] 0 T8,2 | Absolute conditional branch
16 ABR ] 0/1 T1,3 | Absolute conditional branch to reg
ABI ] 0 T4-7 | Absolute branch
29 RF 10 0 T8 Relative forward conditional branch
30 RB 11 0 T8 Relative backward conditional branch
CF 14 1 T2 Call function (direct) (R1#0)
35 CFR 14 ] T1,3 | Call function/reg (R1#0)
CFl 14 1 T4-7 | Call function (via memory) (R1#0)
33 RTN 14 0 T3 Return (R1=0)
EXK 14 1 T2 Execute constant (R1=0)
34 EXR 14 ] T1,3 | Execute/register (R1=0)
EX 14 ] T4-7 | Execute (R1=0)
Bits
Shift Instructions 81910
SLA 7/ X T8 Single left arithmetic (R3#0) | 00| 0
SRA 7 X T8 Single right arithmetic (R3#0) | 0(O]1
SLL 7 X T8 Single left logical (R3#0) | 0|1|0
SRL 7 X T8 Single right logical (R3#0) [ Of 1|1
2] SLC 7 X T8 Single left circular (R3£0) [ 1]1]0
SRC 7 X T8 Single right circular (R3#0) | 1|11
SLN 7 0 T8 Single left, normalize (R3#0) [ 1]0]0
SRN 7 0 T8 Single right, normalize (R3#£0) [ 110]1
DLA 7 X T8 Double left arithmetic (R3=0) | 0(0|0
DRA 7 X T8 Double right arithmetic (R3=0) | 0|0|1
29 DLL 7 X T8 Double left logical (R3=0) | 0f1]0
DRL 7 X T8 Double right logical (R3=0) | 0|11
DLC 7 X T8 Double left circular (R3=0) | 1|1]0
DRC 7 X T8 Double right circular (R3=0) | T1{T1]1{

- —————

Flow
Diagram | Mnemonic | OPC L/S Address Instruction Name
'y (Bit 15) | Type
Bits
Shift Instructions 8[2110
¢=
29 DLN 7 0 T8 Double left, normalize 1{010
DRN 7 0 T8 Double right, normalize 110]1
Table Handling Instructions
36 MVE 14 0 T8 Move table forward 0{0]0
37 MV B 15 0 "T8 Move table backward 0({0]0
36 MVSU 14 0 T8 Move table, system to user (MMU])1]0]|0
37 MVUS 15 0 T8 Move table, user to system (MMU)1{0|0
Bits
Control Instructions glohol 11203l 415
HLT 4 T8 Halt ERRERERERRERER
19 INH 4 T8 Inhibit interrupt TIOI T T[T |11
RIT 4 1 T8 Reset internal interrupt |11 DA ]
ENB 5 T8 Enable interrupt 0({1]0]0{0]|0|0]0
20 LKM 5 T8 Link to monitor 010{0]0[0]|T1]10]|0
SMD 5 T8 Set mode 0/0/0(0]0|0[0O]1
= =
| t/Output Instructi R3#0
nput/Output Instructions (R37#0) gl 9
ClO 8 X T8 Control |/O (DA#0) (1]n
OTR 8 X T8 Output from register (DA#0) |O]n
- |
24 INR 9 X T8 Input to register Oln
SST 9 X T8 Sense status 111
TST 9 X T8 Test status 110
| External Transfer Instructions
33 WER 14 X T8 Write external register (R37#0)
- 37 RER 15 X T8 Read external register  (R3#0)
FLDR 8 0 T3 Floating=-point load/reg (R1=2) (FPP,
27 FLD 8 0 T4-7 | Floating-point load (R1=2) (FPP)
FSTR 8 ] T3 Floating-point store/reg (R1=2) (FPP)
FST 8 ] T4-7 |Floating-point store (R1=2) (FPP)
TLR 7 0 T3 Segment table load/reg (R1=0) (MMU)
L 23 TL 7 0 T4-7 |Segment table load (R1=0) (MMU)
TSR 7 ] T3 Segment table store/reg (R1=0) (MMU)
TS 7 ] T4-7 | Segment table store (R1=0) (MMU)
I I I B i I
= P857 only

1-15



CND
54 7 Branch
O n n if CR =bits 6,7
l n n if CR # bits 6,7
1 1 1 unconditional

CONSTANT: An 8-bit, positive constant, branch displacement, or

OPC extension.

MD

R2

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

9

10 11

14

15

Condition for absolute branching (when specified by OPC).

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

1.64 Format 1 Instructions (Types T1-T7)
R1
1 OPC
o ‘e |
5 8
OPC Operation Code
R1
bit 8 =0: A0-7
bit8=1: AB-15
CND :
(conditions same as for format 0)
MD Addressing mode (Table 1-2).
R2
operand:
bit 14 =0 : A0-7
bit 14 =1 : A8-15
S Store bit for memory reference instructions:
O = store result in R
1 = store result in memory
1.65 Addressing

Format O instructions (type 8) address the operand with the R1 field; no second operand

is used.

operand is addressed according to the addressing type, T1-T7, as listed in Table 1-2.

1-16

Format 1 instructions address the first operand with the R1 field; the second

REV .1

Table 1-2 Addressing Types

Format 1 (KO0O)
M D R2 Effective
Type | 9 10 Address of
(K9 K10) |11 12 13 14| Operand
T1 0O O X X x X R2 Register-to-Register.
R2 contains the operand .
T2 0 1 O 0 0 O P Long Constant,
0R2) The following word(after the
( instruction) is the operand.
T3 0 1 non-zero (R2) Address in Register.
R2 contains the address (AO-
(0R2) A15) of the operand.
T4 1 O O 0 0 O (P) Address in Next Word.
The following word is the
operand address.
T5 1 O non-zero (P) + (R2) | Indexed Address.
OR?) The following word, indexed
( by (AO-A15), as specified by
R2, contains the operand
address.
T6 11 O 0 o0 © [(P)] Indirect Address.
The following word specifies
the location containing the
operand address.
T7 11 non-zero [(P) + (R2)]| Indirect Indexed Address.
The following word, indexed
(0R2) by (A0O-A15), specifies the
location containing the
operand address.
T8 Y-y Short Constant.
Format 0 (K0O) No 2nd operand is used.
1.66 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 follows: bit 15 = 0: left character ; bit 15 =1: right character.




1.67 OPERATION SEQUENCES 1.73 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

1.68 Microprograms, Microinstructions is set when the K-register is loaded with the instruction word. KRY is set by
CPU operations are controlled by microinstructions (u Inst) located in the the Fetch command during the Fetch routine, some control-panel routines, EX
Microinstruction Store (Control ROM). Each microinstruction comprises a instruction, and some tests.

single 48-bit word divided into 14 command fields.

1.74 Before KRY is set, the computer loops directly to Fetch to load the
1.69 A microprogram performs one part of an instruction (e.g. indirect instruction word into the K register. The instruction must be requested from
addressing or execution) or one operating sequence (e.g. Initial Program memory during a preceeding microinstruction. When an instruction is loaded,
Loading or an Interrupt routine). The microprogram may consist of a single | KRY is set and‘ the PLA addressing mode is used to select the next microinstruction
microinstruction (Fetch, SUK, etc.) or a group of microinstructions accessed address. For most ins’rructiohs, the addressing routine is used to obtain the operand.
in a specified sequence. This sequence may vary according to conditions specified Instruction word addressing and decoding is described in paragraphs 2.37 and 2.48.
in the microinstructions. An example of microinstructions and microprograms
grouped into an instruction is shown in Figure 1-7, Operation Terminology. 1.75 Repeated microinstructions of a routine are selected with explicit

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

1.70 Flow Diagrams | Microprogram decision tests may modify the explicit addressing with a flag bit
General operational flow for the CPU is shown in Figure 1-8. Detailed flow | (SNA Flag mode). At the end of a microprogram routine, a Bus Request is made
diagrams for each block are referenced on Figure 1-8 and, for the execute- for the next instruction word and the Fetch routine is then used to load the instruction.
instruction sequences, in the instruction list (Table 1-2). A key to the flow ~ If the machine state pointers allow (program still running, no control-panel

diagrams is provided in Figure 1-7. | | operations or interrupts pending), the computer selects the next microinstruction

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

1.71 Figure 1-8 shows the general sequence of computer operations. The
computer continuously performs microinstructions. The sequences in which the 1.76 Data paths are shown in Figures 2-1 and 2-4. The microinstructions
microinstructions are performed are determined by microinstruction addressing ‘within each microprogram or routine control the data paths and control the operations
(paragraph 2.26). , performed on the data. These controls are described (in Section Il) for each of the

| logic blocks shown on the data-path diagrams. The data handling is also listed on
1.72 If no program is running and the computer is not being operated, it the microprogram flow charts with terminology such as: M +2 - M, where the
cycles through the Idle loop. RUNF is described with the PSW, paragraph 2,90, data in the M register loops through the data paths shown on Figures 2-1, 2-4 and
Machine-state-pointer control is described with the microinstruction addressing. back to M, with a left-shift being performed enroute to produce the +2.

RUNF is set by pressing START on the control panel. If the control panel is
used (Section [Il), 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.

REV.1 1-17



Example of one instruction (SC-Store Character) using addressing mode T6 (indirect)

1-18

MICROPROGRAM
FETCH

MICROPROGRAM
ADDRESS
ROUTINE

MICROPROGRAM
EXECUTE
SC INSTRUCTION

MICROPROGRAM

STORE-RESULT
ROUTINE

Microinstruction 016

PLA Addressing Mode

Microinstruction 072

Microinstruction 052

Microinstruction 113

J

PLA Execution Mode

Microinstruction OCC

Microinstruction OFE ]

|

Part A

030

Fetch 'v{

SUK

SUKp

PLA Execution Mode

Addressing |1-11 SOURCE: Begin this microprogram aofter Fetch (Figure 1

PLA Addressing Mode

or Address Routine (Figure 1-11),

NEXT ADDRESS given by PLA in Addressing Mode

N AME of instruction
(Subscript p = program counter, AO)

NEXT ADDRESS given by PLA in Execution Mode

suU JfUp

035 —

C2
NGR

0 FN

7 control ROM,
U 1

SUS

P o

Hexadecimal Address of microinstruction word in the

A

@

Machine
State

NEXT ADDRESS given by Flag (FNU)

143/

: = Double Line: this microinstruction word also used by
| I another microprogram,

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

@ Store DESTINATION: After this microprogram, go to the Store
7 Result Result microprogram or find the NEXT

ADDRESS via the Machine State Pointer.

Address Type Designations

T1 (2nd Operand in R2):

T2-7

RTI

RT1P ~ R2=0, thus operand in P,

RTID - Double Length; (R2) = Q, (R2+]1) = M
RTIDP - Double Length and R2=0

RT2-7 Result = R1
RT2-7S - Store; Result = memory
RT2-7C - Constant

T3A — R2 # Al5

T3B — R2 = Al5
4 - ————

Figure 1-7 Operation Terminology, Flow Diagram Key

Part B

)



ADDRESSING

ROUTINE

]1-11

(Implicit)
(Addressing)

PLA EXECN MODE

(Explicit)
(Addressing)

'Y

FLAG
Mode

MACHINE STATE POINTER CONTROL PANEL INTERRUPTS OPERATION
)
\er/
K 4%
‘\5{ QQJS, V v
1 (after FETCH)
_" (Implicit)
‘ Addressi
;;‘,iywuhle Laf)uc ﬁway ( ressmg)
CONTROL PANEL
( PLA ADDRESSING MODE
1-9
| o3 003 SHIFT
PREPAR-
AUTOMATIC NOFLON | | NOJuMmP ATION
IPL RESTART INTERRUPT | ] 1 1-16 ]
1-10 | 1-12 i
IDLE 9 Qo0
LOOP | f
007 1 Y
MEM =M, L T8 FORMAT MICROPROGRAM EXECN
.. MICRO - |
Y Y Y I f PROGRAM
: = EXECUTION END | OPERATION
L ,
IDLE \
OFE 077
STORE
RESULT WAIT
-1 1-13
' iu,{,, Lty
YES | .
- (Section I11) 0l6 INSTRUCTION
FETCH LOADED FROM
- Y ! Y

Figure 1-8 CPU Operational Flow and Machine State Pointer

REV.1
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AUTO-
RESTART

(02E)

1-20

1-8 ] Machine State
010 Y

(with RUNF =1) CONTROL PANEL
l SYS = Q
‘ CPU Input from CP:
] QO 0 ~
— 02F o
<3 00 RCPN
| 0123 12131415
0
ﬁ 03F Z Z Z
SLQ =3 =5 o o
RBUS o % 2=00,
CP
GBOK 01 23 12131415
LM 0O Qo0 ] ‘
04F . 04E
KEY =L, M SLQ (1) Previous displayed data is saved
WGAQE‘_,;‘ GFRUNZO (2) K register content is not an instruction
08D RM 00 QO ]
BIO = Mem 036
GFRUNZO SLQ
sttt :
057 RST 0( QO 2] |
2xSYS = Q 02F 05E
GBCP PSW = L, M L SLQ
_ 067
CPA 1 QO 0 CPB l Q = ] 1)
06E 06F | M = AD
Mem =L, M 07F
P+2 =P Mem =L, M Mcross = Q
S+2 =S l GCRFNU
{ J LR or RR 00 FNU )1 Error
I 00A : 008
SYS = L
L____WBUS A0 M, L
092
P =M
L =BIO
BIO = K
SEQBIO
GFETCH;RBUS]
012
M = AQ
GBOK;RBUS
KEY = BlO
BIO - RCP
SEQBIO L
i RBUS
013 11F
A0 =P,S | (RCP) = M
[ ‘ GFKYZO
Il_]él @'PL (O3E) IDLE (000)
Figure 1-9 Control Panel

REV.1]

word

quartet

NOTE .
* Bootstrap

w Control Panel

3E
200 =P P : ROM word counter (4bits)
OAO Q : Quartets counter
0 = § S : RAM word address counter (16 bits)
IPLFZO
ENEFZO |PL routine loads bootstrap program into memory location /000
FUZO through /Q7E.
A } !
QAS
M/2 == M
P-2 =P
0AA
]
B0
M/2 = M
0B2
M+ IPL = M,L
WMEM
0 QO 1
08F 08E
SLQ S+2 =S5

i

clear M

Set quart, counter ’

1000 ’M,Q]

P =35
GBOK
RBUS

listing in Table 2 - 10

«Loading routine in Paragraph 3,14

_0BA

[BIO (KEY)

)

@ Fetch (016)

Figure 1-10 IPL

L



e

ADDRESSING ROUTINES TYPE T1 | ADDRESSING ROUTINES 12 =15

@ Fetch (016) Fetch (016)

RTI RTI1P

Function (for T3B and T3BM see OPC1 and OPC7)
(R2)=M,Q

RT7 RTé RT4 RTS RT2 RT3

: s
For DAR and DSR

Double length: least significant bits in M | (R2)=Q

most significant bits in Q (R2+1) =M

[ RTID RTIDP (R2)+M = S
’ BUSR

(R2)+M =S
BUSR

RT7S RT6S RT4S RTS5S RT2S RT3S

096
([CT)) =M (R2)+M = S (R2)+M =S
BUSR BUSR
o Y
RT7C RT6C RT4C RT5C RT2C RT3C

(R2) =5S,Q

(R2)*M = S

BUSR
(1) Note: When we have OR2, CTYSPA is not done;

but in Fetch 16 is loaded in CT, therefore * Y
with the CTP1 of 097 A1 is actually addressed.

EXECUTE | . EXECUTE

(R2)+M = 5,Q

Figure 1-11 Addressing

1-21]



1-22

INTERRUPT

Machine State

TWO "2" = M
PM2

KRYZO

014 KRY =0

4
I TWO "2" =M I

AUTOMATIC RESTART

|1-9 lC.PaneI

INTAD =M
GCSEL

0CB l

REV .1

027

STOV

Al5-M = Al5, S

061

PSW = M
GFSYS
S+2 =S

188

M =L
WMEM
BUSR

00

L - Mem
P =L
INTAD = M
GCSEL
S+2 =S
WMEM
BUSR

|

-

0CD

M/2 =S
GFKYZO0

.

0C2

M crossed = PLR
GFPLR
BUSR

el

PAGE FAULT (P857 only) TRAP
OFF —
A = Q
1FE GAEXL Under long format execute
(DWIF, logic Fig. LL)
2x2+=Q |EF Q0=0 . QO=1 |
GCTLD 12F ., 12E
’ 2x2 = A '
GCTLD 2-2 =M | P-2 =P
0D2 e ' [ 2x2 = M
I M = R2 J
ODA
PSW = M
GFSYS
PAGE FAULT STACK:
0ODB Al5
Al5 = § OEA Q = 20
WEXM 0 S' INTAD 0 2x10 = Q N
GBOM P-2 =P
BUSR PSW
p OEF Update stack pointer
QD0 A15-M = Al5,5 | Q =40 ,
P' = Mem SLQ Stack overflow detection
M = L GESTOV passing to INH, MASTER
Q = M and in Write Mode.
S-2 » S
WMEM
BUSR o 2 o - 80
1 [ 4 ENBFZ0; FUZO
PSW = L
L - Mem WMEM
M+2 = M BUSR
S-2 =S5 SLQ
WEXM J
GBOM ¢ '
BUSR OFA Store PSW
M = 80
OE8 S! = Logical segment address L = Mem
S' INTAD=Mem. MR INTAD = Program Level coded on MMU P - |
‘Al15 - M = Al5 P = Program counfer.volue o.f the S+2 =S
STKOV not completed instruction Q = M
RBUS W MEM
SEQBIO BUSR
OFB Store P
L = Mem S = 80 passing to "Read"
M =S
OFC —
S_2 -5 S = 7E
BUSR

0CA

Mem = P,S
BUSR

Il-lBl

FETCH (016)

Figure 1

-12

Inferrup’r, Restart, Fault, Trap



TABLE SAVE

1-36 MVF
|- 37 MVB
. Hardware Address ( Para 2. 4l)
! | | |
MVF MVF MVB MVB
Write Read Write Read
STORE
w
RESULT FETCH AlT 1FB -
Before Store Execute | See Execute | CIO) 0TR>'NR7TST’ | A]P-:-';\:I;M
Result do \/ Fig. 1-8 SST; RER)WER: GCTLD *
WMEM ENB,SMD, LKM | (1) 1F9
OFE —Y Al - M = Al
77 | 1P P+2 =P
P =M ' GCTLD
N GCTLD (1)
g A (1) !
. . | 1C1 1F8
Y M/2 = M | AI-M-»AIJ | P =M
016 ] GCRFNU ] 2,070 S ToE ; ) GCTLD
Mem =K, M righj Q right 0 C FNU 1 In M: Length minus 2 r(A2 - M = A2
FRUNZO if RUN on pr. coind.dlehaee '
cTz16 St 2 =5 . |
SEQBUS GFETCH Pr=>5 Y [M 2 -.MJ
= ALU M  FNU 1C4
077 2 2 0 (Refer to | Note (1) GCTLD Permits PAFZO
T + - M R2
Resed Run FF. | 3A 2 1 0 paragraph [ o Y
3A 1 0 0 2.99)
3A 0 0 ]
3B P+ S 0 L IR ) ]
Page Fault Interrupt

10F 10E
I 1—8|Machine State 2x2 =Q ] | A0 - M =P J decrement P
ll-lZlPage Fault ll-lalnterrupt |

Figure 1-13 Store, Fetch, Wait Figure 1-14  Table Save (P857 only)
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Fetch

PLA Addressing Mode

LDK

LDKp RT3B (LDRI + LDRPI)
I 2 = M 012
e 1-11
OCI 118
M =P,S R2+M == R2,S “Pd"‘('e Address
BUSR BUSR stac Routine
see
RT3
* PLA Execution Mode
g s )
LD LDP ST STD STp STDP
LDI LDPI
00E 00F
2 = M l 2 == M
119 1 1A
1
R2 - M - R2?2 R2 - M == R2
STKOV STKOV
- u
008 009 00C 00D
M = RI M = P,S (R1) -= L (P) = L
CRLOG CRLOF WMEM WMEM
BUSR BUSR BUSR
F L 1
S

l l—8l Machine State

1-24

ll -la Fetch
(016)

1-13 Store Result
(OFE)

Figure 1-15 OPC 0 (LD, ST)

Fetch

PLA Addressing

NO JUMP
001

Y

Machine State

NO JUMP ABK

Mode

AB

Address
Routine
PLA
=== Fxecution
Mode

Fetch (016)

Figure 1-16 OPC 1 (AB)



Fetch

_PLA Adglessing Mode

1-11
N

Addressing
Routines

PLA Execution Mode

ADP

ADK ADK P
AD
.
—
020 021
e
(R1) + M = L,RI (P)+ M =P,S
CRan CRADD
‘ 7 BUSR

w Machine State

U Fetch (016)

Figure 1-17 OPC 2 (AD, M)

ADS IM
025
M+ 1 =L
CRADD
WMEM
BUSR
-
024
R1) + M =L
CRADD
WMEM
BUSR

1-13j Store Result
: (OFE)

Address
Routine
PLA Execution Mode
= e %
SU TSUp C2 SUS
NGR
il S
il
035
(1) n = ALU
GROFNU
NGR 0 FNU ) 1 C2
142 1 143
| 0-M =1L
0 -=RI CRSUB
BUSR WMEM
BUSR
potlil
f 030 Y 031 034
(R1) - M =L
(P) -M =P,S CRSUB
- R
(R1) RM - R1 CRSUB M
Fl L } y
Machine

w State

(1) n=KO05, KO6, KO7, KO8, 0

1-13] Fetch (016)

ifn=0 (OR1)>C2

1-13] Store Result
(OFE)

ifn#0 (OR1/) 2NGR

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

REV .1
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Fetch (016)

_f_!_.A Addr_essin g Mode

Address

Routine

PLA Execution Mode
—

AN K HLT
RIT
INH
AN
el
_ | 042 ! 041
Rl.- M = C,RI PSW.M =M
CRLOG - BUSR
(1)
QO
037

050

(R1) or M = LRI
CRLOG

Not operable Rl or M = RI

for this
instruction

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

1-26 REV.I

Machine State

™ CM ANS
046 045 044
0 = L RIT. M =L
RI.M = ALU WMEM CRLOG
CRLOG F BUSR WMEM
BUSR

(1) Note : -~ Test QO to have a T8 pulse CLG = REPSW, T8

- M register is updated because PFF is reloaded by MI11,

Il -l3| Store Result (OFE)

060

ENB
SMD
LKM

PSWorM =M

Qo (1)

(1) Test to allow T8 pulse

R1)+ M = L,RI
CRLOG

w Store Result
(OFE)

TNM

OPC 5 Fetch (016)
Addressing switching + exec.
OR ORS
ORK
054 051
(RT) or M = L
CRLOG
WMEM
BUSR
0
w Machine State @ Store Result
(OFE)
OPC 6 Fetch (016)
XR XRS
XRK
064 066
(R1) + M =L
CRLOG
F WHEM ; BUSR

R1 + M = ALU
CRLOG

w Machine State

Figure 1-20 OPC 5, 6 (OR, ENB, LKM, SMD, XR, TNM)

i,



070

Fetch (016)

PLA Addessing ode

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

SPA = K12/-K15/
K11/,SPA =CT
GCTLD
} PLA Execution Mode
= -
(1) P =M 5 —-—
GCRVZO [ P =M ] I )v Rl =Q ]
112
(6)f R1/2 =RI
I KO8 0 CT+1
SRQ ; Repeat
SRN SRA |~ GCRDSR
PéC 09i 085
R1 — R 06D 095 R1/2+Q0=R1] [ o5) o g1 | [2R1+Q0 =R
CT +1 M-—AO1 u M-—-AO] RCT”t CT +1 SLCC)TF;Ieat
| epea ; Rep
Repeat GCRDSR__| Rep?‘" GCSEL
L@ ¥
Yy .
028 039 038
L Trap klé«—-P,M,Q] I R1 = Q
_llB 11C 121 074
Rl = ALU
R1 -
CRLOG I - L I [2"6 P.MI2) RI = ALU
GCRVML CRLOG
- L__BUSR —
] 0
g g
PO9+L +
04A 09+L0O® L1+Q15 048 05A PO9+LO®L]F+Q15 058
P-M-—Ml 2R1 =R 'P-M-»M] R1/2 =R
P+2 =P SRQ
' P+2 =P
(3 GCRDSR
-
11D
M/2 = R2
DCS , (1) Saving P
AO = P,S (2) At the same time 2.16 = L > L0xL1 =0
BUSR (3) Arnéhom Shift on R1 2 LOxL1. The bit is retrieved
in
(see MVF) (4) Loading 0 in Q15
(5) In circular shift Q15 is injected
(6) GCRDSR D data : K0O9/.ALUOO + K08.Q15 I] -]2| 1 -8
Fetch Trap Fetch Trap Machine State
(016) (OFF) (016) (OFF)

(1) MUMLOAD =1 prevents ill timed OVFZ]I
(2) GCSEL results in Q15D = K08.ALUOO DSH

(3) GCRDSR results in Doo

data = K09/.ALU 00 + K08.Q15

Fetch (016)
(4) Arithm. Shift on Al gives LO = L1 and

right normalizing introduces 1 in Q15

(5) R1 --L to position LOXL1 (detection
of already normalized result)

DSH Zero
PLA Addressing Mode

P =M

GCRVZO

DLA
0A4
2A1+Q0=-Al
SLQ
CT+l=CT

Repeat

| V-

124
Q - M

125

/2 —» A2,
GCRFNU

$68
2A1+Q0=Al

0Tl 075
A2 = Q A2 = ALU () 2 -- P then P -2 in 06A for
GCRENU count at a 31 if operand nul.
070 _L BUSR
11/..K15/ = C
GCTLD
PLA Execution Mode
DRA DLL
DRN DL 018
2A1+Q0=A1 Al/2+=A1,Q0
SLQ SRQ
CT+1=CT CT+1==CT
GCSEL GCRDSR
Repeat Repeat
DLN L epea ] P
01D (2) (3)
SLQ -
P = M
0 RO8 ]
DRA| DRN
084 0B5 |
Al /2+A1,Q 2 =P M = A2
SRQ GCRFNU
GCRDSR
Repeat

SLQ
P+2 &P

128
|

Al — ALU
G CRVML
CRLOG

BUSR

) I

Fetch
(016)

p
(OFF)

|  ALUZERO
SRQ

1F1

A1 /2=A1,Q0
SRQ
GCRDSR

| 12D

(4)

07A |
2A1+Q0=A1 |} Al/2+A1,Q0
SLQ SRQ
' P+2 =P
GCRDSR

] 2.

Al =ALU
| CRLOG -
, _1F

Machine State

Machine State Trap

(OFF)

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

Fetch (016)

PLA Addressing Mode

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

SPA =CT;

Mem | ,6 SP

Q=M ; CT+1 =CT
P-24P ; S-2=S

MLR, MSR,
TLR, TSR (857)

~MSRD

T4C to T7C

IML, Ms,
TL,TS (857)

w Machine State

(1) Saving of R2 in the case of a cut-off of MLi,
Toto, Aj with | < i after loading of Ak with

j< k< i by a page fault,

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

1-28 REV.

]

(2) P has already been incremented in RT2C.

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

PLA Execution Mode *
L ‘ S |S 857
078 P 07C 07D (857)
PeM Pe-M 2/2+Q
CT+1==CT CT+1=CT GBOM
134 ) | WEXM
, | SS—
28 P+M=M 2n =P 2N=P,Q
2n=P T+1 '
" crei—cT 138 13D
139 -]
- WMEM WMEM
(R2)=Q SPcteL SPcteL
P-2=P P-2 =P P-2-=P
BUSR () CT+1 «=CT CT+l =CT
BUSR BUSR
| ]
i el PRR— -
OAF 04C - OSC., | 0B7
SPA=CT
P-2 &P Mem+=MMU
MemeL ; SP GBTMM
CT+l =CT SLA
S+2+S S;SS:S
GCRVML
L |
0 Qo0
Mem-=MMU
3) P+S
123
Al =ALU (CT) = SP address
| CRLOG P = Loop Counter
i 13 S = Memory Address Counter

1-13jFetch (016)

ClO, OTR INR,TST, SST
0PC8 OPC9
ll -13| Fetch (016) Fetch (016)
090 N
/10 = M
Cross
155
M/2 = AQ
Q = M MAD
Generation
157
080 ADORM S
M =S RBUS
GBTMP
BUSR
1F7 /
R3 = M, L
WBUS 158
GBTMP BIO == R3
BUSR CRIO
GCSEL
M
144 ASR =
M =L
AR,AC - CR 109
WBUS R3ORM = R3
SEQBIO SLO
(1) (2)

1-13] WAIT (077)

ll-l3|WAIT (077)
NS

(1) = M ==L and WBUS maintain BIO for 120 ns after ending edge of TMR. In the same cycle SEQBIO inhibits the

BSYCPU resetting on T6.
- WBUS sets WRITE to "one"; so in INR,SST,TST,WRITE = 0 and in CIO,OTR,WRITE = 1.

(2) SLQ for MUQIT =1 permits clock echo if FACINR,

Figure 1-24 OPC 8, 9 1/O Instructions

.



I A2 -QJ Q16 = 0)

148

Addressing

Al (2)M - Al
2

ALUI5 = QO

QSHR
CT+l = CT
Repeat

149
ce——

Al(z)M = A]
Q =M
GMULTI

158

099 |
2xA2 = Q
15A

Al = Al
GCRVZO

2(A1xM)+QO0=Al
SHLQ

Bit QUOT=Q15

GCRDSR = Q15

Addressing

14A
[ M/2 = A2

148

A2 = ALU
GCRFNU

128

Al = ALU
GCRLOG
GCRVML
BUSR

Figure 1-25 OPC 8 Multiplication (MU)

Bit O of dividend second word is thrown out

OVF is reset.
Dividend sign is stored.

GCRDSR sets OVF if division is impossible.

Fetch (016)

CT+1 =-=CT
15C
2(A1:M)+QO0=A1
SHLQ
Bit QUOT+=QI5
CT+1 -CT
REPEAT
4
15D
AltM =A]
SHLQ
Bit QUOT=QI15
GCRFNU MUQI1 =1
] DIVA 0
049 048
AIOM = Q Al+M = ALU
Q = M GCRFNU
] DIVB 0
058
Al+tM = Al
059 [
AIOM = Q Test DIVA
Q =M Test DIVB
] QO 0
OBE OBF
M+] = M M - A2
CRADD : CRLOG
GCRVML GCRVML
BUSR BUSR
161
M = A2
F

Machine I]—lBIFetch (016)
State .

1-26 OPC 9 Division (DV)

i

‘ REMAINDER CORRECTION

O.K. if A

O.K. ifA =
or A <0 and ALU =0

0 and ALU 20

Clock Q16 inhibited

Oand - M ALU

' Quotient = QUOT + ALUO DM

SFD/FSIG/+SFD FNU MUQ]

SFD.FNV/+FSIG

0

(| T
o-—-

MUQ1

QUOTIENT CORRECTION

00

0
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w Addressing

PLA Execution Mode

[iTORE LOAD o°P oP STORE]
08C 088 098 09C FEL FEX
/10, = M,Q O =M O =M 2/2 = M
WEXM GBTMF GBTMF GBTMF w Addressing Addressing
GBOF BUSR BUSR BUSR y
! I 094 0
SIMPLE 0 K08 1 DOUBLE AVLB.U.SL [ GFLOT
154 155 SIMPLE 0 K08 1 DOUBLE BUSR P =M
M = Q §+2 = S GBTMF
>+2 =5 FLO = MEM 48 2h
GBOF BUSR GBTMF WBUS FLGOBOFCR
BUSR e BUSR L = FLOT —
* * BUSR
14C 1BD GBTMF 164
. MEM = FLO MEM = FLO FLO =BIO
1EF S+2 == § S+2 = S BIO = Al
FLO = MEM GBTMF GBTMF SEQBIO
SLQ M = ALU BUSR RBUS
$+2 =S SRQ GBOF
WEX M BUSR - -
GBOF
BUSR 152 165
MEM = FLO a7 S—— RBUS
C—-J Q =M | WAIT/DONEF GBOF
0 Qo ) ! 5+2 =S FLOCR = CR BUSR
1EE GBTMF | BUSR ]
BUSR == 082
FLO = MEM — LY
FLOCR == CR FLO = A2
P S Store ] Q0 0 SEQBIO
RBUS
1CE ] ]CFi GBOF
MEM - FLO MEM = FLO
A M = A0 P =S
GFLOT GFLOT
| = — |
153 047
WAIT/DONEF WAIT/DONEF
2xA0 = S FLOCR = CR
BUSR
- |1-13|Fetch (016)
Il -laFetch (016) (1) This location is necessary to reset BSYCPU - M =P, S needs the transfer P = M in 09E

After the addressing routines, the effective address of the operant is in Q register (see routines type "C")
(1) contents of Q are now: [S] AD |

S = Store flag
AD = Address (right shifted)

Figure 1-27 OPC 8, 9 Floating Point:OP, OP Store, Figure 1-28 OPC 9 Floating Point Convertions (FFL, FFX),
Load, Store (FA, FS, FM, FD, FLD, FST) P857 only P857 only
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RF

II -l3lFetch (016)

DA,DAR,DAK, EL,ES

Addressing (Special for DAR)

0Al

P+M = P,S
BUSR

00l

A2/2 = A2
L ~3]

ll-l3lFetch (016) |!—8]Machine State

(1) Carry in Q00
(2) FNU correctly positioned on 15 bits of the second word.

I ]1-8 I Machine State

Figure 1-29 OPCI10 (RF, DA, DAR, DAK, EL, ES)

P857 only
=PLA Execution Mode v \
DAR lDAK IOA,DAR L ES

0AB QA9 0AS8 0AC —

Mem = M Mem = Q GBEX GBEX

P+2 —= P S+2 =S BUSR Rl =L

S+2 == S BUSR WMEM

BUSR
172
'17] Mem = M
Mem = M P =S
P S BUSR
008

0AD M == R]

A2+M = A2,Q CRLOG

Q "M -
(1)
168
2A2 = A2
GCRFNU
(2)
16C
Al+M+Carry = Al
CRADD
BUSR
16D

ll —l3|Store
Result

(OFE)

RB

I! —13|Fefch (016)

Q0| o81 ¥
NO JUMP P-M = P,S
= BUSR
1-8] Machine | i3] Ferch 016)
~~ State b

Figure 1-30 OPC 11

DS,DSR, DSK

w Addressing (Special for DSR)

PLA Execution Mode

DSR DSK 7DS,DSR
0BB 0B9
Mem = M BIO =Q
P+2 = P S+2 == S
S+2 =S BUSR
175
BIO = M
P =S
08D
A2-M = A2,Q
Q=M
174
2A2 = A2
GCRFNU
076
Al -M+Carry = Al
CRSUB
BUSR

(RB, DS)

REV.1
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Addressing

| Addressing

| PLA Execution Mode
FC CwW ]CWP
PLA Execution Mode | 0DC 0D8 0D9
SP -= MRIGH R1-M - qglu P-M - qglu
L 3¢ ECR GBCH CRCOM CR COMP
, 0C8 0C9 BUSR -
RICFOSSQ&MleHT MCTOSSCd . L R]
GBCH ; BUSR = 173
Clear
Rl IGH 179 occ MemCH = QRIGH
Mcrossed == R1 RG'B‘C’HL P =35
L Mem = MRIGHT WMEM _ BUSR
17C
P =35
BUSR

A

A0-M=-ALU
CR COMP

I ]—8|Machine Il-lanore II-S l Machine 1/9/75
State Result State
(OFE)
1 -8] Machine State

Figure 1-31 OPC 12 (LC, SC, FCR) Figure 1-32 OPC 13 (CC, CW)
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pren——

Addressing

PLA Execution Mode

oco  |WER 02 RTN Master 036 |RTN User
M =S I 2x2 = M 2x2 = M
1 84
R3 = L
WBUS 188
GBTME R2+M = R2,S
BUSR BUSR
185 189
SEQBUS Mem == P
WER S-2 == 8§
R3 = L BUSR
1 < 15R2 > 0 PLA Exec
OEB OE?
Q = PSW from stack em 5 '_;% FUQ Mer* SCR
M =3t Q = M BUSR
18C
M = 40 M+2 = M
ENBFZI
18D
Ao = FFBF M = Ao
M = PSW from stack Q = M
191

|l-13| Wait (077)

041

M and PSW =PSW

037

R1 or M = R]

Ao or M = Mr,Qr

0 ‘ (QO)

Qo
Qr

0

1

BUSR

@ Machine State

PSW = PSW from stack

not operable for this instruction

IX11 1111 = Mr

ll— I3| Fetch

Figure 1-33 OPC 14 WER and RTN

Execute

OED
M = |L,AQ
WBUS
0 QO ]
T8
OCF
SLQ
AO+M = MRIGHT (1)
0 ( Q0 ) ]
0D7 0D6
M-=Q SLQ
crossed
( QO ? ]
ODF ODE
MCR = Q SLQ
0 C a0 ) 1
OF7 DE6
MCR = Q SLQ
I (Cao 0
- OF 6 OF7
MCR = Q Trap
0CF Y {
L =810 l Y !
SEQ BIO, WBUS
BIO = K, MR, QR 0 Ca0 ) !
GFETCH 107 106
091 M:2 =M Trap (K09 = 1)
S , 199
(2) M:2 = M
1A1
M®16 - ALU
GCRFNU
0 FNU ]
08A 08B
AQ = L Trap
WBUS '
BUSR & KL ' v
1-11] Addressing I] -12| Trap (OFF)
(1) Conterts of M are 0 k9 k1510

(2)

This position permits the BSYZO which had been inhibited in OCF by SERBIO so that the BIO's

are not destroyed on Té. S is loaded because addressing routines type "S" (withoutP+S) were used.

Figure 1-34 OPC 14 Execute (EX)

REV.1 1-33



OEC

U Addressing

PLA Execution Mode

15R1/

2x

'!2” -bM

1D1

R1 -

M -=R1,S

195

OEE

15R1

2x2 = M

194

R1-M = RI1,5S

STKOV

5+2

PSW = L; WMEM

= S; BUSR

197

L-MEM;WMEN!
S+2 =S

P = L; BUSR

Q = M

198

L = Mem
M = P,S

BUSR

REV.1

l] -l3| Fetch (016)

Figure 1-35 OPC 14 Call Function (CF)

Addressing

OE1
P =M
0 {15R2;FUI) ]
69 068
R2 = P,Q Priviledged
TAQ {
M = AQ
Q =M
P2 = P
( PMI ? 0
0C4
A2+M = A2
0D5 { < 180
Al+M = Al l 2 = M,Q
1A9 ' 1 Ad
n 0 = R2 R2-M = M (M) = LONG -2
1A5
el Al+M=A1,S
0C5 Q =M
, BUSR
AQ = P,5
BUSR
L -
0D4
Mem = M
A2-M = A2,S
MOVE
Note: The term "move" is G MO
active during the transfers -
Anytime permits the shifting. 0 C KO8 ) !
during MVF OE4 0E5
M =L M = L
Q =M Q =M
P-2 =P P-2 =P
WMEM GBEX
Page |Interrupt BUSR WMEM BUSR
Fault
1A8
— L -= Mem
Al-M+=A1,S
GMOVE
0

C PMI

||-|2| MU Fetch (016)

Trap Table
(OFF) Save

Figure 1-36 OPC 14 MVF and MVSU (P857 only)

1-12|Trap
(O FF)

i



w Execute
CIR

Cl
OF9 OFD
M - L, RI M - L
CRLOG £ WMEM
RLOG,BUSR
[v\AD 4
et to 1
1-8

|l -l3|

Machine State Store Result

(OFE)

Fetch (016)

RER MVB (P857)
OF 1
[- P =M
I SESRZ;FUI 0
109
108 R2 - P
Priviledged —
M = AQ
P-2 =P
—
OFO ] PMI 0
1
[ /10C = M 0C
ll2|l ‘“M,Q l
1B1 |
M/2 = AD 1B5
Q =M A2-M = A2
189
ADor M =S 0 K08 1
OF4 OF
RBUS L
GBTME Al = § R xS
i
BUSR BUSR L
1C5
F
BIO i R3,C ]]4 il
CRRTN
N Mem = M
A2+M=A2,S
G MOVE
PP 187
(1) Write in System Mode
PAF possible M oL
$0 No o — M
P-2 & P
WMEM
BUSR
0 KO8 1
1D4 1D5
L == Mem L « Mem
GMOVE Al+M=M, S
Al+M=A1,S 0 GBEX
1 0
115
AZEM = A2 Any time
1A9 | during MVB _
| | |
0 = R2 | I
| ) Page Interrupt
10D oc5s_ | | Fault |
A0 = P,S AO = P,S l
BUSR BUSR | l I
L —J
L
II-ISI 1-12 Il-—l3| l|-,2|
Wait Trap Fetch Trap  Table Save
(077) ( OFF) (016) (OFF)

Figure 1-37 OPC 15 (CI, RER, MVB, MVUS)
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SECTION I

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 Controller 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:
e F indicates a flip-flop output.
° N suffix indicates an active-low signal (0V=1,5V=0).
e Y indicates the copying of information.
e Z0,Z1 is used after a flip-flop mnemonic to indicate (respectively)
setting to O 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 Ov 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).

2-1



MICROFROGRAN CONTROL

CONTROL—-STORE

ACLRES> BiIS

M ACHINE T? COr. TRUL VTQF‘E
STATE PACE FAULT > TEST EXFLICITO ADUFEo. FE B8
FOINTER MOVE TABLE FLAG ALL RESS
CC 1 CC 1 CC
SW|TCHESf INT INT f
' COUNTROL STOKE
FLAG (R@M)
SELFLT
OD =B
MMU!
/N }
5 GENERAL
i FIELD
' DECODEF

[_DAT/-\ HANDLING UNIT

| -

MICROINSTRUCTION

A-BUS

O—i5

]

]

GENER~L-FIELD

COMMAND RITS

MO—15

INSTRUCTION WOKC —I
I—4,7 l
GATE
PLA lLuPu
! -y
INSTRUCTIOM
LECUCER
AA
\ |

BI® vo- 1L

Note:

FPLA = Frogrammable
Logic Arrgy

— Dagta Flow

—> to many ciaces
—=> Controi

) [C PANEL FCONSTANT | B A
hww& LL] SELELT |, SELECT |, 1PL PSW/P SELECT LL] sp AO—ol5 lgM REC e
N (POM) L 3 . | aDor SCRATCHPAD )
L PC—14 0-13,15 SELECT (RLM) MM ALU
| A-EUS K5-8 P7-14 \{ |
JJ
. . - ‘ / T ’
SWITCHES A-EUS SELECTION F REG/COUN LL] o5 \RIB ﬁf y,
pO-I PLR |
0-5
—— A D TSNS NN ¢
| M.S POINT | \6—7""'"""'CR — T
1 oF & K @ (ROM) [+ L
8-13 NN REG SEQUENSUR
\I5 # ,
START RESET WSP GF ) e (CFUJ CLOCK)
LOGIC
q PPl L8-10,12,13,15 - EE
‘ -
RR A, D, L
LHH COMMAND
INT
o (ROM)
DO-15
10 o FLRO-5 - ( | 28 I B
S REG/COUNT - o -
%2;::01_ INTERRUPT ’L’f] N L8 ‘SﬂVZ‘* cu p—- 2g:rR0LLEP
L LOGIC INTERRUFT ALUDKESS m——
»
$S
BUS dé
BIEC SCEIN INTERFACE
MAD BID
y 810
(o
GP BUS GP BUS

Figure 2-1

P856/857 CPU Block Diagram
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Where command bits are used to form a control code, their state may be shown

by the equation sign: pBITO0,1,2 = 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 ex

f/f

O

amples are:

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

NAMEN Active low (Ov when f/f is set)

Signals in True logic state

Signals in False logic state

NAME, NAMEN

uBIT2 =1, uBIT2N =1

uBIT2

NAME, NAMEN
"active NAME," "active NAMEN?" | "inact

ive NAME," "inactive NAMEN"
=0, pBIT2N =0

2.4 GP BUS

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

Control

BUSRN
SPYC
OKO/OKI
MSN
BSYN

Timing

TMRN
TMPN
TMEN
TRMN
TPMN

Data

BIO00-15N

Address

MADOO-15,64,128

Misc

ACN
BIECO-5
CHA
CLEARN
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.

OKO - from CPU (bus controller) to the master with the highest 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.)

OKIl = is the signal name of OKO at the input of each master.

MSN - is the Master Selected, generated by the master which accepted
OKO 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 vegister o+ memory; validates the BIO and
MAD lines and controls the exchange timing.

TMPN - from master to peripheral CU; initializes the CU exchangé
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.

2-3



2.8

2.9

2-4

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 follows:

Master«<——=Memory (TMRN time)

MAD: 128,64,00-14 15
Address from master 'ro/ 0 = left chardc/fer
memory 1 = right character

Master«——=CU (TMPN time)

.............................................

........................................

MAD : 1286400-02] 03 |04 [ 05-07:]{08 |09 | 10-15

Ol =to CU Special Functions
1 = to master
1 = last exchange 0 = data transfer
1 = command or status
transfer

Master«—External Register (TMEN time)

MAD: | 128,64,00-03

jog - 15

.............................................
dh it paare sty

register address

Note: Shaded parts not sent on Bus.

Miscellaneous Lines

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

from the master.

SCEIN — Scan External Interrupts from the CPU: A 2usec signal sent at the
end of every instruction, if the previous SCEIN is finished. After each
SCEIN, the CPU compares the BIEC0-5 code with the level of the running
progrdm to determine if a program interrupt is required.

BIECO-5 - Bus Infe.rrupf Encoded is the priority level of the highest-
priority interrupt request pending from an external rack, at SCEIN

time.

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

REV.]

character (CHA=1) or by word (CHA=0).
° CLEARN - General clear (reset) signal from CPU to all system elements,
for initialisation.
e PWFN - Power Failure 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.
e WRITE - From master to memory indicates exchange is write (line active)

or read (line inactive).

2.10 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.

2.11 Bus Access |

Any master requiring Bus access (Figure 2-2) may geherate the Bus Request
signal BUSRN 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 series) 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 BUSRN. Active MSN blocks further generation of BUSRN 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.,



CPU

Figure 2-2 Bus Control Block/Timing Diagram

r— —
BSYN
USRN x I T
SPYC
BUS & 1 -
CONTROLLER | MSN
1 T B} I
0KO
a A
0KI \ 0KO OKI 0KO  OKI v i 0KO
MASTER 1 MASTER 2 MASTER 3
I L ]
REQUEST FROM M2 -
REQUEST FROM M3 |
BUSRN '
SPYC (N)
0KO =M1
0KO =M2 \
0KO = M3
MSN by M2 by M3
BSYN Previous master M2 exchange M3

. ' ) I 1
Preceeding Cycle (n-1) Bus Cycle (n)
| I :
' Asynchronous | TIMEOUT |
Sequensor | Reply | (6°48 psec) |
Early start . (Table 2-12) | = o 1
f -\ Cycle (nt+]
T i TT2TaTaTsTs1 e |
ol A L
Normal AP A ‘ BP[A BP ( BRI AR
Start 11213l4ls515]? &15!5|6 6 "I'sls51e6
95ns TIMEOUT - 6+48 i s=6480ns
144 clock pulses
= 18x360ns cycles
DE ;=h—\ SEOBUS | OR| SEQBIO
mu SEQ 0,1
(Bus Free) } \lj&.; = l 10 SEQBUS
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Figure 2-3 CPU Bus Control Timing
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2.14 CPU Bus Control Table 2-1 Bus Timing Signals

The CPU has lowest priority for Bus access (except for power failure). The Operation Microinst l' Stored I GP Bus Signal l Reply l
Bus-free condition, no other master requesting or using the Bus, is BUSRN ' at BP
MSN .BSYN.TRMN .TPMN. Any of these signals will inhibit BSYZ1IN and CPU Exchange Ext. Reg/CU/Memory
prevent setting BSYCPU. The CPU takes control of the Bus under microprogram I External Register | GBTMEN | TMEF TMEN . TRMN |
control when pSEQO,1 = 1x (Sequensor cycles SEQBUS [10] or SEQBIO [111). CU GBTMPN | TMPF "TMPN TPMN
Memory uTMRN TMRF TMRN TRMN
2.15 (Figures 2-3, 2-8TT). If a specific microcycle (n-1) is always followed GBCP + (FU - GBEX) + MMUABS
by a Bus microcycle (n), the Bus access is started early,at BP of the preceeding uTMRN TMMU TRMN
microcycle (n=1). This reduces the Bus cycle by 135ns if the preceeding cycle Mefrro;nzli:fil\;\nMU TMRN from MMU i/iFAULTN
is a Sequensor logic cycle; additional time is saved following other sequensor GBCP. (FU * GBEX)- MMUABS
- cycles. The early Bus access is initiated by microinstruction-bit yBSR and BP MMU Operations
setting the DE flip-flop (if there is no MMU page fault, MFAULTN /PAFN), Table Load GBTMFN | TMMN DONEMMN
When not started early, the Bus access is initiated at T2 of the Sequensor Bus Table Store gEZCR)FNI\\Il\L]JN BOMEN DONEMN —g
cycle: T2 and pSEQQO set the DE flip-flop if the early=-start signal MUBURSRFN Load P’ GEETCH I
Is inactive. FPP Operations &
Load K' | GFETCH
2.16 The DE output sets BSYCPU with signal BSYZ1IN, if the Bus is free. ' Store Operand GBOEFN.
BSYCPU in turn sets the BUSF flip-flop. If BSYCPU is set, DE resets itself GCRFNUN] BOFEN
after a 95ns delay. When DE drops, the BSYDL signal is activated; BSYDL Load Operand GBTMMN | TMFN | DONEFN
and pSEQO =1 select the Sequensor operating cycles for Bus transfers Process GFLOT FLOACT DONEFN
(Table 2-12), BSYCPU also provides the féllowing Bus gating: -
e BYSN activated onto the Bus.
e Exchange-parameters CHA and WRITE gated onto the Bus: the CHA and 2.17 Bus Addressing (MAD Lines)
WRITE data are always loaded into the Bus Controller from the microprogram The control of the Bus MAD lines is determined by the MADLCPUN and MADCPUN
control store at BP of the preceeding cycle (n-1). signals which control MADLS and MADS to the MAD output gates. The gating
@ Bustiming signal TMRN, TMEN, or TMPN gated onto the Bus: the signal to both MADLS and MADS is BSYCPU (preceeding paragraph). The
conditions for these signals (Table 2-1) are set into the Bus Controller conditioning logic for setting MADLCPUN and MADCPUN produces the Boolean
at BP of the preceeding cycle. equations:
e MADS, MADLS gated to the Bus interface logic for gating the MAD for MADLS: (GBCP+CPBABS)\. (GBCP+(GBEX.FU)+MMUABS)j = within page
[ines onto the Bus. P857 only
e BIOL gated to the Bus interface logic for gating the BIO lines onto for MADS : (GBCP+CPBABS) | = page address
the Bus. e |If GBCP: the control panel validates the MAD lines; the CPU has
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control only if control-panel B-half is absent (CPBABS).

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

e If GBCP (P857): the CPU validates MAD128,64,00-03 with MADS;
the MMU validates the MADO04-15 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 | 128,64,00-03 | 04 15
BSYCPU.GBCP.GBEX.FU CPU
BSYCPU.GBCP,CPBABS CONTROL PANEL
BSYCPU.GBCP,.CPBABS CPU
BSYCPU. GBCP. (GBEX+FU). MMUABS CPU MMU ] pas7
BSYCPU.GBCP. (GBEX+FU). MMUABS CPU |only
2.18 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 S-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 uBIOL,

which is loaded at BP of the preceeding microcycle (n-1) as BIOELN.

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 SEQBUS (uSEQO, 1) operations,
BSYCPU is reset by the Té and pSEQ1 =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
(MSEQO, 1) operations, the BIO lines must be prolonged at least 120ns to satisfy
ClO timing requirements. In this case, uSEQ1 =1 and BSYCPU is not reset.
The Bus control and data lines, including BIO, are continued into the next

Sequensor cycle (nt1) while the timing signal TMPN is reset normally by BP

~at the end of the BUS cycle. The microcycle after the Bus cycle (n+1) will have

HSEQT = 0 so that BSYCPU is reset at Té 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 = ”2) if the addressed slave doesn'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 (following RSLBN -- 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 Timeout 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, (Figure 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... timing s‘gnals will also be activated. 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  MICROPROGRAM CONTROL

Each CPU instruction or operating sequence (paragraph 1.67) is controlled 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. Various 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 (u...). 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 (u...) 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 listed; they are shown throughout the logic as command inputs,

and identified by being enclosed in boxes.
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Table 2-2 Microinstruction Command Bits

Field Bit CPU section controlled by the command field
Next uSNA 0-1 0-1 Select Source of Next Address
é\/c::?rol tNA 0-8N 2-10 | Next Address, Explicit
uA 0-4 11-15| A-Bus Selector
uADL 0-4 16-20| ALU,D,L Command Decoder
pC 0-1 21-22 | C Multiplexer
Data uMLOAD, MSEL| 23-24 | M Register
anfnh”ol rQ 0-1 25-26 | Q Register
uS 0-1 27-28 1 S Register
uP 0-1 29-30 | P Register
uCT 31 CT Counter: loops, shifts
uSEQ 0-1 35-36 | Sequensor (CPU clock). Bus Controller
’\J/\-/ré\?TREI\’IéES?QL’ §§—34 Bus Controller
uCR 0-2 43-45| Condition Register
(not used) 46-47
nGP 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 uYSNAQO and uSNAT from the current microinstruction word, as follows:

uSNAO, T RAD O 7 8
0 1 uNAOQO-7
uNA6,7,8N Flag Use

POSN]A Mode | Function

000 QOON Display, C.Panel, IPL, Trap, End of TL-TS (P857),

Execute, DIV correction.

= — =

0 0 | Explicit Explicit address is uNAQ-8.

0 1 Flag Flag from execution-pointer tests (selected by uNA6-8)
sets RAD8; uNAO-7 to RADO-7.

1 O Instruction | Instruction word (K-reg, decoder) provides address RAD1 -
Word (PLA) | 8; pNA7 modifies the decoder for fetch or execution.

001 |RN Move Jump.
010 PMI End of ML, MS, Move
011 KO8 Shifts, Move

1 00 FNU C.Panel test, IPL, Wait-C2, Trap in EX-T2.

I 1 | Machine- | The machine-state pointer provides address RAD4-8;
State MNAO-3 to RADO-3.

1 01 NORM | End of normalized shifts.

1 1TO0 DIV Remainder correction.

x x | Move Table/Fault: an interrupt or a page fault during a Move Table
instruction force a special microinstruction address with bits RAD6-8.

1 11 FUI5R2 | Privileged test; Trap for SLN, SRN; Move.

The Next-Address mode selectes a set of open-collector gates onto the control-
store address bus (Figures 2-8AA,CC). This control-store address is loaded into
the RA register by the AP clock pulse.

2.27 Explicit Address. The next address is explicit in the current micro-

instruction uNAQO-8 field.

uSNAO, 1 RAD 0 8
00 uNAO-8

The explicit-address gates (Figure 2-8CC) invert the uNAON-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 u NA bits.

2.28 Flag. The next address is explicit in the current microinstruction

# NAO-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 uNA6-8.

The Flag mode-uses explicit-address gates 0 to 7 (Figure 2-8CC) onto the
RADO-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 74151 A eight-input mul’ri‘plexer (Figure 2-8DD) which is
controlled by pNA6N ,7N,8N. The eight tests selected for the FLAGN bit

are described in the following paragraphs.

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

and instruction.

2.30 Flag IRN 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. [f the Move instruction was interrupted, the last exchange was
executed. These subroutines save the parameters necessary for resuming the

Move execution.

2.31 Flag PM1 is used to detect the last word transfer during a Multiple
Load or Store (ML, MS) or Move instruction. PM1 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, PMI1 is set by the first decrementing

clock after PO-14 has counted down to zero.

2.32 Flag KO8 is taken directly from the instruction word to differentiate

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

Shifts: K08-0 = SLA, SLL, SRA, DLA, DRA
KO8-1 =SLN, SLC, SRN, DLN, DRN

Move: K08-0 = MVF, MVB
KO08-1 = MVSU, MVUS

2.33 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 defines the end of a shift normalize execution. The end-
of -shift signal is GOSH (Figure 2-8DD) which is controlled by a 74151 A chip.
The inputs to the multiplexer chip are held at 1 or 0 (+5v or Ov) so that the
selection and enable inputs provide direct control of GOSH as follows:
Q15+(L00 @ LOT1)+P09 = GOSH = NORM
e Shift Right Normalize ends when Q15 sets. The active Q15N selects
the low 74151A inputs 10-14 to generate a low GOSH. The P counter

is used as an auxiliary counter to count 32 shifts (the program address
is saved). If P09 sets before Q15, it means the constant to shift is
equal to zero and GOSH goes low. LO®L1 never sets.

e Shift Left Normalize ends when LOO®LOI is true. Since Q15N is
not used (held high), LO0,01 select 74151A inputs 14-17 as an
EXclusive-OR, and GOSH is low when LOO®LO1 is true. The P
counter is used in the same manner as in Shift Right Normalize.

e Shift without normalizing. The number of shifts to be executed is
contained in K11 _ K15. This number is loaded in complement into
the Scratchpad CT counter. The counter is incremented to 31 in a
single microinstruction (CT+1, Repeat), and the shifting is ended

when the microinstruction is finished.
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2.35 Flag DIV enables the remainder correction according to test DIVA
or DIVB, selected by pQ1. Test DIVA (uQ1) is true if the remainder sign is
opposite to the dividend sign. Test DIVB (uQIN) 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.

e DIVA: uQl1 FSIGDIV FSIG (input [ 4)

FSIGDIV FNU (input 16,17)
e DIVB: uQl FSIGDIV FSIG FNUN (input 13)

2.36 Flag FUT5R2 tests for System-Mode reserved instructions which can
modify the stack pointer contents. When the stack pointer is indicated (R2E15)
and User Mode is set (FU), the active FUI5R2N signal is inverted to a high
FLAGN, and the bit RAD8 =0 to cause a trap.

2.37 Instruction Word. The next address is decoded directly from the

instruction word.

uSNAO, 1 RAD O 8
1 0 0 | K-reg decoding

This is used as the first address of an instruction microprogram. The instruction-

word addressing mode operates in one of four sub-modes, selected by the signals

PLAQO, PLAT :

PLAO,1 | Sub-Mode Purpose

| 0 0 | Inhibit Instruction-word outputs held inactive (high).

] }O Add Master | Fetch operand for types T1-T7; execute for type T8;
Trap if illegal.

1 1T | Add User Fetch operand for types T1-T7; execute for type T8§;
Trap if privileged.

O 1 | Execution Used for first microinstruction word after the fetch-
operand routine.

The PLA selection logic is shown on Figure 2-8AA. The sub-mode inhibit
is set by the inactive validate signal (PLAVALN high). PLAVALN is held high




by uSSNAO =0 (Explicit mode or Flag mode) or an active PAFN. PLAVALN is
activated by ugSNAO =1 (Instruction-Word or Machine-State modes). The

conditioning for PLA is as follows:

SN A < | PLA

M -

0,1 PLAVALN E%_ 0.1 Sub-Mode
00, ooe
01 h O 0| Inhibit

Explicit 10 00 |1 0| Add Master

Implicit 1 1 L 1 O 1 1T | Add User

RADETPLN -1 01 Execution

Microprogram bit uNA7 selects a fetch sub-mode (Add Master or User) or the

- execution sub-mode. |If fetch is selected, the FU signal indicates either User

No Jump RAD 0 1 2 3 4 5 6 7 8
0/]0 0 0 O[O0 0 |0 1 /001
11_0 /002
No FFP RAD 0 1 2 3 4 5 6 7 8
0[O0 O O O0J]0 O 1 1 /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:

mode (FU = 1) or Master mode (FU = 0). For all three of the active sub-modes, | Instruction RAD 0 1 8
the instruction-word addressing may be explicit (uWSNAT =0) or implicit 0 7/ \
(MSNAT =1). The explicit addressing is used for instruction execution and PLA Decoder
the execution pointers. The implicit addressing is part of the machine-state- Interrupt RUNE . IR.PUP RAD O 1 2 3 4 5 6 7 8
pointer control of the microprogram. | (RUNE . PUP KRY olo o o 1lo 1 o 1 (/015)
=RADETS6) KRY 0/]0 O 0O 1T]0 1 O OfC(/014)]
2.38 Instruction-word addressing of the microinstruction store is controlled
C.Panel RUNF.PUP RAD 0 1 2 3 4 5 6 7 8

by the instruction-word decoder (Figure 2-8AA). The decoding is done mainly

0/0 0 0 1/]0 0 0 0]/(/010)

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 | Program End  RUNF.IR.PUP. RAD 0 1 2 3 4 5 6 7 8
various different input combinations. The PLA decoding is shown in Table 2-6, (RUNF .uNAS8 KRY 0f0 0 O O]J]O 1T 0O 1/{(/005)
Instruction Decoder. Some instruction-word decoding is done by logic gates | =RADETS$) KRY 0[O0 0 O 0|0 1 0 O] (/004))]}

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, PLAO is high, and the external gates for
RAD1-4 are enabled; also, either NOFLON or NOJUMPN generates NACND
which activates the four gates to force RAD1 through 4 low. For No Jump, active
NOJUMPN generates NACNDAD; RAD7 is selected by DWIN (double-word) and
address /001 or /002 is selected. For No FPP, inactive NOJUMPN blocks

NACNDAD; RAD7 is forced high and address /007 is selected. Bit 8 is PLA selected.

In all cases, the control-panel TEST key will set RAD bit 0 to 1, via ETATEST
and VALNAO 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

dperote 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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2.4]1 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 1 2 3 4 5 6 7 8
Interrupt.
MVB read 1F8 1 1 1 1 1T 1 0 0 O
MVB write 1F9 11 1T 1T 1T 1 0 0 1
MVF read 1FA 1111 1 0 1 0
MVF write 1FB 11 1T 1T 1T 1 0 1 1
Page Fault|  1FF 11 1T 1T 1T 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.
NARDT blocks all 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 Register
The 9-bit RA register holds the address of a single 48-bit microinstruction word.
This is actually a 10-bit buffer register comprising one 6-bit 745174 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 address
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 address 000 is
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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|C contains 512 eight-bit words which are accessed by nine addressing inputs.

Addressing 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 are 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 (u...) are the actual bit contents of the

currently-addressed micro-instruction word. The general-field section of these

bits (WGP0-4) 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 745138 1Cs. The signals uGP4,3,2 are connected in parallel to the A, B,
C inputs. The gating inputs G1, G2A, G2B are connected as follows:

Bits: 1-7 9-15 | 16-23 | 24-29
Gl +3V LGPl | uGPO :pGPO 1
G2A/ | pGPO [uGPO | OV nGPI
G2B/ | 0GPl | BPN nGP1 | OV

The three gate inputs must all be active (G1-high; G2A, B-low) to enable the
three 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-cycle exchange.
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Table 2-3 General Field Command Bit Codes

[r— T S
On | O
uGP Command [J¥e | Qe = : Aoblicat:
01234 Bit o>=|9 ¢ unction pplication
52 |5 °
00000 --- I
00001 | GIDLEN ~- | == | Resynchro. Sequensor Display, Tests.
00010 GCTLDN -- | == | Load Counter Shift, DAR, DSR.
00011| GCRDSRN | -- | -- | Set OVF if Divide '
Error and DOOD Shift right, Test Divide.
00100 GCRFNUN | == | -- | Store OALU in FNU IPL, PUP, Arith. Oper.
00101 GCRVMLN | -- | -- | Set CR if OVF; Branch | ML, Divide correction, |
for ML. Shift LA.
00110 GCSELN -- | == | ASR or INTAD on sel.C;| DLL, DLC, INR,
data Q15 Interrupt.
00111 GMOVEN | -- | -- | Branch during Move Move read/write cycles.
01000 ---
01001 GFSYSN Ys | == | Reset ENBF, ARF, PAF, | System operations: INT,
FU. IPL, PAF, etc.
01010 GFENBN Ys | -- | Set ENBF RTN with R2=15.
01011} GFSTOV Ys | -- | Allows set PIF if Stack
OVF. Update AlS5.
01100 GFPLR/
CLPLR Ys | == | Loads PLR,FU by C INT, AR, RTN Master
01101 GFRZO Ys | == | Reset RUNF Control-panel operations
01110 GFKYZON | Ys | -=- | Reset K Ready INT, PAF, AR, LR, RR
O1111] GCRVZON [Ys | -- | Reset OVF; Divided ' '
Sign Store Shift LA, DIV.
10000f GBCHN -- | Ys | Character Mode Character instructions.
10001 GBCPN -- | Ys | C.Panel-B memory
address LM,RM.
100101 GBEXN -- | == | MMU translation to
System Mode EL,ES, MVUS, MVSU.
10011} GBOKN -- | Ys | (keys) on BIO IPL, C.Panel, Tests.
10100 GBOFN -- | Ys | (FPP) on BIO FPP store, FIX.
10101} GBOMN -- | Ys | (MMU) on BIO | TS, PAF.
10110} GBTMEN -- | Ys | Ext. Register Cmnd. RER, WER.
10111 GBTMPN -- |1 Ys | Prog. Channel Cmnd. |/O instructions.
11000 GBTMMN -- | Ys | MMU command TL
11001 GBTMFN --1Ys | FPP command FL, FO, FOS.
11010 GFLOTN -~ | Ys | FPP activation Wait for FPP execution.
11011 GAEXLN -- | -- | Execute double word Trap for EX, MV, 15R2,
OPC=15.
11100} GFETCHN ~--| -- | Load K; set CT to 16 Fetch, EX, LR,RR, Tests.
11101} GMULTIN -- 1 -- | D selection; OVF set
for Multi Last cycle of Multi.
11110 ---
11111 ===
Cre—— ——————————————————

Ys = Yes
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Table 2-4A  Contréol-ROM Microinstruction Listing P857
o
ADD. ADD. ADD.
000 |ROM ,/LE8.ARL5,ALUB.CALU.MYC.QYC,.. WBUS,...0 IDLE | gyolrFTA AWRL.AANDB, CRLOG AN 080 |ROM ,/008..ALUB, ... 5YD.s»s0r.,.0 CI0O OTR
0L JFTA .0 NO JUMP O4L|ROM FLAG./1CB,APSW,AANDB, CALU.MYC, ., ..., BUSR,,0 HLT.RIT,INH,RTALS | OBL{ROM ,/200...+vvvvvrsrsrsO 60 TO TRAP (WMP)
o0z {ROM ,/1E9......S5P2,PP2,.,.,,BUSR, .0 INCR P | py2|ROM ,/0FD...CBIO.MYC...PP2,..,SEGBUS,,.0O RTS 082 |ROM ,/LB2.,AWA2.DBIO...,.., . RBUS,SEGBLO,..0 FFX LD A2
D03 |ROM FLAG,/0D0.AZ,ALUA, CALY., .QYC, ... . 6AEXL.D NO FLOT PROC | gy3|ROM ,/0FS..,CBLO,MYC...PP2,,,SEGBUS,, .0 RT5S | GB3|ROM SNPLA,/L00.ARKZ.ALUA,CALU,MYC.QYC, .\, ..., 0 RT1
O0Y4 |ROM FLAG./1F8.ASYS, TWOA,CALU., .GYC, .., TEST DISPLAY | Qyy|ROM ,/L0L.ARRL,AANDB.. ..., .WMEM. .BUSR.,CRLOG aN s | 084|ROM ,/18B,AWRL.TWOA.,..,,.CTPL, . REPEAT,..O SLL
005 |ROM ,/1FB,.,..,SM2.PM2,,.,,.6FKYZ0.0 DECR BEFORE VISU | gys5|rROM ,/10L..ZERO.....,.WMEM,. . BUSR,.O cM 085 |ROM ,/LBB.AWRL.ASHL,.,.SLA.,.,.CTPL,,REPEAT,.6CSEL.D SLC
006 ROH '/lFFpQEP-ALUQrCQLUr”YCrn..rrrer VISUQ O44|FTA ARRI:QQNDB'CRLOG T” 086 ROM ,/],69”,””'(:'”3]‘””'0 RTlD
007 |{ROM ,/LFF..DBIO.CBIO.MYC,...,,,.SEGBUS,..O VISUB | gy7?|rROM ,/LE9.........,.BUSR.,.CRFLO FPP WAIT EXECc. | 0B7|ROM ,/179.ARR2.ALUA,CALY.,.QYC,+,»,,.6CTLD,O RTLD
008 |FTA AWRL,ALUB.CRLOG LD O48|ROM FLAG,/LA6.ARAL.DIVALYU,,,....,..,.6CRFNU.,DO DIV TEST COR.REM. 088 |ROM TLAC,/0OBR.,7FRO,CALU.MYC, ..., BUSR.EBTMF ,U rppoLOan
NG9 {ROM ,/LE9. . ALUB....S5YD,PYD..,,,D3USR,,CRLOG LD P | D4y9|ROM FLAG,/140.ARAL.AXB.CALU.MYR.QYC,.,.....0 DIV TEST QUOT. G689 |ROM . /0BA,AWAL.,ZERO.,CALU..8YC,.,. .., ,6CRVZO,0 MUL-RESET PART.PROD
00A[ROM , /L&D, ASYS.ALUA, ..., . WBUS, ... 0O RCPIN L RE6. LR OR RR | gyp|RoM ,/0E2.AEP.AMB,CALU.MYC, . \s'\ ., 0 SLN 08A|ROM ,/130.ARAD,ALUA. .., .. WBUS, BUSR, O EX Tl OR T3
00B|ROM ,/LFF,ARAD.ALUA, . MYC,.\/,/\». .0 ERRONEOUS START O4B|ROM FLAG,/LB5.AWRY,TWOA.....PP2...,...0 SLN LOOP | DBB|ROM FLAG,/0D0.AZ.ALUA,CALY, . QYC, .\ rs.  6AEXL,U EX T2 TRAP
OOC|{ROM ,/L0L,ARRL.ALUA.,,.,, ., WMEM, BUSR,.O ST O4C|{ROM FLAG./1B2.ARCT.ALUA,.,.SP2.PM2.CTPL,WMEM,SEQBUS,,.0 M5 LOOP | 0OBC|ROM FLAG./0AB.ATEN,ACR,CALU.MYC.QYC... . WEXM,,.6BOF,D FPP STORE
DDDTROH »/101,AREP.ALUA, ., ,,, WMEM, ,BUSR..O ST P 04D |[ROM ,/LE9,.ALUB.,,.,5YD.PYD,...BUSR..O MS END | GBD[RCM ,/1R2,......,,.,.5EQBUS,.6FR20,0 LOgeD M
O0E |ROM ,/0E6.ATWO.ALUA,CALU.MYC, v v ' rrr. 0 STD OYE |ROM FLAG.,/LAB,....5LQ8,,..,.,.6FRZ0.0 TEST READM 08E [ROM FLAG,/LDY4,AEP,ALUA....SP2,..,,S5EQBUS, .GCRFNU,D IPL LOOP
0GF lROM , /0E5.8TWO, A UR, CALU.IYC, v v rssy, .0 STp P DYF |ROM ,/L7?2..DBIO,CBIO,.MYC,,., . WMEM,S5EQBUS, ,6BCP.D LOAD M O&8F |ROM , /159, .BSHR, CALU,MYC,SLG., .+ v,s..,0 IPL LOOP
010|ROM FLAG,/1DD.ASYS,ALUA.CALU..QYC.,.......0 TEST AUTOREST | 0O50|FTA AWRL.AOB.CRLOG OR 090 |ROM ,/LAR,.ATEN.ACR.CALU.MYC,..,., .., 0 INR |
0LL|ROM ,/LE9..,ALUB.,...SYD,PYD,,,,BUSR,.O AB | 051 |ROM FLNAG,/L88,APSW.A0E.CALU.MYC,., ..., .. .0 ENB SMD L¥M | 091 |ROM SNPLA./103.RAEP.ALUA,...SYD.,..,.,.0O EX BSYZO,RESTORE S
012 |ROM FLAG,/0ED.AWAD.ALUB,...,.,,RBUS,,,6BOK,0 GSAVE P TEST IfF L/R R | 0OS52|ROM ,/0EC..DBIO..,.,SYD.PP2.,,SEQBUS.BUSR,.0D RTY 052 |ROM ,/LED.QEP.Al UA, CALU,MYC,, ., RBUS,SEARIN. ,EFETCH,O0 K-RCP L/RR
013|ROM ,/0ED.ARAD.ALUA,,,.S5YD.PYD,.,,.,.,.0O LOAD P AND 5 LR 0S3|ROM ,/0ES&,.DBIO,.,..S5YD.PP2,,,SEQBUS,BUSR, .D RT4S | 093 |(ROM SNPLA./L00.AEP,ALUA.CALU,.MYC.GYC,. ..., 0 RT1P
GLY|ROM ,/LD2.ATWO.TWOAR, CALU.MYCrryrryr.. .. 0 INT 054 |ROM ,/L0OL.ARRL.AOB...,..,WMEM, ,BUSR,,CRLOG OR 5 | 094|ROM ,/18B,AWRL.ASHR,,,..,.CTPL, ,REPEAT,.6CRDSR.O SRA
DLS|{ROM ,/LDB,ATWO.TWOA, CALYU,.MYC, ., ,PM2,,.., . 6FKYZ0,0 INT DECR | 055|ROM ,/0A8.AWAD.BSHR, .MYQ... ., ,,.,0 INR | 095|ROM FLAG,/LC?.AWAD.ALUB..vrvrsrry.0 SRN
016|FTA .,0 FETCH | G56|ROM FLAG,/3A0...,..5.Grvrvrvr.,0 TEST READST 096 |[ROM SNPLA,/100.ARCT.ALUA,CALU,MYC,. Vv 'r.r .0 RTLD END
017|ROM ETAT./LFE........,,SEGBUS,,GIDLE.O YISU IDLE | O57|ROM FLAG,/190,ASYS, TWOA,CALY,.,QYC,....,.6BCP.O READ M 097 |ROM ,/L69,AEP,ALUA, CALY,,.BYC,, . CTPL,.,,.0 RT1LDP
018 |ROM FLAG,/193.AEP.ALUA,CALU.MYC.,,.... ..6CRVZO,D SLASLN SAWE P | U58|ROM ,/LA6.AWAL.DIVALU..... . s.,.,0 DIV CORR.REM. 098 |ROM FLAG,/0B3.,.ZERO,CALU,MYC,....,,BUSR,GBTMF.,D FPP OPER
037 |ROM TLAC,/L5R.AFP,ALUA, CALU,MYC,SLO, . ... .. 60RV20,0 DLACLY SAVE P | 059 |ROM FLAG./140.ARAL,AXB,CALU.MYR.QYC,. ..., ,..0 DIV TEST GUOT. 099 |ROM ,/0A5,ARA2.,TWOA,CALY,.BYC.,,.sr...0 DIV
0LA|ROM FLAG,/178.ARRL,ALUA.CALU,,.B8YC.,,,,...0 SLL SL¢ 05A [ROM ,/OE2,.AEP,AMB, CALU.MYC. . 'vry .\ O SRN D9A |ROM ,/095,ARAL, ALUA, ., ..., . WBUS, ,BUSR,GBTMF,D FFL
0LBIROM ,/0CE,AWAL.ASHL,.,.SLQ,.,,CTPL..REPEAT,.6CSEL.,D DLL DLC 058 |ROM FLNG, /LAS,AWRL,ASHR,, ,.SRA,.PP2, ... .ECRNSR,D SRN LOOP | 098 |ROM ,/0FE.AWRZ2.ALUB. v rvrrsrr 0 DLN,DRN END
0LC|ROM FLAG./L6B.AEP.ALUA.CALU.MYC,\, Vv'rs .0 SRA SRN 05C |ROM FLAG,/LAZ.ARCT,ALUA,,.,.5M2,.PM2,CTPL, WMEM,5EQBUS, ,.0 MSRD LOOP | 09C|ROM FLAG,/0B3,ATWO.,ASHR,CALYU,MYC.,,,, ., .BUSR,6BTMF,D FPP OP/S
0LD{ROM FLAG./LYB,AEP.ALUA,CALU.MYC.SLG,...,... .0 DRA DRN 0SD [ROM ,/0BE, ,ALUB. .MYB,,5YD,.PYD.,. .., D MSRD END 090 |ROM ,/143,REP.ALUA,CLUR,MYC, . .SP2, . .WMEM,SEGBUS,BUSR,6CSEL .0  INT
GLE{ROM ,/0DD.ARRL.ALUA,CALU,.8YC,\.¥r..,0 SRL SR( OSE |[ROM ,/L98,....5L8.s,rr0s.0 PUP 09E |ROM ,/L60.REP.ALUA.CALU.MYC,, ,v.,.,,6FLOT,O FFX
D1F |ROM ,/0CE,AWAL,ASHR. ., .SRG,.,CTPL, .REPEAT. ,6CRDSR.O ODRL DRC 0OSF [ROM , /LFF,APSW, ALUA, CALU.MYC, - v, byys .U READ STATUS | 09F |ROM ,/098.......,,RBUS,,,6B0F,CRFLO FFX UPD CR
020|FTA AWRL,APB.CRADD Al 060 |[FT11h AWRDL,AXR,CRLOG YR DAO [ROM ,/1DG,.ZERO,..,.5YD.,,.,, ,6FS5YS,0 IPL
02L|ROM ,/LE9,AREP.APB.,..,,SYD.PYD.,.,,BUSR,,CRADD AD P | 06LI|ROM ./047.APSW,ALUA, CALU,.MYC, . .5P2.....,.6FSY5,0 INT DAL |ROM ,/LE9.RAEP.APB,,..SYD.PYD..,.BUSR..O RF
022 |ROM ,/0EC.ARR2.ALUA,...5YD,..,.,.BUSR,.O RT3 042 |ROM ,/0FC...CBIO.MYC..,.,.,.5EQBUS,, .0 RT? GAZ2 |ROM ,/DE7.ATWO.ALUA, CALU,.MYC.vr'vrrr. .0 RT3B
023|ROM ,/0E8,ARRZ.ALUA....SYD..,...BUSR,.O RT3S | 063|ROM ,/0FY4.,.CBLO.MYC,.,..., SEQBUS,,.0 RT?S | 0A3|ROM SNPLA,/L00.ARRZ.,ALUA,CALU,.GYC.SYD...,,.,D RT3C
024 IROM ,/10L,.ARRY.APB.:,, ., . WMEM., . .BUSR,.,CRADD AD S 064 {ROM ,/L0OL.ARRL.AXE, .., ... . WMEM, ,BUSR,,CRLOG XR § 0A4|ROM ,/0DB.,AWAL.ASHL...SLA,..,CTPL..REPEAT,...O DLA
025|ROM ,/L0L.AZ.APLBY,......WHMEM, ,BUSR.,CRADD IM D45 {FTA AWNZ2,8SHR,D DLM END | ga5|ROM FLAG, /0LF.ATWO,ALUB. ... .PYD......0 DLN
026 |ROM , /077 . ATWO, TWOA,.CALU.MYC.,,+,,,.,..0 RTN MASTER 066 1FTA ARRL AXB,.CRLOG TNM 0A6|ROM ./155. .BSHR,CALU.MYC,,.PM2......0 IPL LOOP
027 |ROM ,/1L9E.AULS5.AMB..,,..SYD..... . 6FSTOV,0 INT UPDATE ALS D6 |ROM ,/LA0,AWAD,ALUB, . MYQ,, "y, Hr,r.0 PUP OATIROM ,/0CB.AEP.A! UA,CALY..QYC,,.,.,..,,.D 2 T3BM
D28 |ROM TLNAC, /0D0O. A7 .ALUAR,CALY,.QYC,,,.,,..6QEXI .0 TRAP SLN 068 |IROM FLAG,/0D0.AZ,ALUA.,CALU., .QYC, ..., GREXL.,O MVF X5RZ2 TRAF OAB |ROM ,/08D.......,.,,,BUSR,GBEX.O EL
D29 |ROM ,/0E3.ATEN.TWOA.CALU,.MYC.QYC, .PYD,.,, ... 0O SLN 069 {[ROM ,/05F ,ARRZ.ALUA,CALU.,.QYC.,,.PYD,..... 0O MVF  L5RZ2N 0A9 |ROM ,/08E..,.CBIO..B8YC.SP2.,.,..SEQBUS,BUSR, .O DA
D2A|ROM ,/159,.ATEN.ACR.,CALU.,MYC.QYC,, .+, .. 0 IPL SET Coena lROM ., /0D¢.AWAD.ALUB,, .., .PM2..,....0 DLNDRN END OAA|ROM ,/14F.,.BSHR, CALYU,MYC.,.......,.0 IPL LOOP
02B|{ROM ,/LUS5.AREP.ALUA....SYD.. .RBUS, ,BUSR,GBOK,D IPL ENC 06B |[ROM FLAG, /195 .AWAL,. ASHL ., .5LG., . PP2.,..... .0 DLN LOCGP 0OAB [ROM ,/L52..,CBIO,MYC,.SP2.PP2,,.SEQBUS., .0 DAK
02C{ROM FLAG,/1D2.AWCT.DBI1O..MYGQ, . .SM2.PM2.CTPL, ,SEQBUS, ., .0 MLRI 06C |ROM ,/BEY.AWRL,. TWOA..,..,.,. .CTPL., REPEAT.,..O SLA GAC|ROM ,/L0L,ARRL.ALUA.....,. .WMEM, .BUSR.CREX.U ES
geb|RCM ,/0DC. .ALUR,.,.,.5YD,FYD,.,..BUER. .0 MLRI 06D |[ROM FLAG,/L07.AWNADALUB., . v v v v v v v 0 SLN 0AD |[ROM , /094, AWAZ.APR, CALU.MYBR.QYC,...,.,.,.,.0 DA
O2E|ROM ,/134,,,.CLUR.MYC.,,,+».,,.GCSEL.OD AUTO RESTART O6E ROM ,/LFF,.0B10,CBIO,MYC,.SP2,PP2,, ,SEQBUS,, .0 READ M PUP A 0AE |ROM ,/LE9,AEP.ALUA....SYD.,..,SEQBUS,,.C TL END
D2F |ROM FLAG.,/1CO.APUP,ALUA, CALU, . QYC., ., ... .0 TEST IPL ;] N&F [ROM ., /LFF..DRIO.CBIY. NYC,,, ., CEGRUS, . .0 ReAbn  PUP B ) gaF |ROM FLAG,/150,,...5LQ,.5P2,,,.SEQBUS, BUSR.GB8TNMN,O TL _LOOP
030[FTA AWR1.AMB.CRSUB gU U?0 [ROM SNPLA,/100.ARIZ1S. v rvrvrrrr.6CTLD. D SH DSH OBO{ROM ,/L4D.,.BSHR.CALU.MYC, Vv v r'rs,rr D IPL LOOP
031|ROM ,/LE9.AEP.AMB..,..SYD.PYD.,.,.BUSR,,CRSUB SuU P 071 [ROM . /LAF ,ARAZ. ALUA.CALU, . QYC, ., .\ GFKYZO. 0 DSH | 0BL{ROM ,/LE9.AEP,AMB,...5YD.PYD...,.BUSR..O RB
D32 |ROM SNPLA./L00,..CBLO,MYC.QYC,.5P2,9P2,, . SERRUYS,, .0 QT2 o?2 [ROM ,/LAD..DBIO....5YD,.,.5EQBUS,RBUSR,.O RT¢ 0B2 |ROM FLAG,/L70.AIPL.APB,CALU.MYC, .., WMEM,,.,0 IPL NEW QUART
033|ROM SNPLA./L00...CBI1O.MYC.QYC,.PP2,,,SEQBUS,,.D RT2S | 073 |ROM ,/LAC,.DBIO..,.5YD,...5EQBUS,BUSR, ,0 RT4S | 0B3|ROM SNPLA./L00...,..,.PP2....,..0 RT2C
034|/ROM ,/L01.ARRL.AMB..,...,,.WMEM, ,BUSR,, CRSUB csU 5 | o?4|FTA ARRL,ALUA.CRLOG SHZERO | OBY |ROM ,/0D2,AWAL.ASHR...SRG,.,.CTPL, ,REPEAT. .ECRDSR.D DRA
035|ROM FLAG,/0BC.AEN.ALUA, .. +»»., . BCRFNU.O C2 OR NGR | 0O75(ROM ,/0DC.ARAZ2.ALUA,.,.,.,.., ,BUSR,GCRFNU,D DSHZERC | OBS5|ROM FLAG,/00F.ATWO.ALUA. .., .PYD.,,..,.0 DRN
D36|ROM ,/077,ATWO.TWOA, CALU.MYC, v’ rry ., 0 RTN USER | 0764 |ROM ,/092.AWAL.DSUB,.,.....,,BUSR,,CRSUB DS | 0B&|ROM ,/LE9.AEP.ALUA....S57%D,..,,.0EQBUS. .0 TS END
037|(FTA AWRL.AOR,O INH,KTN AL5 AND LC END | 077 |ROM ,/LC5.ATWO.ALUA. CALU.MYC, .. ..,,.,.0 WAIT | OB7?|[ROM FLAG,/L48,.,,.5LQ.5P2,, ,WEXM,SEQBUS, BUSR, 6BOM, D TS LOOP
038 |ROM FLAG,/000.AZ,ALUA,CALYU.,,8YC,»,»,. . 6AEXL,D TRAP SRN | 078 |ROM ,/0C7.AEP,ALUA.CALU.MYC., .. CTPL,.,..0 ML 0B8 [ROM FLAG,/0D0.AZ,ALUA.CALU,.QYC.,.., ...6REXL.O TRAP
039|ROM ,/0DE.ARRL.ALUA,CALU,.8YC,rrvr.. U : SRN 079 |RCM . /LED,ATWO.ASHR. CALU,,.GYC,, ..., .6BTHMM.D TL | 0B9|ROM ,/08A...CBIC..QRYC,SP2,...SEQBUS,BUSR, .0 DS
03A|ROM FLAG,/LCY4, .BSHK,CALU.MYC.,,»»»», 6CRFNU,U WAIT 10 | 07A|ROM  ,/L95,AWAL.ASHL,...SL&., .., »,.0 DRN 0BA |ROM ,/LE9,AWL5.DBIO......,,SEQBUS,..O IPL END
D3B|ROM ETAT,/LFF.AEP.ALUA.,..SYD..,,,,.0 WAIT I0 | G7B|ROM FLAG./LB5.AWAL.ASHR,..5RGQ,.PP2,..,.GCRDSR.O DRN LOOP | 0BB|ROM ,/L42...CBIO,.MYC,.SPZ,PF2,..55QBUS, ., 0 DSK
O03C|ROM TLAC, /LC2.AQUCT.DBiV..,.5F2.0MN2,CTPL, .SFABUS, ,6CRVML,O ML L00P | o7Cc|ROM ,/0C5.AEP,ALUA. CALU.MYC, ., . CTPL.....0 MS OBC [ROM ,/L3D..BSHR,.,.,5YD.,...SEQBUS.,.0O INT
03D |ROM ,/0DC..ALUB,...SYD,PYD,..,BUSR,.O ML END 070 |ROM ,/LUB.ATWO,ASHR, CALY..QYC, ., WEXM, . .6BOM.O TS | 08D |[ROM ./08B,AWA2.AMB, CALU,.MYQ,Q8YC,»r,r...0 DS
O3E|{ROM ,/LSF.ATWO.ACR. ... .PYD..,...0 IPL O7E |ROM ,/0C3.4EP.AI UA,CALU.,#YC,,,,CTPL, ... .0 MSRD | OBE [ROM ,/09E.AZ.APLBL,CALU,MYC,.,.,, . BUSR.GCRVYML,CRADD DIV COR.GQUOT
D3F |ROM FLAG.,/1LBO.....SLG@,.,.,RBUS..,GBOK.C TEST LOADM O7F |ROM FLAG,/LFY,,BCR.CALYU..QYC,...,., . 6CRENU PuUP | 0BfF |ROM ,/1E9,AWAZ2.ALUB,.,..,,, .BUSR,E6CRVYML.CRLOG DIV GUOT OK
| /9/ 75
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Table 2-3a General Field Command Bit Codes :
% | !
(a R a.
0%232 Cor;;r;and _zgi gcz Function Application
o2& o
00000 =--- |
00001 | GIDLEN -- | == | Resynchro. Sequensor Display, Tests.
00010| GCTLDN ~= | == | Load Counter Shift, DAR, DSR.
00011 GCRDSRN [ -- | --|Set OVF if Divide
Error and DOOD Shift right, Test Divide.
00100f GCRFNUN [ == [ == [ Store OALU in FNU IPL, PUP, Arith. Oper.
00101 GCRVMLN | -- [ -- | Set CR if OVF; Branch | ML, Divide correction,
for ML. Shift LA.
00110y GCSELN -- | == | ASR or INTAD on sel.C;| DLL, DLC, INR,
data Q15 Interrupt.
00111} GMOVEN [ --] -- | Branch during Move Move read/write cycles.
01000 ---
01001 GFSYSN Y's | == | Reset ENBF, ARF, PAF, | System operations: INT,
FU. IPL, PAF, etc.
01010] GFENBN Ys | == | Set ENBF RTN with R2=15,
01011 GFSTOV Ys | == | Allows set PIF if Stack
OVF. Update Al5,
01100 GFPLR/
CLPLR Ys | == | Loads PLR,FU by C INT, AR, RTN Master
01101 GFRZO Ys | == | Reset RUNF Control-panel operations
01110 GFKYZON [ Ys | -- | Reset K Ready INT, PAF, AR, LR, RR
01111 GCRVZON | Ys | -- | Reset OVF; Divided
Sign Store Shift LA, DIV.
10000 GBCHN -- | Ys | Character Mode Character instructions.
10001 GBCPN -- | Ys | C.Panel-B memory
address LM,RM.
100101 GBEXN -=- | == | MMU translation to
System Mode EL,ES, MVUS, MVSU.
10011 GBOKN -- | Ys | (keys) on BIO IPL, C.Panel, Tests.
10100 GBOFN --1Ys | (FPP) on BIO FPP store, FIX.
10101 GBOMN --1Ys | (MMU) on BIO TS, PAF.
10110] GBTMEN -- | Ys | Ext. Register Cmnd. RER, WER.
10111 GBTMPN -- | Ys | Prog. Channel Cmnd. /O instructions.
11000 GBTMMN -- | Ys | MMU command TL
11001 GBTMFN --1Ys | FPP command FL, FO, FOS.
110101 GFLOTN -- | Ys | FPP activation Wait for FPP execution.
11011 GAEXLN -- | == | Execute double word Trap for EX, MV, 15R2,
OPC=15,
11100] GFETCHN -= | == | Load K; set CT to 16 Fetch,EX,LR,RR, Tests.
11101} GMULTIN -- | == | D selection; OVF set -
for Multi Last cycle of Multi.
11110 ---
11111 ---
Ys = Yes

REV.1 2-13a
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« LISTE DES MICROCOMMANDES

»

* SELECTION NEXT ADDRESS

v
ExPL
FLAG
SNPL A
ETAT
*

"
RS2
INLE

NOEND

EXEC

¥

» SELECTION EMETTEUR VOIE A

"

ARAG
ARAY
ARAZ
ARLDS
ARR1
ARR2

AR12153

ARCY
AvAQ

2-13b

“YA FORM

FORM

2:9,%,5%,2,2,2,2,2,1,3,2,1,5,5,1692

Table 2-3b

Control-ROM Microinstruction Field Descriptions (P856/7)

FTYA REALISE LE FETCH ANTICIPE

MICROCOMMANDES UTTILISES

ETAT
/AFF
CIOR
MYC
QYC
sP2
pP2
CYINNH
RMEM

SEQBUS
PAS DE BUS REQUEST

GFETCH

SEULS PARAMETRES A PRFCISFR ¢

VOlE A
ALU,D,L

CR

223,95 /1FF ,5,5,253,222,283,292,283,120,330,232,120,5s28,5,16s0

EJECT

EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EJECT

ERU
EQU
EQU
EQU
Equ
EQu

EQu

Equ
Eau

REV.1

o
{
2
3

(COMPLFMENTY)

@
/{FF
{
/1FD

BN BN DN -

PAF
PLA

FIN D QOPERATION PUPITRE

PLA

FIN D INSTRUCTION
MODE O ADRESSAGE

MODE EXECUTION

AWAl
AWAD
AW1S
AWR Y
AWRD
Aw1215
AWCT
AZ
AIPL
AEP
APSW
AEN
ATFN
ATWO
APUP
ASYS

*
w ALLU,
*

AMB
ALUB
AOB
ALUA
AP BY
RINV
APR
AXR
AANDR
RCR
ZERQD
ACR
REHR

- PBIO

ASHR
FORA
ASHL
TWNA
MULTT
NSLIB
NADD
BIVALU
PIVSH

»

EQU
EQuU
EQU
EQU
EQU
EQuU
EQU
EQU
EQuU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EJECT

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EOU
EQU
EQU
EJECT

v SELECTELR £

W
CALU
CRYD
CLUR
CIOR
W

EQU
EQU
EQU
EQu

SFLECTEYR D,

O XBNRAD NN P

N

REGISTYRE L

T



Table 2-3b contd.

v REGISTYRE M GCRVML EQU 5 CRZ3 8! OVFy DEROUTEMENT M|
" GCSEL QU 8 C=ASR OU INTADIQYSDemA_LGA K28
MYC EQAU ? GMOVE EQU 7 DERQUTEMENTY EN MOVE TARLE
MYQ EQU 3 GFSYS EQU o ENBFZ0O ARF20 FU20

" GFENRB EQU 12 ENBFZ1

w REGISTRE @ GFSTNY EQU i1 PIFZ21 SI STKOV

» GFP|R EQU 12 PLR Y C) FU Y £4S

SRN Equ ? GFRZA EQU 13 RUNFZ

SLO EQU { GFKYZp EQU 14 KRYZ® |
nye EQU i, GCRVZg  EQU 15 AVFZA 3 MEMQO SIGNE DU DIVIDENDE
%* BRCH EQU 18 MONE CARACTERE

« COMPTELUR 8§ | GRCP EQU 17 MADSREG D AQRESSE PUPITRE B
J GREX EQY 18 PASSER PAR MMU MEME EN MODE SYSTEMF
YD EQU { GBOK EQU 19 RIND =3 KEY

IM2 EQuU 3y GRAOF EQU 2@ BIN = FLOTTANTY

Sp2 EAU 2 GBNAM EQY 21 RIO = MMi)

* GBTME EQU 22 TME
-« COMPYEUR P GRTMP EQU 23 TMP

" GRTMM EQU 24 THMM

PYD EQU i GRTMF EQL 25 TMF

PM2 ENU . GFLOY EQL 26 ACTIVATION DU PROCESSEUR FLOYTANY
PP2 EQuU 3 BAEXL EQU 27 Az SOUS EXEXUTE DOUBLE MOY
* GFETCH EOU 28 CT216, KYBID |
«COMPYFUR CT GMULTI EQU 29 INHIBITS DSHR AT 16TH PASSIALLOWS OVF MUL
W »

CTPYy EQU { w REGISTRE DE CONDITION

EJECT "

- , FRRTN EQU 4

« FCHANGE SUR LE BUS CRID EQU A

* CRFLD EQU 12

RMEM EQU A TMR CRLOG EQAU 16

WMEM EQU 3 TMR BlQs| CRADD EQU 2a

RBLUS EQU 4 PAS NE TMR CrRSUR EQU 24

WRUIS EQU 7 M@ TMR BYa=| WRITE=] CRCMP EQU 28

WE XM EQU { EXTRN WRYTE MEMQRY | EJECTY

w RUFFER DATA A

w SEAUFNSELUR

W

REPEAT EQU |

SEnBLIS EQU 2

RENBYN EQuU 3 RSYZ2 IN Y6 QF NEXT CYCLE

&

w NDEMANDE DE BUS ANTYCTYPFE

»

RUSR EAU {

EJECY

*

» DECODAGES DIVERS

w

BIOLE EAU { LOMG CYCLE IF TEST

RECTLN EQl ? CTYSPA PAFZ0

GCRDSR EQU 3 OVFZ1 81 ERREUR DIVI) ENTREE GAUCHE DE D

RCRFNU EQU 4 FNLL Y MALU
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UCOWFTA AWRY . ALUB . N LK L00|ROM ,/03F., "+ ¢vvv'vrvrrr.6F5Y5.,0 VERIF MAN. PUPIT 140|ROM ,/07?E...+...,.,.RBUS,,.CBOK.D TEST MAN REG M
OCL|ROM ,/LE?..ALUB,,.,.S5YD.PYD.,...,BUSR,.O LDK P LOL|{ROM ,/19A.ARAD.ALUA., . MYQ...PYD,.,. .BUSR,.O DLN,DRN END 141|ROM ./LE9.AWRZ2.AMB........,,BUSR,CFSTOV.O UPD STK MSRD
oc2|rRoM ./135,.BCR..++++,,,BUSR,GFPLR,O AR PAF INT 102|RCM ,/0EC.ARR?.APE....S5%D.,..,,,BUER,.D RTE 142 |ROM ,/1CF.AWRL.ZERO.,,,,+,.,,BUSR.,.O NGR
0c3|rROM ,/0EE...CBI1O,.MYC.,.,.PP2,..SEQBUS,,.O RT5C | 103|ROM ,/LAD.ARRZ2.APB....SYD.....BUSR,.O RT? 143|ROM ./101.,AZ.AMB....,.,,.WMEM, ,BUSR.,.CRSUB ce
OCY4|ROM ,/04F ,AWA2.APB. v’ rvvrrsssD MVF  DEST IN AZ 104|ROM ,/003...CBI10,.MYC..,...RBUS,SEGBIO,,,0 TMP TEST RD KEYS 144|ROM , /188, .ALUR....... 4BUS.SCGBIG. . .CRIO C10 OTR
OCS5|ROM .71LE9.ARAD.ALUA.,.,..SYD.PYD..,..BUSR..,O MOVE END SLN REST.P 105/ ROM FLAG,/0DY,ARAD.ALYUA,..,....,...6CRFNU.O TEST RETURN 145|ROM ,/0B7.ARAZ2.ALUA,CALU,.QYC........0 MU- MUL.TOR IN @ REG.
0C6|ROM ,/7088,ARRL.ALUA.,CALY.,.QYC,,¥rr7r+..0 CA 106{ROM FLAG,/0D0.AZ.ALUA,CALY, .QYC,..,.,.,.6AEXL,0 EX OPER TyYT? TRAP 146 |ROM FLAG,/01C.ATWO.APB, .MYC,.....,..6CRFNU.D TEST NO 1
DC?IFTA ARRL,AMB.CRCMP CA LO7F|ROM ,/046. .BSHR.CALU.,MYC, s v rvvrr D EX OPER T1.T72.72 147 |ROM ,/018...,..SLG@...,...,..0 TEST NO 1
0DC8|ROM ,/086.ARRL.ACR,CLUR,MYC,..,.. . BUSR.GBCH.,D LC 108| ROM FLAG,/0D0D.AZ,ALUA, CALY,.8YC,,.,,,,6GAEXL,D MVB LS5R2FU TRAP 148 [ROM ,/0B6&,AWAL.MULTI,..SRA,..CTPL, .REPEAT.,.0 MU- ALGORITHM

OC?|FTA AWRL,BCR.O ECR 109| ROM ,/04B,ARR2.ALUA.....PYD,.,....0 MUB 15R2FUN 149 |ROM ,/0B5,AWAL . MULTI..MY®,,,,.,.,.,,6MULTI.O MULTI 16TH PASS
OCA|ROM ,/1E9..DBIO....SYD,PYD,,,SEGBUS,BUSR..0 AR PAF INT TRAP | jnnlpoM ,/0E8.ARRZ.APB....S5YD...,.BUSR..O RT5S LYA|ROM ,/0BY. AWAZ.BSHR, v v v rrvrresD MULTI STORE LSB OF PROD.
OCB|ROM ./332.,,+vvvrrv..,6FSYS,0 AR END | 10B|ROM ./1LAC.ARRZ.APB....SYD,....BUSR..O RT7?S LYB|ROM ,/0D7.ARA2.ALUA.».++»+.., GCRFNU,O MULTI UPDATE FNU
OCC|{ROM ,/10L.ARRL.ALUA,,.,,. . WMEM, ,BUSR,GBCH.D SC 10C| ROM ,/042,ATWO.ALUA. CALU.MYC.8YC,rr. vy, 0 HUB LCNGTH>O 14C|ROM ,/0AD..ALUB,..S5R@,5P2,,.,,5EQBUS,.BUSR.GBTMF,D FPP SINGLE RD MA
0CD|ROM ,/13D,.BSHR,..,SYD.,.,,,6FKYZD.0 PAGE FAULT AR 10D| ROM ./LE9.ARAD.ALUA....SYD.PYD,,,,BUSR, .0 MUB LENGTH=0 | 14D|ROM ,/042......5P2....SEQBUS.BUSR,G6BTMF.0 FPP OP/S DOUBLE READ Ml
OCE|ROM FLAG,/128,ARA0,APB, CLUR,MYC,SLE.,......0  EX T8N TEST KL = | yn¢igom ,/1EB.ARAD.AMB. ... .PYD,,.,.,0 INT  MOVE 1YE |[ROM ,/053.ATWO.ASHR, ,MYC.@YC,SM2,PM2, ,WMEM,,,.0  T. MEMOIRE NOl

|_OCF|ROM ,/L6E... CIOR,MYC,QYC. ., WBUS, SEGBLO, . 6FETCH,D EX LOQQ_?__ LOF | ROM , /125, ATWO. TWOA. CALY. ,GYC.rvrrs.. 0 PAF _ MOVE L4F |ROM . /06C,AWAL.ALUB, ., ,SM2,PM2,,...,.0 TEST MEMOIRE NO1
ODO|ROM FLAG./0DO.AZ,ALUA,CALU, . B8YC,.,, .., ,6AEXL,D TRAP 133 6TROM ,70DF.....vvv,...6FRZD.D VERIF MAN. REG L | 150|ROM ,/0%9F........... 6FRZ0D.D TEST @.,CHARG.NO
ODL|ROM FLAG,/000.AZ.ALUA,CALU.,.QYC,. ..., GAEXL.D TRAP 1 131| ROM SNPLA. /100, ARRZ, AFB, CALY. ,GYC.SYD, . ..., 0 RTSC | 151 [ROM ./0AL.AWAL.BCR..MYC,QYC.rrvvsryr, O TEST DLA

OD2|ROM ,/125,AWR2,ALUB, ., ,srs.+.0 PAGE FAULT ML 1 1351RoM ,/12C.ARRZ.APB..,.5YD,, .. .BUSR, .0 | RT?C | 152|ROM FLAG./030..,.MYQ,,SP2.,.,SEQBUS,BUSR,GBTMF,0 FPP READ LAST MA
OD3|ROM SNPLA,./L00..DB10,CB1O;,QYC,SYD.PP2.,,SEQBUS,, .0 qug 113| ROM SNPLA./100.AEP.ALUA.CBIO,MYC,QYC,SYD. ., ,SEQBUS, ,,0 RT3 | 153|ROM ,/173.ARA0.TWOA....SYD,».»...0 FPP OPS WAIT.LD S WITH 1ST AD.
ODY|ROM FLAG,/LLB.AWAZ,.AMB,CBIO.MYC. SYD,, ., SEQBUS,,6MOVE,0 MVF RER 114/ ROM ,/048.AWAZ.APB.CBIO.MYC, . .5YD...,SEGBUS, ,6MOVE.0 MVB READ 154 |ROM ,/010..BINV,CALU..QYC,5P2. ., .WEXM, SEGBUS,BUSR,EBOF .0 FPP/S SI.
ODS|ROM ,/056,.AWRL.APB,, '/ v.r...0 MVF  REST AL 115/ ROM ,/056,AWA2.APB. ., v v.r...0 MUB CORRECT A2 | 155|ROM ,/010......5P2..,.WEXM,SEQBUS,BUSR,6BOF.,0 FPP/S DOUBLE ST Ml

3 0D&|ROM FLAG,/%20..,.,,,5L8,svsrr,.0 EX KL TEST K2 116|ROM ,/0AE.ATEN.ALUA, .MYC...,.,....6FRZ0,0 TEST DLA 156 |ROM L /0E9 s v vvvrrrrssal TEST DLA
% 0D7|ROM FLAG,/0OFB..BCR.,CALU,.GYC,»vrrrs, 0 EX KLN TEST MD 117| ROM SNPLA,/100.,.CBI0.MYC.GYC,..,.SEQBUS,..D RT3S 157 |ROM ,/0A7,ARAD.AOB,.,.SYD,. ,RBUS, ,BUSR,GBTMP.D INR

OD&|FTA ARRL,AMB,CRCMP CW 118/ ROM ,/0EC.AWRZ2.APB...,.,SYD,,.,,,BUSR,.O RT3B UPDATE STACK | 158 |ROM ,/0A6.AWRL.DBIO.,CIOR.MYC,.....SEQBUS..ECSEL,CRIO INR
ODS|FTA NEP.AMR.CRCMF cWP | 119|ROM ,/LF3.AWR2.AMB.....,,..,.6FSTOV,D 57D 159 [ROM , /188, AURL,A0B.,.5LAQsrrssrrr 0 INR TST SST
0pA|ROM ,/L24.APSW.ALUA.CALU.MYC, . .,+»..,,.6FSYS,0 PAGE FAULT 11A|ROM ,/1F2.AWRZ2.AMB........,.6FSTOV,O STDP 15A |[ROM ,/0AY,AWAL.ALUA, ..V 4,00, BCRYZD,O DIV MEMD SIGENE DIVD
0pB|ROM ,/122.ARL5.ALUA....S5YD.., . WEXM. .BUSR,EBOM,D PAGE FAULT 11B|ROM ,/LE9,ARRL.ALUA,,....,, . BUSR,ECRVUML, CRLOG SLA CR | L5B|ROM ,/0A3,AWAL.DIVSH,..S5LG.,,.CTPL,,,,6CRDSR,0 DIV 15T PASS
ODC|ROM ,/08C.,ARRL.ALUA, CLUR,MYC, ..., ,,BUSR,G6BCH,O cc LLC|ROM FLAG, /LBS.ARRL.ALUA.» v s v rrvrssD SLN TCST NORM | 15C|ROM ,/0R2.AWAL.DIVSH.,.S5LG..,,CTPL,.REPEAT,,,0 DIV PROCESS
ODD|ROM ,/11D..ALUB.,.MYQ@.,,SM2.,,WNEM,SEQBUS,BUSR, ,D PAGE FAULT 11D |ROM ,/13A,AWRZ.BSHR . v s v vrsess0 SLN RESULT 15D [ROM FLAG./LB&,AWAL.DIVALY,,.SL8.,.,., 6CRFNU,D DIV 16TH PASS
ODE|ROM FLAG,/1L8...,,,5L8,+r0rr.,.0 EX KLKZ2 TEST K3 L1E|ROM ,/1EC.AWL2L5,DBI10..,.,.,.RBUS,5EGBIO,..O KEYS IN (RCP) LR | 15E|ROM ,/0ARD.ATWO.APB,CLUR.MYC,,,PYD.»,...0 TEST DLA

_ODF|ROM FLAG,/0F8, ,BCR,CALY,.BYC,\.vv.. 0 EX KLK2ZN TEST MD 11F|ROM ,/1FF,ARL2L5.ALUA, .MYC.. .V .., 6FKYZO,.O LOAD OR READ R | 15F [ROM ,/09L.AWA2.BCR,,.SRQ, ..., ,, 0 TEST DLA

DEO|ROM ,/078B,.ALUB..,..5YD,,,,.,,.,0 WER | 120[ROM .,/009.,.......,.RBUS,.,.,6BOK.,D VERIF MAN. REG6 L | 160 |ROM ,/039........ RBUS,.,GBOK.O TEST G,CHARE NO.
OEL|ROM FLAG.,/197.REP,ALUA, CALU.MYC.,,\.'.,,, 0 MUF 12L|ROM FLAG./LAS.ATEN, TWOA, CALU.MYC, ., PYD..,, ., U SRM 161 [FTA AWAZ,ALUB,O DIV ST CORTD QUOT
DE2|ROM ,/117.ATWO.APB,CALU,MYC,,SM2, . ,WEXM,SEQBUS,BUSR,6BOM,0 PAF 122|ROM ,/18B,AWRL.ASHR.,,SRA,,,CTPL, . REPEAT, .6CRDSR.,D SRLC | 162 |ROM ,/09F vrvvvvrsrressD TMP TEST

QE3|ROM ,/DED...CB10.MYC....,.,.SEGBUS...O RT?C | 123|FTA ARAL,ALUA.CRLOG ML DSH 163 |ROM ,/033,AZ.ALUA, .MYCr'svrssraD TMP TEST

0EY|ROM ,/057..ALUB..MYQ,,.PM2, ,WMEM, ,BUSR, .0 MUF PREP WRITE 124|RoM ,/00A....MYG.,,¥s0rr., D DLA END | 164 |RCM ,/098,AWAL.DBLO,.,.,.. .RBUS.SEQBIO, .GBOF .U rFX LD Al
OE5|ROM ,/057..ALUB,.MYQ.., ,PM2, ,WMEM, .BUSR,GBEX,0 MVSU PREP WRITE 125|ROM ,/0D7.AWA2.BSHR, CALU.MYC, ., ,v. ., 6CRENU,D DLA END | 165 |ROM ,/170........,RBUS,.BUSR,GRBOF,O FFX RESET BSY
DE6|[ROM FLAG,/108.....SL8+svvrrss,0 EX KLK2K3 TEST Ky 126 |ROM ,/0L9., ,BINV. . MYCrvrvrsrs 0 ROUT.AFFICH.INCR | 146 |ROM ,/022.8WCT.ALUB......CTPL.....0 TEST NO 3
OE?{ROM FLAG,/0F8., .BCR,.CALU..GBYC,,"+/r7»,»,.0 EX KLKZK3N TEST MD 127 |ROM ETAT.,./07E. . ALUB.CALY, .QYC.,..., .5EQBUS, ., .0 DISPLAY INCR 167 IROM ,/023,.AWCT.ALUB,,.SLG.,.,.,.CTPL,..,...0 TEST NO 3
OE&8{ROM ,/132.AWLS5.AMB.CIOR.MYC.,..., .RBUS,SEQBIO,.GFSTOV.0 PAGE FAULT 128 {ROM ,/LE9.ARAL.ALUA,,.,,: ., » .BUSR,6CRUML,CRLOG DLA END 148 |ROM ETAT.,/0DE.......,.,,.SEQBUS.,..D VERIF MAN REG L
GE9|{ROM ,/LE9.AEP.ALUA.,..SYD.,,,SEGBUS,BUSR,,CRRTN RTN 15R2N | 129{ROM ./164,AEP.ASHR.,CALU.MYC.'vrrsrrsr, 0 DLN,DRN END 169 [ROM FLAG,/09C,APSW,.AANDB.,,»++++,  6CRFNU.,D TEST TMP-TPM
DEA|ROM ,/110.ATEN.TWOA,CALU..QYC, .PM2..,,...0 TRAP | 12A|ROM ,/041.ARAL.ACR.,CLUR.MYC,.rvvrssr .0 TEST RB 16A [ROM ,/030,ARAZ,ALUA. ..., WBUS,SEQBUS,BUSR,GBTMF ., O FFL LD M1
OEBJROM ,/073.AREP.ALUA,.CBIO.MYQ.QYC.,SYD,..,.SEQBUS, ,6FPLR.CRRTN RTNALS LZ2BIROM FLAG./0RY.ARAZ ALUA, v+ +r+r»+»».6CRFNL,.O TEST DLA 16B [ROM ./093,RWA2.TWOA.,...... . . GCRFNU.O DA
OECIROM ,/02E.ATWO,.TWOA,CALU MYC,,.Vv++,:,.,0 CF 12CIROM , /043, ,.BCR.,.,..5YD.. . WBUS.,.,...O TEST TMP-TPM 16C |ROM ,/092.AWAL.DADD ..., .., ,BUSR, ,CRADD DA
OED |ROM FLAG,/130.ANARO.ALUB.,....,, WBUS,..,.O EX 12D {ROM ,/0CE., ,ZERO.,..SRQG, ... .0 DRA 16D |FTA AWAZ.,ASHR.O DAS END
OEE|ROM ,/06B.ATWO, TWOA, CALU.MYC,,v''sry, .0 CF 15R1 12E |ROM ,/115,ATWO. TWOA, CALU.MYC,,.PM2,,,,..D TRAP CORR LONG EX. | 1aE|ROM /000 OEP . TWOA. . MYCs s s s ... O TEST LA

OEF |ROM ,/L0D,.AWLS.AMB.,.,5L0.5YD,.,,.,,.6FSTOV,0 TRAP 12F |ROM ,/LL5,ATWO.TWOA,CALU.MYC,, "+, ., .0 TRAF 16F [ROM , /081 ,AEP.APB, , MYG...PYD.,.,,.0 TEST DLA

OFOIROM ,/04E.ATEN.ACR.CALU.MYC.,, Vv 'rrr».0 RER 130|ROM ,/0BF .., evvsrr 0FRZO.,0 VERIF MAN. REG M 170 [ROM r/Ul?rvBSHR;EQLUrﬁYCrrr:rrrer ROUT.AFFICH. INCR
OFL|ROM FLAG,/0F?.AEP.ALUA.CALU.MYC,, .+, ., 0 MVUB 3L |ROM ,/0CD.., . MYQ,,'rrrr'r,. 0 DSH 171 |ROM ,/L52.AEP.ALUA.CBIO,.MYC.,.SYD...,.SEQBUS,..0O DAR* DA
OF2IROM ,/105.APSW.ALUA., ., .SLQ,SP2.,. WMEM. .BUSR,6FSYS,0D TRAP 132 |ROM ,/0D0C.AWRZ.ALUB,»,+»+»»-» .BUSR,.6CRFNU,QO DSH 172 |ROM ,/LF7?.AEP.ALUA,CBLO,MYC,.SYD,.,.SEQBUS, BUSR,.D EL
gF3|ROM ,/712C..DRIO....SYD.,..5EQBUS,BUSRE, ,O RTE&C 133 |ROM ,/038,.,...MYC,,rr:srr:».0 TEST Q,CHARG N¢. 173 |ROCM ,/088,QEP.ALUA.CIOR,.GYC.OYD, .. .SERBUS,,.D ce
OF4|ROM ,/0EB.ARAL.ALUA,...S5YD.,.,,,BUSR,.O MVUB PREP 15T AD 134 |ROM ,/0CA,AEN,ALUA, CALU,MYC, . .PYD,CTPL..,,,0 MLRI | 174 [ROM ./189.AWAZ. TWOA. .. o ECRFNU.O bS
OFS5|ROM ,/0EB.ARAL.ALUA..,.SYD....,.BUSR,EBEX.O MUUS PREP 1ST AD 135 |ROM ,/1D2.AWR2.AFE...,.,STYD.FM2,,,,BUSR,.O MLRI 275 [ROM /142 .AEP.ALUA.CBIO . MYC. .SYD. .. SEGBUS...O DSR
OF6|ROM FLAG,/0F8..BCR,CALU.,,8YC,. Vs rv..0 EX KLK2K3K4 TEST MD 136 |ROM . /0E9.vvvvvisvsrs»rsD TEST DLA 176 [ROM L /0ES . ... ... .78 TEST DLA

OF ?|ROM FLAG,/0D0.AZ.ALUA,CALU,.QYC..,,.,.,GAEXL,0 EX L50PC TRAP 137 [ROM ,/0C?,AEP.APB, CALU.MYC, .., CTPL, .\, .0 MLK 177 [ROM /087 . AWAD . ALUB . - MYQ.......BUSR..O cW CA
OFSIRCM ,/0CB,AEN.ALUA,CALU. MYC, ., .PM2,....,.::0 MLEK 138 |ROM ,/0C68.AEN,.ALUAR, .- PYD,,.,,.,0 ML 178 {FTA ARAO.,AMB.,CRCMP cCW CA
OF?|FTA AWRL,BINV,.CRLOG Cl 139 IROM ,/7LC3,.ARRZ.ALUA.,.CALY, .,.QYC.,.PM2.,.,.BUSR,.O ML 179 |[ROM ,/083.AWRL.BCR,CIOR.MYC...,,.,.SEQBUS...O LC
OFA|ROM ,/L0Y4Y,.AREP.ALUA. . MYGQ,.5P2...WNMEM,.S5EQBUS,BUSR, .,D TRAP 1368 {ROM ,/0CY.AEN,ALUA...., . PYD....,..D MS L7A [ROM ,/027,.ZERO..MYQR.SRQ,,»,+,,.0 TEST NO 2
OFB|ROM ,/103,.ALUB.,..,.5YD..,.,.SEQBUS.,., .0 TRAP 13B|ROM ,/1LB3.ARCT.ALUA.....PM2.CTPL,WMEM. ,BUSR,,D Mg 1?B {ROM ,/026,,ALUB, .MYQ,.,.PYD......0 TEST NO 2
OFC|ROM ,/135.,.,...5M2....,,.BUSR., .0 TRAP 13C|ROM ,/0C2.,RAEN.ALUA,CALY,.QYC.,.PYD.,.,.,.,.0 MSRD L7C|ROM ,/LCB,AEP.ALUA,.,.5YD..,.,.BUSR..O LC
OFD|ROM ,/10L. .BINV.., ., . .WwMEil,.BUCR,,CRLOG ClE 13D [ROM ,/1LA3.ARCT.ALUA.,..,.PM2.CTPL,WMEM, .BUSR,..,D MSRD L?D [FTA AWRL,AO0B.O LC END
OFE|ROM ,/1E9.AREP.ALUA.,.,...5YD,...SEQBUS.BUSR, .0 STORE RESULT 13E|ROM FLAG,/00A,AEP.ALUA.., ., WMEM..,.O TEST MEMOIRE NOP? L7E |[ROM ,/080,AEP,APB.....PYD, . .WBUG,...D TEST DLA

OFF |[ROM FLAG.,/0D0.AZ.ALUA,CALYU, .QYC,, .., . 6AREXL .0 TRAP L3F |ROM ,/053,ARAL. TWOA. . MYC.QYC.,SM2,PM2. . WMEM.,..,0 TEST MEMOIRE NO1 1?F |[ROM ,/L8E.AUARC.ZERC.,.»...,.SEQBI1O., . .6FETCH.,D TEST DLA
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{
L804ROM ,/028,...MYQ.,,, .RBUS,,,GBOK.O DISPLAY INCR | yco|ROM ./LE&.......,.,RBUS..,GBOK,D VERIF MAN. PUPIT
181 |ROM ./020...CB1O0.MYC......SEQBUS.,,.0O VERIF MAN REGM LCLIROM ,/037.8WAL.AMB., ., rvrressrr..0 DER MVUF REST Al
182 ROM ,/050....MYQ@,,+......0 ROUT.AFFICH.INCR | 1C2|ROM FLAG./02C..BSHR, MYC.QYC,,,,.,,6CRFNU,D ROUT.AFFICH.INCR
L83 |ROM ,/0E9.v.vvvrrsssrs O ROUT.AFFICH.INCR | 3c3|ROM ,/085.ATWO.ACR,. .MYC.GYC,..,..,6FRZ0.,0 TEST NO 2
184 |ROM ,/07A,ARRL.ALUA,,.,,., WBUS, . BUSR,GBTNME.O WER LCY4|[ROM FLAG,/0FL.AWR2.ALUB, .MYQ,.,V»r»rs.. 0 DER MOVE REST R2
L85|ROM ,/188.ARRL.ALUA,..... . WBUS,SEQBUS.,..O WER LC5|ROM ,/188,AWRL.DBIO.CB1O..,..,..,,SEQBUS, .., CRRTN RER
LB86|ROM FLAG,/054,AR15.AMB., ., .SRG,.,.,..,.6CRFNU.O TEST NO 3 LCo6{ROM ,/0CC...CBIO,.EYC,,,.,.5EQBYUS,,. .0 TEST Q.,CHARS NO.
187 1ROM FLAG,/064,ARCT.AMB, ., .5LG.,, . CTPL., ., .ECRFNU,D TEST NO 3 LC?IROM /029, .ALUB, CLUR.MYC,.,., , WBUS,,..O TEST Q,CHARG NO.
LA8|ROM , /076, AWRZ.APB.,.,.,.SYD..,..,.BUSR, .0 RTN LCBIROM ,/036.QUAR2.AMB. ., rvrvrvsrsry 0 DER MVF REST AZ
189 |ROM SNPLA./L00..DBI1O....SM2.PYD,..SEQBUS.BUSR..D RTN LCP{ROM ./03B.ATWO.APB, CALU.MYC.., ..+ ....0O DER MOVE M=LETH
LBAIROM ,/09F ... v vvrvser.D TEST NO 2 LCAIROM ,/0%9F .. vvrewrssD TEST DLA
14B |ROM ,/01B,.,ZERO.,,.5RG.,,.PM2..,....0 TEST NO 2 LCB|ROM ,/07L.ATWO.ASHR, .MYC.h ' 'rrrs D TEST DLA
L8C|ROM ,/072.ATWO.APB,CALU.MYC,.,..,.,.,6GFENB.,O0 COMPUTE MASK RTNALS LCCIROM . /07F..BINV...4YCr:e'r'rrr. 0 TEST RO 2
18D |ROM ,/06E.AWAO.BINV, MYG., ., Vv’ '...0 COMPUTE MASK RTNRLS LCDIROM ,/098.ATWO,ASHR, .MYC,QYC,.,,.,.,.6FRZ0.0 TEST NO 3
L&E |ROM FLAG,/024.ARAL.AXB..,,...,..,..6CRFNU.D TEST DLA LCE|{ROM ,/0AC.AWAD.ALUB, +».,, .SEQBUS, ,6FLOT ., FPP OP/S LD EXP
igg ggg ,;gig,agggénphsg,,nyc.,.,6,.,.0 ;531 2§FICH o LCF|ROM ,/LB8B.AEP.ALUA.,...SYD,...SEQBUS,.6FLOT.D FPP OP LD EXP
191 {ROM ./1BE.ARAD.AOB,CLUR,MYC.QYC., "V ++»..0 MASK STACK PSW RTNALS §g§ 232 :fgig:ggéijgﬁé::j:gyory',,,'Q 2??12253
192 ROM ,/09F . . vvivrvsr D TEST MEMOIRE NOL | yp2|RoM FLAG,/07C. .BSHR. .MYC.SR@+ ...+, 6CRENU,D ROUT.AFFICH. INCR
193 |ROM FLAG,/002...CBI10,.MYC,....,SEQGBUS,.,.O TEST MEMOIRE NO1 103 ROM ,/032.8RA0. ..........6CTLD.O TEST NO 3
L94 |ROM , 706A, AWRL . AMB. ., ,5YD. ..., ,6F5TOV,D CF.15R2 1DY4|ROM FLAG,/0EA,AWAL.APB,.,.SYD., ., ,SEQBUS, ,GMOVE.D MUB WRITE
195 1ROM /068, APSW.ALUA, ., . 5P2,,  WMEM, ,BUSR., . O CF 1D5|ROM FLAG,/0EA.AWAL,APB..,.5YD.., .SEQBUS, .GBEX,D MUUS WRITE
196 [ROM . /BEF. .. crvrvsr . D ‘ o JEST DLA L06|ROM ETAT./09E. ... ..., SEQBUS, ., .0 TEST Q,CHARS NO.
L?7? |ROM , /047 .AEP,ALLUA, . MYQ, .SP2,,,WMEM, SEQRBUS,BUSR, ,D CF 107|ROM FLAG,/0D8. .ALUB,CR10..QYC, .., WBUS,SEQBUS,..0 ROUT.AFFICH,INCR
198 |ROM ,/LE9..ALUB....SYD,PYD,.,SEGRUS.BUSR..O CF END 1DA8|ROM FLAG. /08Y. ATEN.AXE. . oo GCRFNU.O TEST NO 2
L99 IROM . /05E. ,BSHR. CALU.MYC, ... ..., .0 EX 19| ROM ,/0L7.AEP.AMB. ... ,PYD., ..., .0 TEST NO 2
JPAIROM ,/09F .. vrvvrrrresD TEST NO 3 LDAIROM ./09F ... .0vvsvsrr. O TEST DLA
L98 |ROM FLAG,/078.,..MYQ....,,..,.0 TEST NO 3 LDB|ROM , /070, ATEN. TWOA. .MYCh s v rrss, .0 TEST RB
19C |[ROM FLAG,/05C.AEP.AXB,.,.SM2,PM2.,...,.6CRFNU,D TEST MEMOIRE NO2 10c|IROM FLAG. /098, .. .MYQ. ... .. .. (O TEST NO 3
70 |ROM ,/0FB. ... .., RBUS, ., GBOK. O P TESY LDD|ROM ,/078,ATHO, ASHR, .MYC.QYC, ., ., .0 TEST NO 3
19E [ROM . /060.AWAD.BCR, .MYC,,v'rrsrr. 0 TEST RE 1DE|ROM FLAG,/00C., .BINV,.,v'vvsrr»r,, 0 TEST NO 1
19F |[ROM ,/05L.AEP.APB, ,MYC., .PYD,,WBUS,,,,O TEST RB 1DF |ROM ,/049,.ALUB....,,. . WBUS,,,.,O VERIF MAN. REE M
1A0[ROM FLAG./13A.AWAD,ALUB, . MYR,..PM2,.,. .., .0 MUF TEST LGHT=0 YEQ|ROM ,/100..ALUB.,.,.,.PYD.,,....0 TRAP DLN
1AL |ROM FLAG,/L74.ATEN.AXB,.+»»».»,+,6CRFNU,D EX TEST IF T2 YEL|{RCM FLAC . /195.ARAL.ALUA, v v rvrrsrr D DLN.
LA2|ROM ./09F ..+ vvvvrsvsresD TEST MEMOIRE NOZ LE2{ROM ,/09F ,..v'vvisvrrrs 0 | TEST NO 1
1A3 |ROM FLAG./062,..CB10,.MYC..,...,.SEGQBUS, ., .0 TEST MEMOIRE NO2 LE3|ROM ,/02L..BINV, . MYC.,. .., »r,,0 TEST NO 1
LAY {ROM ,/05A.ARRZ.AMB, CALU.MYC.,+vrsr»r,r. 0 MUF LGHT-2 IN M LE4|ROM FLAG,./01A.....,.PM2...,,.0 TEST NO 2
1A5 |ROM ,/L2B.AWAL.APB, . MYQ,,.5YD.,..,.BUSR..O MVUF AL=SOURCE 1ES|{ROM ,/033....MYG,+rsvrsr 0 TEST NO 2
LA& |ROM ,/0%96,ATWO.ACR, CALU,MYC,... .WBUS,SEQBIO, ,6FKYZO,CRIO THMP T. LE6|ROM FLAG,/04C, .BSHR,.MYC,...,..,.6CRFNU,D ROUT.AFFICH.INCR
A7 |ROM FLNG,/058,,.,,5LG8.,.,,WBUS,,.GBTMP,O TEST TMP-TPM WE?|IROM ,/04C, .. . MYG,.r¥rrrrs 0 TEST NO 1
1AB |ROM FLAG,/L2A.AWAL.AMB,...SYD...,.SEGBUS,.6MOVE.D0 MVF WRITE DEST LEB|ROM ,/016.AEP,APB.CALU.MYC.SRG,+./,/,...0 TEST NO 2
1A [ROM . /L3A.AWR2.ZERO, ' v'rrvsr»rr0 MUF CLEAR LGHT 1E9|ROM FLAG, /074, ATEN.AXB, ..., +»,,,-6CRFNU,D TEST NO 2
LAA|ROM L /09F v v vrrrnersO TEST NO 3 1EA|ROM ,/09F .. 'vvvvrrrsrs D TEST RB
LAB [ROM ,/013,AWA2.FORA, .. vvrvvv..0 TEST NO 3 LEB{ROM ,/033,ATEN.ASHR, CALU.MYC...Vvr,rs .. 0 TEST RB
LAC |ROM FLAG,/052..ALUB..,.SM2,PM2, UMEM,SEQBUS,.,.0 TEST MEMOIRE MO1 1EC|{ROM ./0%2.ATEN.ALUA, .MYC.B8YC,"vVv'r.» .0 TEST NO 3
1AD |ROM ,/0BO.ARAD.ALUA,...SYD,.PYD,.,...,.0 TEST MEMOIRE NOL LED {ROM FLAG./0YY4,ARA2.AMB...5RQ,,,.,,.6CRFNU.D TEST NO 3
LAE |[ROM SNPLA./LFF.AWAL.ALUB,CIOR.MYC,QYC,.PM2,,.5EQBI10,,.6FETCH.0 TRE LEE|ROM ,/LE9.AEP.ALUA.,..5YD,.,,.SEQGBUS.,,,CRFLO FPP STORE ST EXP
LAF |ROM ,/0BL,AWAO.ALUB,.,.SYD,PYD,..,..6FRZ0O.0 TEST MEMOIRE NOI LEF |ROM FLAG./030...,.5L4,5P2,,,WEXM,.S5EQBUS,BUSR,6BOF .0 FPP ST MANTI.
1BO|ROM ,/05B.ATWO.ALUA,CALU,.MYC.GYC..,.,....0 MUF TFO[ROM ,/L00..ALUB.. . ..PYD......0 TRAP DRN
1B1 |ROM , /046,.AWAD.BSHR, . MYQ®,+vr»rrrsr 0 RER LFL|ROM FLAG,/185.AWAL,ASHR.,.SRG.,,.,.,., . 6GCRDSR,0 DRN
1B2 |RCM FLAE./03C..BSHR, ., MYC.v.vr v, . CCRFNU.O ROUT.AFTICH. INCR LF2|ROM ,/09F . vvvvirnrrsesD TEST NO 1
1B3 |ROM FLAG,/0B&,ATWO.AOB, ,MYC.GYC.,,.,,.,, .6FRZD.O TEST NO 1 WF3IROM ./07F v vvrrevrsrnO TEST NO 1
1B4 |ROM FLAG./0F2.AWAD.ALUB,,.,..PM2,...,..0 MVB TEST LENGTH 1F4Y|ROM .,/0CL......5M2.PM2,..5EQBUS,,.0O TEST MEMOIRE NOZ
1BS |ROM FLAG,/L0B.AWARZ.AMB. Vv rvrrr»rs.D MVUB PREPARE A2 LF5|ROM ./063,.ALUB,...5YD.PYD,...,.0 TEST MEMOIRE NO2
iB&6 |[ROM ETAT./0BE.+++.».»..SEGBUS,,.O VERIF MAN. REG M iF&4|RCM ,/097,.DBIO, ..., ., WBUS,SEGBUS,, .0 VERIF MAN REG L
BT |ROM FLAC, /02R. A1 UB, ,MYQ,,,FM2, . WMEM, .BUSR. .0 MUE FREPARDC WRITE LF7|ROM ,/0BB.ARRL.ALUA.CALU,MYC., ..., .WBUS, . BUSR,6BTMP,O CI0O OTR
1B& [ROM ,/162..RALUB...,,.,.,,WMEM, ,BUSR,.O INT LFA|{ROM ,/036,REP,ALUA,CALU.MYC.¥Vr 'y rrr..6CTLD.O DER MVUB READ
1B9 |ROM ,/03A.ARA0.AOB....5YD..,RBUS, .BUSR,GBTME, D RER LF9|ROM ,/007.A8WAL.AMB, .., . PP2.,,,.,.6CTLD.O DER MVUB WRITE
LBA|ROM ,/09F . v vvvrsrrrs D TEST NO 3 ~ LFA|ROM ,/03E,AEP,ALUA.CALY,MYC,.,.,,,.6CTLD.O DER MVF READ
1BB |ROM ,/01A.,.ZERO,..SRQ,,»,,,,.,0 TEST NO 2 1FBROM ,/005.8WAL . APB, .., ,PF2..,.,,6CTLD.0 DER MY URITE
1BC |ROM ,/058.ATEN.ALUA,CALY, ,QYC.,... .WBUS,SEQRBLIO, ,.GFETCH,0 TEST TMP LFC|ROM FLAG,/06C.ARAL.AXB,..,.S5M2,PM2.,....6CRFNU,0 TEST MEMOIRE NO1
1BD |ROM ,/0B3......5P2....SEQBUS,BUSR,.GBTMF .0 FPP DOUBLE LD 2ND WORD LFD{ROM FLAG,/0CO,ARAD.ALUA.CALY.MYC,,SYD.PYD,,,,.,.D TEST MEMOIRE NO1
1LBE |ROM ,/040.,.BCR.,.MYC...,.,..., 6FKYZ0.0 TEST RB LFE|ROM ,/12D.ATWO.TWOA, CALU,MYR.OYC.,,, . ,6CTLD,D PAGE FAULT ML
1BF |ROM FLAG,/014.R8EP,AXB, . MY&.....,.,.,. . 6CRFNU,DO TEST RB LFF|ROM ,/125.ATUO, TWOA, CALY. .QYC,,.,,,..6GCTLD.D PAGE FAULT
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Table 2-48B Control - ROM Microinstruction Listing P856

|
lADQ ADD ADD.

1 - |
oooynon ., /LE8.,ARL5,ALUB, CALU.MYC,8YC, ., . WBUS, ., .0 1DLE | OYO|FTA AWRL.AANDB.CRLOG AN 080|ROM ,/008..ALUB,,.,5YD,....,.0 CI0 OTR
ao1lFTa L .0 NO JUMP O4L|{ROM FLAG,/LCB.APSW,AANDB, CALU,MYC. ..., ,BUSR, .0 HLT,RIT,INH,RTALS | G8L|ROM ,/100... vvvrrvr.,0 60 TO TRAP (WMP)
oozlroM ./1E9......SP2.PP2....BUSR..O INCR P | O42|ROM ,/0FD..,.CBJO,MYC..,.FP2,,,SEQBUS,, .0 RTS 082|ROM ,/1B2.AWAZ2.DBIO...,....RBUS,SEGBIO,..O FFX LD A2
003lROM FLAG,/0D0.AZ.ALUA.CALYU..GYC.,.,..,.,..GAEXL.DO NO FLOT PROC O43{ROM ./0FS,.,.CBLO.MYC,,.PP2,,,SEQBUS...0 QTS5 083 ROM SNPLA,/100.ARRZ.ALUA,CALU. . MYC.QYC, 'V’ RT1
004 FROM FLAG./LE8. ASYS.TWOA.CALU..GYC. ... .0 TEST DISPLAY | O44|/ROM ,/101.ARRL.AANDB.,....,..WMEM,,BUSR., CRLOG AN S | oau|ROM ,/18B.AWRL.TWOA,.,.,..CTPL, ,REPEAT,.,O SLL
00S|ROM ,/LFB......SM2.PM2.....6FKYZ0.0O DECR BEFORE VISU | O4S|ROM ,/1L01..ZERO.......WMEM,.BUSR..O M 085|ROM ,/18B,AWRL,ASHL,.,.SLQ,..CTPL, . REPEAT,.6CSEL,D SLC
006|ROM ,/LFF.AEP,ALUA,CALU.MYC,.. .. .,.0 VISUA | O46|FTA ARRL,AANDB.CRLOG ™ 086|ROM ,/369..,.....CTPL.,,,,0 RT1D
007 |ROM . /LFF..DBIO.CBIO.MYC......SEGBUS...D yisug | 04?[{ROM ,/LE9.....,.,,.,.BUSR.,CRFLC FPP WAIT EXEC. | 087|ROM ./179,ARR2.ALUA,CALY,.QYC..,,.,,6CTLD.O RT1D
008! FTA AWRL.ALUB.CRLOG LD D48 |ROM FLAG./LA6.ARAL.DIVALU,.....,...6CRFNU.O0 DIV TEST COR.REM. 088 |ROM FLAG,/0B3..ZERO,CALU,MYC.......BUSR,6BTMF,D FPP LOAD
009l rRoM ., /1ES..ALUB....SYD.PYD....BUSR.,CRLOG Lp © | DY9|ROM FLAG,/L4YD.ARAL.AXB.CALU.MYR.QYC.,......0 DIV TEST QUOT. 089 |ROM ,/0BA.AWAL,7ERO, CALY, ,8YC...v., . ECRYZO.0 MUL-RESET PART.PROD
ooAlROM /16D .ASYS.ALUA.. . ....uBUS....0 RCP IN L REG. LR oR RR | o4AlROM ./0E2.AEP.AMB.CALU.MYC.,.©rrv...0 SLN 08A|ROM ,/130.ARAC.ALUA.......WBUS, ,BUSR,,O EX Tl OR T3
00B|{ROM ,/LFF.ARAD.ALUA..MYC...vrs...0 ERRONEOUS START O4YB|ROM FLAG./1BS,AWRL.TWOA.,,.,.PP2,..,..0 SLN LOOP | 0&B|ROM FLAG./0DD.AZ.ALUA,CALU, ,QYC., ., ,GAEXL,D EX T2 TRAP
ooclrRoM ./10%.ARRYL.ALUA...... .WMEM..BUSR,.O | ST O4C|ROM FLAG,/LB2.ARCT,ALUA.., . SP2,PM2,CTPL, WMEM, SEQBUS,, .0 MS LOOP | OBC|ROM FLAG,/0AB.ATEN,ACR,CALU,MYC.QYC... .WEXM,.,GBOF,O FPP STORE
0oo |RoM . /%01 .AEP.ALUA. . .. . . . WMEM. . BUSR..O ST P 04D |ROM ,/LE9..ALUB....S5YD,PYD,.,.BUSR, .0 MS END | O8D|ROM ,/1A8......,..,.5EQBUS,,GFRZ0.0 LOAD M
O0EIROM ,/0E&6.ATWO,ALUA, CALU.MYC, v v s rvss.0 STD OYE|[ROM FLAG,/LAR8....,.5LQ,....,.6FRZ0.0 TEST READM OBE|ROM FLAG./1DY,AEP,.ALUA,.,..5P2...,,.5EQBUS, .6CRFNU,D IPL LOOP
COF IROM ,/0ES5,.ATWO.ALUA., CALU.MYC, . vrvr 0.0 STD P ‘ Qu4f |JROM ,/L72..DB10,.CBIO.MYC,...,WMEM.5EQBUS, .5BCP.D LOAD M O&8F {ROM ,/15%9,.BSHR,.CALU.MYC.5LQ,...,",.,,.0 IPL LOOP
JL0|ROM FLAG./LDO.ASYS.ALUA.CALU,.8YC......,.0 T g 050{FTA AWRL.AO0B.CRLOG OR 090[ROM .,/1AA.ATEN.ACR,CALU.MYC.,.....,, .0 INR
0LLIROM ,/1LE9..ALUB...,SYD,PYD.,,,BUSR,.0O AR iMSLJRCM FLAE,/1RB.APSW.ADB., CALU.MYC.,,..,...0O ERE EMD LKM 09L|ROM SNPLA,/LO3.AREP.ALVA...,.S5YD..,....0 EX BSYZO,RESTORE §
012|ROM FLAG./0ED.AWAD,ALUB.......RBUS,,,.GBOK.0 SAVE P TEST IF L/R R | 052|ROM ,/0EC..DBIO..,..SYD.PP2,,,SEQBUS,BUSR. .0 RTY 092|1ROM ./LED.AEP.ALUA,CALU.MYC. ... RBUS,SEQBIO. ,GFETCH.0 K=RCP L/RR
013|ROM ./DEQ.ARAO.ALUA....S5YD.PYD,,....O LOAD P AND S LR 053 |ROM ,/0E8,.DBIO....SYD,PPZ,,,SEQBUS,BUSR. , 0 RTys | O73|ROM GNPLA./LOQ.AEP,ALUA,CALU.MYC,EYC. ... .,...0 RT1P
0LY4|ROM ,/LDA.ATWO.TWOA.CALU,MYC, s s vrsrr..O INT 0S4 |ROM ,/L0L.ARRL.AOB......, . WMEM, ,BUSR, . CRLOG or § | O94|ROM ,/L8B,AURL.ASHR.,.,.,.,,CTPL. REPEAT, . GCRDSR.O SRA
DL5|ROM ,/LD8,.ATWO.TWOA,CALU,MYC, . .PM2,....6FKYZ0.0 INT DECR | O055|ROM ,/0A8,/AWAD.BSHR..MYQ. . v\ ,v.. . U INR | O?5|ROM FLAG,/LC?.AWAD.ALUB, .. vv’:'r'r.r .0 SRN
0L&6lFTA .0 FETCH 056 |ROM FLAGS./3A0., ... 5L8.4+.,....0 TEST READST 096|ROM SNPLA./100.ARCT.ALUA.CALU.MYC.,.,.v .. 0 RT1D END
DL7|ROM ETAT.,/LFE......,...SEGBUS, . GIDLE,D UISY IDLE | O57|ROM FLAG,/L90.A5YS. (WOA.CALU.,.QYC,, ..., .6BCP,D READ M 09 ¢|ROM ,/169.AEP,.ALUA,.CALY, . QYC, .. CTPL,,...0 RT1DP
018|ROM FLAG,/193.AEP.ALUA,CALU.MYC, .. ..., ,6CRVZO.D SLASLN SAVE P | 058 |ROM ,/1A6.AWAL.DIVALU. vsrs'er,rr D DIV CORR.REM. U978 ROM FLAG./0R3, .ZERO,CALU,NYC,, .., BUSR.GRTM: ., D FPP OPER
019 |ROM FLAG,/L5B.AEP.ALUA.CALU,MYC.SL&, ... . .6CRVZO,0 DLADLN SAVE P | 059 [ROM FLAG./L4Y0.ARAL.AXE, CALU,MYE.AYC, .. .., ..0 DIV TEST QUOT. 097 |ROM , /0A5,ARAZ. TWOA, CALY. .QYEC. .. ..., 0 DIV
OLA|ROM FLAG.,/L7?B.ARRL.ALUA,CALU,,QYC...,,.,...0 SLL SLC 05A |ROM ,/0E2.AEP.AMB.CALU.MYCr'r v rrrr s O SRN 096 |ROM ,/095.ARAL.ALUA, ., .., WBUS, ,BUSR.SBTMF,O FFL
0LB|ROM ,/0CE.AWAL.ASHL.,.SLA@.,.CTPL. REPEAT,,GCSEL,D PLL DLC 058 |ROM FLAG, /1AL, AWRL,ASHR, . .5RG,.PPZ, .., GCROSK,D GRNM Loop | UPBIROM ,/OFE.AWRZ.ALUB, ., v.r v, .0 DLN,DRN END
OLC|ROM FLAG./Lé6B,AREP.ALUA.CALU,MYC,v'vrry .., 0 SRA SRN 05C [ROM FLAG,/1A2.ARCT.ALUA,.,.SM2,PM2,CTPL, WMEM, SEQBUS, ., .0 MSRD Loop | 897 |ROM FLAG,/0B3.ATWO.ASHR, CALU, MYC,,,,,, BUSR,GBTMF O FPP OP/S
0LD |ROM FLAG,/14B.AEP,ALUA.CALU.MYC.SLG.,....,..0 DRA DRN 050 |ROM ,/0BE, .ALUB, ,MYQ..SYD.PYD,.,.,.,O | MSRD END 09D |ROM /143, AEF,ALUA, CLUR.NYC, ,5P2. ., WMEM, SEQBUS,BUSR,6CSEL .0 INT
OLE|ROM ,/0DD.ARRL.ALUA,CALYU..QYC,\rvrr.\r..0 SRL SRC OSE [ROM ,/198.....5L8..,. s, .0 PUP Q9E|ROM , /160, AEP .ALUA, CALU, MYC, .. ..., ,6FLOT.O FFX
OLF |ROM ,/OCE.AWAL.ASHR...SRA...CTPL, .REPEAT,.,GCRDSR, O DRL DRC OSF |ROM , /LFF,APSW.ALUA. CALUMYC. vy rrs., O READ sTATys | O9F |IROM ,/09B,.,......RBUS, ., GBOF,CRFLO FFX UPD CR
020[FTA AWRL,APB.CRADD AD 060 [FTA AWR1,A8XB.CRI 06 yR | ORU|ROM ,/105,.2ER0.,.,.5YD...,.,6FSYS,0 IPL
pD2L|ROM ,/LE9.AEP.APB....SYD.PYD... . BUSR,, CRADD ap o | 061 |ROM ,/047,APSW.ALUA, CALU.MYC,.SP2,..,.,6F5YS,D INT 0AL [ROM ,/LE?.AEP,APB..,.5YD,PYD,, ., BUSR..O RF
022|ROM ,/0EC,ARR2.ALUA.,...S5YD.....BUSR,.,O RT3 062 |[ROM ,/0FC,..CBLO.MYC..,...,,.SEQBUS.. .0 RT? QA2 [ROM , /CE7, ATWO, ALUA, CALU, NYL, v b s ryr s s U RT28
D23|ROM ,/0EA,ARR2.ALUA....S5YD.,,...BUSR..0O ?735 | 063 [ROM ,/0FY4..,CBLO,.MYC.....,.SEQBUS,,.O rRT7s | UA3[ROM SNPLA,/LO0.ARRZ.ALUA, CALY, . GYC.5YD,....,.0 RT3C
024|/ROM ,/10L,ARRL.APB...... . WMEM, ,BUSR,.CRADD ap 5 | 064Y|ROM ,/L0L1.ARRL,AXB.,.,..,.,,WMEM, .BUSR, . CRLOG xR 5 | DAY |ROM ,/0DB,AWAL.ASHL...5LA., LTPL, . REPEAT.,. O DLA
025|ROM ,/L01.AZ.APLBL.....,..WMEM, ,BUSR,,CRADD n 065 |FTA AUAZ, BSHR, N piM eNp | OARS|ROM FLAG,/0LF.ATWO ALUA, ... . PYD,.,,..0 DLN
026 |ROM ,/077.ATWO.TWOA. CALU,MYC.\,vv'rrr .0 RTN MASTER | 064 |FTA ARRL.AXB.CRLOG TNM 0A&4 |ROM , /155, ,BSHR, CALU,MYC, ., ,PM2..,...0 IPL LOOP
027|ROM ./L9E.AWL5.AMB....SYD..,,..,6FSTOV.O INT UPDATE AL5 | 067 [ROM ./180,AWAD.ALUB, ,MY8, 0 v.v,. 0 PUP UATIROM , 7OCB,AEP.ALUA, CALY, .GYC, . . r\r ... 0 RT2BM
028{ROM FLAG,/0D0.AZ,ALUA,CALU, . GYC,.,, .. GAEXL.D TRAP SLN | 068 |ROM FLAG,/0D0.AZ.ALUA.CALU..QYC,.,...,GAEXL,O MYF L5R2 TRAp | OR&IROM ,/080.,......,..BUSR,GBEX.O EL
029|ROM ,/0E3.ATEN.TWOA, CALU.MYC.GYC,, PYD. ..., 0 SLN 069 |ROM ,/05F . ARRZ.ALUA. CALYU,,BYC,.PYD,,....0 MUF  1L5R2N 0A9 1ROM ,/08E.,.CB1O.,.QYC.SP2,.,,,5EGBUS,BUSR. .0 DA
02A|ROM ,/L59.ATEN.ACR.CALU.MYC.QYC,Vvvrr.\ .0 IPL SET | DAA[ROM ,/0D6. AWAD.ALUB. s+ s, FM2, v s s, D DLNORM Enp | ORAIROM , /LY4F, .BSHR,CALU.MYC,.V v/ s\, 0 IPL LOOP
02B|ROM ,/L45.AEP.ALUA....SYD.. .RBUS, BUSR.SBOK,D IPL END | D&B [ROM FLAG,/L95.AWAL,ASHL.,.SLA. .PP2,,....0 DLN Loop | OABIROM ., /L52Z,.,CBIO.MYC, . SP2,PP2.,,SEQBUS, .. 0 DAK
02C|ROM FLAG,/LD2.AWCT.DB1O, . MYQ. . 5M2,PMZ, CTPL, ,SEQBUS,, .0 MLRI 06C |ROM ./0EY4,AWRL.TWOA. ..., . CTPL, ,REPEAT.,.O SLA OACIROM , /LO0L. ARRL . ALUA, ,, .., WHEN, ,BUSR, 6BEX, N ES
02D|ROM ,/0DC,.ALUB.,,,SYD,PYD.,.,,BUSR,.O MLRI 060 [ROM FLAG,/LD7?. AWAD.ALUB. . vssrrrs D SLN UARD [ROM /094, AWAZ.APB, CALU.NYQ.QYC, v\ Vs, O DR
G2E|ROM ,/L34,.,CLUR.MYC...,.,. . 6CSEL,D AUTC RESTART | 04E [ROM ,/LFF,.DBIO.CBIO,MYC..SP2,PP2,,.,SEQRUS, . .0 READ M PuUP A | ORE[ROM ./LE9.AEP.ALUA,.,.SYD,,,,5EQBUS,..0 TL END

| D2F|[ROM FLAG,/LCO.APUP,ALUA.CALU,,8YC,, v, .. .0 TEST IPL D&6F [ROM , /LFF,.DB10.CBIO, MYC., ... . SEQBUS,, .0 READM PuP £ | ORF [ROM FLAG./150....,5L8.5P2,, . . SEGBUS,BUSR. €8TMN, O TL LOOF

D30[FTA AWRL,AMB,CRSUB 50 070 [ROM SNPLA./100,ARLZL5. .+, s+ rrrr, 6CTLD.O ~ SH pgH | OBO|ROM /LD, BSHR, CALU.AYC, ., ..., .0 IPL LooP
03L|ROM ,/LE9.AEP,AMB,.,,SYD.PYD.,,,BUSR.,CRSUB SU P | 071 |ROM ,/L&F.ARAZ.ALUA.CALU,.GYC...,., 6FKYZ20,0 psH | OBLIROW ,/LEYP.AEP,ANMB,. .. SYD,PYD..,.BUSR. .0 RE
032|ROM SNPLA./100.,.CBI0,.MYC.QGYC.SP2.PP2..,SEQBUS,. .0 rTz | ov2 |RoM ,/1AD,.DBIO,...SYD....SEQBUS.BUSR. .0 RT4 0B2 |[ROM FLAG./170.ALPL.APB,CALU.MYC. ... WMEM.,,.O IPL NEW QUART
033|ROM SNPLA./100...,CB10,.MYC.QYC.,PP2,..SEQBUS,,,D RT2S | 073 |ROM ./LAC..DBIO....SYD....SEQRBUS. BUSK. .0 rTec | OB3 [ROM SNPLA./L00.......PP2.....,0 RT2¢
034|ROM ,/L0L.ARRL.AMB..,...,WMEM, ,BUSR,, CRSUB sty S | 74 lFTA ARRL,ALUA. CRLOE cuzero | OBY |ROM ,/0D2,AWAL,ASHR, .. SRG.,.CTPL, ,REPEAT, ,6CRDSR,O DRA
035[ROM FLAG,/0BC.AEN,ALUA, ...+, 6CRFNU,C €2 OR NGR | 075 |ROM ,/0DC.ARAZ.ALUA. »» ., » .+, BUSR, GCRENU, D psHzeRe | UBS|ROM FLAG,/00F  ATWO ALVA. .., . PYD., .\ L D RN
036|{ROM ,/077.ATWO.TWOA, CALU,MYC.v'vr'rrrsr, O RTN USER | 076 [ROM ,/092.AWAL.DSUR,........BUSR..CRSUB pc | 0B&|ROM ,/LE9.AEP.ALUA..,,5YD,,.,SEQBUS, .0 TS END
037|FTA AWRL.A0B.O INH,RTN ALS AND LC END | 077 |ROM ,/1C5.ATWO.ALUA. CALU.MYC . . o' D wa1T | OB? [ROM FLAG,/LY4B, .., .SLG.SP2, ., WEXM,SEGBUS, BUSK, GBOM, D TS LOOP
G38|ROM FLAG./0DO.AZ.ALUA,CALU, . GYC, ., .., EAEYL, U TRAP SRN | 078 [ROM ./0CT7.AEP.ALUA, CALU.MYC, ...CTPL. .. ..U M1 0B& |ROM FLAG,/0D0.AZ,ALUA.CALYU.,QYC.,, . . 60EXL,0 TRAP
039|ROM ,/0DE.ARRL.ALUA,CALU..B8YC,vvv,rr,.0 SRN 079 [ROM ,/L50.ATWO,ASHR.CALU,.QYC.,.,,, . GBTMM, O L | 0B9[ROM ,/08A...CBIG..QYC,S5PZ,..,5EQBUS,BUSR, O DE
03A|ROM FLAG,/LCY,.BSHR.CALU.MYC.,..,..,.,6CRFNU,D WaIT 10 | g7a [ROM . /195.AWAL.ASHL. .. .SLG........0 DRN 08BA [ROM ,/LE9,AWL5.DBIO.,.,, ., ,SEQBUS, ., ,0 IPL END
03B|ROM ETAT./LFF,AEP.ALUA..,.SYD.,,..,.0 WAIT 10 | 078 [ROM  FLAG./1B5.AWAL,ASHR...SRA..PP2.....6CRDSR.O ngRN Laop | GBB|ROM .,/L42..,CBIO.MYC..SF2,PP2,..,CEQBUS, . .0 DEK
03C|ROM FLAG,/LC2.AWCT.DBIO..,.SP2.PM2,CTPL. ,SEQBUS, ,6CRYML, 0 ML LOOP | p7c [ROM ,/0CS.AEP. ALUAR, CALU.MYC. . ..CTPL.....0 ME 0BC {ROM ,/13D,.BSHR.,,.5YD,.,,,SEGBUS, ., .0 INT
D3D|ROM ,/0DC..ALUB..,.SYD.PYD,.,,0USR, .0 ML END D70 |[ROM ,/L48,ATWC.ASHR. CALU, . .QYC,,. . WEXM,..CROM,O TS OBD |[ROM ,/08B.,AWAZ.AMB.CALU.MYGR,.QYC, . ,..D DE
03E|ROM ,/L5F .ATWO.ACR.,,..PYD.,..,.0 IPL 07E [ROM ,/0C3.AEP.,ALUA, CALU.MYC, .. .CTPL.....0 MSrp | OBE |ROM ,/0%9E.AZ.APLBL.CALU,MYC..,..,.BUSR.GCRYML,CRADD DIV COR.QUQT
03F|ROM FLAG./1BO...,..5LG..., ,RBUS, ., .6BOK,U TEST LOADM 07F |[ROM FLAG./LFY4..BCR.CALU..QYC. . .....GCRFNU sup | GBF |[ROM ,/LES,AWAZ.ALUB......,, . BUSR,G6CRUML. CRLOE DIV QUOT OF

I |
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ADD . ADD. ADD
OCOJFTA AWRL,8LUB.D LDY 100|ROM ,/03F......v+...,6F5YS,0 YERIF MAN. PUPIT | 140|ROM ,/07?E........,RBUS,,.6BOK,D TEST MAN REG6 M
0CLIROM ,/LE9..ALUB.,..SYD.PYD....,BUSR..O tpk © | LOL|ROM ,/1L9A.ARAD.ALUA..MYG.,.PYD.,,,BUSR,,O DLN,DRN END | 141|ROM ,/LE9.AWRZ.AMB,.....,,.BUSR,.6FSTOV,D UPD STK MSRD
oc2irROM ,/135,.BCR...,,..,,.,BUSR.GFPLR.O AR PAF INT 102 |ROM ,/DEC.ARR2,APB,.,,.S5YD...,.,0USR, .0 BRTS 142|ROM ,/LCF.AWRYL.ZERO,+++»...,BUSR, .0 NER
OC3§ROM ,/0EE...CBIO.MYC.,..PP2...5EQRUS,,.D RTSC LO3|{ROM ,/LAD.ARRZ.APB....5YD.,... .BUSR,.,O RTY LY43|ROM ,/10L.ARZ.AMB.,..,.. . WMEM. . BUSR,,CRSUB ce
OCY4JROM ,/0UF ,AWARZ.APB. v v rvresr, O MUF DEST IM a2 | 104|ROM ,,/0D3...CBIO.MYC..,...RBUS,SEQBIO,,.O TMP TEST RD KEYS 144|ROM ,/188,,.ALUB.,.,,,.,,.WBUS,SEQBIO,,.CRIO CI0 OTR
ocsIROM . /LE9,ARAD.ALUA..,.SYD.PYD.,,.BUSR, .0 MOVE END SLN REST.P | LOS5|ROM FLAG,/0D4.ARAD.ALUA......,..,.6CRFNU.D TEST RETURN | 145|ROM ,/0B7.ARAZ2.ALUA,CALU,.GYC...,..,..0 MU- MUL.TOR IN @ REG.
0C4 |ROM ,/088,ARR1.ALUA,CALU..8YC,,,..,..0 ca 106 |ROM FLAG,/0D0.AZ.ALUA.CALY,.GYC.,..... .6AEXL.0 EX OPER T4T7? TRAP | 1446|ROM FLAG.,/0LC.ATWO.APB..MYC......, 6CRFNU.O TEST NO 1
DC?|FTA ARRL,AMB.CRCMP cA 107 |ROM ,/06é&. .BSHR, CALU.MYC......,..0 EX OPER TL.,T72,73 14?|ROM ,/018....,5L8,rvrrsr,.0 TEST NO 1
0C8 |ROM ,/086.,ARRL.ACR, CLUR.MYC, ..., ,BUSR,SBCH.D LC 108 |ROM FLAG,/0D0.AZ.ALUA.CALU,.QYC..,.,., .6AEXL,0 MVUB 15R2FU TRAP 148|ROM ,/0B6,AWAL.MULTI,, .S5RQ.,.,,CTPL, .REPEAT.,,.0 MU~ ALGORITHM
0C9 |[FTA AWRL,BCR,O ecrR | 109|ROM ,/04B.ARRZ.ALUA,....PYD,.,.,..0 MUB 15R2FUN 149|ROM ,/0B5.AWAL.MULTI, .MYQ,.,.,...,,6MULTI.O MULTI 16TH PASS
OCA |ROM ,/1E9, .DBIO,.,..5YD.FYD...0EQRUS,BUSR, .N R PQr IMT TRAP 10A|ROM ./0EBR.ARRZ2.APB.,.,.,.5YD...,.BUSR..O RTES LYA{ROM ,/0BY.AWARZ2.BSHR.+:++v++++»,.0 MULTI STORE LSB OF PROD.
oce [ROM ,/132...........,.GFSYS.D an enp | 1OB|ROM ,/1LAC.ARR2.APB,.,.SYD.,.,..BUSR,.O RT?S 14B|ROM ,/0D7.ARAZ.ALUA.,.........6CRFNU.O MULTI UPDATE FNU
0CC|ROM ,/10L.ARRYL.ALUA.,.... . WMEM, ,BUSR,GBCH.O Yo 10C|ROM ,/04A,ATWO,ALUA,CALU, MYC,QYC, /.., .0 MVB  LENGTH>O 14C|ROM ,/0AD,.ALUB,,.SRG.5P2,,,,SEGBUS,BUSR,GBTMF.0 FPP SINGLE RD MA
0co |ROM , /13D, .BSHR.,.,.SYD.,,.,...GFKYZ0.0 PAGE FAULT AR 100 [ROM ,/LE?.ARAD.ALUA,,,.,.5YD,PYD,,, . BUSR,.O MYB LENGTH=O | yyp|{rROM ,/042......5P2,.,.5EQBUS,.BUSR,.GBTMF.0 FPP OP/S DOUBLE READ M1
OCE |[ROM FLAG,/128.ARA0.APB,CLUR,MYC.SLG,,,...,,0 EX TAN TEST Kl 1L0E [ROM ,/LEB,ARRD.AMB, .., .PYD,......,0 INT MQVE 14E|ROM ,/053.ATWO.ASHR, ,MYC,QYC.SM2,PM2, ,WMEM,,, .0 T. MEMOIRE NOl
OCF |ROM ,/L6E.. . CIOR.MYL.,GWYC, .., WBUG,SEQRIO. .6FFTUR,O EY LOAD K 1OF |ROM ,/L25.ATWO.TWOA.CALU..QYC,,,,. ., .0 PAF MOVE LYF|ROM ,/0&C.AWAL.ALUB.,..SME.PM2..,...0 TEST MEMOIRE MOL
ODO [ROM FLAG.,/0D0.AZ.ALUA.CALU,.QYC,..,... .. GAEYXL, D TRAF 110 {ROM ./0DF........,.,,..6FRZ0D.0 VERIF MAN. REG L 1 ys5glrROM ,/09F...........,GFRZOD.D TEST Q,CHARG.NO
0DY [ROM FLAG,/0D0.AZ.ALUA.CALY,.QYC,,..,,.,GA8EXL,0D TRAP 11LL |ROM SNPLA./100.ARRZ.APB.CALU,,QYC.5YD.,.,.,,0 RT5C | 15L|ROM ,/0AY.AWAL.BCR,.MYC.QYC.,+,»,,,0 TEST DLA
0D2 {ROM ,/125.AWR2.8LUB. s rrrrvrsr 0 PAGE FAULT ML | ML2|ROM ./L2C,ARRZ.APB.,..5YD,,,,,BUSR, .0 RTVC 152|ROM FLAG.,/030..,.MYQ,.5P2,,...5EQBUS,BUSR.6BTMF,D FPP READ LAST MA
003 [ROM SNPLA,/L00..DBIO.CBIO.,.QYC.S5YD,PP2,,,SEQRUS,, .0 RTyC | LL3|ROM SNPLA,/L00.AEP,ALUA,CBIO.MYC.QYC,S5YD, ., SEQBUS,..0 RT3 | 153|ROM ,/173.ARA0.TWOA..,.5YD,.»»,.,0 FPP OPS WAIT.LD S WITH 1ST AD.
ODY |RCM FLAE./LX1B.-AWAZ.AMB.CBIO,.MYC,,.SYD, .., SFQRUS, ,6HOVE.O My READ 114 |ROM , /048, AUAZ2.APB,CBIO.NYC,,SYD,,, ,SEQBUS, ,6MOVE. 0  MUB READ LS54|ROM ,/010..BINV.CALU, ,GYC,SF2,., . WEXM, SEQRUS.BUSR,6BOF, 0 FPP/S SI.
OD5 |[ROM ,/056.AWAL.APB.,v'vrrrrr. O MUF  REST a1 1L5|ROM , /0546, AWAZ.APB., ., +vsy .y, .0 MVE CORRECT AZ | 155|/ROM ,/010......5P2.,.,.WEXM,SEGBUS,BUSR,6BOF,.0 FPP/S DOUBLE ST Ml
OD& |[ROM FLAG,/%20...,.5.8,++,,.,.0 EX K1 TEST K2 116 [ROM . /0AE.ATEN.ALUA, NYC,...,., GFRZ0.Q TEST DLA 156/ ROM ,/0E9. v vverrrvsreD TEST DLA
0OD? |ROM FLAG./0F&,,.BCR,CALU,.QYC,"'vs'H. 0 EX KIN TEST MD 117 |ROM SNPLA,/300.,.CBIO.MYC,.QYC,,,,.5EQBUS, ., 0 RT3S 157|ROM ,/0A7.ARAD.AOB....SYD.,.RBUS, .BUSR,EBTMP,O INR
OD& |[FTA ARRL,AMB.CRCMP CW 118 |{ROM ,/0EC,AWRZ,APB,,,,5YD.,..,,BUSR, .0 RT3B UPDATE STACK | 158|ROM ,/0A6,AWRL,.DBIO,CIOR.MYC,....,.SEQBUS,.6CSEL,CRIO INR
009 [FTA AEP.AMB.,CRCMP CWP L19{ROM ,/LF3.AWRZ.AMB., ., ¥+’ ,+,,GFSTOV,D STD 159|ROM , /188, AURYL.AVB, , ,SLGrsrrrrr, D INR TET €8T
0DA [ROM ,/L24,APSW.ALUA,CALU.MYC.,,.,,.,.6FSYS.D PAGE FAULT 2LA|ROM ,/LF2.AWRZ.AMB. ., vr, .. GFSTOV,O STDP 1SA|ROM ,/0AY.AWAL.ALUA.V»+».+»..»,6CRVZO.O DIV MEMD SIENE DIVD
ODB |ROM ,/122.ARL5.ALUA.,...SYD,. ,WEXM,,BUSR.GBOM,O PAGE FAULT 11B[ROM ,/LE9,ARRL.ALUA,,.++,,,» BUSR,ECRUML ., CRLOG sta cR | 15B|ROM ,/0A3.AWAL.DIVSH,,,SLQ.,,.CTPL.,.,,,.6CRDSR,0 DIV 15T PASS
ODC [ROM ,/08C.ARRL,ALUA, CLUR,MYC.,, ..., .BUSR,GBCH.D CC 11C|ROM FLAG,/LBS5.ARRL,ALUA. . v svsrsrs D SLN TEST NORM | 1S5C|ROM ,/0A2.AWAL.DIVSH,..SLG..,.CTPL,.REPEAT.,.0 DIV PROCESS
0DD |ROM ,/LLD..ALUB,,MYQ,.SM2,,.,WMEM,SEQBUS,.BUSR, ,O PAGE FAULT LLD|ROM ,/L3A,AWR2.BSHR, "+ vvrrrer D SLN RESULT 150| ROM FLAG,/LB&.AWAL.DIVALYU,,.SLG,..,.,., . 6CRFNU,D DIV 16TH PASS
ODE |ROM FLAG,/118.,....5L8:+0,0s4r0.0 EX KLK2 TEST K3 11E|ROM ,/LEC.AWL2L5,DB10.......RBUS.SEQGBIO., .0 KEYS IN (RCP) LR | LSE|/ROM ,/0A0.ATWO.APB,CLUR,MYC.,.PYD,,.,.,,.0O TEST DLA
DDF |[ROM FLAG.,/0FA, .BCR.CALY..BYC.,.,, ..., 0 EX KLK2M TEST MD LLF |ROM .,/LFF,ARL2LS5.ALUA, .MYC....., ., 6FKYZ0.0 LOAD OR READ R | 1SF|ROM ,/09%.AWA2.BCR.,.,.SRG.,v+,+»,0 TEST DLA

{ oEo|ROM ,/07B..ALUB,,..S5YD,.,.,.,...0 WER 120[ROM ,/009.........RBUS,,.GBOK.O VERIF MAN. REE L | L6O[ROM ,/039.,....,...,.RBUS,,,GBOK,O TEST @, CHARG NO.
0EL |ROM FLAG,/0D0.AZ.ALUA,CALU..GYC,,. ., . GAEXL.D TRAP 121 |ROM FLAG,/LA5.ATEN,TWOA, CALU.MYC,,.PYD,..,.,,0 SRN 16L|{FTA AWA2.ALUB.O DIV ST CORTD QUOT
DE2 {ROM ,/1L7.ATWO.APB,CALU.MYC,,SM2,, . WEXM.SEQBUS, BUSR.GROM, O FPAF 122 |ROM ,/L8B.AWRL.ASHR.,.SRG,.,CTPL, .REPEAT..GCRDSR.D SRLC | 162|ROM ,/09F .. vvrsvrvrsrsD TMP TEST
DOE3 |ROM ,/0ED..,.CBIO.MYC.,...,.,,SEQBUS,..0 RT?C 123|FTA ARAL,ALUA,CRLOG ML DSH 163|{ROM ,/033.AZ.ALUA, . MYC. " 'rsrrrr.0 TMP TEST
OEY [ROM ,/057,,ALUB..MYG, ., PM2. . WMEM, ,BUSR, U MUF PREP WRITE 124|ROM ,/0DA. .. .MYQs'ssrvrrs D DLA ENC | L64|ROM ./09A,AWAL.0BI1O....,.,..RBUS,SEQBIO,.6BOF.D FFX LD Al
DES |ROM ,/057..ALUB..MYG...PM2, .WMEM, ,BUSR,GREX ., MUSU PREP WRITE 125|ROM ,/0D7.AWAZ,BSHR,CALYU.MYC, .. ... .GCRFNU,O pta EnNp | L65/ROM ,/3?D..,......RBUS,,BUSR,GBOF.O FFX RESET BSY
OE& |[ROM FLAG, /108, .,,.5L8rrrrvrrs, 0 EX K1K2K3 TEST Ky 126|ROM ,/0L9.,,.BINV, ., MYCssrrrsrr D ROUT.AFFICH.IMCR | 166|ROM ,/022,.AWCT.ALUB..,.,.,, . CTPL,.,,.,.,0 TEST NO 3
DE? |ROM FLAG./0F&,.BCR.CALU,.QYCrrrryrrr O EX KLK2K3N TEST MD 127 |ROM ETAT./07E..ALUB,CALYU,.QYC,.,,,SEQBUS., .0 DISPLAY INCR | 167|ROM ,/023.AWCT.ALUB.,.S5LG8.,,,.CTPL...,..0 TEST NO 3
OE8 |ROM ,/132.AWL5.AMB.CIOR,MYC,.,. . RBUS,SEGBIC.,GFSTOV.0 PAGE FAULT 128 |ROM ,/LE9,ARAL.ALUA, ... ..., . BUSR,ECRVUML . CRLOG DLA END | L&68|ROM ETAT.,/00E....»+»»,..,»SEGBUS...O VERIF MAN REG L
0E9 [ROM ,/LE9.AEP.ALUA....SYD.,.,SEQBUS,BUSR.,CRRTN RTN 1ERZN 129 |ROM ,/164,AEP,ASHR.CALU.MYCr' s v vrror 0 DLN,DRN END 169 |ROM FLAG,/09C.APSW.AANDB,..,.,,,.,6CRFNU,D TEST TMP-TPM
OEA |ROM ,/110.ATEN,TWOA,CALU, .QYC,.PM2......0 TRAP 12A|ROM ,/04L.ARAL.ACR,CLUR.MYC.,,+s's,..0 TEST RE 16A|ROM ,/030.ARA2.ALUA,.,,... WBUS,SEQBUS,BUSR,EBTMF,0D FFL LD M1
OEB |ROM ,/073,AEP,ALUA,CBIO.MYQR.QYC.SYD...,SEQBUS,,6FPLR, CRRTN RTMALS 12B|ROM FLAG,/034.ARARZ.ALUA,.,,+»++» 6CRFNU.D TEST DLA 14B|ROM ,/093,AWA2.TWOA,»+»+++++,.6CRFNU,O DA
OEC |ROM ./02E.ATWO.TWOA., CALU.MYC,s'r'rvrssr. O CE 12C|ROM ,/043.,.BCR.,,.5YD.,,WBUS,,,.0 TEST TMP-TPM 16C|ROM ,/092.AWAL.DADD.........BUSR,,CRADD DA
DED |ROM FLAG,/130.AWAD.ALUB......,WBUS,,..O £y 120 [ROM ,/0CE..ZERO.,,5RQ.,+,.,.,.0 nRA | L6D|FTA AWA2,ASHR.O DAS END
DEE [ROM ,/06B.ATWO., TWOA.CALU.MYC."r'v'rtrr. . O CF 1E5R1 L2E |[ROM ,/1L5,ATWO. TWOA,CALU.MYC, ., .PM2...,..0 TRAP CORR LONG EX. | LGE|ROM ,/090.AEP.TWOA, . FYCrvrrrrrs O TEST DLA
OEF |ROM ,/10D.AWLS,AMB, . . SLG,.SYD...., . .6FSTOY,O TRAF | L2F |[ROM ,/LL5,ATWO. TWOA.CALU.MYC, ., ./, .. 0 TRAP | Lé6FROM ,/08L.AEP.APB, MYQ..,PYD,,. ., .0 _TEST DLA
OFO0 |[ROM ,/04E.ATEN,ACR.CALU.MYC.........0 RER " 1,30(ROM ,/0BF.....+»+»..,.6FRZ0.0 VERIF MAN. REE M 170jROM ,/019..BSHR,.CALU.MYC.,, ..V r'..0 ROUT.AFFICH.INCR
OF1 |[ROM FLAG,/0D0.AZ.ALUA.CALU..GYC,....,,CAEXL.D TRAP 131 |ROM ,/0CD... . MYQ.,+rsvrre.D DSH L71|ROM ,/152.AEP.ALUA.CBIO.MYC,,.SYD,,.,SEQBUS,..D DAR* DA
OF2 |[ROM ,/L05.,APSW.ALUA,..SLA.SP2.,.,WMEM, .BUSR,GFSYS, 0 TRAP 132 |ROM ,/0DC,AWAZ2.ALUB, ..., ., ,BUSR.GCRFNU,D DSH 1?2{ROM ,/LF7.AEP,ALUA,CBIO,MYC,.S5YD,,,.SEQBUS,BUSR,,0 EL
GF3 |ROM ,/12C.,.D0BIO.,...SYD....SEQBUS,BUSR, .0 RTSC 133 {ROM ,/038....MYQ..,+».,+,.,.,.0 TEST @, CHARG NO. L73|rROM ,/088 . QEP,.AIUA,CIOR,.QYC,.8YD,., . .SEQRUS., U cC
OF4 |ROM , /0EB.ARAL.ALUA....5YD.,,,,BUSR,.Q MUB PREP 15T AD 134 |ROM ,/OCA,REN.ALUA,CALU.MYC,, . PYD,CTPL,, .. .0 MLRL | L?4fROM ,/L89.AUAZ.TWOA.., ., ., ., GCRFNU.O DS
OF5 |ROM , /0EB.ARAL.ALUA..,.5YD.,.,,BUSR,6BEX.,O MUUS PREP 15T ar L35 (ROM ,/LD3,AWR2,APB,,,,5YD,.PM2,,,,BUSR, .0 MLRI L7?5)ROM , /L4e,AEP . ALUA,CB1O . MYC.,SYD,, ., SEGBUS.,, .0 DSR
OF 6 |ROM FLAG./0F8, .BCR.,CALU,.8YC.'syrrr,. 0 EX KLK2K3K4 TEST MD 136 [ROM /DE9..vverrrrrer,D TEST DLA L?6|ROM ,/0E?. .. vv,rrrre,D TEST DLA
OF 7 |ROM FLAG,/0D0.AZ.ALUA,CALU.,BYC.,..,. . 6REXL,0 EX 150PC TRAP 137 [ROM ,/0C?.AEP.APB,CALU.MYC,.,.CTPL,,. .0 MLK L??7|ROM ,/067,AWA0.ALUB, . MYQ,. ... BUSR..O CW CA
OF 8 |ROM ,/0C8.AEN.AI UA, CALU,.HYC,,.PM2.,,.,.0 MLK 138 |ROM ,/0C6.AEN.ALUA, .., ,PYD, ..., .0 ML | L?81FTA ARAD,AMB.CRCMP CW CA
OF9 [FTA AWRL.BINV,CRLOG Cl 139 |ROM ,/LC3,ARR2,ALUA,CALU, .QYC,.PM2. .. .BUSR,.O ML 17?9 |ROM ,/7083,.AWRL.BCR,CIOR,MYC,, .., ,SEQBUS, . .0 LC
OFA [ROM ,/L0Y4,AEP.ALUA. . MYQ,.SP2,, . WMEM,SEQBUS, BUSR., , D TRAP | L3A|ROM ,/0CY.AEN.ALUA....,PYD.,.,,,.0 MS L?AIROM ./027,,ZERO, . MYQ.SRQ.,.,.,...0 TEST NO 2
OFB |ROM ,/103..ALUB..,.S5YD..,.SEQBUS,,.O TRAP 13B|ROM ,/LB3.ARCT.ALUA, ..., .FM2,.CTPL, UMEM, ,RUSR, , U MS 1?B|ROM ,/026..ALUB, . .MYQ,, .PYD,,,.,..D TEST NO 2
OFC |ROM ,/%35..,...5M2....,.BUSR,.D TRAP 13C|ROM ,/0C2.AEN.ALUA.CALYU,.QYC, .PYD.,,. .. 0 MSRL L7C{ROM ,/LC8B.AREP,ALUA,,,.5YD,,,,.BUSR., .0 LC
GFD |ROM ./10%..RINV,,,.,.,,.WHEM, . .BUSR,.,CRLOC £15 13D {ROM ,/LA3.ARCT.ALUA..,,,.PM2.CTPL,.WMEM, ,BUSR, . O MSRD 1?D|FTA AWRL,AOB.O LC END
OFE |ROM ,/LE9.REP.ALUA....S5YD..,,.SEQBUS.,BUSR. ,0 STORE RESULT 13E |ROM FLAG,/00R.AEP.,ALUR, ., ... . WMEM,.,.O TEST MEMOIRE N02 | L?E|ROM ,/0B0.,AEP.APB.,....PYD.,.WBUS,,,.D TEST DLA
OFF |ROM FLAG./0D0.AZ.ALUA, CALU, . .BYC.....,. . GAEXL,D TRAP 13F [ROM ,/053,ARAL.TWOA..MYC.QYC,SM2.PM2, .WMEM,,,.0 TEST MEMOIRE NO1 | L7?F|ROM ,/18E.,AWAD.ZERO....,.,, . SEQBLO.,.GFETCH.D TEST DLA
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180|ROM ,/028,,,.MYQ,..,.RBUS...6BOK.O DISPLAY INCR LCO{ROM ,/1E8.,........RBUS.,.GBOK.O VERIF MAN. PUPIT
L8k |ROM ,/020..,.CBI1O.MYC.,,....SEQBUS...0 VERIF MAN REGM LCLIROM ,/037,.AWAL.AMB,, v ' v rrr .0 DER MVF REGST Al
L82|ROM ,/050.ATEN.TWOA,CALU.MYC,r''v¥v'sr .0 (P56 ROUT AFFICH) LC2|{ROM FLAG,/02C..BSHR, . .MYC.QYC.,.,.,..., .6CRFNU,D ROUT.AFFICH.INCR
‘LB3|ROM ,/0E9. ., v rrrr.. O ROUT.AFFICH.INCR LC3IROM ,/085.ATUWO,ACR, . MYC.QYC,,..,...6FRZ0O,0 TEST NO 2
L84 |ROM ,/07A.ARRL.ALUA.,.....,.WBUS, . BUSR,.EBTME.D WER LCY|ROM FLAG,/0FL.AWRZ.ALUB.,.MYQ..,,.,,.,,.0 DER MOVE REST R2
L85|ROM ,/L88.ARRL.ALUA.,......WBUS,SEQBUS...0O WER LCS5{ROM ,/1.88.AWRL.DBIO.CB1O.,...,,.SEQBUS,,,CRRTN RER
186 |ROM FLAG.,/054,AR15,AMB.,.SRG.,.,..,,.,.6CRFNU.D TEST NO 3 LC6|ROM ,/0CC,..CBIO..QYC,.,.,, .SEQGBUS...0 TEST Q.CHARG NO.
'L47|ROM FLAG,/064.ARCT,.AMB.,,.SLA.,,,.CTPL,.,.6CRFNU,D TEST NO 3 LC?|ROM , /029, .ALUB.CLUR,MYC,,.,,,WBUS,,..0 TEST Q.CHARC N,
138 |ROM ,/076.AUWR2.APB,..,.SYD.,..,.BUSR..O RTN LCBIROM ,/036,.A0A2.AMB. ..+ +'v'rrrr.0 DER MVF REST A2
189 |ROM SNPLA./100..DB10O....SM2.PYD...SEQBUS.BUSR, .0 RTN LC?|ROM ,/03B.ATWC.APB, CALU . MYC, v, ', .0 DER MOVE M=LGTH
LBA|ROM ,/09F . +vvvvrerrs.D TEST NO 2 LCA|ROM ,/09F .. vvrvrvsres D TEST DLA
L4B|ROM ,/01B,.ZERO,..5RQ.,.PM2......0 TEST NO 2 LCBIROM ,/07L.ATWO,.ASHR, .MYC,v¥vss'r'r. .0 TEST DLA
L8C|ROM ,/072.ATWO.APB,CALU.MYC.,..,.».,..6FENB.O COMPUTE MASK RTNALS LCCIRCM ,/07F, . RINV,,.QYCrsbs'vr»rrs0O TEST N¢ 2
18D |ROM ,/06E.AWAD,BINV, MYR,.s¥vv'rvr..0 COMPUTE MASK RTNALS LCD|ROM ,/098.ATUO.ASHR, . MYC.QYC,.,.,....6FRZ0.0 TEST NO 3
LAE|ROM FLAG,/024.ARAL.AXB.,+/+++,+,..,.6CRFNU.O TEST DLA LCE|ROM ./0AC.AWAD.ALUB,.,..,..,,SEQBUS.,.6FLOT,O FPP OP/S LD EXP
L8F |ROM ,/061,ATWO, APLBY, .MYC., ...V ,v, .0 TEST RB LCF |ROM ,/1B8.AEP.ALUA..,,.SYD,.,,SEQBUS, .6FLOT.D FPP OP LD EXP
L90|ROM ,/019,.BINV, . MYC.,"+'v'»rr»r.0 ROUT.AFFICH. INCR LOOJROM ,/02F..v v visvrrss. D NOT USED
191 |ROM ,/LBE.ARAD.AOB,CLUR.MYC.QYC.,/+».+»,.,.0 MASK STACK PSW RTNALS oL IROM /04N . AURL.AMB, .., .5YD, Vv, ,.0 Cr . L5R2M
192 |ROM ,/09F ... vvrrvrrr.D TEST MEMOIRE NO1 LDZ2 |ROM FLAG,/07C..BSHR, .MYC,5RG.,.,,.. .6CRFNU,D ROUT.AFFICH.INCR
193 |ROM FLAG,s002...CBI0O.MYC......SEGBUS...D TEST MEMOIRE NOl W03 |ROM ,/032.ARA0.,++7¢0rvr»..6CTLD.O TEST NO 3
L?4|ROM ,/06A.AURL.AMB.,.,.S5YD,,.,..,.6FSTOV,0 CF.1L5R2 LDY|ROM FLAG,/0EA.AWAL.APB,,,.5YD....5EQBUS,.GMOVE,D MVUB WRITE
L95|ROM ,/068.APSW.ALUA.,.,.S5P2.,..WMEM. .BUSR,.O CF LDS|{ROM FLAG,/0EA.AWAL.APB,...5YD,,. .SEQBUS,.GBEX,D MVUS WRITE
L96|ROM ,/0E9.,vvvvverrvrs.D TEST DLA LDS|RCM ETAT./09E.....,..,...S5EGBUS.,..D TEST @, CHARG NC.
497 |ROM ,/067.AEP.ALUA, .MYQ,.SP2. .. WMEM.SEQBUS,BUSR, .0 CF 1DV {ROM FLAG,/0D&, . ALUB.CBI9.,,QYC.,.. WBUS.SEQBUS,, .0 ROUT.AFFICH, INCR
198 |ROM ,/1E9..ALUB...,SYD.PYD,,.S5CQBUS,.BUSR.,N CF EMD DB IROM FLAG, /084 .ATEN.AXB,»+,+»+»»,.6CRFNU.O TEST NO 2
199 |ROM ,/05E.,.BSHR,CALU.MYC.++¥v¥vr.».0 EX D@ {ROM , /017, AEP.AMB., ... .PYD......,0 TEST NO 2
L?A|ROM ., /09F ... vrvvervre.D TEST NO 3 LDA|ROM ./09F .., vvvrrers 0 TEST DLA
L9B |ROM FLAG,/07?8..,.MYQ,+0vrrs.r.0 TEST NO 3 LDB[ROM ,/070.ATEN.TWOA., . MYC, ...V .,.,.0 TEST RB
L?C|ROM FLAG,/058C.AEP.AXB,...SM2.PM2.....6CRFNU,O TEST MEMOIRE NOZ L0C|ROM FLAG,/09&....MYG.,, " +v.,.,0 TEST NO 3
L?C |ROM ,/0FB,........RBUS.,,.6B0K.D TMP TEST LoD [ROM ,/078,.ATWO.ASHR, .MYC.QYC,......0O TEST NO 3
L?E |ROM ,/060.AWA0.BCR. . MYC,'v'vrsr O TEST RB LDE |ROM FLAG,/00C,.BINV,,...vy'...,0 TEST NO 1

| L9F |ROM ,/051.AEP.APB,,MYC...PYD.,,WBUS,...O TEST RB LDF [ROM ,/049..ALUB,.,.,..,.WBUS,.,.0 VERIF MAN. REG M
LAD |ROM FLAG./L3A,AWAD,.ALUB, .MYGQ...PM2.....,.0 MVUF TEST LGHT=0 LEO |ROM ./100..ALUB.....PYD.,.....O TRAP DLN
LAL [ROM FLAG,/L7?4.ATEN.AXB.,.++v.-»...6CRFNU.O EX TEST IF T2 LELJROM FLAG,/7195,.ARAL.ALUA,..........,0 DLN
LA2IROM ,/09F. ... v.e.r,,,.0 TEST MEMCIRE NoO2 LE2IROM ,/09F . vversrss.. D TEST NO 1
LA3 |ROM FLAG,s/062...CBI10,MYC..,.,.,,SEQGBUS...O TEST MEMOIRE NOZ LE3|ROM ,/021.,.BINV..MYC,......,..0 TEST NO 1
LAY |[ROM ,/05AR.ARRZ2.AMB.,.CALU.MYC, ., 'r' .. .0 MVUF LGHT-2 IN M LEY|ROM FLAG,/01A.......PM2......0 TEST NO 2
LAS |ROM ,/12B.AWAL.APB,.MYQ,.5YD....,.BUSR..O MVUF AL=50URCE LES|ROM ,/033....MYQ.,.,..,.,.,.0 TEST NO 2
1A6 |ROM ,/096.ATWO,ACR. CALU, MYC, ., . WBUS,SEQBIO, .6FKYZO,CRIO THP T LE6|ROM FLAG./04C, ,BSHR,.MYC.,......,GCRFNU.DO ROUT.AFFICH.INCR
LAV [ROM FLAE./058,..,.,5LG.,.,..WBUS,, . CBTMP,D TEST TMP TPM LE?{ROM ,/04C,.,.MYB.,...,....0 TEST NO 1
‘JA8 [ROM FLAG./L2A,ANAL.AMB,..,.SYD,,,.SEQBUS, .6MOVE.D MVF WRITE DEST LEB|ROM ,/01&4.AEP.APB,CALU.MYC,SRG.....,..0 TEST NO 2
LA? |IROM . /13A,AWRZ.ZERO. "+ vsss s .0 MVF CLEAR LGHT LE?|ROM FLAG, /074, ATEN.AXB...+.++»,.GCRFNU.D TEST NO 2
LAA|ROM ,/09F... . vrvvrrr.0 TEST NO 3 LEAIROM ,/09F .. vrvsses D TEST RB
1AB |ROM , /7013,AWAZ.FORA, v +vrvssss 0 TEST NO 3 LEB|ROM ,/0232,ATEN.ASHR.CALU.MYC, ., ' s\, 0 TEST RB
LAC |ROM FLAG.,/052..ALUB.,.,,,.S5M2.PM2, . WMEM.SEQBUS...0 TEST MEMOIRE NO1 LEC|ROM ,/0L2.ATEN.ALUA, . MYC.QYC.,,.,...,.,.0 TEST NO 3
LAD |[ROM ,/0BO.ARAO.ALUA.,.,.SYD.PYD,.,....0O TEST MEMOIRE NO1 LED [ROM FLAG,/044.ARAZ,AMB,,.S5RA...,...6CRFNU.O TEST NO 3
LAE |ROM SNPLA,/1FF ,AWAL,.ALUB,.CIOR,.MYC,QYC,.PM2,.,5EQBIO, ,6FETCH.0 TRB LEE|ROM ,/LE9.AEP,.ALUA....SYD,..,.SEQBUS,,.CRFLO FPP STORE ST EXP
LAF |[ROM ,/0BL.AWAD.BCR,.,..SYD,PYD,.,..6FRZ0.0 (P856 TEST MEM NOL) LEF |[ROM FLAG,/010..,,,5L8,5P2,, WEXM.SEQBUS,BYSR,GBOF,0 FPP ST MANTI.
LBO |ROM ,/05B.ATWO.ALUA, CALU.MYC.QYC. ¥ v, vy 0 MVF LFO|ROM /300, .ALUB, ..., PYD....,..0 TRAP DRN
1Bl |ROM ,/046.AWA0.BSHR, .MYQ.,,.V».,...0 RER LFL|RCM FLAE./1A5.AWAL,ASHK, ., 5RG...,.,,.6CRDSR, s DRN -
kB2 |[ROM FLAG,/03C, .BSHR, .MYC.,.,...,.. .6CRFNU,O ROUT.AFFICH.INCR LF2|ROM ,/09F ., v vvevrresD TEST NO 1
LB3 |ROM FLAG,/0B8.ATWO,AOB, . .MYC.GYC.,,...,. ,6FRZ0.0 TEST NO 1 LE3|ROM ,/0%F. ..+ v'rrvsrvsr. D TEST NO 1
LBY {ROM FLAG,/0F2,AWAD.ALUB.,....PM2,.....0 MVB TEST LENGTH LFY)ROM ,/0CL......S5M2.PM2,..SEQBUS, .. O TEST MEMOIRE NOZ
LBS |[ROM FLAG,/1L0B.AWAZ2.AMB, .+ ''rv. .. 0 MVUB PREPARE AZ LF5IROM ,/7063..ALUB, ., .5YD,.PYD,.....D TEST MEMOIRE NOZ
1Bé6 [ROM ETAT,/0BE.../»,»,.,.SEGBUS.,., .0 VERIF MAN. REG M Lt 6 |ROM , /097, .DRIO..,, .. . WBUS,.5EQ8UG,, .0 VERIF MAN REC L
1B? |ROM FLAG,/028B.,.ALUB,.MYG,.,.PM2, .WMEM, ,BUSR, .0 MVB PREPARE WRITE LF7|ROM ,/0BB.ARRL.ALUA.CALU,MYC, ., , . WBUS,.BUSR,GBTMP.O CI0 OTR
LB8 [ROM ,/1é2..ALUB,...,.,,.WMEM, ,BUSR,.D INT LFA&{ROM ./036.AEP.ALUA.CALU.MYC, v v s v’ . 6CTLD.D DER MVB READ
1B9 |ROM ,/03A.ARAOC.AOB,,,.5YD.,, .RBUS, ,BUSR,GBTME,D RER LF9 |IROM , /007 .AWAL. AME, ., ... PP2..,...GCTLD.O DER MVB WRITE
LBAROM ,/09F .. vvevivrrrs O TEST NO 3 LFA|ROM ,/03E,REP,ALUA, CALU . MYC,s s s v s, . 6CTLD,O DER MVF READ
1BB [ROM ,/01A,.ZERO..,.5R8,+++/+»..0 TEST NO 3 LFB |RCM  700E,AURL.APE, , .. PP2. ., . CCTLD,D DER MVF UWRITE
LBC [ROM ,/058,ATEN.ALUA,.CALU,.QYC.,,, . WBUS,SEQGBIO, ,.GFETCH,D0 TEST THMP LFC|ROM FLAG.,/0&6C.ARARL.AXB., ., .5M2.PM2, ... .6CRFNU,O TEST MEMOIRE NO1
18D |ROM ,/0B3,.....5P2.,.,.5EBBUS,BUSR,GBTMF.0 FPP DOUBLE LD 2ND WORD LFD [ROM FLAG,/0CO.ARAD.ALUA.CALU,.MYC, . . SYD,PYD.,.,,...D TEST MEMOIRE NO1
LBE |ROM ,/040..BCR, .MYC.,.....,.6FKYZ0.0 TEST RB LFE |ROM ,/12D.ATUO. TWOA, CALYU.MYG.QYC.,,,,, . 6CTLD.O PAGE FAULT ML
LBF |[ROM FLAG.,/014.AEP.AXB, .MYB.,,.,..,.,.6CRFNU,D TEST RB LEF JROM . /125,ATHO. TWOA.CALU, . QYC,,, ..., GCTLD,D PAGE FAULT

2-19



Table 2-5A Control- ROM Binary Content P857
ADD. |SNA NA“ A ADL C M Q@ S P CT B SEQ@ R 6P CR ADD. |SNA NAN A ADL C M @ S P CT B SEQ@ R GP CR ADD. | SNA NQN A ADL C M Q@ S P CT B SEG@ R EP CR
000 00 111101000 0001l 0000} 0O 10 11 00 00 O 111 00 O OOOOO 00000 o40 % 3111333} 0LLOO 01000 X3 10 11 10 1) O 000 10 O 11100 10000 0ag0 00 000001000 00000 00001 00 DO 00 0) 00 0 000 00 0 DODOOO 00006
001 1} 113311111 00000 00000 11 10 11 10 11 O 000 10 O 11100 00000 O4l 0} 111001000 10L10 01000 OO 10 OO OO OO O 00O DO ) 0OOOOO 00000 081 00 100000000 0OCOO0 0OOO0OCO OO OO OO OO0 0O O 0O0OC OO O 00000 00000
002 00 13110100} 0GOOOO 0OOOOO 00 0O 00 10 1) O 000 00 1 OOODO 00000 oue 060 031111102 QOCOCO OD00O 0L 10 OO0 00 11 O 000 10 O 00000 O0Ooe gac 00 110110010 01010 01110 0O 00 00 00 00 0 100 11 O 00000 00000
003 01} 011010000 10000 00011 00 OO0 1) OO0 0O O OO0 OO0 O 1101) 00000 043 00 01111010} CQOOQO 00000 01 10 OD OO 11 O 000 10 O 0D0OOO o000 083 10 100000000 001L0L 0001Y OO0 10 1L 00 0O O OO0 OO0 O 00000 00000
0oy 0% 1331111000 11110 10010 0O 0O 11 00 OO O 000 DO O DOODOO 00000 o4y 00 100000001 00100 01000 OO OO0 00 0C 00 0 011 00 1 0OO0ODC 10000 Cay 00 110001011 01100 10010 OO0 OO0 00 OO0 OO0 1 0CC 0} O 00000 00000
005 00 111111011 0OOOOO 00000 OO OO0 OO 11 10 O OO0 OO0 O D1YLI0 00000 ous 00 100000001 000COC 01010 OO0 OO0 00 0D 00 O 011 00 ) 00000 00000 0a5 00 110001011 03100 10001 OO OO 0) OO0 0O 1 000 O} O 00110 00000
006 00 1}1111111 10100 0001) 00 10 DO OO0 00 O 0ODD OO O DDODOOO 00000 046 +} 31131313311 00L0O0 01000 1) 20 1Y 20 1) O 000 10 0 22200 10000 0aé 00 101101001 00000 0ODOOD DD OO OO0 00 00 1 000 00 O 00000 00040
007 00 }}111111Y 0OOCCO 01110 01 10 00 OO0 00 O 000 10 O OOOOO DOO0O0O ou? 00 11110100k 00000 00000 OO OO0 00 00 OO0 O 0DO CO X 0ODDOO 0L10O 0a? 00 103111001 00LOL 00011 OO0 00 1} OO0 OO O OO0 0O O 00010 00000
008 3} 111313333 01100 00001 1) 30 )Y} 30 L) 0 000 10 0O 11100 10000 oyés 01 110100110 00OCOY 11100 00 00 00 00 00 O Q00 00 O 00100 0000C 0asa 01 010110011 00000 01010 OO 10 00 00 00 O 000 00 ) 1)00Y 00000
009 00 111101001 00000 000OO0YL 00 OO0 OO0 0O} 0} O 000 0O 1 ODOOO 10000 o49 0} 101000000 0QO0C0OL 00111 OD 11 11 00 00 O 000 00 O 00000 0000C 0a9 00 010111010 01001 010130 OO0 OO0 1) OO 0O O 000 00 O 01121 00000
00A 00 101101103} 11110 00011 OD OO0 0O 0O 00 O 111 00 O 0OOODOO 00006 O4A 60 011100010 10L00 00000 0D 10 00 00 00 O DOOD 0O 0 0O0O0OO0 00000 08A 00 100110000 00000 00011 00 00 00 00 00 0 11 00 1 00000 00000
008 o0 111111111 000CO 00O01L OO 2O OO0 0O 00 O 000 00 O ODOOO 00000 O4YB 0} 110110101 OLLOO 10010 DO 00 00 OO0 11 O 000 00 O 00O00O 00000 0aB 0} 011010000 10000 00011 OO OO 1) 00 00 O 000 OO O 11011 006000
00cC 00 10000000) 00100 00011 00 00 OO0 00 00 0 0X) 00 1 0ODOOO DOO000 o4c 0% 2»%0110010 0OLL1l OO01LY OO 0O 00 10 30 X 011 10 0 00000 00000 gac 0} 0101010131 11010 01011 00O 10 1) 00 OO0 O 001 OO O 10100 00000
00D 00 100000001 10100 0001) OO OO OD OO 0O O 01Y 00 1 DODOOO DOO000 o4D 00 »1110100L 0QOO00O0 00001 DO 00 OO0 01 01 O 000 00 X 00000 00000 0ab 00 110101000 00000 OOOOO DD 0D OD OO0 OO0 O 000 10 O 01101 00000
00E 00 011100110 11011 0GO1L)l OO0 10 00 OO OO O 000 00 O 0OQOOO 00006 O4E 01 110101000 00000 00000 00 0C 01 0D 00 O 000 00 O D1L1L0Y 00000 1113 0} 111010100 10100 0001Y OO 0O 00 1O 00 O 000 L0 DO 00L00 O00O0C
00F 00 011100101 11031 00011 00 10 0D 00 00 O 000 00 O 00000 00000 Ou4F 60 101110010 00000 01110 D1 10 00 00 00 0 011 10 O 10001 00000 O4aF 00 101011001 00000 01101 DO 10 01 0OC 0O O 000 DO D 00000 00000
010 0} 111010000 13110 0O0O01Y OO0 OO0 11 OO0 OO O 00OC DO O OOOOO 0O000C 050 1% +3%1311211 OLLOO 000130 31 10 11 10 11 0 000 10 0 11100 10000 090 00 110101010 11010 01011 CO 10 OO OO OO O 00O 00 O 00000 00000
011 00 111101001 0OOOO0OC 0000 DO OO0 0O 01 0} O OOD OO )} 0DDODO 00000 051 0} 110001000 10110 00010 OO0 10 00 00 00 O 000 0O O 0D0O0OD D000 091 10 100000011 10100 0001 DO 0O 0D 0L 00 O 00O OO0 O 00000 0pO000
012 0} 011100000 0L000 0OD0Y 0D DO 0O 0O OO0 O 100 0O DO 10011 00000 052 60 0111013100 00000 01110 DO OC 00 0} 11 0 000 10 1 00000 00000 092 00 111101101 10100 00021 OO0 10 OO0 00 00 0 2100 11 O 11300 00000
013 00 011100000 COOOO O0OD1LY OO DO OO 0) 0O O 0ODOO 00 O 0ODOOO DOOO0OO 053 00 011101000 C0OOCOC 01120 00 00 00 01 11 O 0OCO X0 )} 00000 00000 093 10 100000000 10100 000LY OO0 30 11 00 00 O 00C 00O O 00000 00000
0Ly 00 111011000 1101} 10010 0O 10 0D OO0 00 O QOO0 OO0 O DOOODO 00000 05y 00 10000000k 0O0X00 00010 00 00 00 00 DO O 0X) 0D ) DDO00O0 10000 09y 00 110001011 01100 01111 OO0 OO 00 00 00 L 000 0} O 0001Y 00000
05 00 111011000 11011 10010 OD 10 0O OO 10 O 000 00 D 01110 CO0O00 055 00 010101000 0OLO00 01101 OO 11 00 OO OO O 000 00 O 00000 00000 095 01 111000111 0LODO 00ODX OO OD 0D OO0 OO O 000 00 O OOOOO0 00000
016 11 13%3113111 00000 00000 1) 10 1Y 10 1Y O 000 10 O 112100 00000 056 01 11010000C 00000 00000 00 00 0 GO 00 O 000 00 O DODODO 00000 096 10 100000000 00111 0OO02) OO L0 00 0O OO 0O 000 0D O 0DDOO 00000
0?7 [ 11 1113111110 00000 00000 OO0 OO OO0 00 00 O 000 10 O 000O0Y 00000 057 0} 110010000 11110 100LO OO OO0 1) 00 OO O 000 00 O 1000Y oOO0O0C 097 00 101101001 10100 000YY OO OO0 1) 00 00 1 000 00 O 00000 00000
0148 01 110010011} 10100 00011 OO 10 0O 00 00 O 00O 00 0 01111 00OO0C 058 00 110100110 01L003 11100 00 00 00 00 00 O 000 00 O 00000 00000 098 01 01011001) 00000 01030 00 L0 00 00 00 0 000 00 2 11001 00060
019 0} 101011011 10100 00011 DO 10 0Y OO0 OO O 0CO 00 O 0111Y 00000 059 0} 101000000 0QOOO0YL 00111 OO 1Y 1LY 00 00 O 000 00 O 00C00 00000 099 00 010100101 0OOL0 10010 0D OO0 11 CO OO0 O 000 00 O 00000 00000
01A 0} 1011110)}) 00100 DOOLYL OO0 0O 11 OO0 OO O 000 00O O 0ODOOO 00000 054a g0 0111060020 10100 00000 OO0 10 00 00 00O O 000 00 O DOOOOC Doeoe UFA 00 010010101 0O00L 0001LL 00U 00 00 00 00 0 12X 00 ) 1100L 00000
01lB 00 011001110 01001 10001 OD 00 01 00 OO 1L 000 01} O 00110 00000 058 0} 1010010k 01300 01111 DO 00 10 00 11 O 000 00 O 00011 00000 098 00 031131110 01101 ODOO0L 0D 0O 00 DO 00 O OO0 00 O ODCOO 00000
01C 0y 103101021 10100 D001l 0O 10 00 00 OO0 O OO0 00 O 00000 00000 05C 0} 110100010 0011) 000XY OC OO0 00 31 10 X 01 10 O 00000 00000 0%cC 01 010110011 110X1 01111 OO0 L0 0O OO OO O 0OCO 00 1 1100) 00000
0xD 01 101001011} 10100 00011 OO0 10 01 OO0 OO0 O 000 0O O 00000 00000 05D 06 010111310 0OO0O0CC 00001 OO0 11 00 01 0} 0 00C 00 O 00000 00000 U9pb 00 101000011 10100 00O0LYL X0 L0 00 10 00 O 01 20 X 00LY0 00000
O1E 00 011011101 00100 00011 OO0 00 11 00 00 O 000 00 0 00000 00000 G5E 00 110011000 00000 00000 00 00 0) 00 00 O 000 00 DO 00000 0000C 09E 00 101100000 10100 00011 00 10 00 00 00 O 000 00 0 11010 00000
0LF 00 011001110 0L001 01111 OO0 OO0 10 00 00 1 000 01 O 00011 0OCoO0C O5F 66 1311133121 10110 000LY OO0 LO 00 00 00O 0O 000 00 D geooo 00000 U9F 00 010012011 00000 DOOCU OO0 00 00 OO0 0O O 200 00 C 101200 0LLOO
ADD. | SNA NAN A ADL € M @ S P CT B SEQ@ R 6P CR ADD. |SNA NAN A ADL C 1M Q@ & P CT B SEQ R GP CR ADD. | SNA NA“ A ADL C M Q@ S P CT B SEQ R GP CR
020 41 3%1111313 01100 00110 13 10 1) L0 11 O 000 10 O 11100 10100 060 1% 1343131111 01100 00121 13 10 11 10 11 O 000 10 O 11100 10000 0RO 00 1110120101 00000 01010 OD OO OO 01 00 O 000 00 0 01001 00000
021 00 111101001} 10100 00110 DO 00 OO0 01 0) O 000 00 1 0ODOOO 10100 061 06 00100011y 16110 00011 00 30 00 10 00 0 000 00 0 0100Y 00006 0AL g0 111101001 LOL00 D010 OD 0O 00 01 0L C 000 00 1 00000 00006
022 00 011101100 00LO01 COOLY 0O OO OO0 0Ol 00 O 000 £O ) 0DDOOD 00000 062 0 0L11113100 GOOCO 00000 0L 10 00 00 00 0 000 10 O 00000 00000 0AZ 00 0¥31100111 11011 0001L OD 10 00 00 00 O 000 DO O 00000 00000
023 00 011101000 00X01L 0O001LY OO OO0 OO0 0) 00 O 000 00 ) DOOOD 00000 063 00 011110100 00000 00000 01 10 00 00 00 0 000 10 0O 00000 00000 0R3 10 100000600 0010} 0001 00 0D 11 01 00 O 000 0D O 000CO 0OO0O06Oo
02y 00 100000001 00100 00110 DO OD OO0 0O 00 O 01lX OO0 )} 0ODOOO 10100 06y 00 100000001 G0LCO 00L11 00 00 DO 00 00 0 01 00 1 00000 10000 OAY 00 011011011 01001 10001 OO 00 0L 00 00 L 000 01 O 00000 00000
025 00 100000001 210000 00100 0D OO0 00 00 00 O 011 00 ) 00000 10XOC 065 % 441331331 01010 01101 13 10 11 10 11 0 000 10 0 11100 00000 UARS 0k 0600111131 110LL DO0O0LYL OO OO 00 0OC 0L O 00O 00O O 00DDOD 00000
026 00 0013110311 11011 10010 DO 10 00 00 00 O 00O DO O 0OOOOO 00000 066 1} 13Lil1liil 00100 00311 21 X0 11 10 131 0 000 10 0 11100 10000 OR6 00 101010101 00000 D0110L 0D 10 00O GO 10 O 000 00 O 000ODD 00000
027 00 110011110 01011 0OO00 DO OO 00 01 00 O 000 00 O 01011 00000 067 60 110000000 01L000 00001 00 11 OD CO DO O 000 COo D 0OODD 00000 ORY 0o 011001031 10100 00CLL OO OO0 12 OC U0 O 000 00 O DOOOCO 00006
028 0} 011010000 10000 DOO1Y OO OO 11 00 0O O 0CO 0O O 11011 DOOOO 068 0L 01010060 10060 0001 GO 00 31 00 g0 0 000 00 0 11011 008000 ORS 00 010001101 OOCOCO DOOCO DO 00 00 00 0O O 000 DD X 100XD 00000
029 00 011100013 11010 10010 OO 10 11 0O 01 O OO0 DO DO ODOODO DOOOC 069 00 001L01131kYk 00101 00031 00 00 11 00 01 0 000 00 O 00000 0000C 0A9 06 010001110 00G0O 0D0O0COD 0L 00 X1 20 00 0 000 10 1 00000 D0O006
02A 00 101031001} 11010 01011 0D 10 11 0O 0O O 0CO 0O -0 0DOODO 00000 G6A 00 0x10L0LLO OLOOC 0000L DO 00 00 40 10 0 000 00 O 00000 00o0Q ORA 00 10L003111 00000 0LL0L OO 10 00 00 00 0 000 00 0O 0ODDCO 00000
2B 00 101000101 10100 GOOLY OO OO0 00 01 00 O 100 00 ) 10011 DOOOC 06B 01} 110010101 QL00L 1000 0OC 00 6L 00 L1 0 000 00 0 00000 0000C OARB 0¢ 101010010 CCOGO0 DOOCO 0Y 10 00 10 LY O 000 10 0 00000 00000
0ecC 0} 111010030 01111 01110 00 1) OO0 11 10 L 000 10 DO 00000 00000 06C 00 0k1100100 01160 10010 OC 00 00 00 00 L 000 0L 0 0000 00000 OARC 00 100000001 00LOO DO0OOLYL DO DD OO OO0 00 O 0LL DD 1 100X0 00000
0zb 00 011011100 0O0O0O DOOODL OO 00 00 0L 0) O 000 00 )} ODODO 0CO00C gé6b 01 111010111 QLOCO OCC0L 00 00 DO OO D00 O QO0C Cc0 0O DDODOD 00000 OAD 00 010010100 01010 00110 OO 11 11 00 OO O 000 00 O DCO0O0 0o000C
02E 00 100110100 00000 00000 10 10 00 0O 0O O 000 00 O 00LY0 DOOODO 113 00 1433111111 00000 0L110 01 10 00 10 11 0 000 L0 0 00000 008000 UARE 00 111101001 10100 0O0O0LL OO0 00 00 01 00 O 000 10 O 0O0ODO 00000
02F 0l 111000000 11100 00011 00 00 11l 00 00 O 000 00 O DDDBO 00000 O6F 00 11111111l 00080 0110 01 10 00 00 00 0 00C 10 0 00000 00000 OaF 0} 101010000 00000 00000 00 00 01 10 00 0 000 10 1 11000 0000C
030 Ll 113111111 01100 00000 11 10 11 10 11 O 000 10 O 11X00 11000 070 10 100000000 00110 00000 0D OO0 OO0 OO0 OO O 000 00 O 000XD 00000 08O 06 101001101 00000 01101 00 10 00 0O 00 O 000 00 0 00000 COoong
031 00 111101001 10100 00000 00 00 00 0) 01 O 000 00 ) 0DDDO 11000 071 00 1100011311 000L0 J00XY OO0 OO0 11 00 00 O 000 00 0O 01110 0000C 0BL 60 1114101001 10100 00000 00 00 00 0L 01 O 000 00 1 DODDO 00000
032 10 100000000 00CCO 00000 01 10 11 10 11 O 00O 10 O DD0OO 00000 gve 00 110101101 00000 0LLi0 00 00 00 01 G0 © 000 10 1 00000 00000 uBd 01 .0L110000 10010 00110 OO L0 OO 0O 0O O 0XL) 00 O 00000 00000
033 10 100000000 00000 000CO 01 10 11 00 11 O 000 10 O 0OOODOC Dooon 6?3 00 130L01100 00660 01110 OO0 00 00 01 00 0 000 10 1 £00C0 00000 0B3 10 100060000 00000 00000 OO0 0D 00 0O 11 O 000 00O 0O CO00O 00000
O3y 00 100000001 0OOLOO 0OODO DD OO0 OO0 0O 00 O 011 0D ) 0ODOOO 11000 O7vY 4} 333311131 00100 000LY LY 3O LY 10 1Y 0 0C0 10 0 1X100 10000 0BY 0¢ 011010010 0LOCL O0111Y OO 00 10 00 00 1L 000 01 0O 00011 00000
035 0} 010111100 11000 DOO1LY OO OO OO 0O OO O 00O OO O DOYLDO DOOOC 075 00 011011100 CGCLO 000LY DO OO 00 00 0D 0 000 00 1 00100 a000C 0BS5S 01 000001111 11011 00OLL 0O 00 00 00 0L O 000 00 O 00000 00000
036 00 003110311 11011 10010 OO0 10 OO OO 0O O 000 0O O 0ODODO DOOQO 076 00 0L00100L0 01001 11006 0OC OO0 00 0O 00 0O QU0 00 1 00000 L1000 0Bé6 00 113101001 10100 D0O0LL OO0 OO 00 0L 00 O 000 10 0 00000 00000
037 1l 113111111 031100 00010 11 10 11 10 11 O 000 10 O 11100 00000 ovy 00 111000101 110L1 00011 OO0 10 0O OC 00 O 000 00 0O 00000 00006 oB? 0} 101001000 00000 000CC DO 0O 0} L0 U0 0 001 10 ) 10101 0O000C
0348 01 011010000 10000 00011 DO 0D 11 00 0O O 000 20 O 1101) 00000 ava 00 011000111 1L0OLOO 000L1 0O L0 00 00 00 1 000 .0 2 00000 00000 OBa 0} 011010000 100GC DOOLYL ©C 00 11 00 OO O Q00 00 0 11011 00000
039 00 011011110 00L00 00012 00 00 11 00 00 O 0O0OC 0O D OOOOO DOOOO 079 00 101010000 11011 01111 OO0 OO0 1) 00 0O O 000 0O D 11000 0000a UBY 00 010001010 00COO0 00000 DL 00 1) L0 OO © 000 X0 1 DDODO 0000C
03A 0l 111000100 00000 01101} OO 10 00 0O 00 O 000 0O O 00100 00000 0vA 00 11001.010L 01001 1000 OD CO 0L 00 00 O 000 00 O 02epo 0copo OBA 00 111101001 0l0LY 01110 0O 00 0C 00 00 O 000 10 C 00000 ocooe
03B 4} 331131111 10100 0O0O0LL OO0 OO OO 0L OO O 00O 0O O DODOO 00000 ove 01 110000101 G100L 01111 OO0 00 10 00 11 0 000 00 D 000XY 0000C UBB 00 101000010 00000 00000 01 10 00 10 1L O 000 10 O DOODOO 0Jo0C
03C 01} 111000030 0111% 01110 OO0 OO0 OO0 10 10 ) 000 10 0O D0X0CYL 00000 gvc 00 011000101 10100 000LY OO0 10 00 00 00 1 000 00 O oeeoc oeooo UBC 00 10011110L QG000 011L0Y 0O D0 00 01 00 7 000 10 O Co00o0 DJooo
03D 00 011011100 0OCOO 00001 OO0 OO0 00 01 01 O 000 0D ) DODDOODOD 00000 gvD 00 10L001000 11011 01112 OO 00 11 00 00 0 Q00X 00 0 10101 0000C Q8D 00 01000L011 01010 00000 00 11 11 00 00 O 000 00 O 00000 ofeoc
03E 00 1010%%111 %10LL 01011 OO OO 00 OO0 0L O 000 00 C DOODD 0DOocoe OvE 60 0k1000011 10100 0O0LY OO0 10 00 00 00 1 D00 00 0 ooepe 00000 dBE g0 0L00L1110 1C000 00L0C 0D 1C 00 00 00 0 000 00 1 00101 10100
03F 0} 110110000 00000 QOODOD 00 OO0 01 0O 00 O 100 0D O 10011 0OO0OOC gvF 01 1+1%11010C GO0OO0CO 01001 00 00 11 00 00 0 00C 00 0 00100 00000 uB*F 60 1113101001 01C0LC D000 OO GO 00 00 00 0 000 00 1 00101 Lioac

2-20

A,



Table 2-5A contd.

ADD. | SNA NaN A ARDL € M Q@ S P CT B SEQ@ R &P CR ADD. | SNA Na N A ADL C M Q@ S P CT B SEG R 6P CR ADD. |5NA NQN A ADL C M @ S P CT B SEQ@ R GP CR
0Co 3y 111111133 01100 00OCY 11 X0 31 10 11 O 000 10 O 11100 0000C 100 00 000111111 00000 00000 00 00 00 OO0 pC O 000 00 O 0100X OOO0O0CG 140 00 001111110 00C0OO 00000 0O 00 00 00 00 0 100 00 O L00X1 00000
0Cl 00 111101001 0OGOOC 00001 OO OO0 OO0 01 OL O 00O 0O 1 OOOCOO 00000 101 00 110011010 0COOC 00011 OO0 1) 00 OO0 0L O 00O 00 1 00000 00000 141 00 111101001 01101 O0OOO0O 0O 0O 00 00 00 O 000 00 X 01011 0O00C0
0cCe 00 100110101} 00000 01001 OO0 00 OO0 OO 00 0 000 00 ) 0100 00000 102 00 011101100 0010L 00110 00 OO 00 01 00O O 00O 00 1 00000 00O00GC 142 00 111001131 01LL00 01010 DO OO OO0 00 00 O GO0 00 1 00000 00000
0C3 00 011101110 0OOCOO 0OOOO 01 10 00 OO0 11 O 000 10 O 0OOOOO 0O0O000 103 00 110101101 0010% 00110 OO 00 OO0 O} QO O 000 00 1 00000 00000 143 00 100000001 L0000 00000 00 00 00 00 OO0 O 0L 00 ) 00000 1L1L0GO0
OCu4 00 001001111 01010 00110 OC OO0 0O 00 00 O 000 00 O 0OO0OC 0000C 10y 00 011010011 00000 00000 0} X0 OO0 OC 00 O 100 11 O 0OOODO 00060 L4y 00 110001000 0OC0OC 0000YL OO0 00 00 00 00 O 111 11 O 00000 0L00O0
0CS 00 111101001 0OOCOO 00011 OO OO OO0 Ol 0O} O 00O 00 1 00000 00000 105 01} 011010100 0QOO0O0 0001) OO DO OO OO0 0O ©C OO0 OO0 O 00100 00060 Lu45 00 010110111 0OCCLO 000L1 DO 00 11 OC 0O O 00O 00 O DOOOO 00040
0cCé 00 010001000 00100 00011 OO 00 1) 00 0C O 000 0C O DOCDO 0000C 106 0} 0110L0000 10000 0O00L1 00 00 11 00 0O O 000 00 O 110LY 0COo0C L4éb 01 000031100 11011 00110 OO0 10 00 0O 00 0 000 00 O 00100 00000
oc? 1} 11111111 00L0OO 00000 21 20 1Y 10 11 O 000 20 O 13100 11100 107 00 001100110 0OO0OO0 01101 0O 10 0O 00 0O O 000 OO O 0OOOO 00000 147 00 000011000 00000 00000 OO0 OO0 01 00 0O O 000 00 O 00000 00000
oca 00 010000110 0O1L0O0 010121 10 10 OO0 00 00 0 000 00 1 10000 00000 108 01 011010000 10000 00011 00 OO 1) OO0 00 O 000 00 0 1101Y 0000C 148 00 010110110 01001 10100 OO0 OO0 10 00 00 1 000 0} O 00000 00000
0ce 1} 111311111} 01100 01001 11 10 11 10 11 O 000 10 O 11100 00000 109 00 001001011 00LOYL 0O0O0XY 0O OO0 0O OO0 01} O 000 00 O 00000 00000 Ly9 00 010110101 01001 10100 OO 11 OO OO 0O O 00O OO0 O 11101 00000
0CA 00 111101001} GOO0O0C 01110 OC OO0 00 01 01 0 000 10 1 0DD0O0 20000 10A 00 011101000 000X 00110 00 0O 00 01 0O O 000 00 1 02000 D000C L4YA 00 010110100 0101L0 01101 0O 0O OO0 00 0O O 000 OO0 O 00000 QO000C
ocB 00 100110010 OOO0OO 0OOOCO OO OO 0O OO0 00 O 000 00 0O 0X00) 00000 10B 00 110101100 00101 00110 0O CO 00 0L 00 O 000 00 1 00000 00000 14B 00 011010111 0001L0 0001Y DO OO OO 0O 0O O 000 00 O 00100 00000
gcc 00 100000001 00100 00011 OO OO OO GO 00 O O CO 1 1000C 0900C 10C 00 001001010 11011 00011 0O 10 1) 00 00 O 000 00 O 00000 0900C L4C 00 010101101 0OO00O 00001 DO OO 10 130 060 0 000 10 3 11001 00060
aco 00 100111101 0COOO 0110) OO OO 0O 01 00 O 000 00 O 01120 00000 100D 00 111101001} 0000C COOL) 00 OO 0O 0 0L O 000 00 1 0000D 00000 L4D 00 001000010 00000 000CO 0D OO0 OO0 10 0O O 000 10 1 11002 00000
0CE 01 100101000 0OOOO 00110 10 10 O) OO OO O 000 00 0O 00000 000060 1LOE 00 111101011 00000 0OO00OD 00 DO 00 00 o) O 00O 00 O 00000 0Q0O0C L4E 00 00101003} 11011 013321 00 20 331 1) 10 O 011 00 O 00000 00006
acCF 00 101103110 00000 00000 11 10 11 00 00 O L1l 11 O 11100 00004 1L0F 00 100100101 11011 10010 DO 0O 11 00 00 0 000 vg O 00000 00000 LYF 00 001101100 01001L 0O0O0) OO 00 00 11 10 O 000 00 O 00000 00040
GDO 01 011010000 10000 0001} OO OO0 1)1 00 060 O 000 20 0 1210)Y) 00CCC 110 00 011011131 QOOOO DOO0D 0O OO 0O 00 oo 0 000 00 0 01101 000OC 150 00 010011111 00000 DOOOO 00 00 00 DO 00 0 000 00O 0O 01201 00000
001 01 011030000 10000 00011} OO0 OO0 1) OO GO O 00C 00 O 11011 00000 111 10 100000000 00LOL 001L0 0O 00 11 0L 00 0 VOO0 00 O 00000 00000 151 00 010100001 01001 01001 OO 10 11 0O 00 O 000 0O O 00000 00000
0be 60 100100101 03101 00QO01 00 0OC 00 00 60 O 000 00 O 00000 000O0C 112 00 100101100 00101 00110 0O OO 0O 0) 0G0 O 000 00 1 00000 0000G 152 01 000110000 00000 00000 00 1) 0O X0 00 0 00O 10 ) 1100} 000060
0D3 10 100000000 00000 01110 01 OO0 1) 01 ) O 000 10 O 0O0COO 00000 113 10 100000000 10M00 00021} 01 10 31 O 00 O 000 10 O 00000 00000 153 00 101110011 000GO 10010 OO 0O 0O 0L 00 O 000 00 O 00000 0O0OO
ahA 01 100011011 0OLO1LO0 00000 0) 10 00 01 00 O GO0 10 O 00321 00000 1LY 00 001001000 01010 00110 01 10 00 01} 0O O 000 10 O 00111 00000 154 00 000010000 00000 0010) 00 00 11 10 00 0 00X 10 3 10100 00000
abps 00 001010110 01.001 00110 OO OO OO0 OO0 OO0 O 00O DO O 00000 0OO0O0O 115 00 001010110 01010 00110 OO 00 DO 00 0O O 000 00 O 00000 00000 155 00 000010000 0COO0 00000 DO 00 00 10 OO0 O 00L 130 ) 10100 00000
0D6 01 100100000 0OOOO0 0COOOC OO0 OO 0L OO 0O O 000 0O O 00000 0O0O0CC 116 00 010101110 11010 00011 00 10 00 00 00 O 000 00 O 01101 CO0O0O0 156 00 011101001 00000 00000 0O 00 00 00 0O O 000 00 O 00000 00000
- obv 01 031111000 0OCOOO 01001 OO OO0 1Y OO 00 O 000 00 O OCO0O 90000 117 10 100000000 00000 00000 0) 10 11 00 0C O 000 10 O 00000 OCOOO 157 00 010100111 00000 00010 0O 00 OO0 01 00 O 100 00 1 10111 00000
ahl) 1 131131111 0CGLOO 00OCO 11 10 13 10 31 O 000 10 0 11100 11100 118 00 011101100 0110} 00120 OO OO 0O 0O) OO 0 000 00 1 00000 00000 158 00 010.00110 03100 01110 1) 10 00 OO0 0O O 000 20 O 00210 01000
009 %} 311311111} 10100 00000 1Y 10 13 10 X1 O 000 10 O 12300 11100 119 00 111110011 01101 OOOOO DO OO 0O 00 0O O 00O 00 O 0M0M) 00000 159 00 110001000 01100 00010 OO0 00 0) 00 00 0 0CO OO O 00000 06000
ODA 00 100100100 101L0 00011 OO 10 0O OO 00 O 000 00 O 010CYL 00000 11A 00 111110010 01101 0O00D 0O OO0 OO 00 0G0 O 000 00 0 D0101Y 00000 15A 00 010100100 01001 0001) OO0 OO 00 00 00 O 000 00 D D11IXY 00000
abB 00 100100010 000Xl 0O0CO0L1L OO OO OO0 0O 00 O 00 00 ) 10101 00000 118 00 111101001 0OLO00 COOLL 00 OO0 00 00 00 O Quo 00 1 00101 10000 15B 00 0101000L1 01001 11110 00 00 01} OO OO 1 000 0O O 000LY OOO0OO
obpC 00 010001100 0G10C 00011 10 10 OO 0O 00 O 0CO 00 1 10000 0000C 11C 0} 110110101} 0OL0O0 0O00X1 0O OO 0O 00 00 O 00O OO O 00000 00000 1L5C 00 010100010 01001 13110 0O 0O 01 00 00 1 000 0} O 00000 00000
aood 00 100011101 0OOOOOC 0CO001L OO0 11 OO 1L 00 O 0LL 1O 1 0OODOO 00600 110 00 100111010 0110L 01101 OO OO 0O OO OO0 O 00C 0O O OOOOO 00000 L5D 0% 110110110 01001 11100 DO OO 01 OO 00 O 00O OC O 00100 000GO
0DE 01l 100011000 0OOOO 00000 0O 00 0O) OO0 0G0 U 000 00 O COOD0O 08O00C L1k 00 113101100 01110 01110 00 OO0 00 00 00 O 100 11} 0 00000 0000C L5E 00 010100000 11011 00110 X0 MO 00D 0O 0L O 00O 0O O DOOOO 000G6
oDF 01 011111000 000CO 01001 OO OO0 11 OO GO O 0COo 00 O 00000 DCoOoc LLF 00 1%11111ili) OOL10 00011 0O LD DO 00 00 0O 00O 0OC 0 01110 00000 1L5F 00 010010001 01010 01001 OO0 OO0 1O OO OO O 000 00 O 00000 00000
ADD. | SNA NaN A ADL C M @ S P CT B SE@ R 6P CR ADD. | SNA Nﬂ” A ADL € M @ S P CT B SEQ@ R 6P CR ADD. | SNA NQN A ADL C M @ S P CT B SEQ@ R 6P CR
OEd 00 001111011 OOGOO 00001 OO0 OO OO0 0L OO0 O 000 0O O 0CODO0O 00000 120 00 00000100) 000C0O COO0O 00 OO DO OO0 0O O 100 00 O LO0CXLY 00000 160 00 000111001 0QOOGO OO0OO OO 0O OO0 OO0 00 O 100 00 O 10011 00000
OEl 0 1100130111 10L00 00011 OO 10 OO OO0 OO O 000 00 O 0oCODOO 080006 L2l 01 110100101 11010 10030 OC 10 OO 00 0L O 000 00 O 00000 00000 161 3} 311311331 O0LOX0 0O00Y %) 10 31 X0 X1 O 000 10 O 121200 00000
OEz 0 100010111 11011 OOLYO0 OO L0 OO 11 00 O 00t 10 1 10101 00060 lL2e 00 110001011 01100 01111 00 OO 10 00 0O 1 000 01 O 000LY DOO0O0O0 Lbed 00 0100111311 00000 00000 OO0 00 00 00 060 O 000 00 O 00000 00000
OE3 00 011101101 OCOCC 00000 01 10 00 0O 00 O 00O 10 O 0ODOO 0gcooc 123 11 1311113131 00002 00022 31 10 121 10 31 O 000 10 0 11200 10000 163 00 000110011 10000 000XY 0O 1O OO0 OO0 0O O 000 00 O DOOOO 0OGOO0O
OEY 00 001010111 00000 00001 0D 11 OO0 OO0 10 O 01 00 1 00COC 0DOO0C L24 00 0110LL0LO 00000 00000 DO 1) 00 00 00 O 000 00 0 00000 00000 LéY 00 010011010 0L001} OL1LX0 OC OO OO 00 00 O 100 11 O L0100 00000
OES 00 001010111 0OOO00O0 00001 00 11} OO GC 10 O 01X OO 2 10C1LO0 00006 125 00 011010311 01010 0110) 00 10 00 00 00 O 000 00O O 00100 0O0O0O 165 00 101111101 0OOGO 000OC OO0 00 00 00 00 0 100 00 1 10100 00006
OE6 0} 10000L000 0OOCCO 00000 OO0 00 01 00 00 O 000 00 O o0OCC o0aoo 126 00 000011001 GOOGO 0O101 0O X0 OO OO0 0O O 00C 0oC O 00000 00000 Lééb 00 000100010 011l 0OO00O0Y OO0 0D 00 00 00 1 000 00 O 00000 00000
8] r 0» 011111000 0O0CGCO 01001 00 OO0 X1 00 00 O 000 00 O COO0OO 0000C L27? 11 001111110 0OOCOO 000OL 06 00 L1 00 00 O 000 10O O 0C0CO 00006 L67? 00 000100011 01111 O00O0Y 00 00 01 00 00 L 000 00 O DOOOO 00006
OE8 00 100110010 010l 00000 11 10 00 00 060 O 100 11 0 01211 22000 1248 00 111101001 0000 00011 0O OO0 00 0D 00 O 000 00 1 00201 10000 168 11 011011110 0OOOOGC 00000 0D 00 OO0 00 00 O 000 10 O 00000 OCOO0O
OE? 00 111101001 10100 00011 0O OO OU 0L 00 O 0OOC 10 1 COO0CC 001LOC 129 00 101100100 10100 01111 0O 10 OO DO OO O OLC Ou 0 00DOD 0000C L69 01} 010011100 10110 01000 OO OO OO 0O GO O 000 00 O 001LDO 00000
OEA 00 100010000 11010 10010 OO OO 1)1 0O 10 O 00O 00 0 00000 000G80 1L2A 00 001000001 0OOO0L 01011 LU L0 0O 0O 00 0O UU0 00 0 0000C 0CBOC L6A 00 000110000 000L0 00O0X) OO0 00 00 00 00 0 11k 10 1 1100) 00000
OEB 00 001110011 10100 00011 O 13 13 01 0O O 0OC0C 10 O 01100 0010C 128 01} 000110100 0QO0O0L0 0OO00LY OC OO0 OO 00 00U O 000 00 O 00100 00O060C 168 60 010010011 0O10L0 10010 OO OO OO 0O OO O 000 00 O 00100 00006
GEC o0 000101110 11011 10010 0O 10 OO OO OO0 O OCO OO C 00000 00008 12eC 00 00100001L) 0OCOCO D1L001 0D OO 00 0) 00 0 11X 00 O 00000 00000 16C 00 010010010 01L00Y) 11030 GO OO 00 0O 00 O 000 00 1 00000 10100
OED 01 100110000 0LO0C 00001 GO 00 OO 0O 00 O 11) 00 O 0OODO 0000C 12D 00 011001110 00000 01010 00 DO MO 0O 00 O DOO 00 O 0OODOO 00000 16D 11 1131311111 01030 01321 1) 10 )1 L0 L1 O GO0 10 0 11100 00600
OEE 00 001101011 1201Y 100X0 OO 10 OO OO OC O 00O 00 O 00000 00000 L2E 00 1000101201} 11011 10010 0O 10 OO 0O 10 O 0OC 00 O 00000 00000 L&6E 00 010010000 10100 10020 OO L0 OO0 OO 0O C 000 00 O oO0OoOoC 006OoO
OEF 00 100001101 0101l 00000 00 00 01 01 00 O 000 00 0 0X0YY 0000C 12F 00 100010101 11011 10010 00 10 0OC 0O G0 0 000 00 0 00000 C0000C L6F 00 010000001 10100 00110 00 L) 00 00 01 0 000 00 0 00000 00000 |
OF0 00 001001110 11010 01011 OO 10 OO OO 0O O OO0 0O O 0OCOO 00000 130 00 010111111 00000 00000 OO OO0 0O OO OO0 0 00O 00 0 01101 00000 170 00 000011001 00GOO 01101 00 10 00 OO0 OO0 O GO0 00 O O0OOCO 00O00C
OF L 0} 011110111 10100 00011 OO 1O OO OO OO O 000 00 O Q0000D 00006 131 00 011001101 0OCOO 00000 00 11 0O 00 OO0 O 000 OO O 00000 00000 171 00 103»010010 10100 00031 01 10 00 01 00 0 000 10 O 0O0DOO 00006
OF e 00 100000101 10110 00011 OO OO0 01 .0 0O O 0L CO 1 0X001 00000 132 00 011011100 01010 00O01L 0O OO 0O 0O GO0 0 0CO CC 1 00100 0000C 17?2 o0 111110111 10L00 0OC2Y O3 10 OO0 01 00 O 000 10 1 00000 00000
OF 3 00 100101100 COOOC 01110 OO0 0O 0O 01 0O O 000 120 1 0O0OOO 00GcO 133 00 000111000 00000 0O0O0C 0O 11 00 0O 00 O 0UO 00 O 00000 0000GC 17?3 0¢ 010001000 10100 000121 %1 OO0 11 01 0O O 000 10 O 00000 00600
OF 4 00 011101011 0COCOL 00011 OO OO OO0 0L 0O O 000 00 1 0O0OCO DOO00C 134 00 011001010 11000 0OOLY OO 10 €O 0O 01 1 000 0O O 00000 aCooa 174 00 110001001 010L0 10020 OO OD 0O OO OO0 O 0O0C 00 O 00100 00000
OF 5 00 011101011 COOGCY} 0001LL OO 00 0O 0L 00 O 0CO 0C 1 1001C 0000C 135 00 11101001} 01101 00LL0 OO0 O0 00 0L 10 O 000 00 1 00000 0BO0GGC 17?5 00 101000010 10100 00011 01 10 00 03} 00 O 000 10 O 00000 00006
aF 6 0} 011111000 00COCO 0L001 OO OO L1 OO OO O 0oC 00 C© CO0OOC 00COoC 1364 00 011101001} 00000 OOOUO 00 00 00 DO VO O 000 CO O 00O0OO 00000 176 00 011101001 0OOOOO0 00000 OO0 0O 0D 00 00 O 000 00 O O0OOC 00000
OF 7 01 011010000 10000 00CO01) OO OO0 L1 OO OO O OO0C 6O D 22011 OOCGOC 137 00 0110001311 10100 00310 00 1O OO0 0O 00 ) 0OU 00 O 00000 00016 Le? 00 010000311 0LOOC 0OD0OCY OO0 1) OO0 00 00 0 000 00 1 00000 000O0G
GF8 00 011001000 11000 00O0LY OO 10 OO0 0O 10 O 00O CO O 00DDOO 00006 138 00 011000130 11000 0OCLL 0D DO 0O 0O 0L O 0OC 0O O 00000 OOCOoO0O0 178 +} 1111113kl 0OOGO 00000 21 20 1) 20 L) O 000 20 O 12100 11100
OF9 1} 131133111 01100 00101 3) 10 11 30 L1 O 000 10 O 11100 10000 139 00 11100001} 0O0L0L 00O0LY 0O OO0 1) 00 10 O 000 00 1 00000 00000 179 00 010000011 OL1LO0O0 0100} 13 )0 00 OO0 OO0 O 000 10 O DOOOODO 00000
OFA 00 100000100 10100 0O0O0LY OO 11 OO0 10 0O O 011 1C 1 OCOOO 0000C L3A 00 011000100 11.000 000Xl OO0 OO0 00 00 0L O 000 0O O 00000 00000 17A 00 000100111 0OCCOC C10LO0 OO0 LY 10 00 00 O 000 ©C O 00000 00008
OFB 00 100000011 O0CCOOC 0000Y OO0 00 OO0 0L OO O OO0 10 O DCOOOD 090806 13B 00 1101100131 00111l 00011 00 00 00 0C 10 1 01 00 1 0000C 00006 178 00 000100110 GOCOO 00001 OO L1 OO 0O 0) 0 OO0 00 O 0OOOO 00000
OfFC 00 100110101 0CCOOO 0O0O0OO OO0 0O OO0 11 OO O OO0 0O 1 OcoeOo 08000 13C 00 011000030 11000 00011 00 00 11 00 01 0 000 CO O 00000 00000 L7¢C 00 111001000 10100 00011 OO U0 OC Cl 00 C 000 00 ) D00OOODO 00060
GFD 00 100000001 0CCOO 00101 00 OO OO0 GO 00 O 011 00 1 COO0O 1L9060C 13D 00 110100011 00111l 00011 0O OO0 0O 00 10 1 0Lk 00 1 00000 00000 17D 1% 3113111331 01100 000X0 31 X0 L) 10 L1 O 000 30 O 12100 0O0GO0C
OFE 60 111101001 10100 00011 OC OO OO 0L 0O O 000 10 1 OOOOO 00000 13E 01 000001010 10100 00021 OO0 OO 00 00 060 C 011 00 O 00000 00000 17E 00 010000000 10100 00110 0O GO 0O 0O 0L O 211 CO O 00000 00000
OFF 01 011010000 10000 0001Y OO0 OO LY OO 00 O 000 00 O 11011 DOO0OO0C L3F 00 001010011} 00001 10010 00 10 13 11 10 O 01X OO O 0CO0O0 0000C L7F 00 110001130 01000 01010 00 00 00 00 00 0 000 11 O 21100 00000




Table 2-5A contd.

ADD. |SNA NA\) A ADL C M @ S P CT B SEQ@ R GP CR ADD. | SNA NA” A ADL € m @ S5 P CI B SE@R 6P CR
140 | -00 000101000 00000 0D06OD D00 11 00 00 00 0O 100 00 O 10011 0000C LCO 00 113101000 00000 00000 OO 00 0O 00 00 0 LOOQ 00 0 X0D1LY 00000
181 00 000100000 00000 00000 01 LD DO DO 00 O 000 10 O ODOOO 00000 LCh 00 000110111 01001 OCO0O 0O 00 00 00 00 O 00O DO D O0ODO 00000
182 00 0010.000C 00000 00000 GO0 11 00 00 00 O 000 00 0O 00000 00000 LC2 01 000101100 00000 01101 00 10 1) OO0 00 O 000 00 0O DO10O0 0000C
183 00 011101001 COOOOO 0OOOOC OO 0D OO0 0O OO0 O 00O 0O O 0OODODO 0OO00OO0 LC3 00 01000010} 110L1 01011 OO 10 11 OO OO0 0 00O 00O O 0)110L 00000
L8y 00 001111010 00100 O00L1L 00 00 00 00 00 0 11l 00 1 10110 00000 LCY 0l 0LLLL000L 01101 00001 00 11 00 00 00 0 000 00 O DODODOD 00000
185 00 110001000 00100 00011 00 OO0 OO0 OO0 00 O 1Ll 10 O 00000 00000 LCS 00 110001000 01100 01110 01 OO OD OO 00 O 00O L0 O COOOOD 00100
186 0} 001010100 00CL1 00000 00 OO0 10 00 00 O 000 00 O 00100 £OOOC LC6 00 011001100 00000 00000 0Y 0O 1) OO0 00 O 000 L0 O 00000 00000
187 0} 001100100 0CLL11l 00000 0O 00 OL 00 00 )1 000 00 O 00100 00000 LC? 00 000101001 00000 000ODY 20 LO OO0 00 00 O 111 20 O 00000 00000
188 00 001110110 01101 00110 0O 00 00 UL 00 0O 000 G0 1 00000 00000 LC4a 00 000310110 01010 00000 v0o 0OC 00 VU 00 O 000 00 0 00C0O0 00000
189 10 100000000 00000 01110 0O OO 00 11 OL 0 000 X0 ) 00000 000COD LC? 00 000111031 11011 0OO0LLO OO0 10 OO0 00 00 O OLU 00 0O DDODO DOO0O
L8A 00 010011111 0OCOO0 00000 OO 00 00 Q0 00 U 00U 00 O 00DRO 000O0C LCA 00 010011111 OCGOOO0 000CC 0L 0O 0D VY 00 0 00U DO O 0O0CO 0000C
148 00 000011011 00000 01010 00 D0 L0 00 L0 0 000 00 O 00000 00000 LCB 00 001110001} 11012) O0113% GO L0 OO0 0O 00 O OUO OO O 0O0OD 00000
18C 00 001110010 11011 00130 GO0 10 OO0 OC 00 C 000 00 0 01010 D000 LCC 00 001311111 0CO0GC0 00L0L OO0 06 1L 00 00 0 000 V0O 0 00000 00ooc
18D 00 001101110 01000 00101 OO0 11 0O 00 00 0 000 SO O 00000 0pEOC LCD 00 0k0011.000 11011 011211 OO LO 1Y OO0 OO O 000 00 O 01101 00000
L8E 0L 000100100 00001 00111 00 00 00 00 00 C 000 00 0 00200 D000O0G LCE 00 010103100 0GLOOO 0000L uB O0C 00 00 00 0 000 LO 0O 110XD 00000
LaF 00 00110000} 11011l DOO300 00 10 00 00 00 O 000 00 0 00000 04000 LCF 00 110111000 10100 00011 0O 0O 00 01 00 0 000 10 0 11010 00000
1790 00 0000110GY: 00000 00101 00 10 00 00 00 0 Q00 00 O 00000 DROOC LDO 00 000101111 00000 00000 0O 0OC OO0 00 00 O 000 DO O DDOOD 00000
191 00 110111110 00000 £O0X0 10 10 1) OO0 00 O 000 00 0O 00000 00000 DL 00 001101010 01100 00000 OO0 00 00 01 00 O 000 00 O 00000 00000
172 00 010011131 00000 00000 00 OO0 00 00 OC O 000 00 © 0D0OO 0000C LbZ 01 0011113100 00000 01201 00 L0 10 00 0OC O 000 00 O 00100 00000
193 01 000000010 00600 DOOG0O 0Y 10 00 00 00 0 000 10 0 00000 oooon 103 00 000110010 00000 00000 DO OO0 OO0 OO0 00 0 000 00 O 00010 00000
19y 00 00110100 01100 00000 05 0OG 00 0L 00 0 000 00 0 0101} 00000 1DY 01 011101010 010CYL 00210 0O 00 00 01 00 O 0CO 10 0O 0011) 00000
195 00 00%10L000 10110 0COL1L OO0 00 00 10 00 0 03 00 1 00000 00000 1D5 01 011101010 0100} 00110 DO OO 00 0L 00 O 00C 10 O 10010 00000
196 00 011101001 0000C O0G0O 0O 00 00 Q0 00 U 0020 N0 £ D0D0OD 0ODOQR D6 11 010011110 0OCO00C 00000 00 06 00 00 00 0 00O 10 O 0DOOOD 00006
197 00 00110011L 10100 00GCLL OO0 11 00 10 00 0 011 10 1 00000 00000 LD7 0} 011011000 00C0O 000OY 01 00 11 00 00 O 111 X0 O 00000 00000
198 00 111101001 00000 C0001 GG 00 00 0L 0L 0 000 30 ) 00000 D00OC 108 01 0L0000L00 11010 00Lik 00 00 0D 00 00 O 0CO 00 D 00100 00000
199 00 001011110 00000 01101 00 L0 00 0D 00 O 000 00 O 00000 £ooon D9 00 000010111 L0100 0O000OD 0O uD 00 00 0L O 00OC 00 O 00000 0O0O0C
L9A 00 010011131 0OCO0O 00000 G0 00 00 00 00 O 00O 00 D QOOLD 00000 LDA 00 010031311 00000 00006 uG DU 0L 0O 0BU O LOD 00 0O 00000 00O00C
198 0} 001111000 00000 00000 00 11 00 00 00 O 0CC 20 © 00D0C 00000 LDB 00 001110000 11010 L0010 0O LO OO0 OO OO O QOO DO 0 00000 00000
19C 01 001011100 10100 06111 OC OO0 OO0 1) 10 O 000 00 O 0DX00 0000C LDC 0l 0L001.000 0O0OGC 00000 00 13 00U 00 00 O QOO 00 0 00000 g0gO0r
19D 00 011111011 0OOGGCC 0CO0O0C 0D 0O 00 00 00 0O 100 00 0 10011 00000 10D 00 00L111000 110L1 O211) OO0 L0 1) 0O 00 O 000 00 O 00000 00000
L7E 00 001100000 01000 01001 ©O0 1C 00 00 00 0 000 0O © DODDD 0foac LDE 0l 00000L100 00000 00101 0D COC 0O 00 00 0 000 00 0 00000 00000
L9F 00 001010001 10100 GO110 OO0 L0 00 00 C1 0 1Ll 00 C 00000 00000 LDF 00 00L00L0CL 00000 00O00YL OO0 CO 00 00 00 0 111 00 0O 00000 0O00GO

ADD. |SNA Nm A ADL C M @ S P CT B SE@ R GP CR ADD. | SNA Nﬁ“ A ADL C M @ S P CT B SEQ R GP CR J
LAGD 01 100111010 010C00 0O0CY GO 11 00 00 10 C 000 00 O 00000 foooC LED 00 100000000 00000 000O0L DO 00 00 00 01 0 000 D0 O 0OODD 00000
1AL 0y 101110100 11010 0CLlYL OO 0O 00 00 00 O 000 00 O 00100 03O0GC LEL gl 130010101 00001 00011 00 00 00 00 00 O 00D 0D 0 00000 0D0O0C
LAZ 00 010011111 C0O0DO DOGOOO CO OO 00 00 00 0 000 DC 0 00000 0000C LEZ2 J0 010011311 00030 G0ODC .0 0D 00 0O 00 0 00O 00 0 00000 00000
LA3 0} 001100010 COOGCO 000DO 0L L0 00 00 00 O V00 10 O DDODOO 00000 LE3 U0 00010000 00006 00101 GO 10 00 00 0O 0O 00D 00 0O 0ODOOO 00000
LAY 00 001011010 00L01 00000 OO0 10 00 00 00 C 000 00 O DOOOD 00000 LEY 01 00001L0L0 GGOOO 00000 GO0 uo 00 U0 L0 O 000 00 0O 20000 00000
LAS 00 100101011} 01001 00110 00 11 00 01 00 0 000 00 1 00O0DD 00000 LED G0 000110011 00000 00000 0D 11 00 00 00 0 000 00 0 0ODODO 00000
LA6 00 010010110 11013 01011 OO L0 00 00 00 0 31l LY 0 01110 01000 LE6 0l 00L00LL00 GO00O00 CLi0ik U0 L0 00 00 00 0 uel 00 0 0010C 00000
LAY 01 001011000 000CC 00000 OC 00 0L 00 00 0 121 00 0 10131 0000C LEY 00 001001100 00000 380000 U0 1L 00 00 00 O 000 00 D DOOOO 00000
1LA8 01 100101010 01001 00000 OO 00 00 01 0C O 002 10 0O D0L1Y 00000 LES8 00 000010410 LOL00 00110 U0 LU 10 G0 00 0 000 Q0 C 00000 00COoo
LAT 00 100111010 01101 01010 OO0 G0 00 0C 00 € 000 00 0 02000 0000C LE9 01 001110100 L1010 00111 OO0 00 00 00 00 O 000 00 O 00100 00000
LAA 00 010011111 GOOOO 00000 DO GC 00 00 00 0 000 20 0 00000 00000 LEA 00 01.001111) OGOCOC 00000 GO0 00 00 00 00 0 000 00 © 00000 00000
LAB 00 000010011 01010 10000 00 00 CO 0OC 00 C 000 DO 0 DOOOC 0000C LEB 00 000310013 11010 OX1:1 OO0 10 OO0 00 00 0 000 0D O 00OOD 00000
LAC 01 001010010 0OCOOC CGOCY CC 0D 00 X1 10 O 0L X0 D DDODD 0QCcGO LEC 00 000010010 11010 0001 00 10 11 00 0D O 000 00 0 00000 ooooo
LAD 00 010110000 00COOC 000LL GO 00 00 01 01 0 020 0O O DOOOC 000oC LED 0l 001000100 0O0O0LGC DOOOC 00 0O 10 00 00 0 000 00 O 00200 0O00C
LAE 10 »13111}11 0L003 00003 21 10 1) 00 10 0 000 11 0O 11100 00000 LEE 00 11110100} 10100 0O0OLYL OO 00 CO 0L 00 O 000 X0 0O 00000 01100
LAF 00 010110001 01000 00001 00 0O 00 01 0l 0 000 00 0 DX10Y 00000 LEF 01 060010000 00060 00600 60 60 0 10 00 O 00 10 1 10100 0000C
1B0O 00 001011031} 11011 0O00LY OO L0 31 00 00 O 000 00 O DO0OD 000600 LFO 00 L00000000 00000 00001 00 GO 0D 00 0L O 000 00 O 00000 00000
LBL 00 001000110 01000 01101 06 11 00 00 00 O 000 00 O 0DOOO 0000C LF L 0l 11000010k 01001 OL1Ll 00 00 L0 00 00 O 000 00 © 0001) 0000C
LBZ2 01 000111100 00000 01101 OO0 L0 00 00 00 0 0O°C 00 0 00L00 00000 LF 2 00 01L001LL11 OO00CO 0000L Vo DO Vo U0 GO 0 ooo QU 0 0CD0D 00000
LB3 01 010111000 1101% 00010 DO 10 31 00 00 0 000 20 O 01101 00000 LF 3 00 00L31L3i1) 0O0COO 00000 0D 00 00 00 00 0 000 U0 O DODOD DoOOC
LBY 0} 011110010 01000 000Cl D0 GO 00 00 10 O 000 00 0 00000 00000 LF Y 00 0LLOGOC0O0L 00000 006000 B0 GO0 00 11 10 O 000 L0 O 00000 00000
LBS 01 100001011 01010 ODO00OC 0O 00 00 00 00 O 00C 00 C 00000 9000C LF 5 00 001100011L 00000 00001 00 00 00 0} 0L 0 000 00 O 00DOO 000O0C
LB6 11} 010}11110 00000 00000 00 00 00 9C 00 0 02C 10 C 0OR0OC 00000 LF 6 00 01001011y 0O000C 011120 OO0 0O 00 00 00 C 1kl 10 O 00000 00000
1BY 0l 000101011 00000 00001 00 11 00 060 10 O 0LX 00O Y 00000 00000 LEY 00 0.0111012 OO100 0002L 00 10 00 00 00 0 121 00 1 10X11 0000C
1B8 00 101100010 C0OCOC 00001 OO0 GO0 00 00 00 O 0L 00 1 00000 00009 b8 00 000110130 L0100 000Xl GG 10 00 00 00 0O 000 00 0 00010 00000
1B? a0 000111010 0O00CC 000L0 8O0 00 00 01 00 € 100 00 1 10110 00000 LE9 00 000000111 01L00) 00000 00 00 00 00 1) O 000 00 0O 0000 00000
LBA 00 010031311 0OOC0OO0 OO0CO GO CO0 00 00 00 O Q000 20 0 00000 00000 LFA 00 000111110 10100 00011 00 LO OC 00 00 0 000 00 0 00010 00000
1BB 00 000011010 0OOCOO 01020 GO 00 X0 00 00 O 0O0OC 0O O DODOODO 00006 LFB 00 00006010y 01L001 001310 00 00 00 00 L)Y 0 000 0O O 0ODOLO 0000C
1BC 00 001011000 11010 0001) ©OO 0O 11 CO 00 O 1Lk 11 0 11100 00000 1LFC 0l 001104100 00001 G011l 00 00 00 1) L0 0 000 00 0O 00100 00009
18D 00 010110011 00000 00000 OC 00 00 10 00 O 000 X0 2 1XXL00L 00000 LFD 01 011000000 0O0COO0 000LL OO 10 00 0L 0L O 000 OO O 00000 00006
LBE 00 001000000 00000 0100L 80 L0 00 90 guo © oY 90 0 01110 00CO00 LFE 00 10010110L L1011 1001C ©0 L1 1) 00 00 O 000 20 0 0DD0L0 0cooo
LBF 01 000010300 10100 00%1X2 OO 1)L 00 00 0O O 000 00 D 00L0O0 0000C LFF 00 L0010010L 11031 10020 00 OO0 11 OU 00 0 000 00 O 00010 000G

2-22



.

:ﬂé,ww,

Table 2-5B Control- ROM Binary Content P856

rADD. SNA nalN) A ADL C M @ S PCT BSEQGR &P CR ADD. |[SNA naN A ADL C M @ S PCT BSE@R 6P CR ADD. [SNa  NaN ADL C M @ S P CT BSEAR &P CR
000 | 00 111101000 00011 0OOOL 0O 10 11 00 00 O 111 0O O DODDO DOOOO 040 | 11} 111111111 01100 01000 11 10 11 10 11 0 000 10 0 11100 10000 080 | 0O 00000LOCO GOOOO 00OCL 00 00 DO 01 00 O 000 0O O 0DDOO 00000
001 | 11 111111111 00000 0O0OO 11 10 11 10 11 0 000 10 O 11100 00000 041 | 01 111001000 10110 01000 DO 10 00 OO 00 O 00O 00 1 00ODO 0OOOO 081 | DO 100000000 00000 00000 DO 00 OO OO 00 O 000 00 O 00DDO DOOOO
002 | 00 111101001 00000 0OOOO OO OO 00 10 11 O 000 00 1 00000 00000 ov2 | 00 011111101 00000 00000 DL 10 00 00 11 O 000 10 O DOODD 00000 082 | 0O 110110010 01010 01110 00 00 0O 0O 00 O 100 11 O 00000 DOOOO
003 | 01 011010000 10000 00011 00 OO 11 00 00 O 00O OO O 11011 0OOOO 043 | 00 011110101 00OCO DOOCDO D) 10 00 00 11 O 00D 10 O 0DODO DOODO 083 | 10 100000000 00L01 00011 OO0 10 11 00 00 O 00O DO O 0ODDO DOOOO
00Y | 01 111111000 11110 10010 00 00 1) OO 00 O OO0 00 O DODOO 060OO 044 | 00 100000001 0OL00 0L000 0O OO0 00 OC 0O O 011 0O 1 000OO 10000 o84 | 00 110001011 01100 10010 0O 0O 00 00 00 1 000 01 O 0OOOO DOOOO
005 | 00 111111011 00000 000COO 0D 0D OO 11 10 O 000 OO O 01110 00000 045 | 0D 100000001 0O0OC 01010 00 00 00 00 00 O 0Ll OO 1 00O0O 00000 085 | 00 110001011 01100 10001 OO0 00 0L 00 0O 1 DOC 01 O 00110 00OOO
006 | 00 111111111 10100 00011 0O 10 00 00 00 O 00O OO O OODDO DOOOO 046 | 11 111111111 0OL00 01000 11 10 11 10 11 0 000 10 O 11100 10000 086 | 00 101101001 00OOO 00OCO 00 OC 00 OO 00 1 OO0 00 DO DOOOD 00000
007 | 00 111111111 00000 01110 0) 10 00 00 00 O 000 10 O 0OOOOO DODOO 047 | 00 111101001 00000 OOOOC DO 00 00 00 00 O 000 0O 1 DOOOO 01100 087 | 00 101111001 00101 DOOLL OO0 OO0 11 OO0 0O O 000 00 O 00010 00000
008 | 11 111111111 01100 0OOO0Y 11 10 11 10 11 0 000 10 O 11100 10000 08 | 01 110100110 00001 11100 00 0D 00 0O 0D O 000 OO O 00100 DOOOO 088 | 01 010110011 00000 01010 00 10 OO 00 00 O 000 DO 1 11111 00000
009 | 00 111101001 00000 00ODL 0D 00 00 01 01 O 000 00 1 00000 10000 049 | 01 101000000 00001 00111 00 11 11 00 00 O 000 00 O 0DOOOO 000O0O 089 | DO 010111010 01001 01010 00 00 L1 OO 0O O 000 0O O 01111 00000
00A | 00 101101101 11110 00011 0D 00 00 00 00 0 111 00 O DODDO 00000 04A | 00 011100010 10100 0OOOO DO 10 00 00 00 O 00O OO O 00ODD 00000 08A | 00 100110000 00000 00011 OO0 00 00 00 00 O 111 00 1 00000 00000
008 | 00 111111111l 00000 0O0l1L OO 10 OO OO0 0O O 00O DO O 000OO 00000 0yB | 01 110110101 01100 10010 00 00 00 00 11 O 000 OO O 0DOOO 00000 088 | 01 011010000 10000 00011 OO0 00 11 0O 00 O OO0 00 O 11011 00000
0oC | 00 100000001 00100 00011 OO 0O 00 00 00 O 01l 00 1 00000 DOOOO 04C | 01 110110010 00111 00011 OO 0O 00 10 10 1 01l 10 O 000OO 00000 08C | 01 010101011 11010 01011 00 10 11 00 0O O 001 00 O 10100 00COO
00D | 00 100000001 10100 0001L 0O 00 00 00 00 O 011 OO )} 0OOOOO DOOOO o40 | 00 111101001 00000 0O0OL DO 0O 00 0L 01 O OO0 00 1 DOOOO 00000 080 | DO 110101000 00000 0OOOC OO0 DO OO 0D 00 O 000 10 O 01101 00000
00E | 00 011100110 11011 0001} 0O 10 00 OO GO O 000 DO O DOOOO 00000 O4E | 01 110101000 00000 0OOOO OO0 OO0 01 0O 00 O OO0 00 O D101 000O0O o8 | 01 111010100 10100 00011 OO0 00 00 10 0O O 000 10 DO 0DLOO 0OOOO
00OF | 00 011100101 11011 00011 0D 10 00 00 00 O 000 00 O DODDO DOGOO O4fF | 00 101110010 00000 01110 01 10 00 00 00 0 011 10 0 10001 00000 0&F | 0O 101011001 00000 01101 00 10 01 00 00 0 000 00 O 0DOOD 00000
010 | 01 111010 ! 11 00 00 11 00 00 O 000 00 O DOOOO 00000 050 | 11 111111111 01100 00010 11 10 11 10 11 0 000 10 0 11100 10000 090 | 00 110101010 110L0 01011 00 10 OO 00 00 0 000 00 O 0ODOO 060G0
011 | 00 111101001 00000 0DOOL 0D 0O 00 01 01 D GO0 0O 1 00DDO 00000 051 | 01 110001000 10110 00010 0O 10 00 OO0 0O O 000 OO O DOODD 00000 091 | 10 100000011 10100 00011 OO 00 00 0L OO O OO0 00 O OOOCD 00000
012 | 01 011100000 01000 0OODL 0D 00 00 OC 00 O 100 00 O 10011 DOOOO 052 | 00 011101100 0OOOO0 0L110 DO 00 00 01 11 O 000 10 1 00O0DD 0OOOO 0%2 | 00 111101101 10100 00011 00 10 00 00 00 O 100 11 O 11100 00000
013 | 00 011100000 00000 0001l OO 0O OO0 01 01 O 0OO OO O 00000 00000 053 | 00 011101000 0OOO0O 01110 0O 0O 00 01 11 O 000 10 1 00DDO DOOOO 093 | 10 100000000 10100 00011 00 10 L1 00 0O O 000 0O O DDOOO 00000
04 | 00 111011000 11011 10010 0D 10 00 00 00 O OO0 OO O 0OODO DOGOO 054 | 00 100000001 GOLOO 00010 0D 00 00 00 0O O 011 00 1 00000 10000 0%4 | 00 110001011 01100 01111 00 00 00 OO 0O 1 000 01 O 00011 00000
015 | 00 111011000 11011 10010 0D 10 00 00 10 O 00O 00 O 01110 DOOOO 055 | 00 010101000 01000 01101 DO 11 00 00 0D O OO0 OO0 O 00OOO 000OO 095 | 01 111000111 01000 D0O0OL OO 00 OO 0O 00 O 000 00 O 0OOOO 000OO
016 | 11 111111111 00000 00000 11 10 11 10 11 0 000 10 O 11100 DOOOO 056 | 01 110100000 0000GO 0OOOO DO 00 01 00 00 O OO0 00 O 0ODDO DOOOO 094 | 10 100000000 00111 00011 OO 10 00 OO 0O O 000 00 O DODOO DOOOO
- 017 | 11 111111110 00000 00O0OOO 00 0O OO0 00 00 O 000 10 O 0000 D0OOO 057 | 0} 110010000 11110 10010 00 OO 11 00 0O O OO0 0O O 10001 00000 097 | 00 101101001 10100 00011 00 0O 1) OO OO 1 0OOO OO O 0OOOO DOOOO
018 | 0l 110010011 10100 00011 OO 10 OO OO0 0OC O 000 00 O 0111} 00000 058 | 00 110100110 01001 11100 0D 00 00 00 0O O 00O OO O DOODO 00000 098 | 01 010110011 0OOOO 01010 0D 10 OO 0O 0O O 000 00 1 11111 DOOOO
019 | 0l 101011011 10100 00011 0D 10 O 00 00 O 00O 00 0. 01111 00000 059 | 01 101000000 00001 00111 00 11 11 DO 0O O 00O 0O O 0OOOO 00000 099 | DO 010100101 0OOLO 10010 0O 00 L1 OO 0O O 000 00 O 0DOOO 00000
01A | 01 101111011 00100 0001l 0D 0O 11 00 0O O 0OO OO O DODOO 00000 05A | 00 011100010 10100 00000 00 10 00 00 00 O 000 00 O 0ODDO DOOOC 09A | 00 010010101 00001 00011 00 00 00 OO 0O O 111 00 1 11111 00000
018 | 00 011001110 0L00L 10001 0O 00 01 00 00 1 000 Ol O 00110 DOOOO 058 | 01 110100101 01100 D111l 00 OO0 10 00 11 O 000 00 O 00011 0OOOO 098 | 00 011111110 01101 00001 0C 00 00 OO 00 O OO0 00 O 00DOO DOOOO
01C | 01 101101011 10100 00011 0O 10 00 OO 0OC O 00O 0O O OODOO 0OOOO 05C | 01 110100010 0011l 00011 00 00 00 11 10 1 0Ll 10 O 00DDO 00000 09Cc | 01 010110011 11011 0111l 00 10 00 00 00 O 000 00 1 11111 00000
010 | 01 101001011 10100 0O01L 0D 10 Ol 00 00 O OO0 OO O DODOO DOOOO 050 | 00 010111110 0OOCC 0OODL 00 11 00 01 01 O 000 0O O 0DODO DOOOO 0%0 | 0O 101000011 10100 00011 10 10 00 10 00 O 0Ll 10 1 00110 00000
01E | 00 011011101 00100 0001l 0D 0O 11 00 00 O 000 OO O DODOO 00000 0SE | 00 110011000 00000 0OOOC OO 00 01 00 00 O 000 OO O 0ODOO 00000 09 | 00 101100000 10100 00011 00 10 0O 00 0O O 000 00 O 11111 00000
l,DlF | 00 011001110 01001 01111 0D 0D 10 00 00 1 000 0L O 00011 DOOOO 05F | 00 111111111 10110 0001l DO 10 00 OO0 00 O 000 OO0 O 00DOO DOOOO 0%F | DO 010011011 00000 CODOO OO0 00 0O 0O 00 O 100 00 O 10100 01100

— |

ADD. | sSNA  NaN A ADL C M @ S PCT BSEQR 6P (R ADD. |SNA NAN A ADL C M @ S PCT BSEQR 6P CR ADD. | SNA NaN ADL C M @ S PCT BSEGR 6P (R
020( 13 311111111 01100 00110 11 10 11 10 11 0 000 10 O 11100 10100 | 060 | 31 111111111 0LL00 00111 11 10 11 10 11 O 000 10 O 11100 10000 0AD | 0O 111010101 00000 01010 00 00 00 0L GO O 000 00 O 0L001 00000
021 | 00 111101001 10100 00110 00 00 00 0L 01 0 000 00 1 0OOOO 10100 | 061 | 00 001000111 10110 00011 00 10 00 10 00 O 000 00 O DL001 00000 0AL | 00 111101001 10100 00110 0O 00 00 01 0L O 000 0O 1 DDOOO 0OCOOO
02z | 00 011101100 CO101 0OO1L 0D 00 00 0L OO O 000 00 1 0D0DOD 00000 | 062 | 0O 011111100 00000 DOOOD D1 10 OO OO 00 O 000 10 O ODDOOD 0OOOO 0A2 | DO 011100111 11011 00011 00 10 0O OO 0O O 000 00 O DOOOO 00000
023 | 00 011101000 00101 00011 00 0O 0O 0L 0O O 000 0O 1 00000 0OOOO | 063 | 00 011110100 0OOOO 0OOOD Gl 10 00 OO 00 O 000 10 O 0ODOO 0000G 0A3 | 10 100000000 00101 00011 OO 00 11 Ol 0O O 000 OO0 O DODOO 00000
024 | 00 100000001 00100 00110 DO 0O 0D 0O 00 O 011 00 1 00000 10100 | 06y | 0O 100000001 00LO0 OOLLL 0O OO OO0 00 00 O 01l DO 1 00000 1000 gAY | 0O 011011011 01001 10001 00 00 0L OO0 0O L 000 01 D 0DOOO 00000
025 | 00 100000001 10000 00100 OO0 OO 00 00 0O O 011 DO 1 00DOO 10100 | 065 | 11 111111311 01010 01101 11 10 11 10 11 O 000 10 O 11100 00000 0AS | 01 000011111 110L1 00011 OO OO0 00 0O 01 O 00O OO O DOOOO DO0OC
026 | 00 001110111 1101l 10010 0D 1D OO0 00 00 O 0OO OO O 0OOOOO 00000 | 0646 | 11 111111111 0OLOO 00111 11 10 11 10 11 O 000 10 0 11100 10000 0A6 | 0O 101010101 000OO 01101 00 10 00 00 10 O 00O 00 O DO0OOD DOOOO
02? | 00 110011110 01011 00000 0O 00 0O 0L OO O 000 OO O 01011 DOOOC | 047 | 00 110000000 01000 OOOOL OO 11 OO0 00 OO O 000 00 D DODOO DOOGO 0A7 | 0O 011001011 1000 00011 OO OO0 11 0OC 00 O 00O OO O DOODO 00000
028 [ 01 011010000 10000 0OOLL OO OO 11 00 00 O 000 OO D 11011 0OOOO | 048 | 01 011010000 10000 0001l 00 OO0 1) OO 00 O 000 00 O 11011 000OO 0A8 | 0D 010001101 0ODOC 0OODO OO0 OO0 00 OO 00 O 000 00 1 10010 00000
029 | 00 011100011 110.0 10010 00 10 11 OO0 0} O OO0 OO O DOODD 00000 069 | 00 001011111 00101 OOO011 00 OO 11 00 01 O 000 OO O 0DDOO 00000 0A% | 00 010001110 00000 0OOOO 01 00 1)} 10 00 0 000 10 1 00000 00000
02A | 00 101011001 11010 0L01) 0O 1D 11 OO0 00 O 000 OO O 00DOD 0000C | 04A | OO 0L10101L10 GLO0O0 COOOL DD OO0 00 00 10 O 000 00 O 00000 00000 gAA | 0O 101001111 00000 01101 00D 10 00 OO 0O O 000 00 O DOODOD DOOOO
028 | 00 101000101 10100 00011 OD OO OO 01 OO O 100 OO 1 10011 00000 068 | 01 110010101 01001 10001 00 OO 0L 0O 11 O 000 00 O DOODDOO DOOOO 0AB | 00 101010010 000OC 00000 01 10 00 10 11 O 000 10 O 00000 00000
o2¢ | 01 111010010 01111 01110 00 11 00 11 10 1 00O 10 O 00000 0OOOO | 0sC | OO 011100100 01100 10010 00 OO 00 0O 00 1 000 0L O 00000 0000D OAC | 00 100000001 00L0C 00011 OO 00 DO 00 GO O 011 00 1 10010 000OC
02b | 00 011011100 00000 0OCOL 0D DO OO Ol 01 O 000 OO 1 0OOOO 00000 | 06D | 01 111010111 01000 COOCL DO OO0 00 OO OC O 00C 00 O 00000 DOOOG 0AD | 0O 010010100 010L0 00110 00 11 11 OO 0O O 000 00 O 0DODOO DOOOO
02E | 00 100110100 00000 DOOOO 10 10 0O OO OO O 00O OO O DO110 00000 | O06E | 0O 111111111 0OOGO 01110 01 10 00 10 31 O 000 10 O 00000 00000 OAE | 00 111101001 10100 00011 0O 00 00 01 00 0 000 10 O 00000 00000
02F | 01 111000000 11100 00011 00 OO 11 00 00 O 000 00 O DOOOD DOOOC | 0&F | 0O 1111131111 00000 01110 01 10 00 00 00 O 000 10 O 00000 000OG OAF | 01 101010000 00000 00000 00 00 01 10 00 0 000 10 1 1Lyl 00000
030 [ 1L 111111111 01100 00000 1) 10 11 10 11 O 000 10 0 11100 11000 | 070 | 10 100000000 00110 00000 0D 0O 00 00 00 O 000 00 O DODLD DOODO 0BO | 00 101001101 00000 01101 00 10 00 00 00 O 00C 00 O 00000 00000
031 | 00 111101001 10.00 000CC OO 0O OO0 01 0L O 000 OO 1 0OOOO 11000 | 071 | 00 110001111 0COLO OOOll DD OD 11 00 00 O 000 00 O 01110 00000 081 | 00 111101001 10100 00000 OO 00 0O 0} 01 0 000 0O 1 00000 00000
032 | 10 100000000 00000 0OOOO 01 10 11 10 11 O 000 10 O 000OD 0000O | o072 | oo 110101101 0COOO 01110 OD OO 00 01 00 0 000 10 1 DODDD 00000 oB2 | D01 101110000 10010 00110 0O 10 00 00 00 O 011 OO O DOODO 00000
033 | 10 100000000 00000 00OOO 0) 10 11 00 11 O 000 10 O 0DOOO 00000 | @73 | 00 110101100 COOOO 01110 DO OO0 00 01 00 O 000 10 1 00000 00000 0B3 | 10 100000000 00000 0ODCO 0D OO0 00 00 11 O 00O 0O O 0D0DDO 0O00C
034 | 00 100000001 00L0C 000CO DO 0O OO0 OO 00 O 01l OO0 1 OOOOO 11000 | 07y | 11 111111111 00100 00011 11 10 11 10 11 0 000 10 O 11100 10000 0B4 | 00 011010010 01001 01111 00 00 10 0O 0O 1 000 01 O 0001l 00000
035 | 01 010111100 11000 00011 OO DO OO OO OO O 000 0O O 00100 000OC | 075 | OO 011011100 00010 00011l OO OO 00 OO0 OO0 O 000 00 1 00100 00000 0BS | 01 000001111 11011 0001 0O 0O 00 00 01 O 000 0O O 00DOO 000O0C
036 | 00 001110111 11011 10010 OO 10 OO0 0O 00 O 000 00 O 00000 00000 | Q076 | OO 010010010 01001 11000 OO 00 00 00 00 O 000 00 1 00000 11000 0B4 | 00 111101001 10100 00011 0D 0D 00 0L 00 O 000 10 O 0DODD 00000
037 | 11 111111111 01100 00010 11 10 11 10 11 O 000 10 O 11100 000OC | 077 | 0O 111000101 11011 0001l OO0 10 OC OO 00 O 00O DO O ODOOO 0000O 0B? | 01 101001000 00000 000O0O DO OO0 01 10 00 O 001 10 1 10101 00000
038 | 01 011010000 10000 0O0LY 0O OO 1L OO OO O 000 OO O 11011 00000 | 078 | 00 011000111 10100 00011l OO0 10 00 OO OC 1 000 00 O 00000 00000 0B& | 01 011010000 10000 00011 0O OO0 1) 0OC 00 O 000 00 O 1101l 00000
039 | 00 011011110 00100 0OCL) OO 0O 11 00 0O O 000 00 O DOODO 00OOO | 079 | OO 101010000 11011 01111 OO OO0 11 0O 0C O 000 00 O 1111l 00000 0B9 | 00 01000L010 0OOOOC 0OOGO Ol 00 11 10 0C O 000 10 1 00000 00000
03A | 01 111000100 00000 01101 0O 10 OO OO 0O O 000 OO0 O 0000 00000 | ©7A | 00 110010101 01001 10001 00 OO0 01 00 00 O 000 00 O DDOODD 00000 0BA | 0O 111101001 0L0Ll 01110 DO 00 00 00 00 O 000 10 O 0DOOO 000OO
038 | 11 11111111l 10100 0OC1l OO 0O 0O 0L 0O O 000 OO O 0OOOO 000OC | 078 | 01 110000101 01001 01111 00 OO 10 00 11 O 000 00 O 00011 00000 0BB | 0O 101000010 0OOO0 00000 01 10 00 10 31 O 0OO 10 O DOODO 00000
03C | 01 111000010 01111 01110 00 00 00 10 10 1 000 10 O 00101 00000 | o?c | 00 011000101 10100 0OOLL OO0 10 OO 00 00 1 00O 00 O DDODO 00000 oBC | 00 1060111101 0000C 01101 OO0 00 00 01 00 O 000 10 O 00000 0O0OC
030 | 00 011011100 0000C 0DOOL 00 0O 0O 01 01 O 000 0O 1 0OOOO 0000OC | 07?p | 0O 101001000 11011 01111 00 OO0 11 00 00 0 001 00 O 10101 00000 oBd | 0O 010001011 GL0L0 00OGO 00 11 11 00 00 O 000 0O O 0DOOO DOOOO
03E | 00 101011111 11011 01011 0O OO 0O OO Ol O 00O 0O O DOOOO 00OOC | O7E | 00 011000011 10100 OCOL1 00 10 OO0 00 00 1 000 00 O 00000 00000 OBE | 00 010011110 1000C 00LO0 00 10 00 00 0O O 000 00 1 0010L 10100
[; 03F | 01 110110000 00000 OOOOO OO OO 0L 0O 0C O 100 00 O 10011 000OC | 07?F | 01 111110100 00GOO 01001 00 OO 11 0O OC O 000 00 O 00100 00000 oBF | 00 111101001 01010 00001 0D OO 00 0O 0O O 000 00 1 00101 10000

———




Table 2-5B contd.

0010100611

ADD. |SNA NA“ A ADL C M @6 S P CT B SEQ R 6P CR ADD. |SNA NAM A ADL C M Q@ S P CT B SEQ R 6P CR ADD. |SNA N{-\” A ADL € M Q@ S P CT B SEQR 6P CR
0co 3} 311111111l O0L100 0000} 1) 10 11 10 L1 O 000 10 0 1)1X00C 00000 100 00 000121111 COCCO OG0OCO OO OO0 00 00 00 O 000 00 O 01001 00000 L40 o 60»23%x110 0O0C0OC OCOOO OO OC OO0 OO 00 O L0O 00 O 10011 0O00O0C
0Ck 00 111101001 00000 00001 OO 0D 00 0) O} O 000 00 ) 00000 00000 10X 00 110011010 00000 OO0ClLYy OO 1) OO 00 01 O 00C 00 1 90000 00060 L4k 00 111101001 0L101L OOOCO 00 OO 0O 00 00 0 000 €O ¥ 0101} 00000
oce 00 100110101 00000 01001 OO OO0 OO OO OO0 O 000 00 1 01100 000OCO 102 00 011101100 00101 00110 OO OO OO0 O 00 O 000 00 1 00000 0000C L4z 0 %»»001311 01100 01010 OC OO OC 00 00 O 000 00 1 00000 00006
0C3 00 011101110 00COO OOOOOD O} 1D OO OO0 13 O 000 10 O ODODO DO0OO 103 60 11010110k 00101 CO0L10 OO0 0O OO0 O 00 O 000 00 1 00000 00000 Lu3 00 100000001 10000 00000 OO OO 0C 00 00 O 0L 00 1L 0OODD 11000
ocuy 00 001001111l 01010 00110 OO 00 OO0 00 00 O 000 0O O DODDO 00060 L0OY 00 011010011 0OCOO 0O0OO 0L L0 00 00 00 0 100 L1 O 00000 DOOO0O L4y 00 110001000 Q000G 0000L 00 00 00 00 00 C 121 12 O DOOOO 0LOGO
0cs5 00 111101001 COOOO 0OOCOXY DO DO OO O 0L O 000 00 L 0ODODO OCOO0OO 105 01} 011010100 0OOCOO 00011 OO DO OO OO0 0O 6 000 0C O 00100 DOOO0C 145 060 010110131 0COLO 000LL 0O OO0 11 00 00 O 000 0O O 0O0OODOD 00000
0Cé 00 010001000 00100 00011 00 00 11 0O OO O 000 00 DO DOOOOO 00000 106 01 011010000 10000 00O0LL 0O OO LY} OO0 00 0 00O 00 0 11201} 00000 L4é 0l 000011100 110%x% 00110 00 10 00 00 00 OC 000 00 O 0010O 0O00O0C
acr 1} 111111111 00100 OGOOO 1) 10 31 10 311 O 000 10 O 11100 11100 107 00 001100110 00000 01101 OO 10 00 OO0 00 O 600 0c C OoCOD0O0 00000 Ly 60 000011000 0OCOO0O0 00000 00 00 0L OO0 OO O 000 0O O 00OOO 0OO0OO0O
0ca 00 010000110 00100 01012 10 10 OO OC 0O O 00O 00 1 10000 0O0O0O 108 01 011010000 10000 000LY OO0 00 1L 00 00 0 00O 0C 0 110XY 0000C 148 00 010110110 0O100L 103100 00 00 10 00 00 1 000 01 O 00000 0O000C
0C? 3} 11%111%11) 01100 O0LOOZ 11 10 11 10 31 O 000 10 O 11100 00000 109 00 001001011 00L0L OOOLL OO 0O 0O 00 61 © 000 00 O 00000 o6CoO 149 ot 0.0xx0101 01LOOL 10100 OO 1) OO0 0O 00 O 000 00 O 11101 00060
OCA 00 111101001 00000 01110 0O OO OO 0} 0L O O0CO 10 Y% DDOODO DOO0O0O 10A g0 011101000 00101 00110 00 OO0 OO 01 00 0 0QCO0 00 1 00000 000006 LUA 00 010110100 01010 01103 OO 00 00 00 00 O 000 0D O 00000 00000
0cB 00 100110010 0OCCOO OCOODO DO OO OO 0O OO O 00O 0O O 01001 00000 108 00 110101100 00101 00L10 OO OO OO0 0L 00 O 000 00 L 00000 00000 148 c0 011010111 0O0OCLO 0O00LYL OO OO0 00 00 00 O 000 0D O 001LOO 00000
0cc 00 100000001 00100 00011 OO OO 0O 0O 00 O 011 00 1 10000 00000 10C 00 001001010 11031 0OOLY OC 10 311 OO0 00 O 000 0OC O 00000 00000 L4cC 00 010103101 00000 0000Y 00 00 10 10 00 0 000 10 1 12111Y 00000
0CD 00 100111101 00COO 0L1DY OO DO OO 01 OO0 O 000 00 O 01110 00000 10D 00 %1%101001 OCCOO0 00011 00 OO0 00 O 01 O 000 00 XY 00000 00000 L4D 00 001000010 00000 00000 00 OO 0O L0 OO0 O 000 10 3 11111 0000O
OCE 01 100101000 0C00CCO 00110 10 10 0) 00 OO0 O 000 00 O DOODO DOOOO 1L0E 00 13101011 0O0CO 00000 OO0 OO 00 OO0 01 0 0cO 00 O 00DOO0 0000G LyE o0 001010031 1101k 01132 OO0 10 1) 31 20 O 0L 0D O DOOOO 00000
OCF 06 101101110 000COO 00000 1) 10 11 00 00O O 11Y 1L O 11100 00000 1L0F 00 100100101 11011 20010 00 OO0 1) 00 00 0 000 C0 0 00000 00000 LYF 60 001101100 01001 0000 DO U0 00 11 10 O 000 00 O 00000 00000
0bo 0} 011010000 L0O00C 00OCl1 OO OO0 11 00 00 O 000 0D O 1L101X 00000 110 60 011011311 CGOOOO 0ODOC OO 00 00 00 0O 0 000 00 0 0110Y 00000 150 00 010011111 00000 0OO0GOC UC 00 00 00 00 O 000 00 O D011DY 00000
0Dl 0} 011010000 10000 0O00LL 0O 00 1) OO0 00 0 000 00 DO 1101) 00000 11l 10 100000000 00101 DO2XLD OO0 0O 11 O 00 O 060 00 O 00000 00000 k51 0o 010100001 0CLOOY 01001 VO 10 LY U0 00 O 000 0O O 0O0DOO 00000
obe 00 100100101 0110l 0OO0O0Y OO OO OO OO OO0 O OO0 OU O DOOODO DOOOO 112 00 100101100 0O010L DO1L0 00 00 00 0L 00 O 000 C0 1 00000 0000C0 L52 01 000110000 0CGOO0 00000 0O 11 60 L0 V0o O 000 10 1 21111 00000
oD3 10 100000000 000CO 01110 01 00 1) 0) 11 G 000 20 O 00O0O 00000 113 10 100000000 10100 000Y) UL L0 L1 OY 00 0 Jo0 20 O 00000 00000 153 00 101110011 GOOOO 10010 OO0 60 00 01 00 O 00C 00 O 0OOOCODOD 0ODOOO
ooy 01} 100011011 01010 OOOOD O 10 00 0) 00 O 000 X0 O D00L1Y 00000 1LY 00 001001000 GL0X0 0O01X0 O) 10 OO OL GO 0 00C L0 DO 001)Y 0ODOOC 154 60 000010000 00006 00101 0O OO 11 X0 0O O 00X 10 1 20100 00000
abs 00 0301010110 01001 OOLL0 OO OO0 00 OO 0O O 000 0D O DOCOO O0OO0O00 115 00 001010110 01010 00110 OD OL 00 OO0 00 O 000 00 0O 00000 00060 155 00 000010000 GOO0O 00000 DO OC 00 w0 00 O 001 20 L X0LOO 00000
0Dé 01} 100100000 00000 O0OOO 00 OO0 0) 00 OO0 O 000 00 O ODOODO 0O06O 116 00 010103320 110LO0 0O0LYL 0O 10 00 00 00 O 600G 00 O 0110) 0000C 156 00 011101001 0O0OCC 00000 0O 00 00 00 60 O 000 0O O 0OOOOO 00600
ogb? | 01 011111000 0OOOOO CLOOY OO OO 1) OO OO O 000 OO0 O 0DOOO 00000 117 10 100000000 0000C 00000 0) 10 1L 00 00 0 000 10 DO 00ODO0 00060 157 0c 010x00111 0OOOO 00010 00 0O 00 01 00 0O L00 00 1 10111 00000
0Da& 41 3411311311 00100 00000 1) 10 1) 10 11 O 000 10 O 11100 11100 118 00 011101100 G1101 00120 OD OO0 0O 0} 00 0 000 60 ¥ 00D0O0 00006 1538 00 010100310 0L1L00 011310 11 10 00 00 00 © 000 10 O 00110 01000
0D?9 3} 1311313111 10100 00000 11 10 11 X0 11 O OO0 10 O 13100 11100 119 00 1111100123 01101 0OO0O OO0 00 00 00 00 O 000 00 O 01011 00000 159 00 110001000 01.00 00010 00 OO0 0L OO0 0O O 000 0O O oODCO oOO0O0O
ODA 00 100100100 10110 00011 OO0 10 0O OO0 00 O 00O 0O .0 01001 0OO00O 11A 00 111110010 01101 00000 OG 00 CQ 00 00 0 000 00 0 01011 00000 15A 00 0101001200 G1001 0003 OO 00 00 OO0 G0 O 000 00 9 0111Y 00000
obB 00 100100010 000Ll OOD1Y OO 00 0O 0 OC O 00) 00 1 1010) 0OO0O0O 11B 00 11101001 GO1L00 00O0LY OO0 OO0 0O OO 00 O 000 00 1 00X0YX 10000 158 oo 010100011 GLOOY 11110 0O GO 0L OO 00 1L 000 0O O 00011 00000
GpC 00 010001100 CO100 00011 10 10 DO DO OO O 000 00 1 1.0D0C 00OO0CO 11C 0% 110110101 00100 00033 00 GO 00 00 00 0 000 0D O 0000D 00000 L5C oo 010100010 01003 111310 GG G0 O 00 00 1 000 0 O 000ODOO 00006
obd 00 100011101 0OOOO OOOOY OO 1L 0O 11 00 O 011 10 1 O0ODODD Q0000 11D 00 100111010 01101 01101k OO 0D 0O 0O 00 O 0CO 00 O 00000 00000 15D 0k 1101130110 01L00Y 11100 OO0 OO0 OL 00 00 O 000 00 O 001LDO 00000
ODE 0l 100011000 00OOOO 00000 0O 0O 01 0O GO O 000 00 O 00ODD 0O00O0C L1LE ¢ 311101100 01110 01120 00 OO0 0O 00 00 O 100 11 O 00000 00000 L5E ot 010100000 110%Y 00LLO L0 LG OO OGO 0L O 000 0o DO DD0OO 00000

L ODF 01 011111000 0OOOO0 01001 OD OO 11 OO OO O O00C 00 O 00OOD 00000 LLF o0 »113%%1%11 00110 000LY OO0 W0 00 00 00 O 000 00 O 01110 00000 L5F 00 0106010001 01L0LO OLOGY OO OO L0 U0 00 O OO0 OO O 0OOOODD 00600

ADD. |SNA NAM A ADL € M @ § P CT B SEG R 6P CR ADD. |SNA NA‘] A ADL € M @ S P CT B SEG@ R GP CR ADD. | SNA NRN A ADL C M @ S5 P CT B SEQ@ R 6P CR
0OEO 00 00%1110L1l 00COC 00001 0D OO0 0O 0L 00 O GO0 00 O 00000 0ODOG 120 00 Gooou0L00L 00000 CO00CO 00 09 00 00 00 O L00 0D C Xe01Y 00003 160 Gu 0004k11001l 00000 00000 OO OO0 00 00 00 O 100 00 O 10011 00000
OElL 0} 01101.0000 10000 00O01) OC 00 X1 OO0 00 O 000 00 0O 11011 08000 121 0y 110100101 11010 20010 ©O LU 00 OO 0L O GO0 00 0 00000 0000C W61 4} 134311331 0LOLC 0000) 1) 10 11 10 31 0 000 10 0 11100 00000
Oee 0c 100010121} 11.0%l 00110 OO 1D GO 11 00 O 001 10 1 10101 QOO0 Leed 00 »10001011 0100 0LILL GO 00 10 00 00 L Ju0 Ul C 00011 00003 L&l 00 6»0011121 0OOO0GO COODO OO 00 00 OO0 00 O 000 00 O 000CO 00000
OE3 00 011101101 00000 COOOO 01 1D 00 OO OC O 00O 10 O DOOOO OOO0O0O 123 4y L11i1i111 00001 0003y L3 MO L1 LC 1L O 000 10 3 121100 10000 163 o0 000110011 10000 0001L 00 10 GO 00 00 0 000 00 O 00000 0O0O0OO
OEY 00 001010111 000CO C0O0OL OO 1) 0O 00 10 O 0L 00 1 ODOOO 00000 124 00 01101010 G00GO6 30600 GO 14 g U0 00 0 Qoo 92 0 0oDeo Nogge ey oo 010011010 G001 CL110 OO OC 0D 00 0C O 100 1) O 10100 00000
OES 00 0010106111 0COOO 00001 00 11 00 00 L0 O 011 00 ) 10010 00000 125 00 011010LLYL O0LGLO 0110% 060 M0 00 G0 OU 0 000 00 0 00100 00000 L&s 00 1011X13131 00000 0OO00BO 00 U0 00 00 00 0 100 00 1 10100 00000
OE6 01 100001000 0COOO 00000 0O OO 0L OO 00 O OO0 0O D ODOOD 00060 L2é 00 06001100 030400 001Ul 00 L0 50 U0 80 0 OCcOo 00 0O 00000 £Q000 k6o 00 0006100010 O1L1L1Y 00001 00 OO OO 0O 00 1 000 00 O 00000 00000
OE? 01 0}1111000 00000 01001 00 0O 1) 00 0O O 0G0 00 O 0DOODO 00000 Le? 11 0011141110 OOCOC 60600L 80 00 1L 00 00 0 Gul 10 0 00000 00000 L&’ 00 000100011} CL11L CO00L 00 OO0 01 00 00 1 000 00 O 00000 00000
Oed 00 100110010 0LOL) 0OOOOO 11 1O 0O 00 00 0 100 11 O 01011 00000 128 00 LLL1L431001 3J000L 000LL OO0 00 00 00 00 0 GCC0 20 1 00101 10000 1ed 11 0»3011110 00000 0OO0O0O OO DO GO 00 00 O 000 10 O OOODO 00000
0E9 00 111101001 10100 00011 OO OO0 0O 0) 00 O 000 10 )} 0O0O0OO D0OLGO 129 00 101100100 10100 01111 OO0 10 00 00 00 C 000 00 O 00000 0OCOoeo 169 0k 010011100 10110 01000 00 0OC 00 CC 00 0 000 00 D DOXL0DO 00000
OEA 00 100010000 11010 10010 OO 0D 11 00 10 O 0OOO 0O O D0ODOOD DBGe0o 12A 00 00100600Y 00001 CLO0LYL 310 10 00 00 00 C D00 20 0 0COo00 0000C L6A 00 060110000 CG0OOLC 00011 OO 00 00 G0 00 0 313Y X0 3 1X1YY 00000
OEB 00 001110011 10100 00011 01 11 11 0} 0O O 000 10 O D0LXL0D 00100 128 0k 000110100 GCO0L0 00011 00 00 00 00 00 O 0.0 0C O 090100 DOcoC LoB 00 010010011 01010 10030 0O CO 00 OO GO O 000 0O O 0O0XOC 0O06O0O0
OecC 00 000101110 11011 10010 CO 10 OO 0O OO0 O OO0 0O O oocoeD 0006O L2cC 00 001000011 GOOOO 0100L 00 00 00 0L 090 0 Lk 20 0O 00000 Coool L&C 00 010010010 0LOOL 121010 0O OO OO GO 00 O 0CO 00 L 00000 10100
OED 0l 100110000 0LOOO 00OOOY OO 0O OO OO 0O O 1Y) 00 O 0OOOOO OcOOoC 12D c0 011001110 00000 01010 00 00 10 00 00 0 D00 00 O 0COOC DCOBS L6D 4t 1%b11i1131 01010 0L13E 1) L0 ML O 3L O 000 L0 0 12100 00000
OEE 00 001101031 110121 100120 OO 1O DO 0O OO0 O OO0 OO0 O ODDOOD DOODOO LZE 00 100010101 11011 10010 OO 10 00 00 L0 O 002 00 O 00000 fogod L6E 0C 010010000 10100 100L0 OO0 LU UD OO OO O VOO0 00 C DOOOO DOO0OOC
GEF 00 100001101 0101l 00000 00 00 0} 01 00 O 00C 00 0 01011 00000 LZF 00 1000610101 11011 16510 06 10 00 00 00 0 0.0 08 0 00000 04000 L6F 00 016000001 10100 001310 CC 31 00 €O 01 0 000 00 0 00000 00006
OFO 00 001001110 11010 01031 OO 10 OO OO0 OO O 000 OO O DOOOO 00000 130 060 0190311111 OCOOOC CO00CD 00 00 00 00 00 0 0Oco g0 0 01101 00O0eo 170 00 000011001 GO0COC 61101 20 L0 CO 00 0u g 00C 00 C 00000 00000
OF Y 01} 011010000 10000 00011 OO OO 1) OO 0O O 00O 00 O 11011 00006 131 00 0110063101 00000 000LO U0 L1 U0 UL QU C 0CLC 00D 0 00000 O00eso L7L 00 101010010 10100 00033 0 10 00 0L 00 0 0CO 10 O 0000C 00000
] ) 00 100000101 10110 00011 OO 0O 01 10 OO O 0L) 00 1 01001 oeO0Ge 132 00 011011100 0LO0L0 COOUL OO VL 0O 0L 00U O 0UY 04 L 00XL0DL 0000C 1e2 00 111110%11 10100 00011 0L 10 00 0O} 00 O 000 X0 I 00000 00000
OF 3 00 100301100 00COC 01110 0O OO DO 0} 00 O 00O LO 1 0OOOOD 00000 133 00 000111000 0OOCC COO0O GO LY OO0 0O L 0 OGO 0O O 00000 000Ce Lv3 00 010001000 103100 00031 12 00 1) Ok OO0 O 000 X0 O 00000 00006
OF 4 00 011101011 00OOYL 00011 OO OO 00 0L 00 O 000 00 1L OODOO 0OO00O0C L3y 60 01313031010 121000 00031 OO 10 €0 00 0L 1L 000 0G0 O 20000 oboos Loy 06 110001001 0LCL0 10010 OO OO OO 00 00 G 000 00 O D0LOO 00000
OF5 00 011101011 00CGCY 00011 OO 0O OO0 0} 0O O 000 00 Y 10010 00000 L35 00 113010011 OLLOL 00110 080 00 00 01 L0 0 000 00 1 C0GDO0 08eeo L75 o0 101000010 10Gi1C0 00011 CL 10 00 0L 00 0 000 10 0O DO00C0 0000GC
OF 6 0} 011111000 0CGCOO 01001 OO OO 11 OC OO0 O COO DO O OODOOOD 00000 136 00 011101006 GQQ000 0O0OCO g 0O 00 00 00 0 020 00 O peOoC fgooa L76 00 0111CL001 GCO0O Q0000 0O 00 00 GO GO O 000 00 0O 00000 ocoooc
aF? 01 011010000 10000 00011 0O 0O 1) 00 00 O 000 00 O 11011 OOOGO 137 oot 011006211 10100 00L1L0 OO 1O 0O 0O 00 L 020 00 O 00000 oggen L7 00 010600111 01000 00001 02 11 00 060 GO 0 000 0C 1 Q0000 00000
Or 8 00 011001000 11000 00011l OO 10 OO0 0O 10 0O 000 00 O 00000 00069 138 0 0x»1006110 110C0O 006LY OO0 OO 00 00 01 0 0CO 00 O 06000 9200ac 178 1} 111111331 00006 00000 21 10 LY L0 21 0 000 10 O 11200 11100
OF 9 1} 111311111 01100 O0XOY 1) 10 11 10 11 O 000 10 0 11200 100O0C 139 00 111000011 G0L0L 00011 OO 00 L1 00 10 0 000 00 1 000O0C 0000C 179 00 010000621 03100 0L0OO0L 1Y 10 00 DO 00 O 000 10 O 00000 00006
OFA 00 100000100 10100 00011 OO 11 OO0 1D OO O 011 10 1 OODOOD 00000 L3R 00 011000100 110CQO 000LL 0D OO0 00 00 01 O 000 08 ¢ coobg o0oao L7R 0o 000100311 0GOCO 01010 00 21 10 GO 60 O 000 00 © 00000 0ooac
GFB 00 100000011 0OOOC 00001 00 00 0O 0) 00 O 000 L0 O DOODOO OO0OG L3B 060 110110014 OCLLY 00022 OO0 00 00 00 10 1 0LL 00 1 0O00OCO DC0O0C L7B 06 060100k10 0O0O0OC 00001 DO 11 GO 00 0L 0 600 00 O 00000 00006
OfC 00 100110101 00COO0 00000 OO 00 00 11 00 O QOO 0O 1 ODDOO 00000 L3C 0o 011000010 11000 0001 DO OO 11 0O 0L O 000 00 O DOOOC 0B0eG6 L7C 00 11100:000 10100 0003y OO OO0 00 2L 00 O 000 oC 1 00COO0 0o00C
OFD 00 100000001 00000 00XLO0Y OD OO 0O OO 00 O 011 00 1 ODOOOO 10000 L3D 00 110100011 0OGCLL1L 0O0O0LYL 0O OO0 00 00 310 L 01X 0O X 00000 00086 L¢D 4} %1»¥%1311 01100 00010 11 L0 31 10 11 O 000 20 O 11100 0000C
OFE 00 1111<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>