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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.
e N suffix indicates an active-low signal (0V=1,5V=0),
e Y indicates the copying of information.
e 70,71 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 soying "active

NAME," "inactive NAME," "reset NAME," etc., or by the bar (NAME, NAME).
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Where command bits are used to form a control code, their state may be shown
by the equation sign: pBITO,1,2 = 001. A logic signal is in its True logic
state when at the level specified by its name: NAME is True when high (+5v)

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

NAME Active high (+5v) when f/f is set)
f/f
NAMEN Active low (Ov when f/f is set)
Signals in True logic state Signals in Folse logic state
NAME, NAMEN NAME, NAMEN
"active NAME," "active NAMEN" | "inactive NAME," "inactive NAMEN"
pBIT2 =1, pBIT2N = pBIT2 =0, uBIT2N =0
2.4 GP BUS

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

BUSRN
SPYC
Control OKO/OKI
MSN
BSYN

TMRN
TMPN
Timing TMEN
TRMN
TPMN

Data BIO00-15N
Address MADO00-15,64,128

ACN
BIECO-5
CHA
CLEARN
PWFN
RSLN
SCEIN
WRITE

Misc

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.)

OKI - 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 register or memory; validates the BIO and

MAD lines and controls the exchange timing.

TMPN - from master to peripheral CU; initializes the CU exchange
and validates the CU address on the Bus.

TMEN - from master to external register; validates the register addresses
and the data, and controls the exchange timing.

TRMN - from register or memory to master, in response to TMEN or
TMRN when the slave is ready for the transfer; also terminates the
exchange.

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

the response; also terminates the exchange.
Data Lines

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

elements on the GP Bus.
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2.8

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 to/ 0 = left charuﬁr
memory 1 = right character

Master«—-CU (TMPN time)

MAD: 128,64,00-02 | 03 | 04 | 05-07 108 [ 09 | 10-15

I T
0=toCU Special Functions
I =to master
1 = last exchange 0 = data transfer
I = command or status
transfer
Master——External Register (TMEN time)
MAD: | 128,64,00-03 |04 }05-07 |08 - 15
|
0 = read register address

1

Note: Shaded parts not sent on Bus.

n

write

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
program to determine if a program interrupt is required.

BIECO-5 - Bus Interrupt 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
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character (CHA=1) or by word (CHA=0).
'Y CLEARN - General clear (reset) signal from CPU to all system elements,
for initialisation.
e PWFN - Power tailure from the CPU sequences power off at power-failure
and switching-off time without losing data, and controls power-on/auto-restart.
o RSLN - Reset Line from the CPU is the power restoration/validation signal.
. WRITE - From master to memory indicates exchange is write (line active)

or read (line inactive).

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 generate 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,

2.2 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.
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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 foilure_)_.—_ﬂ:e Operation Microinst Stored GP Bus Signal Reol
Bus-free condition, no other master requesting or using the Bus, is BUSRN at BP Py
MSN .BSYN .TRMN .TPMN. Any of these signals will inhibit BSYZIN and CPU Exchange Ext. Reg/CU/Memory
prevent setting BSYCPU. The CPU takes control of the Bus under microprogram External Register | GBTMEN | TMEF TMEN k TRMN
control when pSEQO, 1 = Ix (Sequensor cycles SEQBUS [10] or SEQBIO [111). Ccu GBTMPN | TMPF TMPN TPMIN
Memory pTMRN T-AL\—RF ] “,,,TMRN TRMN
2.15 (Figures 2-3, 2-8TT). If a specific microcycle (n-1) is always followed GBCP + (FU - GBEX) + MMUABS
by o Bus microcycle (n), the Bus access is started early,at BP of the preceeding pTMRN TMMU TRMN
microcycle (n=1). This reduces the Bus cycle by 135ns if the preceeding cycle Me'r:\o.n;/li:ﬁl\::/\u S— TM‘RL\ILTTﬂMMU or
is a Sequensor logic cycle; additional time is saved following other sequensor GBCP- (FU * GBEX)- MMUABS MPAULTN
cycles. The early Bus access is initiated by microinstruction-bit pBSR and BP MMU Operations
cetting the DE flip-flop (if there is no MMU page fault, MFAULTN/PAFN). Toble Load CBTMFN | TMMN DONEMN
When not started early, the Bus access is initiated at T2 of the Sequensor Bus Table Store gBCiFNI‘\JTJN BOMEN DONEMN _:
cycle: T2 and pSEQO set the DE flip-flop if the early-start signal MUBURSREN Load P GFETCH '.,\‘:
is inactive. FPP Operations o
Load K GFETCH
2.16 The DE output sets BSYCPU with signal BSYZIN, if the Bus is free. Store Operand GBOFN. g
BSYCPU in turn sets the BUSF flip-flop. If BSYCPU is set, DE resets itself GCRFNUN| BOFFN
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 following Bus gating:
e BYSN activated onto the Bus.
e Exchange-parameters CHA and WRITE gated onto the Bus: the CHA and 2.7 Bus Addressing (MAD Lines)

WRITE data are always loaded into the Bus Controller from the microprogram The control of the Bus MAD iines 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

e 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
equations:

for MADLS: (éTs_CF+CPBABS)\. (GBCP+(GBEX .FU)*MMUABS)

P857 only

at BP of the preceeding cycle.

e MADS, MADLS gated to the Bus interface logic for gating the MAD “ within page

lines onto the Bus.

e BIOL gated to the Bus interface logic for gating the BIO lines onto for MADS (GBCP+CPBABS)

the Bus. .

= page address
If GBCP: the control panel validates the MAD lines; the CPU has
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control only if control-pane! B-half is absent (CPBABS).

e 1f 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 MAD04-15 lines if GBEX or FU, ond 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 P857
BSYCPU.GBCP, (GBEX+FU). MMUABS CPU only
2.18 For memor‘y oddressing 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 ond 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 ot 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
gencrated 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,T) operations,
BSYCPU is reset by the Té6 and p SEQ1 = 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
(uSEQO, 1) operations, the BIO lines must be prolonged at least 120ns to satisfy
ClO timing requirements. In this case, pSEQT =1 and BSYCPU is not reset.
The Bus control and data lines, including BIO, are continued into the next
Sequensor cycle (n+1) 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
pSEQ1 =0 so that BSYCPU is reset at T6 of that cycle.

2.22 Timeout

A timeout circuit (Figure 2-8TT) is used to release the Bus and set the condition
register to 3 (CR = 112) 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 OSC9?0 (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 signals 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



(6480ns), tne 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 Té to end the bus cycle, and sets CR bit 0.

2.24 MICROPROGRAM CONTROL

Each CPU instruction or operating sequhence (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...).
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

Each 48-bit microinstruction is divided into 14 command

Field Bit CPU section controlled by the command field
\':/Z:‘c: pSNA 0-1 0-1 Select Source of Next Address
Control | HNA 0-8N 2-10 | Next Address, Explicit
pA 0-4 11-15]| A-Bus Selector
pADL 0-4 16-20| ALU,D,L Command Decoder
pC 0-1 21-22| C Multiplexer
Data pMLOAD, MSEL| 23-24 | M Register
E‘Z:HOI bQ 0-1 25-26 | Q Register
psS 0-1 27-28| S Register
pP 0-1 29-30| P Register
pCT 31 CT Counter: loops, shifts
pSEQ 0-1 35-36 | Sequensor (CPU clock). Bus Controller
}\;\)—li\:\TRé\jéEJISORL' 33_34 Bus Controller
pCR 0-2 43-45| Condition Register
(not used) 46-47
pGP 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 ySNAO and uSNAT from the current microinstruction word, as follows:

POSN]A Mode : Function

0 | Explicit Explicit address is uNAO-8.,

1 | Flag Flag from execution-pointer tests (selected by pNA6-8)
sets RAD8; pNAO-7 to RADO-7,

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

11 | Machine- | The machine-state pointer provides address RAD4-8;
State uNAO-3 to RADO-3.

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.

The Next-Address mode selectes o set of open-cc.lector gates onto the control-
store address bus (Rigures 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 uNAO-8 field. '

ESNAO, T RAD 0 8
00 pNAO-8

The explicit-address gates (Figure 2-8CC) invert the uNAON-8N onto the RADO-8
lines. All eight gates (and the flag gate) are blocked (forced high) by NARDT
during a Move Table/fault. Other gotes are blocked selectively by next-address

modes which use some of the p 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 uNA4-8,

SNAO,1 RAD 0 7 8
01 | uNAO-7 l W
pNA6,7,8N Flag Use

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

Execute, DIV correction.

001 IRN Move Jump.

010 PMI End of ML, MS, Move

011 K08 Shifts, Move

100 FNU C.Panel test, IPL, Wait-C2, Trap in EX-T2,
101 NORM | End of normalized shifts.

110 DIV Remainder correction.

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

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 multiplexer (Figure 2-8DD) which is
controlled by uNASN , 7N ,8N. The eight tests selected for the FLAGN bit

are described in the following paragraphs.

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

and instruction,

2.30 Flag IRN is the interrupt request. During a page foult or an interruption
of a Move-instruction/execution, flag IR enables the separation of the exit
subroutine. |If the Move instruction was interrupted, the last exchange was
executed. These subroutines save the parameters necessary for resuming the

Move execution,
2.31 Flag PM1 is used to detect the last word transfer during o Multiple

Load or Store (ML, MS) or Move instruction. PMI 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

aadresses. When used as an auxiliary counter, PMI 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: KO08-0 = SLA, SLL, SRA, DLA, DRA
K08-1 = SLN, SLC, SRN, DLN, DRN

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

1

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 ® LO1)+P09 = GOSH = NORM

e Shift Right Normalize ends when Q15 sets. The active Q15N selects
the low 74151 A 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®LI never sets.

e Shift Left Normalize ends when LOO®LO! is true. Since Q15N is
not used (held high), L00,01 select 74151 A inputs 14-17 as an
EXclusive-OR, and GOSH is low when LOO®LOI 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 ina
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 uQ1I. Test DIVA (uQ1) is true if the remainder sign is
opposite to the dividend sign. Test DIVB (uQ1IN) 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 inpufs of a 74151 A multiplexer
chip are used together to generate the FLAGDIV signal when either test is true.

e DIVA: pQl FSIGDIV FSIG (input | 4)

FSIGDIV FNU (input | 6,1 7)7
] DIVB: pQ1 FSIGDIV FSIG FNUN (input |3)

2.36 Flag FUI5R2 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 oddress is decoded directly from the

instruction word.

LSNAO, 1 RAD 0 ' 8
10 I 0 l K-reg decoding 1

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

PLAO, PLATL :

PLAO,1 | Sub-Mode Purpose

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

1 0 | Add Master | Fetch operand for types T1-T7; execute for type T8;
Trap if illegal.

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

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

conditioning for PLA is as follows:

SNA < | A
H -
0,1 PLAVALN 2%- 0,1 Sub-Mode
0o h 0 0 | Inhibit
Explicit 1o 00 |1 0] Add Master
Implicit 11 L 10 {11} Add User
RADETPLN -1 0 1 | 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
mode (FU = 1) or Master mode (FU = 0). For all three of the active sub-modes,
the instruction-word addressing may be explicit (uSNA1 = 0) or implicit
(BSNAT =1). The explicit addressing is used for instruction execution and

the execution pointers. The implicit addressing is part of the machine-state-

pointer control of the microprogram.,

2.38 Instruction-word addressing of the microinstruction store is controlled

by the instruction-word decoder (Figure 2-8AA). The decoding is done mainly
by a programmable logic array (PLA) which provides address codes for 96 different
input combinations. In many cases, the output address codes are the same for
various different input combinations. The PLA decoding is shown in Table 2-6,
Instruction Decoder. Some instruction-word decoding is done by logic gates

operating in parallel with the PLA,

2.39 The external instruction-word logic gates are used for an ineffective
branch (NOJUMP) or,with P857, a floating-point instruction without an attached
FPP (NOFLO). For both instructions, 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.

P

e

NoJump RAD 0 1 2 3 4 5 6 7 8
[0]Jo o o oJo o0 Jo 1 /001
1. 0] /002

NoFFP RAD 0 1 2 3 4 5 6 7 8
[o0]Jo 0 0 oJo 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:

Instruction RAD 0 1 8

Lo] i |

PLA Decoder ——

Interrupt RUNF .IR,PUP. RAD 0 1 2 3 4 5 6 7 8
(RUNF .PUP KRY 0f{0 0 0 110 1 0 1](/015)
=RADET6) KRY 0lo 0o 0 1[0 1 0 0](014)
C.Panel RUNF . PUP RAD 0 1 2 3 4 5 6

0o 0o 0 1]o 0 0o o]010
Progrom End RUNF.IR.PUP RAD 0 1 2 3 4 5 6 7 8
(RUNF.uNASB KRY 010 O O 0|0 1 0 1](/005)
=RADETS6) KRY 010 0 O 0[O0 1 0O Of(/004

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
operate through the A-bus of the Data Handling logic. The Program-End sub-
mode selects a branch to address /004 or /005,

RF\ 2.1




2.41 Move Table/Fault (P857). An interrupt or a page fault during a Move

Table instruction force the RAD bits to a special control-store address, as

follows:

Address [RAD 0 1 2 3 4 5 6 7 8
Interrupt.
MVB read 1F8 111 1 1 1 0 0
MVB write 1F9 T 1 1 1 1 1 0 0 1
MVF read 1FA 111 1 11 0 10
MVF write 1FB 111 1 1 1 0 1 1
Page Fault 1FF P

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 regisfer 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 745175, 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 RADO-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

r
1
N

IC 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 (1GP0-4) 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 pGP4,3,2 are connected in pqroI'IeI to the A, B,
C inputs. The gating inputs G1, G2A, G28B are connected as follows:

Bits: 1-7 | 9-15 | 16-23 | 24-29
Gl +5V | uGPl [uGPO |uGPO
G2A/ | pGPO | uGPO | OV pGP1
G28/ |uGP1 |BPN | uGP1 |0V

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.



laple 2-3a General Field Command Bit Codes

6p | Command |23 |35 .
0“] 234 Bit EE E < Function Application
V)
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.
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 A15.
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 -- 1 Ys | Character Mode Character instructions.,
10001| GBCPN --|Ys | C.Panel-B memory
oddress LM,RM,
10010f GBEXN -- 1 -- | MMU translation to
System Mode EL,ES, MVUS, MVSU.
10011 GBOKN ~--1Ys | (keys) on BIO IPL, C.Panel, Tests.
10100 GBOFN --|Ys | (FPP) on BIO FPP store, FIX.
10101 GBOMN --1Ys | (MMU) on BIO TS, PAF.
10110} GBTMEN -- | Ys | Ext. Register Cmnd. RER, WER.
10111} GBTMPN == 1 Ys | Prog. Channel Cmnd. 1/0O instructions.
11000 GBTMMN --1Ys | MMU command TL
11001 GBTMFN -- | Ys | 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 | -=] -- | D selection; OVF set
for Multi Last cycle of Multi.
1T110f ~---
iy ---

- Ys = VYes
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Table 2-3b contd.

« REGISTRE M GCAVML  EOU L CR13 SI1 OVFs DEROUTEMENT M(
- GCSEL EQu 8 CmASR OU INTADIQISDwALUBS X8
MYE EQU 2 GMOVE Eou b4 DEROUTEMENT EN MOVE TABLE
MYQ EQu 3 GFSYS EQU ° ENBFZ0 ARFI0 FUZO
* GFENB £oU 1o ENBFZY
+ REGISTRE @ ' GFATOV  EOU 11 PIFZ1 SI 8TKOV
’ _ BFPLR EoU 12 PLR Y C7 FU Y C15
ALL) enu 2 GFRZIn EDU 13 RUNFZ@
sLo Eou | aFXYIp  EOU 14 KRYLA
nve EOU h GCRVI@ EQU 15 OVFZI@ 9 MEMO SIGNE DU DIVIDENDE
4 fACH {11] 16 MODE CARACTERE
» COMPTEUR 8 . GACP Eou 17 MADSREG D ADRESSE PUPITRE B
’ GBEX EOU 18 PASSER PAR MMU MEME EN MNDE SYSTENME
LA EQU 1 GB0K EQU 19 RI0 = KEY
M2 EOU 3 gaor EQU 20 AIN s FLOTTANT
LYP ] 2 GBNM "EOU 21 810 = MMU
- GBTHE EOU 22 T™ME
« COMPTEUR P GBTHP EQU 23 TP
. GBTMM gou 24 THMM
®YD Eou | GATHF EOU 28 TMF
PM2 EQU 2 GFLOT EOU 26 ACTIVATION DU PROCESSEUR FLOYTANY
Pp2 EQU h GAEXL EQU 27 Ax SOUS EXEXUTE DOUBLE MOT
* AFETCH  EOU 28 CTI16, KYBIO
+COMPTEUR CT . GMULYY  EOU 29 INHIBITS DSHR AT J6TH PASSIALLOWS OYF MuL
L ] v 'Y
cTry EQU 1 « REGISTRE DF CONDITION
EJECT .
. CRRTN EQU 4
o ECHANGE SUR LE BUS CRIO EQu 8
’ CRPLD EQU 12
RMEM EQU 2 THR CRLOG gou 16
WHEM eou 3 TMR Bl0wL CRADD EQU 29
RBUS EQu 4 PAS DE TMR CRSUR EQU 24
WBUS EQu 7 N@ TMR  Bl@=L  WRITEwg CRCMP rQu 28
WEXM EQU i EXTRN WRTITE MEMORY EJECTY
hd RUFFER DATA "

v SENUENSEUR

.

REPEAT Eou 1
SEQBUS EQU ?
SfnBlg EQu 3 RSYZA IN T6 OF NEXT CYCLE
.

« DEMANDE DE BUS ANTICIPPFE
.
AUSR ENU i
EJECY
.
+ NDECONAGES DIVERS
-

BI0LE EQU
GCTLN [ L1V]
GCRDSR EQU
GCRFNU EQU

LONG CYCLE IF TEST
CTYSPA PAFI0

OVFL1 S1 ERREUR DIVI) ENTREE GAUCHE DE D
FNU Y 0ALU

WA -

P

REN/ 1 " 1.






RAD . 6. 1.7 . 3. 4. s .6 .35 &1

‘\’EST}.. SNAo M SNA\

RUNF
KRY. PUPN, TRN,RUNF

RUNFN.

NAaN + PUPN. RUNF

RUNF. TRN. PUPN
RADé.KKy

(maoLLna s\m\-z pc{n*.u-

usM5

)

Table 2-3 General Field Command Bit Codes

)
MRS
0”'3;4 Cor;tir;cnd E} m‘écg Function Application
V)
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.
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.
010101 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 --1Ys | C.Panel-B memory
address LM,RM.
10010f GBEXN -- | -- | MMU translation to
System Mode EL,ES, MVUS,MVSU,
10011 GBOKN -- | Ys | (keys) on BIO IPL, C.Panel, Tests.
10100 GBOFN -- 1 Ys | (FPP) on BIO FPP store, FIX,
10101 GBOMN --1Ys | (MMU) on BIO TS, PAF.
10110 GBTMEN -~ 1Ys | Ext. Register Cmnd. RER, WER.
10111} GBTMPN -- | Ys | Prog. Channel Cmnd. 1/0O instructions.
11000; GBTMMN -- | Ys | MMU command TL
11001] GBTMFN -~ | Ys | FPP commoand FL, FO, FOS.
11010 GFLOTN == | Ys | FPP activation Wait for FPP execution.
11011} GAEXLN -~ | -- | Execute double word Trop 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.
1o} ---
Ty ---
Ys = Yes
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ie 2-4A  Contr6l-ROM Microinstruction Listi, , P857
ADD. ADD. ADD.
000 [ROM . /LEB.ARLS,ALUB. CALU.MYC.GYC... WBUS..,,0 IOLE | gyo|FTA AWRL.AANDB.CRLOG an 080|RON . /0GB, .ALUE. ...SYD. ... ... 0 1o oIR
00L)FTA ..0 NG Junp O4LIROM FLAG./LC8.APSW.AWNDB. CALU.HYC.. ..., BUSR..0 HLT.RIT.INH.RTOLS | 08L[RoOM ./l00....... .0 60 TO TRAP (unp)
002 |[ROM ./LE9......SP2.PP2.,..BUSR..D INCR P 1 gyz|Ronm ,/0FD...CBIO.HYC...PP2...5LQBUS. .0 RTS 082 {RoM +/182.AuA2, 0810, .....RBUS.SEGBIO...0 FFX LD A2
003 |RON FLAG./000.AZ.ALUA, CALU..GYC..,,...6REXL.O NO FLOT PROC | gy3|Ron ./0FS...CBLO.NYC...PP2...SEQBUS. .0 RTSS | GB3|ROX SHPLA./LOD.ARKZ. nLUA. CALL.MYC.GYC. ..., .0 Rl
004 |ROM FLAG./LFB.ASYS, TWOA, CALU. .QYC, ... v. N TEST DISPLAY | gyy|Rom ./L0L.ARRL.AANDB. . ..., .WNEM..BUSR..CRLOG AN'S | 084|RON ./LBB.AWRL.TUOA. ... .. CIPL. . REPEAT.. .0 St
00S|ROM ,/LFB......5M2,PM2.....6FKYZ20.0 DECR BEFCRE VISU | gysigom ./10L..2ER0.......uNER..BUSR..Q ch 085 |ROM . /L8B.AURL.ASHL...5LG. .. CIPL. .REPEAT. .6CSEL.D SLC
D04 [ROM . /LFF . AEP.ALUA, CALU,AYC.,.......0 VISUR | 0ygs|FTA ARRL.AANDB.CRLOE ™ 086 [ROM ,/169.,......CIPL...,.0 RT1D
007 [ROM . /LFF..0810,CBLO.MYC..,,..SEGBUS...0 VISUB | gu?|ROM ./LE9...........BUSR..CRFLO FPP WAIT EXEC. | 087|ROM ,/L?29.ARRZ.ALUA.CALU..GYC....... 6CTILD.O RTLO
008 |FTA ANRL,ALUB.CRLOE LD 048 |ROM FLAG./LA&.ARAL.DIVALU..,..,....6CRENU.O0 DIV TEST COR.REM. 08& RN TLAC, /DB, . 7FRU.L CHLU.IIYC, . ..., . BUSR CHIAF . ree Loan
NO9|ROM . /LE9. .ALUB....SYD.PYD,...3US2,,CRLOG Lo 049 |ROM FLAG./L40.ARAL.AXB.CALU.NYQ.GYC........0 DIV TEST QUOT. 089 |ROM ./0BA.AUAL. ZERO. CALU..GYL,....,.6CRVZU.U nUL-RESET PART.PROD
O0R{ROM . /L&D .ASYS.ALUA.,,....WBUS,.,.0 RCP IN L REG. LR OR RR | gyp|ROM ,/0E2.AEP.AMB.CALU.MYC.......,.0 SLN DBA|ROM ,/L30.ARAG.ALUA. ... ...uBUS. BUSR..0 EX Tl OR 13
00B|ROM . /LFF.ARAD.ALUA, .MYC.........0 ERRONEOUS START 046 [ROM FLAG./LBS.AWRL.THOA. .., .PP2......0 SLN LOOP | 08B|ROM fLAG./000.AZ.ALUA. LALU, .UYC....... GHEXL. U EX T2 TRAP
00C{ROM ./L0Y.ARRL.ALUA., .., . WHEN, BUSR..O ST OuCIROM FLAG, /1B2.ARCT,ALUA, ., SP2.PN2, CTPL. WNEN. SEQBUS...0 NS LOOP | OBC[ROM FLAG./OAB.ATEN.ACK. CALU.AYC.GYC. ... WEXN. .. EBOF .0 FPP STORE
DOD|ROM , /L0L.AEP,ALUA. .., . .WNEM, .BUSR,.0 ST P 040 [ROM ,/1E9..ALUB.,..5YD,PYD,...BUSR..0 MS END | UBD|RCHM ./Lpa, .. ..., .., SEQbUS. . 6F K20, 0 LOpD M
0OE {ROM ., /0E6.ATWO  ALUA, CALU.AYC, ... ....0 ST O4E [ROM FLAG./LAB.....SLG....,,.GFRZ0.0 TEST READM 0BE [ROM FLAG./LOY4.AEP, ALUA. ... SP2. .. ,SEGBUS. . 6CRFNU.D IPL LOOP
QCF [RCN , /0E5 . ATUO. AL UA. CALU. YL, o\ 0y, .0 STy P 04F {ROM ., /)?2..0810.CBI0. MYC. ... WNEN.SEQBUS,.6BCP.O LOAD N 08f |ROM . /159. . BSHK. CALY.AYC.SLG,,,.....0 IPL_LOOP
DMO|ROM FLAG,/1LDO.ASYS,ALUA,CALU, . GYE........0 TEST AUTOREST | OSO|FTA AWRL,AOB.CRLOG ] 090|ROM . /LAR.ATEN.ACR.CALU.NYC.........0 TRR
01)M|ROM ,/LE9..ALUB.,,.S5YD.PYD,...8USR..0 AB | DSL|ROM FLAG,/LBS.APSW.AOE.CALU.MYC., ... .. O ENB SN2 L4M | 09)|ROM SNPLA./LOZ.AEP.ALUA....5YD, ..U EX BSYZO.RESTORE §
012|ROM FLAG./0EQ.AWAD.ALUB. ..., ..RBUS...6B0K.U SAVE P TEST If L/R R | D52|ROM .,/DEC..0DB10....5YD.PP2.,.SEQGBUS.BUSR..0 RTY 052 [ROM ./1ED . AEP A UA, CALL.111C. . .. RELS SEQRLN. stETLH.U K-RCP L/8B
013|ROM . /DEO.ARAD.ALUA..,.5Y0.PYD.. ... .0 LOAD P AND S LR 053|RON . /DEA..0BIO....5YD.PPZ. . .SEQBUS. ~BUSR. .0 RT4S | 093}ROM SNPLA./LD0.AEP.ALUA. CALU.NYC.GYC..... RTLP
GLY|ROM ,/L08.ATWO.TWOA. CALU.MYC, ..., .. ..U N7 054 |ROM . /10L.ARRL.AOB. ... .. UREN. .BUSK,.CRLOG OR S | D94|ROM ,/L8B.AURL.ASHR. LCTPL. .REPEAT, GCﬁDSR ] SRA
0L5[ROM ,/LDB.ATUO, TWOA, CALU. NYC, ., PRZ, ... .6FKYZ20.0 INT DECR | 0SS|ROM ./0AB.AUAD.BSHR,.MYQ.....,...0 INR | 095 |ROM FLAG./LC2.AUAG. ALUE . ... .. .. ..0 SRN
01s{fF1A .0 FETCH | GS6|ROM FLAG./LAO.....S5LG........C TEST READST 096 [ROM SNPLA./L00.ARCH.ALUA. CALU.AYC.........0 RTLD END
0L7[ROM ETAT./LFE..........SEGBUS..CIDLE.O UISU IDLE | 05?7 |ROM FLAG./L90Q.ASYS, IUOA.CALY,.GYC,...., .6BCP.O READ N | 097 |RON . /L&9.AEP,ALUA. CALY..GYC...CTPY, .. ..0 RTLOP
018|ROM FLAG,/L93.AEP,ALUA, CALU.MYC.,......6CRYZ0.0 SLASLN SAYE P | US8|ROM ./LA&.AWAL.DIVALU......,.... DIV CORR.REN. 098 |ROM FLAG,/083..,ZERO. CALU.MYC. . .....BUSR.GBTNF.O FPP OPER
045 |ROM TLNAC, /L5B.AFP, ALUK, CALU,THYC.5LC. ... .RFRVZ0.0 DLACLY SAYE P | 059|ROM FLAG./L40.ARAL.AXB.CALU.MYQ.GYC........0 DIV TEST QUOT. 099 |ROM . /0A5.ARA2. TWOA. CALU. .GYC...,,...0 DIV
OLA[ROM FLAG,/L7B.ARRL.ALUA.CALU, .GYC.. ... ... SLL SLC 05A |ROM . /0E2.AEP,ANB. CALU.NYC.........0 SRN | 09A|ROM ./095.ARAL.ALUA. . .....UBUS..BUSR.EBTHF .0 FFL
0LBROM . /0CE,AWAL.ASHL...SLG, . .CIPL. . REPEAT, . GCSEL.D pLL DLC 058 [ROM FLNG./LAS.AURL.ASHR., . ,SRA..PP2.. . ECRDSR.D CRN LOOP | 09B|ROM ./OFE.AWRZ.ALUB........... DLN.DRN END
OLC|ROM FLAG,/L6B.AEP,ALUA, CALU.PYC,........0 SRA SRN 05C |ROM FLAG./LA2.ARCT.ALUA, ... 5n2.PNZ, CTPL. UNEN. SEQBUS. ..D NMSRD LOOP | 09¢ |Rom FLAG,/0B3.ATWO,ASHR. CALU.AYC.,. ... .BUSR.6BTHF.D FPP OP/S
010 |ROM FLAE,/L4B.AEP.ALUA. CALU.AYC.SLG. .. .....0 DRA ORN 0SD |[ROM , /0BE. . ALUB. .MYG..5YD.PYD......0 NSRD END 090 [ROM . /L43.AEP.ALUA, CLUR.MYC..SP2.,..WHEN, SEQBUS.BUSR.6CSEL.0  INT
GLE|{ROM ,/000.ARRL.ALUA.CALU..GYC. .. .....0 SRL SRC OSE |ROM ./198.....5L8.,......0 PUP O9E {ROM . /L&60.REP.ALUA.CALU.AYC...,....6FLOT.O FFX
DLF [RON_./OCE.AUAL. ASHR, ..SRG...CTPL, REPEAT..GCRDSR.D DRL 9RC 0SF |ROA , /LEF . APSW. ALUA. CALU.AYC, ... .\.. U READ STATUS | 09F [ROM ./098.........RBUS...GBOF.CRFLO FFX_UPD CR
020[FTA AWRL,APB, CRADD AT GaU[FTR AURL. AXE.CRLOG i .. XP OAD|ROA . /105..ZERC....SYD......GFSYS.0 1PL
021{ROA ./LE9.AEP.APB....5YD.PYD.,. BUSR..CRADD AD P | D6L[ROM ./047.APSU.ALUA, CALU.AYC..SP2. ..., .6F5Y5.0 INT 0ALIRON . /LE9.AEP.APB....SYD.PYD., . .BUSR..0 RF
022 |ROM ,/0EC.ARR2.ALUA..,.SYD.... .BUSR..0 RT3 062 {ROM L /0FC...CBLIO,HYC. ... ..5EUBUS. . RTT | GA2|RO% . /0ET.ATWO.ALUA. CALU.MVC. oo oWrn. O R138
023|ROM ,/QE&8.ARR2.ALUA....SYD....,BUSR..0 RT3S | 063|ROM ,/0FY4...CBIO.MYL.... .. 5EUBUS, ..U RIS | OA3|ROM SNPLA./L00.ARR2.ALUA, CALU..GYG.SYD. ..0 RT3C
024|ROM ,/L0L.ARRL.APB, . ..., .WHEM,.BUSR..CRADD AD S | 064[ROM ,/LOL.ARRL.AXB...... WALA, . BUSK,.CRLOG R S | uaulron ./OOS.RHRL.QSHL...SLG..,CTPL..REPE&T‘..O DLA
025[ROA ,/L01.AZ.APLBL, ..., .. WHEN, .BUSR.,CRADD n 0657 TA AUN2,8SHR.O DLH EMD | 0AS|ROM FLAG./OLF.ATWO,ALUA. ... .PYD...... OLN
026|ROM ,/07?.ATWO, THOA. CALU.NYC, .., .....0 RTN NASTER | 066 |FTA ARRL.AXB.CRLOG TNR 0A&|ROM /155, .BSHR. CALU.NYC. . .PH2. .. .. .0 IPL LooP
D2?|ROM ./L9€.AWLS.AMB,.,.SYD,.,.. 6FSTOV.O INT UPDATE ALS | 047 |ROM ,/L80.AWAD.ALUB. .MYA.........0 i PUP OR?[ROM ./0CB.AEP.AIUA.CALY. .0YC.,......0 2T138n
028 |ROM LAC./0DO.A7 .ALUR. CALU,.QYC, ..., ..6REX! .0 TRAP SLN | 048 |ROM FLAG,/000.AZ.ALUA.CALU..QYC.......6AEXL.O NVF LSR2 TRAP | gaa [ROM ,/080...........BUSR.GBEX.O o
029 |ROM ./0E3.ATEN.TWOA. CALU.NYC.QYC. . PYD,.....0 SLN 069 |ROM , /OSF . ARR2.ALUA, CALU. .QYC. .PYD......0 nVF LSR2N 0A9|ROM , /OBE...CB10,.GYC,SP2....SEGBUS.BUSR. .0 04
D2A{ROM ,/L59.ATEN.ACR.CALU.NYC.GYC........0 IPL SET | 06AROR ,/0D&.ALAD-ALUB, ... .PNE....,.0 DLNDRN ENC | DAAIROM ./L4F . .BSHR.CALU.NYC.........0 I1PL Loop
028 |ROM /145, AEP.ALUA....SYD., RBUS..BUSR.EBOK.D IPL END | 0B [ROM FLAG./L95.AUAL.ASHL,..5LQ..PP2,.....0 DLN L20P | gag|ROM ,/152...CBIO0.NYC..SP2 . PP2. .. SEGBUS. . .0 BAK
02C|ROM FLAG,/LD2.AUCT.DBIO, MYG,.SM2,PN2,CTPL, . SEGBUS.. .0 MLRI 06C JROM , /OEY, AWRL. TWOA. ..., ,CTPL. . REPEAT, . .0 SLA GAC|ROK . /L01.ARRL.ALUA. ... .. LAER. .BUSR.CBEX.U o
020 |ROM , /0DC..ALUR, ., 51D, PYD.., BUSR..0 nLeL 060 JROM FLAG./102.AWAD.ALUB, ... .,.,...0 SLN | 0AD[ROM ./094,AUAZ.APB.CALU.AYG.GYC.,......0 DA
02E|ROA ,/134...CLUR.MYC......,.6CSEL.O AUTO RESTART | D6E (ROM ./LFF..DBL0,CBLO.NYC..SP2. PP2...SEGBUS. . .0 gggg‘ﬂ gg; g OAE |ROM ,/LE9.AEP.ALUA. ., SYD. .. SEQBUS...0 TL END
02fF |ROM FLAG./LCO.APUP, ALUA,CALY..QYC, ., ... .0 TEST IPL NoF [ROM . /LFF }0“10 gﬁl) Y, ""'“[Gcr 5 é AR LI OAF |ROM FLAG./150.....5LG.5P2.,,,SEQBUS, BUSR, 681NN, 0 TL LOoP
030TFTA AURY . ANB.CRSUB 70 [ROR SRPLA 7100, ARIZLE, . o o s GCTL ! 0BOTROM /14D, . B5HR, CALU.AYC......,,.0 1PL LOOP
031{ROM ,/LE9.AEP.ANB....SYD,PYD,...BUSR..CRSUB SU P | 0?LfROM ,/L8F,ARAZ.ALUA.CALU..OYC.......GFKYZ0.0 DSH | 081 |ROM ./L1E9.AEP.AMA. .. .5YD.PYD. .. BUSR..Q eg
032 [RCM CNPLA. /100, ..CBL10.AYC.GYC.CI2,2P2. . SERRUS,..O ar2 0?2 |ROM , /LAD. .DBIO....5YD.,, SEQBUS.BUSR. .0 RT¢ | 082 |ROM FLAG./L20.A1PL.APB. CALU.AYC. .. ..UREM. .. .0 IPL NEW QUART
033|ROM SNPLA,/100...CBLO.AYC.GYC. . PP2, .. 5E@BUS.,.0 RT2S | 07?3 [ROM ./LAC..DBIO.,..SYD..,.SEQBUS.BUSP. .0 PT&S | 0B3|RON SNPLA./LOO.......PP2.,,...0 RT2C
DI4[ROM ,/LOL.ARRL.AMB,..... WHEM, ,BUSR. . CRSUB cu S | 0?4(FTA ARRL,ALUA.CRLOG SHZERO | 0BY|ROM ./002.AWAL.ASHR...SRG...CIPL. ,REFEAT..ECRDSR.D DRA
635|ROM FLAG./0BC.AEN,ALUA. . ... . ... GLRFNU.O €2 OR NGR | 0?5|ROM ,/00C.ARAZ.ALUA....,....BUSR.GCRFNU.O DSHZERC | 0BS[ROM FLAG,/00F .ATWO.ALUA.....PYD......0 DRN
036(ROM ,/077.ATWO. THOA. CALU.AYC.........0 RTN USER | 074 [ROM ./092.AWAL.DSUB.........BUSR.,CRSUB DS | 086 |ROF . /LEQ.AEP.ALUA. ...5VD. .. SEGRUS. .0 TS END
G37|FTA AWRL.A0B. 0 INH.RTN ALS AND LC END 27 |ROM . /LC5.ATHO.ALUA. CALU.NYC. ..., ...0 WALT | 0B? [ROM FLAG./LY48.....5LG.5P2. . . WEXN.SEQGBUS. BUSK. GBOR. O TS L00P
038|RON FLAG./000,AZ. ALUA, CALU. . GYC. ... .. GAEXL.O TRAP SRN | 078 |ROM ./0CT.AEP.ALUA,CALU.MYC....CTPL.....0 ne 0B8 [ROM FLAG./000.AZ.ALUA.CALY. .QYC.......GAEXL.O TRAP
039|ROM ,/0DE.ARRL.ALUA, CALU..GYC, \u..WWll SRN G5 |RCH . /150, ATWO . ASHR. CALU, .GYC, .. ... .6BTHR.Q TL | 0B9 [ROM ,/08A...CBIC..QYC.SP2....SEQBUS.BUSR. .0 05
03A|ROM FLAG./LCH. .BSHK.CALU.AYC. ... ... GCRFNU.U WwAIT 10 | 0?a[ROM /195, AWAL.ASHL...SLG....,...0 ‘ DRN | 0BA[ROM ,/1E9. AULS.DBIO........SEGBUS...0 IPL END
028|RON ETAT./LEF AEP ALUA. .. .5¥D. . v.y. .0 WAIT 10 f G7€|ROM  FLAG./18S.ALAL. ASHR. . SRO..PP2.....6CRDSR.O DRN LOOP | 08B |Rom ./ Lu2 .CBIO.H!L..SP:,PFE.. SEQBYS. . .0 D5k
03C|RoM TLAC, /LC2LAUCT, UBLU. ... 5F2.'N2.CI1PL,  SFOBUS, ,6CRUNL.O L L02P | 02C {Rom -/0C5.AEP . ALUA. CALU.MYC. .. . CTPL.....0 MS__ ] 0BCIROM ./L3D..BSHR....SYD...,SEGBUS...0 1NT
030 |ROM ./00C. . ALUB....S1b.FYD. .. BUSR..0 nL END G70 [ROM . /L48.ATLO, ASHR, CALU..QYC. .. WEXM,..6BON.0 S | 08D [ROM ./08B.AWAZ.ANB. CALU.NYQ. GYC, .. .....0
03E|ROM . /LSF.ATWO.ACR. ....PYD,.....0 1PL 07E [ROM ,/CC3.AEP, Al UA, CALU.TIVZ. .., CTPL, ..., NSRO } OBE [ROM , /09E.AZ.APLBL.CALU.MYC.......BUSR.ECRYNL.CRADD DIV COR. GUDT
D3F [ROA FLAG,/LBD.....SLG....RBUS.. . GBOK.U TEST LOADH O7F |ROM FLAG,/LFY..BCR.CALU..QYC.....,.6CRENU PUP | OBF |ROM ./LE9.AUAZ.ALUB.........BUSR.GCRVNL.CRLOG DIV QUOT 0K
1/9/75
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L
OCO|FTA AURL.ALUB.N LoK 100|ROM ./03F......... ...GF8YS5.0 VERIF MAN. PUPIT | j4p|ROM ,/07E.........RBUS...GBOK.O TEST MAN RE6 N
OCL|ROM ,/LE9..ALUB....SYD,PYD....BUSR,.0 LOK P | 10L{ROM ./L9A.ARAD.ALUA..NYQG...PYD....BUSR,.O DLN.DRN END | 1y41|ROM ./LE9.AWRZ.AMB.........BUSR.EFSTOV.O UPD STK MSRD
oc2frRomM ./135..BCR...,.....BUSR.GFPLR.O AR PAF INT 102|ROM ., /OEC.ARR?.APYB,...STD. ,BUER. .0 RTE 142|ROM ,/LCF,AWRL,ZERO.....,..,BUSR..0 NGR
0C3{ROM ,/OEE...CBIO.NYC.,.PP2...SEGBUS...0 RTSC 103{ROM ./1AD.ARRZ.APB.,..SYD..... BUSR. .0 RT? 143[ROM ./10L.AZ.AMB,...... WMEM, ,BUSR. .CRSUB ce
OCY{ROM ./0YF .AUAZ.APB........... 0 MVF  DEST IN A2 | 1gy|RoM ,/0D3...CBIO.MYC..,..RBUS.SEGBIO, THP TEST RD KEYS 144|ROM ,/188..ALUR..,, .., WBUS,SCABIS. . CRIO Clo aTP
OC5[ROM ,/LE9.ARAD.ALUA, ...SYD.PYD, ., ,BUSR..D MOVE END SLN REST.P | 105(ROM FLAG./0DY4.ARAC.ALUA....... ...scRrNu.u TEST RETURN | 145/ROM ,/0B7.ARA2.ALUA.CALU..GYC........0 HU- MUL.TOR IN @ REG.
0C6{ROM ,/088.ARRL.ALUA. CALY,.QYC.. ... .en0 CA 106|ROM FLAG,/0D0.AZ.ALUA.CALY,.QYC.,,....6REXL,.0 EX OPER T4T? TRAP 146 |ROM FLAG,/01C.ATWO,APB, . HYC.......,6CRFNU.D TEST NO 1
DC?|FTA ARRL.AMB.CRCHP - . cA 107|ROH ./066..BSHR.CALU.HIC., ... ses D EX OPER T1.T2.72 147|ROM ,/018,....5L8......,.0 TEST NO 1
0C3{ROM ,/086.ARRL. ACR. CLUR.MYC. ... ... BUSR.6BCH.D Lc 108/ ROM FLAG,/0D0.AZ,ALUA.CALY,.GYC,....,.GAEXL.O MYB L5R2FU TRAP 148|ROM ,/0B6.AUAL.MULTI...5R@..,CTPL. .REPEAT.,.0 MU- ALGORITHM
OC91FTA AURL.BCR.O ECR | 109{ROM ./0YB.ARRZ,ALUA.....PYD..,...0 MUB 1SR2FUN 149 |ROM ,/0BS.AUAL.NULTI..AYG... ..., LGNULTL.O MULTI 36TH PASS
OCA|ROM ,/LE9..DBIO....5YD.PYD., SEGBUS.BUSR..0 AR PAF INT TRAP 1 15alRoM ,/DE8.ARRZ,APB....SYD.....BUSR..0 RTSS | LYA|ROM ,/0BY.AUAZ.BSHR...........0 HULTI STORE LSB OF PROD.
OCBIROM . /L32..0.00vsnn, -6FSYS.0 AR END | 3pB|RONM ./LAC.ARR2.APB....5YD,....BUSR..O0 RT?S | LYB|ROM ,/0D7.ARAZ.ALUA..........6CRFNU.O MULTI UPDATE FNU
OcCirRon , /L0L.ARRL.ALUA.. ... . WHEN..BUSR,6BCH.O sc 10C|ROM ,/04A.ATWO.ALUA. CALU.NYC.GYC. .. .....0 VB LONGTH>D L4C[ROM ./0AD,.ALUB,..SR@.5P2.,.,SEQBUS.BUSR.GBTHF,D FPP SINGLE RD MA
0CD|ROM ./13D..BSHR,...5YD.....,6FKYZ0.0 PAGE FAULT AR 100 ROM . /1E9.ARAD.ALUA. ..,SYD.PYD,, . .BUSR..0 HUB LENGTH=0 | 1up|Rom ./0u2...... SP2....SEQBUS.BUSR.GBTMF .0 FPP OP/S DOUBLE READ M1l
OCE|ROM FLAG./128.ARAD, APB. CLUR.MYC,SLG.,...., .0  EX T8N TEST K1 10E[ROM ./1EB.ARAD.AMB,....PYD..,...0 INT  MOVE L4E [ROM ,/053,ATWO.ASHR. .NYC.GYC.SN2.PM2. . WNEN,...0  T. HEMOIRE NOL
_QCFJROM ,/16E., CIOR.MYC.GYC...,WBUS.SEGBIO. . GFETCH.O EX LOAD K L0FLROH /125, ATUWO, TUOA . CALU. .8YC.vors. . 0 PAF  MOVE LYF |ROM_,/06C.AWAL.ALUB...,SM2.PN2...,..0 TEST HEMOIRE NOL
ODO|ROM FLAG, /0D0.AZ.ALUA. CALU. . OYC AEXL, 0 TR I130] RON , /00F ...+ ... GFRI0,0 UERTF NHAN. REG U | 1S0|ROM ./0%F........,.. 6FRZ0.0 TEST 6. CHARG.NO
OD1[ROM FLAG,/0DD.AZ.ALUA. CALY.+QYC. .. ... . 6AEXL.0 TRAP 1 113|ROM SNPLA./100.ARRZ.AFB.CALU..8YC.SYD.......0 /76 | 151 [ROM ./0AL.AUAL.BCR..MYC.GYC....... TEST DLA
02| RO . /125, AURZ.ALUB. ...\ o 0o ... D PAGE FAULT ML 1 312|ROM ./12C.ARRZ.APB.,..5YD.....BUSR,.0 RTTC. | 152 |ROM FLAG./030. .. MY, P2, .. SEGBUS BUSR.GBINF.0 1FP READ LAST MA
0D3[ROM SNPLA. /100, .DBIO. CBIO. .GYC,SYD,PP2. . . SEGBUS. . .0 RTSC 1 113|Rom SNPLA./100.AEP.ALUA.CBIO.NYC,GYC.SYD. ... SEGBUS, . .0 RT3 | 153|ROM ,/173.ARA0.TWOA....5YD.. .0 FPP OPS WAIT.LD S WITH 15T AD.
ODUIROM FLAG./11B.AWAZ ANB.CBIO.NYC..SYD. .. .SEGBUS. 6MOVE,D MVF READ | 334lgon | qua.AuUA2.APB.CBI0.MYC. . 5YD....SEGBUS. .GHOVE.O  MYB READ 154 |ROM ./010..BINV,CALU. ,GYC.SP2. . UEXM, SEGBUS.BUSR. 6BOF .0 FPP/S SI.
0D5{ROM ./056.AUAL.APB. ... ..., .. .0 NVE REST Al 115|ROM ./056.AUAZ.APB......,.....0 MYB CORRECT A2 | 155[Rom ./010...... SP2...WEXM.SEGBUS.BUSR.GBOF .0 FPP/S DOUBLE ST Ml
0D6|ROM FLAG./L20.....5i6....,.,.0 EX K1 TEST K2 116/ RON ,/DAE.ATEN.ALUA. . NYC,.......CGFRZ0.0 TEST DLA 156 {ROM ./0E9.............0 TEST DLA
0D7[ROM FLAG./OF8..BCR,CALY..GYC,....... 0 EX KIN TEST D 117| ROM SNPLA./100...CBI0.HYC.GYC. ... .SEQBUS. .0 RT3S 157 |ROM ,/nnv.nnnu.nos.,,.svn...Leus..susa.cetnp.o INR
008|FTA ARRL.AMB.CRCHP cu 118{ROM . /0EC.AURZ.APB. .. .SYD... .. BUSR. .0 RT3B UPDATE STACK | 158 |ROM ./0A6.AWRL.DBIO,CIOR.MYC. .SEGBUS. .6CSEL . CRIO INR
0DS|FTA NEP.ANMR.CRIMK cuP | 119|ROM ./1F3.AURZ.AMB..........6FSTOV.0 STD 159 |ROM . /188.AURL.AOB.,.SLG....... .0 INR TST SST
ODA|RON ./124.APSW.ALUA, CALU.HYC........ 6FSY5.0 PAGE FAULT 11A{ROM ./1F2.AUR2.AMB.........,6FSTOV.0 STDP 1SA [ROM . /0AY,AWAL.ALUA, ., ....... 6CRYZD,0 DIV HMEMD SIENE DIUD
0DB{ROM ./122.ARLS.ALUA..,.5YD...UEXN. .BUSR.GBOM,D PAGE FAULT 11B|ROM ,/LE9.ARRL.ALUA,...,....BUSR.GCRVNL.CRLOG SLA CR | 158 [ROM ,/0A3.AWAL.DIVYSH...SLG...CIPL....6CRDSR.0 DIV 1ST PASS
ooc|RON ./oac.nRRL.nLun.CLun.nvc...,...ausu.cecn.o cC ViC|{ROM FLNG./1BS.ARRL.ALUA.......,...0 SLN TCST NOPH | 15C [ROM ./DA2.AWAL.DIVSH,.,SLG...CTPL.,REPEAT.,.0 DIV PROCESS
ODD |ROM ./11D..ALUB..MYG,.SH2, . UNEN.SEQGBUS . BUSR. .0 PAGE FAULT 110|ROM ./13A.AUR2.BSHR...........D SLN RESULT 150 [ROM FLAG./1B4.AWAL.DIVALU...SL@,....,.6CRFNU.0 DIV 16TH PASS
ODE {ROM FLAG./L18....,.5L8........0 EX K1KZ TEST K3 L1E|ROM ,/3EC.AWL2LS.DB10, ..., . . RBUS.SEQBIO, . .0 KEYS IN (RCP) LR | 15€ [ROM ,/DAD.ATWO.APB.CLUR,MYC..,PYD......0 TEST DLA
ORF |RQN FLAG./OF8. . BCR.CALY. . 6YC,.......0 EX _KLK2N TEST HD 11F|RON ./LFF .ARL21S.ALUA, .MYC........6FKYZ0.0 LOAD OR READ R_| 1SF |ROM ,/091.AWAZ.BCR,..SRA........0 TEST DLA
OEO|ROM ,/07B..ALUB..,.5YD..,..,.0 WER | 120|ROA ./009.........RBUS,..6B0K.0 UERIF HAN. REG L | 160 |ROA .7039........., RBUS, ..GBOK.O TEST G.CHARG NO.
OEL{RON FLAG./197.AEP.ALUA. CALU.MYC......... 0 MVUF | 121|ROM FLAG./1AS.ATEN. TWOA.CALU.RYC. . .PYD,,....U SRN 161 [F TA AUAZ.ALUB.O DIV ST CORTO QUOT
OE2|ROM ,/117,ATHO,APB, CALU.MYC. .SM2. . WEXM.SEQBUS, BUSR.6BOM,0 PAF 122|RON ,/188.AURL.ASHR...5R@...CIPL. .REPEAT. .6CRDSR.O SRLC | 162 |ROM , /09F . .0 THP TEST
OE3|ROM ./0ED...CBIO.MYC...,...SEGBUS...0 RT?C 123|FTA ARAL,ALUA.CRLOG HL DSH 163 [ROM . /033.AZ.ALUA. .AYC, verese.D THP TEST
OEY|ROM ./057..ALUB..NMYG...PH2, . UNEH,. .BUSR. .0 MUF PREP WRITE 124{RoM ./00A....NYG.........D DLA END | 164 [RON ,/09A.ANAL.DBIO...... -RBUS.SEGBIO. .6BOF .U TFX LD AL
OES|ROM ./0S7..ALUB..MYG..,PH2. . WHEN. BUSR.GBEX.0 MUSU PREP WRITE 125{RON . /007, AUAZ.BSHR, CALU.MYC.,.....,GCRENU.D DLA END | 165 [ROM ./L7D,........RBUS..BUSR.6BOF .0 FFX RESET 8SY
OE&|ROM FLAG./L08.....5LG........0 EX KLK2K3 TEST K4 126|ROM ./0L9. .BINV. MYC.........0 ROUT.AFFICH.INCR | 166 [ROM ,/022.AUCT.ALUB,...,.CTPL,.... 0 TEST NO 3
0E7|ROM FLAG./OF8..BCR.CALU. .0YC........0 EX KLKZK3N TEST MO 127|ROM ETAT./07E..ALUB. CALY, .GYC. ... SEGBUS...0 DISPLAY INCR | 167 [ROM ./023.AWCT.ALUB...SLG...CTPL...,.0 TEST NO 3
DE&[ROM ./L32.AULS.AMB. CIOR.MYC. ..., RBUS,SEGBIO..6FSTOV,0 PAGE FAULT | 128|ROM ./LE9.ARAL.ALUA.........BUSR,6CRUNL.CRLOG . DLA END | 164 |ROM ETAT./ODE..........SEQBUS...0 VERIF MAN RES L
DE9[ROM ./LE9.AEP.ALUA...,5YD.,..S5EGBUS. BUSR.,CRRTN RTN 15P2N | 129|ROM ./L6Y4.AEP.ASHR.CALU.MYC...,.....0 DLN.DRN END | 169 [ROM FLAG./09C.APSW.AANDB. ... ......6CRENU.O TEST THP-TPH
OEA|ROM . /110.ATEN, TWOA, CALU, . QYC..PH2, .0 TRAP | 12A|ROM ./0YL.ARAL.ACR,CLUR.MYC,...,.....0 TEST RB | 160 |ROM ,/030,ARAZ.ALUA...,...WBUS.SEGBUS.BUSR,GBTHF,O0 FFL LD ml
DEB|ROM ,/073.AEP.ALUA,CBI0.MYQ.GYC,SYD. ., .5EQBUS. .6FPLR. CRRTN RTNALS | 128 |RO% FLAG. /034, ARAZ.ALUA . . vree s GCRFNY.O TEST DLA | 148 |ROM . /093.AUAZ.TUOA...,......6CRFNU.O oA
OEC|ROM ,/02E.ATWO.TWOA,CALU.MYC,...,..... D cF 12C|ROM ./043,.BCR....5YD...WBUS,,..0 TEST THP-TPH 16C|ROM ./092.AWAL.DADD........,BUSR.,CRADD DA
DED |ROM FLAG./130.AWAD.ALUB, . ... 0 EX 120 [ROM ,/0CE..ZERO...SR Gurrnrss .0 ORA | 14D |FTA AWAZ2.ASHR.O DAS END
OEE |ROM ./06B.ATUO.TUWOA.CALU.MYC. . ..0 CF 15R) L2E{ROM ,/LL5.ATUWO.TUWOA.CALU.NMYC,,,.PN2.,....0 TRAP CORR LONG EX. 16E |ROM ,/090.QEP.TUOA,. . MY C...... ...0 TEST SLA
DEF [ROM . /L0D.AWLS.AMB.,.S5LA.5YD. FST0V.0 TRAP_ | 12F |ROM ./115.ATWO.TWOA.CALY.MYC.,.......0 TRAF | 1of [ROM ./081.AEP.APB..NMYQ,, PYD...,..0 TEST DLA
OFD|RON ./0UE.ATEN.ACR. ChLU HYC, .0 RER 130|ROM ,/0BF.......... ,.6FRZ0.0 VERIF TAN. REG H 170 |ROM ./0L9..B5HR. CALU.MYC.........0 ROUT.AFFICH. INCR
OF 1|ROM FLAG./0F 7. AEP.ALUA. CALU.IYC. v\ oot 0 nve 131 |ROM ,/0CD....MYQ. ' DSH 171 |RON ./1L52.AEP.ALUA.CB10.NYC..SYD.,..SEGBUS. ,.0 DARe DA
OF2|ROM ,/)05.APSUW.ALUA..,.S5LG.5P2, .. .UMEN, .BUSR,6FSYS.0 TRAP L32 [RON ./UDC.RUQZ QLUB”-.,... BUSR,6CRFNU.O DSH 1?2 [ROM ,/1F7.AEP.ALUA.CBI0.MYC,.SYD..,.5EQBUS,BUSR. .0 EL
0F3|ROM ./12C. .DRIO....uYD. ... SEOBUS.BUSH. .0 arsc | 133|ROM ./038....MYG...,,....0 TEST @.CHARE NO. | 373)|Ron ,/0&.AEP.ALUA.CIOR..GYC.OYD, . . SEQBUS. .0 s
OF4[ROM ,/0EB.ARAL.ALUA..,.5YD .0 nUB  PREP 1ST AD 134 [ROM . /0CA.AEN.ALUA, CALU,MYC. . .PYD, cvpx.... 0 HLRL | 324 [ROM ©7189.AUAZ. THOA, .. oo . ECRFNU.O bS
OFS{ROM ,/0FB.ARAL.ALUA,.,.SYD., OUSR 6BEX.O MVUS PREP 15T AD 135|ROM ,/LD2.AURZ.APE...,S7D,FN2,.,.BUSR HLRI 1?5 |ROM . /142.AEP.ALUA.CBIO.HYC..5YD....SEGBUS..,0 DSR
DF 6{RON FLAG./OFB..BCR.CALY..GYC EX KLK2K3KY TEST HD 136 [ROM ./0E9.......... .0 TEST DLA 176 |RON . /0E9. ... ... 0 TEST bLA
OF 7|[ROM FLAG./00D0.AZ. ALUA. CALY. ., LGAEXL.0  EX 1S0PC TRAP 137 |ROM ./0C7.AEP.APB. CALU.PYC....CTPL. ... .0 LK 27 |RoM 7087, ALARD.ALUB. .HYG. .. .. ,.BUSR. .0 4 ca
OFBIROM . /0CA.AEN.ALUA,CALLU. YT, .PH2,. ... .0 MUK 138 {ROM ,/0C6K.AEN.ALUA, ...PYD...,..O ML 178 |FTn ARAD.AMB.CRCHP W CA
OF9[FTA AWRL.BINV.CRLOG c1 | 139|Ron ./LC3.ARRZ.ALUA.CALU..OYC. . PNZ....BUSR. .0 ML | 179 |Rom ./083.AURY.BCR.CIOR.AYC. ... .. SEQBUS. . .0 Le
OF A[ROM . /LOY.AEP.ALUA. .MYG,.5P2. . .UNEM.SEQBUS. BUSR. .0 TRAP | 130]Ronm ./0CY.AEN.ALUA.....PYD. 0 Ms | 17A|ROM ,/027..ZERO..NMYG.SRG........ 0 TEST NO 2
0F8[ROM /103, .ALUB....5YD.,..5EGBUS...0 TRAP | 138|ROM ./1B3.ARCT.ALUA. ... PH2. CTPL.WNEN. . BUSR, .0 ns | L7B|ROM ,/024..ALUB..NMYQ.,,PYD...... 0 TEST NO 2
OFC[ROM ./135...... SNZ..... BUSR. .0 TRAP | 13c|Rom ./0C2.AEN. ALUA. CALU..GYC. PYD ... .0 MSRD | 17C[ROM ./1CA.AEP.ALUA....SYD.....BUSR..O Le
0Fp|RoN ./].U)..:BINU ....... WhEii. . BUSR. ., LRLOG cis 130 |[ROM ./LA3.AKCT.ALUA...,,PM2.CTPL,WREN, .BUSR,.O MSRD 17D (FTA AURL,A0B.0 LC END
QFE JROM ./L!;?.llEP.QLUQ..».‘%iYD,..vSE:GBUS.BUSN..U STORE RESULT 13E |ROM FLAG./00A.AEP, HLUQ». ,,,, WnEN. .. .0 TEST MEMOIRE No2 | L?E|ROM ,/080.AEP.APB....,PYD,.WBUS....0 TEST DLA
DFFIROM FLAG./0D0.AZ, ALUAL CALU. .QYC. ... ... GALXL.D TRAP 13F |ROM ./053.ARAL. TWOA, .AYC.GYC.SH2.PH2. .UNEH..,.0 TEST MEMOIRE NOL | L?F |ROM ./18E.AWAD.ZERO........SEGBIO. .GFETCH.O TEST OLA
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180{ROM ,/028....NnYQ.... ,RBUS.,.GBOK.0 DISPLAY INCR LCOlROM L/LEB......., LJRBUS. . .GBOK,
181 |ROM ,/020...CBLO.NYC...,.. SEGBUS. . .0 VERIF MAN REGH 1C1|RoM ,/n37,nua1,nna,,9,,. ¢ uu DEXE§5§ g?gi :gPlT
L82|Ron ./050....MYG,.,..,...0 ROUT.AFFICH.INCR | Lc2|ROM FLAG./02C..BSHR..NYC.QYC.......6CRENU.O ROUT.AFFICH. INCR
L83|ROR L /OET. . ol ROUT.AFFICH.IMCR | yc3{RON ,/085.ATWO.ACR. . MYC.QYC. csnzu 3} TEST NO 2
L84 ROM . /D7A.ARRL,ALUA, - HWBUS..BUSR.GBTNE: 0 WER LCH|ROM FLAG,/0F L. AURZ, ALUB. .MYQ, . ... DER MOVE REST R2
L85 ROM . /188, ARRL.ALUA. , -WBUS, SEGBUS. . .0 WER | LCS|ROM . /L8B.AWRL.DEIO.CBIO.,..... 5E09u5 . CRRIN RER
L86|ROM FLAG, /054, ARLS.AMB. . .5RU. ... ... GCRFNU. D TEST NO 3 LC&{ROM L /0CC. .. CBIO,.4YC. ... . SEGBYUS,..0 TEST Q.CHARS NO.
187 RON FLAG./064.ARCT.AME, . SLU...CTPL....6CRFNU.O TEST NO 3 LC?{ROM ,/029..ALUB. CLUR. nvc..,,,uausl,,.u TEST G, CHARG NO.
1a8{RON ,/076.AUR2,APE,....5YD,.... SUS° D RTN LCAIROM ,/036.AUAR2.ANB. DER NMVF REST A2
L9 |ROM SNPLA./100..DBL0.... SN2, PYD. . .SEQBUS.BUSR. .0 RTN LCP{ROM . /03B.ATWO.APB. LALu nvc. ,,,,,, .0 DER MOVE  M=LGTH
LBRIROM L/09F ...vvuvvvvu., TEST NO 2 LCA{ROM ,/09F....... .0 TEST DLA
18B{ROM ./01B. ZERO CSRA.LPR2. ., 0 TEST NO 2 LCB{ROM ./0?L.ATWO. Asnn, AYC, PP TEST DLA
18C RGN ./O?E.ATHO RPB,CALU.HYC ,,,,,,,, 6FENB.O COMPUTE MASK RTNALS LCC|ROM L /07%F . .BINV.. ,4YC..0u'rys.. .0 TEST HO 2
LD |ROM , /06E, AWAD . BINV, ,MYG., .\, ... . 0 COMPUTE MASK RTNALS LCD|ROM ./098,ATUO. nsnk,,nvt QYC.ou vy 6FRZU.O TEST NO 3
LBE |ROM FLAG. /024, ARAL.AXB. ... \..\.. GCRFNU.O TEST DLA LCE|ROM ,/0AC.AWAD.ALUB, .. .. LSEQBUS. . 6FLOT. 0 FPP OP/S LD EXP
igg :gn ./35;.A;?0.AP;$%.,HVL...,6,,..0 ;531 Z?r TN LCF |ROM . /LBA, AEP.ALUA. ... 5YD. . ..SEQBUS. .6FLOT.0 FPP OP LD EXP

n./019.. NV, . MYC,........ f . i L INC
19V RON |, /1BE.ARAD.AOB, CLUR.AYC.GYC. ., ... .0 MASK STACK PSW RINALS 132 :gg :;gEZZAQéiléna jgvb,,,,,,,c 2?flgggﬁ
L92 ROM L /O9F ...l TEST MEMOIRE NOL | ypalRom FLAG,/07C..BSHR. .MYC.SRG, .. ..., 6CRFNU.O ROUT.AFF ICH. INCR
L93|ROM FLAG,/002,.,CBLO,NYC,, . ... SEQBUS. . .0 TEST MEMOIRE NOL | yuzlpon ,/032.8RA0. ... .. ..... GCTLD . TEST NO 3
194 |ROM /064 AKRL.ANB. .. .SY0, ... .. GFSTOV. 0 CF.15R2 LD4|ROM FLAG./OEA.AWAL.APB....SYD,..,SEGBUS. . 6MOVE,D nyB WRITE
Lo5Ron /048, APSW.ALUA. ., SP2. . WMEM. BUSR..O <F 105/ ROM FLAG. /GEA. AUAL.APB. ...SYD, .., SEGBUS. .GBEX, 0 nUUS WRITE
}zg gg: '/%Eg'ééﬁ'}fbi"H;g P2 . UMEM. SEQBUS. BUSR 5557 bLA o L06|ROM ETAT, /Q9E. ..., . .....SEQBUS,..0 TEST §.CHARC NO.
19 crldan SHALUR, e SP Oy Wiie 9. e - bl "
198 KON L/1E9. ALUB... 5Y0.PY0. . |SEGBUS.BUSK. .0 ¢ 0 | 1oalRon Etﬁé.ﬁ%‘;ﬁ.a‘?é‘d%&‘;f?::‘.‘Y?:::é‘é;‘i‘;’ifﬁ“”s‘“'“ Tesr N0 2o R
L99IROM . /OSE. .BSHR. CALU.MYC. ...\ W o TEsT EX 109|ROM . /0L?.AEP.AMB.....PYD.,..,.0 TEST NO 2
L9AIROM . /09F, . ..., .. 0 NO 3 LDAJROM . /09F ... \urs.inn, TEST DLA
198 |RON FLAG, /D76 .. AYG, ... ... .0 ) TEST NO 3 LDB|ROK /D70, ATEN. THOA. .nYC. TEST RB
L9C [ROM FLAG. /0SC.AEP, AXB, ., SN2, PR2.. .. 6CRENU.O TEST NMEMOIRE NOZ | ynclrom FLAG. /098, ...NYQ. ... TEST NO 3
L3D [ROm . /CFB ... .., KBUS. . . GBOK. P TESTY 10P|ROM ./078.ATWO.ASHR, .NYC.QYC TEST NO 3
19E [RON , /060, ALAD.BCR..AYC, ...\ u. ., 0 TEST RE LDE|ROM FLAG./00C. .BINV, ..., cees TEST NO 1
L9F |ROM . /B5L.AEP.GPB,.NYC,, PYD, WBUS....0 TEST RB ADF |ROM . /0M9. . ALUB. .. ... LUBUS,...0 VERIF_MAN. REC M
1A0 [ROA FLAG,/13A.AWACD.ALUB..NYG...PM2. ... .. 0 MUF TEST LEHT=0 | LED[ROH .7/100..ALUB.....PYD...... ] TRAP DLN
LAL [ROM FLAG./L?4. ATEN.AXB, .. ... ..., GCRFNU.O EX TEST If T2 LEL{RCM FLAC /198 ARAL.ALUA. .. \vr.., 0 OLN
1RZ [ROR ,/709F ... ..., .0 TEST MEMOIRE NOZ | LE2[ROM ./09F.. 0 TEST NO L
LA3 |RON FLAG./062...CBL10.NYC...... SEQBUS, . .0 TEST MERMOIRE NO2 | LE3|ROM ./021..BINV..HYC TEST NO )
LAY [RON . /054, ARRZ. AMB . CALU.AYC. v ... MVF LGHT-2 IN M | LE4|ROM FLAG,/ALA... .. LPN2. . 0 TEST NO 2
LAS[RON . /128, AWAL.APB..NYG..5YD. ... BUSR..0 MVF AL=SOURCE LES{ROM ./033....1MYQ.....,... TEST NO 2
LA |ROM ,/D96.ATUO.ACR, CALU,MYC. .., . WBUS.SEGBIO, .6FKYZD.CRIO THP T. LE&|ROM FLAG ., /04C. .BSHR, nvc .oe.. . 6CRFNU.O ROUY.AFF ICH. INCR
L2 [ROM FLAG, /GEA. .., .5LG. .. .WBUS. . GETHP.D TEST TiAP-TPH LE?|ROM ./04C....HYQ. ., ... .0 TEST NO )
LA8 [ROM FLAG./L2A.AWAL,AMB,...SYD.,..SEGBUS. . 6MOVE.0 MVF WRITE DEST LEB|ROM . /0L6.AEP.APB. CALU.HYC.SRA, ... ... .0 YEST NO 2
LAY [ROM . /L3A.AWR2.ZERO. ., ... \\. .. NUF CLEAR LGHT LE9|RON FLAG, /074, ATEN.AXB. ..., ... 6CRFNU.O TEST NO 2
LAR[ROM ,/0%F . ........., TEST NO 2 LEA[ROR L /09F............. 0 TEST RB
LAB |ROM ./0L3.AWA2.FORA...........0 TEST NO 3 LEB|ROM ,/033.ATEN.ASHR.CALU.NYC. .. TEST RB
1AC|ROK FLAG./052..ALUB. ., SN2.PN2, UREM,SEGBUS...0 TEST MEROIRE MOL | LEC|ROM ./0L2.ATEN.ALUA..MYC.GYC..... TEST NO 3
LAD [ROM ,/0BO.ARAD.ALUA....SYD,PYD., ..., 0 TEST MEMOIRE NOL | LED|ROM FLAG./044,ARA2.AMB...SRG....... LGCRENU.O TEST NO 3
LAE [ROM SNPLA. /LFF . AUAL.ALUB. CIOR,MYC.GYC, . PN2, , . SEGBLO.  GFETCH.O TRE | LEE|ROM ./LE9.AEP.ALUA....SYD... SEGBUS. .. CRFLO FPP STORE ST EXP
LAF |ROM . /0B1.AWAD.ALUB. .., SYD.PYD.....6FRZ0.0 TEST NMEMOIRE NOL | 1EF [ROM FLAG,/00,..,.5L@,S5P2,. . WEXH.SEGBUS.BUSR,6BOF.0 FPP ST MANTI.
180 [ROR /058, ATHO. ALUA. CALU, AYC. OV, v 0 TUF LTFORSA . 7100, ALUB. ... PYD. .0 TRAP DRN
LBL {RON . /D4&4.AUAD.BSHR. .AYG. . . ..., ,.0 RER LFLIROM FLAG./185.AWAL, ASHR...SRG.,.....6CRDSR.0 DRN
LBZ |[ROM FLAE./03C..BSHR. ,MYC, .. ... . CCRENU.O ROUT.ATTICH.INCR | LF2[ROM ./Q9F...... AP TEST NO 1
183 [RON anc,/uss,nruo.Aos..nvc.eYc,. ,,,,, §FR20.0 TEST NO L LE3IRON /0% . ..evvnn,l 0 0 TEST NO 1
LBY |ROM FLAG,/0F2,AUAD,ALUB, .., .PR2.,,,..0 nVB TEST LENGTH LF4lRONM ./0CY -SM2.PH2. . .SEQBUS. . .0 TEST REMOIRE No2
1BS|ROM FLAG,/10B.AWAZ.AMB, ., ..., o MVB PREPARE A2 | LFS|ROM ./063..ALUB....SYD.PYD...... 0 TEST MEMOIRE NO2
184 |ROM ETAT./O0BE...... .. SEGBUS. .0 VERLF MAN. RES M 1F6|ROM ./092..0B10,...,,.WBUS.SEQBUS.. .0 VERIF MAN REG L
LBTIROM FLAC, 7028, .AI UB..N1G, .. FR2, WMER 200 0 o 2L WRLTE LF?|ROM . /0BB.ARRL.ALUA, CALU.MYC.....WBUS..BUSR,EBTHP.O €10 OTR
188 |ROM /162, ALUB. ..., . WMEN, .BUSR. .G INT LF8|RON ,/036.AEP,ALUA. CALU.MYC..,....,6CTLD.O DER NMVB READ
189 [RON ,/03A.ARAC.AOB....5YD. . RBUS, .BUSR,GBINE.D RER 1F9|ROM ./007.AUAL.AMB. .., . PP2.....6CTLD.O DER VB WRITE
1BA[ROM L /09F . ... 0vuu., 0 TEST NO 3 LWFA[ROM ,/03E.AEP.ALUA, CALU,NYC.......,G6CFLD.O DER MUF READ
L8B [ROM . /0LA, . ZERO. ., SRU. ... vv.. TEST NO 3 1F8|ROM ./005.4WAL.APB, ., ..PF2.....6€TLD.0 DER MVl URITE
LBC [ROM ,/0S8.ATEN.ALUA. CALY, . uvt .. .WBUS,SEGB10. .6FETCH,O0 TEST THP LFCIRON FLAG./06C. ARAL.AXB. ... SN2,Pr2,,.. GCRENU.O  TEST MEMOIRE NOL
18D jROM ./0B3 .. .SEGBUS,BUSR.EBTNF .0 FPP DOUBLE LD 2ND WORD LFD|ROM FLAC,/0C0.ARAD. ALUA. CALU.MYE,  SYD.PYD......0 TEST NEMOIRE NOL
LBE |ROM /040, . vevee. . 6FKYZ0,0 TEST RB | LFE|ROM ,/120.ATWO.TWOA.CALU.NYG.QYC,......6CTLD.O PAGE FAULT ML
1BF |ROM FLAG. /014, AEP. AXB . MYG . vrn. GCRFNU.O TEST RS MFF [ROM . /125.ATUO, TWOA.CALY, .GYC. ... ..., 6CILD.O PAGE FAULT

2-16




Table .-4B Control- ROM Microinstruction Listin_ .°856
1
AODD. ADD ADD.
000]ROM ./LEA AR1S5.ALUB.CALU.MYC.GYC....WBUS,.. .0 IDLE OYO}FTA AURL.AANDB.CRLOG AN 080} ROM ,/008.,ALUB,...5YD..,,....0 C10 OTR
IR NO JUMP D4YL{ROM FLAG./1C8.APSW,AANDB, LALU.AYL, .BUSR,.0 HLT.RIT.INH.RTALS | D81|ROM ./100...... s 60 T0 TRAP (WMP)
002 |Ron ./xsv .....5P2.PP2....BUSR. .0 INCR P | Du2|ROM ./OFD...CB10.NYC...PP2,..SEQEVS. .. 0 RTS 082|ROM ./1B2.AWAZ.0BIO...... . RBUS,SE@BIO,..0 FFX LD A2
003|ROM FLAG./000.AZ.ALUA. CALD. .BYC. .. ... CAEXL.O NO FLOT PROC | O43|ROM ,/OFS...CBIO.MYC...PP2...SEGBUS,..0 °TSS | 083|ROM SNPLA./L00.ARRZ.ALUA,CALU.HYC,QYC...... RTL
DO4|ROM FLAG./LFB.ASYS, TWOA,CALY..BYC.,......0 TEST DISPLAY | OYY|ROM ,/101.ARRL.AANDB...,... UNEN. . BUSR . , CRLOG AN 5 | O84/ROM ,/18B.AURL.TWOA,.....CTPL. REPEAT...0 sLL
00S{ROM ,/1FB...... SH2.PNZ.. ... 6FKYZ0.0 DECR BEFORE VISU | OYS|ROM ,/30L..ZERO.......UNEN..BUSR, .0 4] 085|ROM ./18B.AWRL.ASHL...SLG,..CTPL, .REPEAT. ,6CSEL.D sLC
006|ROM . /1FF . AEP.ALUA, CALU.MYC.\v\.....0 VISUA | OYS|FTA ARRL.AANDB.CRLOG ™ 086|ROM ,/369........CTPL, RT1D
D07{ROM ./LFF..DB10.CBIO.MYC,.... ssosus ..0 visuB Ou?{ROM ./1E9........, . .BUSR..CRFLC FPP WAIT EXEZ, 087{ROM ./179.ARRZ2.ALVUA.CALYV,.BYC.....,,6CTLD.D RTLD
008|FTA AWRL.ALUB.CRLOG Lo 04Y8|ROM FLAG./LA&.ARAL,DIVALU......... . GCRFNU.O DIV TEST COR,REM. Da8|ROM FLAG,/0B3..ZERO.CALY.NYC......,BUSR,6BTNF.0 FPP LOAD
DO9|ROM ./1E9..ALUB....5YD. PYD,..,ausn,,cﬁLoc Lo P | DY9|ROM FLAG,/L40.ARAL.AXB,CALU.MYE.GYC....... .0 DIV TEST QUOT. 089|ROM ,/0BA.AWAL.7ERO. CHLY. 6L, ,.....CCRUZO.0  MUL-RESET PART.SRAD
DOA|ROM ,/14D.ASYS,ALUA,....... W3V .0 RCP IN L RESG. LR 2R RR O4AIROM ,/0E2.AEP.AMB.CALU.NYC.\ .V, ,,..0 SLN O8A|ROM ,/130.ARAC.ALUA.......HWBUS, .BUSR..O EX Tl OR T3
00B|ROM . /)FF .ARAD.ALUA. .MNYC...... .y 0 ERRONEOUS START O4YB|ROM FLAG.,/LB5.AWRL,TWOA..,,.PP2. SLN LOOP 08B |ROM FLAG.,/000.AZ.ALUA,CALY..QYC.....,..6AEXL.O EX T2 TRAP
00C{ROM ./101.ARRL.ALUA, LUMEM, .BUSR, .0 ST 04C|ROM FLAG./1B2.ARCT.ALUA, , . SP2,Ph2,CTPL,UMEN, SEGBUS...0 NS LOOP | DAC|ROM FLAG./OAB.ATEN.ACR.CALU.NYC.GYC. ... WEXN...GBOF,0 FPP STORE
00D |ROM /L0, AEP.ALUA. .. ... WREN. BUSR..0 ST P 04D [ROM ./LE9..ALUB,...SYD.PYD.,..BUSR. .0 MS END | 08D|ROM ./1AB8..........SEQBUS..GFRZ0.0 LOAD M
OOE [ROM ./OE&MUO.QLUA.CALU.HYC,,....,..U 5TD O4YE[ROM FLAG./1A8.....5LQ.......6FRZ0.0 TEST READH OBE|ROM FLAG./LDY,AEP.ALUA....5P2... .5EQBUS. .RFCRINU,O IPL LooOP
| 00F |ROM . /0ES.ATHO.ALUA, CALU.HYC. oo .. 0 STD P 04f |ROM ,/172,.0B10.CBIO.NYC, .., WHEM.SEGBUS. . 6BCP.0 LOAD K 08F [ROM ., /159..BSHR, CALU.NYC.5LG, L. IPL LOOP
310} ROM FLAG./LD0.A5YS.ALUA, CALU..0Y ... .oy 1] YEST m 050 |FTA AWRL.A0B.CRLOG L OF0|ROH ./1AA.ATEN.ACR.CALU.NYC, . INR
011|ROM ./1E9..ALUB....5YD,PYD.,..BUSR..0 n51|RCM FLAC./1A8.APSH. AOB, CALU.KYC. ..., .0 ENE SMD LKM | 091|ROM SNPLA./103.AEP,ALUA.,,.SYD..... EX BSYZO.RESTORE §
D12|rOM FLAC./0ED.AWAD.ALUB.......RBUS..,6B0K.0 SAVE P TEST IF L/R R 052 {ROM ., /0EC..0BLO..,,SYD,PP2.,.SEQBUS,BUSR. .0 RTY 092{ROM , /LED.AEP,ALUA. CALU.MYC.. ... RBUS 550910 GFETCH~D K=RCP  L/RR
013|ROM . /0ED.ARAD.ALUA. .. .SYD.PYD......0 LOAD P AND S LR 053|ROM ,/0ES,.DBIO....SYD.PPZ,,.SEGBUS,BUSR, .0 RTys | 093|ROM GNPLA, /100, AEP . ALUA. TALU.MYC, aTLe
014|70M /108, ATHO. TWOA. CALU, MYT, .\ .Wsy.. INT 054 |ROM ,/101.ARRL.AOB. ..., .. WNEN, .ausR..anoc oR § | O94|ROM ./18B,AURL.ASHR.., ... CTPL. REPE“T GCRDSR'U SRA
D15[{ROM ./LD&.ATWO.THWOA, CALU.NYC. . .PN2. ... .6FKYZ0.0 INT DECR | 055|ROM ,/0AB.AUAD.BSHR..NYG..,, INR | 09S|ROM FLAG./LC7.AHAD, ALUB, . SRN
014/FTA ..0 FETCH | 056 |ROM FLAG. 728D, . ... oL, i TEST READST 096|ROM SNPLA./100.ARCT.ALUA. CALU. HYC...... .0 RT1D END
0L7|ROM ETAT./LFE.......... SEQBUS, . G1DLE.U UISy IDLE | 057 [ROM FLAG./190.ASYS, (WOA. CALU. . GYC. sBCP. 0 READ M 0971RON ,/169,AEP.ALUA, CALY, . GYC...CTPL. .. .. RTLOP
018[ROM FLAG./L193.AEP,ALUA.CALU.NYC........ ccnuzo.o SLASLN SAVE P | 0S8 |ROM ./1A6.AWAL.DIVALU...........0 CORR.REM. O98|ROM FLAG./0B3..ZERO, LALU.AVC, . ...\ BUSR.GRTN: .0 FPP CPER
D19 [ROM FLAG./L5B.AEP.ALUA, CALU.MYC.SL@.......6(RYZ0,0 DLADLN SAVE P | 059 [ROM FLAG./LY0.ARAL.AXB. CALU.AYG.QYC. ... ..., i TEST QUOT. 099{ROM ., /0AS,ARAZ. TWOA. CALY., .OYC, ... .. .. o1V
03A|ROM FLAG./L?B.ARRL.ALUA.CALY.,.GYC..... .0 SLL SLC 05A |ROM , /0E2,AEP, AMB. CALU,AYC. ., ..\, . U SRN 09A[RON ,/095.ARAL.ALUA. . +UBUS..BUSR.GBINF .0 FFL
01B|RON . /DCE.AUAL.ASHL . .,5L0. .. CTPL. .REPEAT. . 6CSEL. O BLL OLC 058 [ROM FLAG. /LA5,AURL,ASHR. ., 5RU. . PP, . ., GLROSK,D SRM Loop | U9B|ROM ./OFE.AHRZ, ALUB, ..., .....0 DLN.DRN END
01C|ROM FLAG./16B.AEP.ALUA.CALU.NYC. ...0 SRA SRN | OSC[ROM FLAG./1A2,ARCT,ALUA..,.SNZ.PN2,CTPL.WHEN, SEGBUS. ., .0 MSRD Loop | 09 1ROM FLAG,/0B3.ATWO,ASHR, CALU.NYC, ..., . -BUSR.GBTRF .0 fPP OP/S
010 |ROM FLAG./1uB.AEP.ALUA. CALU.HYC.SLA. ... . ... 0 DRA DRN 05D [ROM , /0BE..ALUB..MYG..5YD.PYD,..,..0 MERD END 09D JROM , /L43.AEP.ALUA.CLUR.NYC,,SP2,, . WHEM, SEQBUS, BUSR.GCSEL.0  INT
DLE|ROM . /0DD.ARRL.ALUA.CALU. . GVC. ., ..., ] SRL SRC 0SE [ROM ,/198.....5L8.,...... pUP O9E|RON ./160.REP.ALUA. CALYU.HYC,..,...,6FLOT.O FEX
Q)F JROM . /0CE.AWAL.ASHR. . .SRO...CTPL. REPEAT..GCRPSR.0 08L DRC OSF |ROW ,/LFF.APSW.ALUA. CALU.MYC. ., ... () READ STATYS | OFF {ROM../09B....... . -RBUS, ., 6BOF . CRFLO FFX _UPD CR
020[F TA AWRL.APB. CRADD AD D60 (F TA AWRL.OXB, CRI 06 YR RO 7105, . ZERD....5YD...... GFSY5.0 TPL
021|ROM . /LE9.AEP.APB....SYD.PYD. ., BUSR..CRADD Ad P | 061 |ROM ,/047.APSW.ALUA. CALU.NYC. .SP2., ... 6F5YS, D INT 0Al fRON , /1E?.AEP.APB, ., ,5YD.PYD. ., BUSR, .0 RF
022|ROM ./0EC,ARRZ.ALUA,...5YD.,...BUSR..0 RT3 D62 {ROM . /0FC..,CBLO.MYC.,....SEGBUS...0 RT? | DAZ2|ROM ,/0E7.ATUO.ALUA.CHLU.MYL. ., ......U RT28
D23|RoM ,/0EA.ARR2.ALUA. .. .5YD...,.BUSR,.0 i ]13S | 043 |ROM ,/0F4.,.CB10,MYC....,,SEGBUS,,.0 RT75 | OA3|ROM SNPLA.,/100.ARRZ,ALUA.CALU. .GYL, ST 9 RT3C
024{ROM ./10L.ARRL.APB.......WNEM. BUSR..CRADD AD 5 | D&Y |ROM ./10L.ARRL.AXB....,..WHEM,,BUSR..CRLOG XR S | DAYIROM ./008,AWAL.ASHL,..SLA. . LTPL. REPEAT. OLA
025{ROM ,/104.AZ.APLBL..,....UNEM. . BUSR..CRADD mn 065 [FTA AUAZ.BSHR,N oLN eNC | DAS|ROM FLAG./OLF.ATWO,ALUA, ... .PYD...,,.0U OLN
026|RON . /077.ATUO. TWOA, CALU.RYC. . ... ....0 RTN MASTER | 066 [FTA ARRL.AXB.CRLOG TNM 0A6 [ROM , /155, ,BSHR. CALU.MYC. . ,PHZ,..... 1PL LOOP
DE?|{ROM ,/L9E.AULS.AMB....5YD, ... .. crS1ov.0 INT UPDATE ALS | 067 |ROM ./180.AUAC.ALUB..NYG..... . PUP GA7 |ROM . /0C8.AEP, ALUA. CALY. ,B8%C. ..., PT2BNH
028[{ROM FLAG./00D0.AZ,ALUA. CALY, .UYC, ..., . .54LXL .0 TRAP SLN | 068 |ROM FLAG./000.AZ.ALUA, CALY..BYC. . LGAEXL.O MvfF 1S5R2 TRap | OR8|RoM ./080..........,BUSR,GBEX.O EL
029|ROM . /0E3.ATEN. TWOA. CALU, RYC.WYC..PYD. ... .. 0 SLN | 069 [ROM ./DSF .ARR2.ALUA. CALU,,GYC,.PYD......0 HUF  15R2N DAY ROM . /O8E..,CBIO..GYC,SPZ. ... SEQBUS.BUSR. .0 DA
02A{ROM . /L59.ATEN.ACR.CALU.NMYC.GYC,v'or. .. 8] IPL SET | DAA|ROM- ., /004 AWAD.ALUY,....PM2..,.,.0 DLHDRM END OAA [ROM ,/LYF..BSHR,CALU.MYC.,.,..... IPL LOOP
028|ROM ,/145.AEP.ALUA....SYD.. . RBUS..BUSR.CBGK, O IPL END | D64B [ROM FLAG./195.AUAL.ASHL.,.5LG.,.PP2......0 pLN Loor | OABJROM ./L5Z...CBI10.MYC,.SP2.PP2...SEGBUS...0 DAK
o2c|ron FLQG./LDZ.QUC1,0BIO..HVG..SHE.PHE.CTPI..SEGBUS“.D HLRI | 06C |ROM ./QEY.AWRL,.TWOA....,.CTPL, .REPEAT.,.O SLA OACIROM . /101.ARRL.ALUA, ., .., WHEM, .BUSR.GEBEX.N ES
02D|ROM ,/0DC..ALUB...,5YD.PYD....BUSR..0 "LRS 06D [ROM FLAG./1D7,.AUAD,ALUB........ SN OAD [ROM , /094.AWAZ, APB. CALY.NYG.GYC. . ..., . o ]
G2E|ROM ./134...CLUR.PYC.,...... “GCSEL.0 AUTC RESTART | 0sE [ROM ./1FF..0B10.CB10.MYC, .0 READ M PUS A | ORE|ROM ./1E9.AEP.ALUA....SYD....SEQBUS.. .0 TL END
027 |ROM FLAG. /1C0.APUP. ALUA. CALU. .0YC.,..... .0 TEST IPL | DeF ROM . /LFF..0B10.CBI0.NYC. ... SEQBUS. . .0 READN pup E | OOF |ROM FLAG./150..,.,5L8.5P2. ,szaeus,euse.ssrnn,u TL LOOF
030|FTA AWRL.ANB . CRSUB 5U 070 [ROM SNPLA./100.ARL2LS, ... ..+, +,.6CTLD.D SH OSH UROH . 7150 . BSHR, CALU.HYC. -0 TPL tooP
03L|ROM ,/LE9.AEP.AMB..,,SYD.PYD,...BUSR..CASUS SU P | 071 |ROM ./LAF .ARAZ.ALUA. CALY..BYC. . ... .GFKY20.0 psk | 0B [RO% ./1EQ.AEP.AMB,,..SYD, PYD. .. SUSR. .0 RE
032|ROM SNPLA./100...CBI0.NYC.QYC.5P2.PP2, . .SEQBUS. . .0 r1Z | 072 [ROM ./1AD..0BI0....SYD....SEGBUS.BUSR. .0 RTE 082 [ROM FLAG./170,AIPL.AFB.CALU.NYC. ..., WHEM, IPL NEW JUART
D33|ROM SNPLA /100...CB10.HYL,G7C. .PP2.. SEQBUS,, .0 R7125 | 573 [ROM ./LAC..DBIO....5YD. ... SEQBUS.BUSK, .0 RTes | OBI|ROM SNPLA./100.,..... 2.00...0 RT2C
234|{ROM . /L0L.ARRL.AMB. ... ... WHEM. .BUSR. .CPSUB st € | g7u [FTA ARRL, ALUA. CRLOE suzero | 08Y[Rom ./002.AuwAL, ASKR. ..SRG. .. CTPY. REPEAV LGCRDSR.0 DRA
D35|ROM FLAG./OBC.AEN,ALUA, ... .\uWu, GCRFNY.Q T2 0P MGR | 0?5 |ROM . /0DC.ARAZ,ALUAR,......, BUSK.6CKENU.U 9SHZERQ | OBS|ROM FLAG./QOF .ATWO.ALVA. ... .PYD., ..., DRE
036{FOM ./077.ATUO. TUOA. CALU.MYC.. ... ... 0 BTN USER | 076 |ROM ,/092.AWAL.DSUB. ....... BUSK..CKSUB c | o8 |ron ./LEV.AEP.ALUQ,...SVD.,.,Stuuus..J 1S END
FTA AURL.A0B.D INH.RTN ALS AND LC END | 077 [ROM ./LC5.ATHO.ALUA. CALU.HYC..ysrrrs,s U watT | 0B7IROM FLAG./LuB...., SLG.SPZ. ., . WEXM,SEUEUS, HUSK, EBOM, D 5 L0oF
ROM FLAG. /0D0.AZ. ALUA. CALU. .QYC. ... ... cagvL, g TRAP SRN | 078 [ROM ./0CT.AEP.ALUA, CALU.MYC. .o o CTP L. ss U ML 088 [ROM FLAG,/0D0.AZ,ALUA, CALU. .BYC.,.,... SaEXL, TRAP
ROM ./0DE.ARKRL.ALUA.CALY. .GYC........0 SPN 079 [ROM . /150.ATWO.ASHR. CALD. ch,,,,,,,ggynn‘g 1L | 0BY|ROM ./08A.,.CBIG..QYC.SP2. .., SEGBUS, BUSK, .0 ne
1| ROM FLAG./1LCY. . BSHR. CALU.NYC. ccnrwu.o ualt 1¢ | o7a [Rom  ./195.AWAL.ASHL...5L0. e 0PN 0BA |ROM . /LE9.AWL5.DBIO.....,..SEQBUS...0 IPL END
5 ROM ETAT./LFF .AEP.ALUA. ... ;YD HALT 10 | o78 [ROM rLag /185, AUAL. QSHR,,,SRQ LPP2,....6CRDSR.O SRN LHOP GBB |[ROM ./142...CBI0.NYC,.S5F2.FP2.,.SEGQBYUS...N LEK
C gf)n ravnr,,/l.cz.lnuu .DBLO....5P2. PH? CTP). -SEQBUS. .6CRYAL.O ML LOOF | g7¢ [ROM ,/0CS.AEP.ALUA. CALU.NYC,,..CTPL,....0 MS 0BC[ROM ,/L3D..BSHR,...S5YD....SEGBUS,..0O INT
SDYROM L /ONC. L ALUE. L L 5YD, F’ll; L. ousn, ML END 070 [ROM ./L4YB8.ATWO.ASHR.CALU,,.BYC.., . WEXM,..GRON.O T OBD [ROM ./08B.AWAZ,AMB. CALU.MYG.QYC,....... o 11
ROM f/LSI’.M\JO.(\C .‘,..,PYD ...... 0 1L O7E |ROM ,/0C3,AEP.ALUA. CALU.MYC...,.CTPL..,..0 MSRO OBE |[ROM . /09E.ARZ.APLBL.CALU.MYC.,...... BUSR.GCRUML.CRADD DIV COR. UUOT
ROM FLAG./LBG..... 5L0....RBUS...6B0K.U TEST LOADM O7F [ROM FLAG./LFY4..BCR,CALU,.BYC.....,,.6CRFNU LT 0BF |ROM . /LEG.AUWAZ.ALUB,.,.,..,,. BUSR.ECRUNML, CRLOC DIv Quer of
N e

2-17




. “
Table 2-4B contd. :

ADD ADD ADD
0colFTa AWRL.ALUB. O Loy 200 [ROM L /03F. ..., ¢FSYS,0 - VERIF MAN. PUPLT | L40|ROM ./O7E.........RBUS...GBOK.O TEST HAN REG 1
0CL|ROM .71E9. .ALUB....SYD.PYD...,BUSR. .0 LoK £ | LOL{ROM ./19A.ARAG.ALUA. .MYQ,. PYD. ... BUSR,.O DLN.ORN ENC | 14L|ROM ,/LE9.AURZ.ANG. ... ... .BUSR,GFST0V.0 UPD STK MSRO
0Cc2|ROM ,/135..BCR......,.,.BUSR,GFPLR.O AR PAF INT 102 {ROM ./0EC.ARR2.APB,...SYD..... DUSR, .0 ‘;T_‘ L42[ROM ,/LCF,AURL.ZERO.......,.BUSR,.0 N(C;R
0c3{Ron | /QEE. .. CBLO.NYC. . P2, . .SEGBUS. . .0 RTSC | LO3|ROM ./LAD.ARRZ.APB....SYD.....BUSR..0 P TEST RO hhie | M3[ROM ./01.Az.ARB... 1 lunén. Busk . crsus e
0CH|ROM /QuF AuAD. APE. e B . MUF  DEST IN A2 | LOY|Ron .,/003...CB10.MYC.....RBUS.SEGBIO...0 R0 KEXYS | Luy|Rom ./18s..ALUB, ... .. UBUS.SEGBIO. . CRIO c1o 0
0CS|ROM ,/LE9.ARAD.ALVA..,.SYD.PYD...,BUSR,.Q MOVE END SLN REST.P 105 |ROM FLAG./004.ARAD.ALVUA, .. ... .\W GCRFNU. O TES i TL : L45IRON ., /0B7.ARAZ.ALUA.CALU, .GYC..,.,... Of nu- ﬂUL.lgRTlNOG REG.
0C& |ROM /088, ARRL . ALUA. CALD . GYC o0 0 Ch | 106 |ROM FLAG, /000, AZ.ALUA. CAL. (GYC. ... GAEXL.0 EX  OPER T4T7TRAP | Lus)Ron FLAG/01C.ATHO. APD. . ITC. ... . GCRFNU.O TEST No )
OC?IFTA ARRL,ANB. CRCHP B | alRon Flaes ono i hLATERLY  ave -0 GAEXL.O nUB S6REFU. TaRp Tua|Ron /06, auAi moLTI L 4he CTPL..REPEAT.,.0  nu- ALGORITHM
Deo[FTR AiRabsERRYL-ACR.CLURAYC. .. ... BUSR.GBCH.O ECe | 109|Ron /0ua. ARRE ALOA - c“??o & o " nve 1eRaFuN 49| ROM . /0B, AWAL.HUCTL, | AYG. .. .. ... 6AULTI. 0 MULTI 16TH PASS
0C9 [FTA AURL.BCR.O . o e Y
R LA 3 it il I 1 R M
acs |Rom ,/132...... ver.s 6FSYS,0 1/ LAC.ARRZ.APB, .. SYD. .. . .BUSR,
0CC{ROM ,/10L.ARRL.ALUA. ., ... WHEN, .BUSR.EBCH.0 s¢ Loc|ron -/ﬂug.n;:g.gtgg,ang;gyg;gvc,,édéé..g ﬂvenstsgzg;g:c 14c gon ./ono..aLue.,esno sraﬂ,, ssgeus $u?n cgvgr g FPP sgyngsgg :i
0C0 |ROM . /13D. . BSHR,...SYD,,,,. 6FKYZ20.0 PAGE FAULT AR | 10D |ROM '/Lga'gnao'nns SO SR o INT  HOVE i i i 2Z“R"n§§0633 g:aﬂpﬁg M im, PP opss ?ounznoxns oL
OCE [ROM FLAG./125.ARAD.APB, CLUR,AYC,SLG,.......U EX TBN TEST Kl T PP I A AL AR a PAF  MOUE Buf L Ron [ Joie hiRD-ASHR..nYC .G e B 0 EET MEnoieE wov
0CF [ROM , /16E. .. CIOR.MYL, WIC,,, WEUD,SEGBL0. .6FFILH.0 Ex (000 v | LOFRORM ,/125.ATUO. LERLY BT e UERITHA T REE T LHD Ro: .;ggr Ly é;;gs,onb..,,.. ’;Esr MEMoLSE 0L
0DO [ROM FLAG,/000.AZ,ALUA, CALU, . GYC. .., .. GAEXL.D TRAF | LL0[RoM '/30"}i66'éééé'599 EALL. . 6YE. 51D o * Tetsc L:L ROM L /OAL. AUAL BER. Hve ol o TEST olé
gg; ggg F&igs/gzgeggL8§UA e GYC o BREXLD PAGE FQUL;RQS itz Ron ?9l§2:9RR3:9PBr:v-S;°r"::9U5§"0'"“ ' ngca 152|Ron FLAG./030. ... NYG..5P2. ... SE0BUS.BUSR.GBINF.0 FPP READ LAST M

/25 AURZ . ALUB. ..., ...\, £ £ ? .
003 [RON SNPLA. /100, DBL0. CB10 | OVC 5Y0.PP2,. . SEQRUS,..0 2T4C | L13|RON SNFL“"l”g'“ﬁp'?;72'§$é°'21§'“"g?é;g;"Eﬁgﬁgsa"Dnva REno'I 153| Ron -/é?K.RR?D.I?gﬂ...,SVD,é ,,,,, gv;pgegzsqugirRLoes‘uév?p%?l o.
0oy |Ron FLAC /LLB.AUAC ANB.CBIO.FYC..SYD. . SFUEUS. BNIGUE.D it Beas | LLYIROM /048, AUAZ.APG, CBLO.MYC. . SYD. .. - CnueConRECT nz | YEU[RIN /01D BIND CALDLTCSEE. {SEaBUS BUSR . 007 0 Fre/s S1o
005 |ROM . /056, AUAL.APB. ., \\s 00, .. D nuF REST AL 115}Ron -/Uﬁb»ﬂU“L'2 B"'ﬁ'é """" FRZO.U TearR Lo 155 son ./gxg ...... 592,..u0xn SEGBUS.BUSR.GBOF .0 /eeggugLA 5
006 [ROM FLAG./120..,..5LG. ..., ... 0 EX KL TEST K2 t{g gg: 54232'?{53' L%Sié ;vé‘é§é:::,,seoéus.,.a RTIS igg Rg: '5027'éééé'noe 0. RBUS..BUSR.CBINP. 0 e
0D? [ROM FLAG./OF8. .BCR.CALU..GYC........0 EX KIN TEST Mo Li7RON SNPLA./L00. . CBlO.ATC.OYC. . SEQ Q198 UPOATE Sace | 153! kon A oDy RBUS BUSR cate 0 INR
el A zggxéﬁgaéggﬁgp e | LilRon [71F3.AuR2.AMB. L L., ... GFSTOV.0 ST 159|ROM . /188, AURL . AVK. . SLG ... .. & v ' INR TST €§T
0DA [ROM , /124, APSW.ALUA. CALU.MYC, ... ..., 6FSYS.0 PAGE FAULT | LIAIROM ./LF2 AURZ.AMB..........GFSTOV,0 srop LSA|ROM . /0RY.AUAL.ALUA, ..., ... 6CRVZD.0 DIV MEMD SIGNE DIUD
0DB [ROM , /L22.ARLS.ALUA, .. .SYD,, WEXM. . BUSP.6BON,0 PAGE FAULT LLB[ROM ./LE?.ARRL.ALUA. ..., ., .. BUSR, 6CRVUML . CRLOG SLn TES?Lﬁﬂég {;2 ag: -;gzg-g:gi-giggz"'gtg- g}ii REgE:$SR'g g;z 3§3c22§5
00 JRon - /08C. ARRLALUA. CLUR.NIC, ... . BUSR.EBCH.O_ pace pauts | LRC|ROM FLAG. /16 ARRL.ALUA. . .......0 SLN TEST NoRn | Lsc|Ron §{082 AUAL DIVSH. . SLG.. CIPL..REPEAT. .. PROCESS
0D [ROM LA, /18 o ibLa, o M SEasUs 8 EX KLKZ TEST K3 LME |ROM , /LEC.AULZLS.DBIO. . ... . RBUS.SEGBLO...D KEYS IN (RCP) LR | LSE|don (/080 ATUO. APB.CLUR-YC, .. PYD . ....0 TEST oL
0F |RON FLAG,/0F8. BCR,CALU..QYC.. ... .0 EX_KLK2M TEST agﬁ LEIRO /17 ARIZLS. ALUR. VG o 6FKYZ0.0 JELOA0 OR READ R | kot LRon /091 aua2.BCR, .S s LCEL N—
OEO [RoM ,/078..ALUB.,..5YD,,.,,..,.0 . AR L 4 : A ave. o e ! 0 :
OEL [ROM FLAG,/0D0.AZ,ALUA, CALU, .GYC. .. .., .6A RAP | 121|ROM FLAG./LAS.ATEN.TWOA.CALU.HYC,. PYD......0 SR | Je3|f 1A Aunz.aLUB.0 . D1V ST CORTO GuoT
DEZ [ROM /117, ATWO.APB. CALU.RYE. (S2 . .. UEXN . SEGBUS,BUSR. 680N, 0 PAT 122{RON /188, AURL.ASHR. . .5RA. . . CTPL, ,REPEAT. . GCRDSR.D w ShLC | bez|ROR/09E O . Ine TEST
BE3 jROM ./0ED...CBLO.MYC.., ., SEGBUS. . .0 A hon Tapan . Cavoe DLA ENG | 64| RO /09A.AUAL. 0810, + .|| REUS. S£0B10T. 6BOF .0 FFX LD AL
OEY [ROM ,/057..ALUB. . MYG,..PM2. ,WREN, ,BUSR, .0 MYF PRE® WRITE 124|ROR . /ODA....AYG.,.......0 Leu|Ron /094, Oa04” g BuS. SEAB10T . GBOF . rix hEX LD AL
DES JRon /057, /ALUB MO, ..PN2. - UNCR. [GUSR. 6BEX.L NUSU PREP URITE 125 |RON /007, AUAZ BSHR CALU.IYC. . ... .GCRFNU.O Rout. arp L (ENO | JesIROM /120, RBUS. . BUSR. ‘0 st X
ROM FLAG,/L08.....5LG........0 EX KIK2K ¢ " . e ) . ./022,AUCT,ALUB. ... ..CTPL,,,,

07 [Ron LA, /0P8, BER- CALU. G761 ..., .0 EX KLKZKIN  TEST Mo 127|RON ETAT./07E..ALUB. CALU. .GYC, L SEaaus 0 DISPLAY INCR | 267)Ron £{023 AUCTLALUB. . SLO. . (TPL. 0.0 JEsTNe
SEs [Ron (/132-AuLs. AMB.CIOR.AYC,. . RBUS SEQBLO. .GFSTOV.0 PAGE FAULT | 1EBIAGN ~/1ED. FRAL.QLUA,.. 0., o -BUSR. ECRYNL. DLN.DRN END | L69|ROM FLAG./09C. APSW. AANDB. . .. ... ... GCRFNU.D TEST THP-TPR
DE9IRON ,/LE?.AEP,ALUA. .. .SYD. .  SEGBUS.BUSR. . CRRTN BTN LEREN | o« /OuL. AR AR, CLoR el TEST RE | L&A[ROM ./030.ARA2,ALUA. .. ... UBUS.SEQBUS.BUSR.CBTHF .0 FFL LD ML
BEAIROM /110 ATEN, THOA, CALU, ,GYC, PH2. ... .. g YRAE | 128 |Ron Fiac. /034 aRAs. SEURI oL b et TEST OLA | 14B|RON ./093.AUAZ.THOA..........6CRFNU.O 0A
OEB |ROM , /073, AEP.ALUA,CBIO, MYG,GYC.SYD....SEGBUS, . GFPLR.CRRTN RTMALS | 128 fROM fL“G'/U3“é avooansa : TEST THP-TPH L6C|ROM . /092.AUAL.DADD . ...\ o .. BUSR..CRADD oA
0EC |RON , /02E.ATWO. TWOA. CALU.MYC. ., ......0 Cr | J2CiROn /03 BCR. .SV, UBUS. .. ora | Loc|Ron ,co92.puL. 0AS Enn
OED |ROR FLAG, /130, ANAD.ALUB. .. ... . UBUS....0 S R [ THOA. CALU.NYC, . .PH2 0 TRAP CORR LONG EX. | L&E|ROM ./090.AEP.TWOH..AYC.........0 TEST DLA
OEE |ROM , /068.ATHO. THOA, CALY.MYC. v\ /., /.0 €F 1SRL | LF |Rom ./ vic.atio. Thon AU nYE.Limne g TRAP | L&F [ROM /081 AEP.APB..AYQ, . PYD.....,0 TEST DLA

-EFROM . /100 AULS.ANB. . 5LO.SYD. ... erSTov.0 o BRIy T CFRZ0.0 = VERTF FAN. RE€ K | 1?0]ROA 7019 .B5HR. CALU. AVC v ROUT. AFF TCH-THCR
e300 AuLe. ANl SLO. 61D, ... 6P S RER [ LITROM/DGF .. . GFRID. 0SH | L?L{RON ,/152.AEP.ALUA.CBLO.MYC..SY0, ... SEQBUS...0 DARs DA
OFL ROM FLAG. /000, AZ.ALUA, ALY, .GYC. .., .. GAEXL. O TRAE | 132|Ron ./00C auAs. AR, 1Ll . BUSR. GCRFNU. O 0SH | 172|ROM ./1F7.AEP.ALUA.CBIO.NYC. SYD. .. .SEQBUS.BUSR. .0 €L
OF 2 [ROM ,/105.APSW.ALUA. . .5LG.SP2. . ,UNEN, . BUSR, GFSYS,0 Taap | 132 |ROM . /0DC.AUAZ ALUB. ... .BUSK. . TEST a.cHARG o, | 113 Ao | hen ach.aLUA-CBI0.MXC. . SYD., .. SEQBUS, BUS e
GF3|ROM . 712C, . 0810, .. .5Y0 .. SEGBUS,BUSR. .0 S E B Tl A N S LA N c1PL 0 MLRL | L?4|ROM ./189.AUAZ.TWOA......... GCRFNU.O 0S
OF Y |ROM , /0EB.ARAL.ALUR. .., SYD. ... BUSR, .0 Ny PREP LST AD 135 [Ron ©/103, AUR. APB -8¥D. pHE . busR. 0 nLRL | 1?S|ROH ./l42,AEP,ALUA.CBIO.NYC..5YD,. . SEQBUS...D DSR
OF 5 [ROM , /0EB.ARAL.ALUA. ...SYD.,...BUSR.GBEX.0  MUUS PREP 15T Al L35|RoN . /103, AUR2.APB, ] e = TEST DLA ' 126 [ROM L 7QEG . e 0 TEST DLA
OF & [ROM FLAG./OF8, .BCR.CALU..GYC....,.,.0 EX KLK2K3IK4  TEST M0 R N . - I B o A N BUSR. .0 w ca
OF 2 [ROM FLAG,/000.AZ, ALUA, CALU..GYC. ... ... GAEXL.O  EX 150°C TRAP LBZ Ron ';ggz 22: Lo LU Y G "ne | 178|FTA ARAD.AMB. CRCHP Cu cA
OFg jRoM . /0CA. AEN.AI UA CALU.NYC, . Pn2. ..., .0 "HEL | 139|Roh L/1C3ARRE. ALUA. CALY. (GYE. 1Pz, .. .BUSR. .0 AL | L79|Ron ,/0&3.AURL.BCR.CIOR.NYC. ..., SEQBUS. ..0 Lc
OF§ |F TR AWRL. BNV, CRLOG S5 | 13n[Ron | /0Ck AEN ALOA. o pyel S PRE ne | L2aIRON /027, ZERD. .MNG.SRG .10 TEST No 2
OF A [ROM /104, AEP.ALUA. ,MYG. .SP2. . .WMEM,SEGBUS, BUSR, .0 TRAP | 38 \ROM . /OCYAEN.ALUR, . PYD.. 00 He | 78|Ron 7054 lAce mya-SRA L. D TEST No
OF8 [ROM /103, .ALUB....SYD.,..SEGBUS., . .0 TRAF | 138 ROM /183 ARCT. LU BYe L BYD nsec | L7C|RoM ./LCB.AEP,ALUA....SYD.....BUSR..0 Le

TRAP | L3C|ROM ./0C2.REN.ALUA.CALY..GYC..PYD......

OFC JROM ,/135...... sn2.....BUSR. .0 71A3.ARCT.ALUA. Tpmz. CYPL WHERN. .BUSR. .0 MSRO L?D|{FTA AWRL.A0B.O LC END
GO |Rom . /LOL. BINV., ... UNER. BUSK. . CRLOC STORE RESOLT LaE |Ron FLrc  b0n, AR AL, e CTR L nEn, "7 TEST NEMOIRE NOZ | L7E|ROM ./080.AEP.APB..... PYD..WBUS, ...0 TEST oLA
OrE Rom ¢ Lae T hon Ao AL A ChD v SEGBUS BUSR. D TRAS 13F |Ron /083 ARAL, TUOR: -MYC.GYC.SH2. PRZ. UMER. ...0 TEST MEMOIRE nes | Lot |non ./LBE.AUAD. ZERQ. . . ..., SEGBLO. . GFETCH.U TEST DLA
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ADD ADD.
180|ROH ./028....MYQ.....RBUS...6BOK.O DISPLAY INCR LCO|ROM ,/LEB......... RBUS...GBOK.0 VERIF HAN. PUPIT
L81|RON ,/020.,.CBIO.MYC.,.,,,SEGBUS...0 VERIF MAN REGM LCL{ROM ,/037.AWAL.AMB. ., ....,.. DER NMVF RESZT Al
182|ROM ./050,ATEN.TWOAR,CALU.MYC.,....,..0 (P856 ROUT AFFICH) 1C2|ROM FLAG,/02C..BSHR..NYC, GYC cers+,.6CRFNU,O ROUT.AFFICH.INCR
163|RON ,/O0E9...,..... ) ROUT.AFFICH. INCR LC3|ROM ,/085.ATWO.ACR,.NYC.QYC..,....6FRZ0.0 TEST NO 2
184{ROA ,/07A.ARRL.ALUA. .., ,..WBUS, .BUSR,.EBTHME.D WER 1CY|ROM FLAG,/0F1.AWURZ.ALUB., .NYB, vsvsr,s0 DER MOVE REST R2
185|ROM ,/188.ARRL.ALUA. ..., ,.WBUS,.SEGBUS,.,0 HER LC5|ROM ,/188.AURL.DB10.CB10.......SEQBUS...CRRTN RER
L86|ROM FLAG,/054.ARLS5.AMB.. . SRG..,..,.6CRFNU,D TEST NO 3 1C6{ROM ,/0CC...CBIO..QYC.....S5EQGBUS...0 TEST G.CHARG NO.
187 |ROM FLAG./064.ARCT.AMB...SLA...CTPL....6CRFNU,0 TEST NO 3 LC7|RON ,/029..ALUB.CLUKR,AYC,, ., . WDUS....0 TEST 6. CHARC N2,
188 ROM ,/0?76.AURZ2.APB.,..5YD,,..,.BUSR..D RIN LC8|ROM ,/036.AUAZ.AMB, ... vverr.s DER MVF REST A2
1891ROM SNPLA./100..DB10....SH2.PYD,,,SEGBUS.BUSR, .0 RTN LCP|ROM . /03B.ATWO.APB.CALU.NMYC.........0 DER MOVE M=LGETH
18A|ROM ./09F.....tverur,.. O TEST NO 2 1CA|ROM ,/09F....... veress0 TEST DLA
188{ROM ,/01B.,ZERO..,.5RG..PN2...,..0 TEST NO 2 1CB|{ROM ,/07L.ATUO.ASHR, .MYC,.,\,.,...0 TEST OLA
V8C{ROM ,/072.ATHO.APB.CALU.MYC....,., . GFENB.O COMPUTE MASK RTNA1S 1CCiROM ,/0?F..RINV,,.0YC,.y,.,..0 TEST NC 2
18D |ROM ,/06E.AWAD.BINV, . NYG.........0 COMPUTE MASK RTNALS 1CD{ROM ,/098.ATWO.ASHR, .NYC.QYC,,.....6FRZ0,0 TEST NO 3
LBE|ROM FLAG./024.ARAL.AXB,..,,..,...6CRFNU.O TEST DLA LCE{ROM ./0AC.AWRD.ALUB.,..... .SEQBUS. .6FLOT.O FPP OP/S LD EXP
L8F |ROM . /061.ATWO.APLBY. . MYC.....,....0 TEST RB LCFIROM ./LBB.AEP. ALUQ...,S D....SEQBUS..6FLOT.O FPP_OP LD EXP
190|ROM . /0%9..BINV, ., AYC.........0 ROUT.AFFICH.INCR MWO{ROM ,/02F...,..... ..0 NOT USED
191 |ROM , /LBE.ARAD.AOB.CLUR.MYC.QYC..,.... .0 MASK STACK PSW RTNALS LOL|RON . /06A QUQL ﬂHB ,,SYD,,.,.-.U Cr.L5R2M
192 ({ROM ./09F........ .0 TEST HEMOIRE NOL | 10D2]|ROM FLAG./07C. BSHR..NYC.SRG..,,.,.GCRFNU.D ROUT.AFFICH. INCR
193|ROM FLAG, /002, CBIO nYyc....,,SEGBUS...D TEST MEMOIRE NOL LD3{ROM ,/032.ARAD.,.........6CTLD.O TEST NO 3
J9Y|ROM ,/06A.AWRY. AHB .SYD..,...6FSTOV.0 CF.L5R2 1DUYJROM FLAG./OEA.ANAL.APB...,SYD....SEGBUS..6MOVE.D . MVB WRITE
L95|ROM ./D68.APSU. ALUG,,..SFZ . .WHMEM, .BUSR, .0 1D5IROM FLAG./0EA.AWAL.APB,,..5YD.., .SEGBUS. .6BEX.,0 HVUS WRITE
196 |RONM ,/0E9.. . .0 TEST DLA 1D6|ROM ETAT . /09E....,.....5EGBUS...O TEST @,CHRRG MO.
197 |ROM /067, AEP ﬂLUR .ﬂYO .SP2.,.WHEN.SEQBUS. BUSR..U cF 1D7IROM FLAG./008..ALUB.CBIO,.GYC.., . WBUS.SEGBUS., .0 ROUT.AFFICH, INCR
L78|ROM ,/1E9. . ALUB...,SYD,.PYD,..SCOBUS.BUSR. Ccr EMD 108 |ROM FLAG,/08Y4.ATEN.AXB.........,.6CRFNU.O TEST NO 2
199 |ROM ./USE..BSHR.CGLU.HYC....,,...0 Ex 109 |ROM ./017,.AREP.AMB,....PYD......0 TEST NO 2
A9AIROM L/09%F ... vvtvn.. D TEST NO 3 LDAIROM /09F..ovvvrvnnsnns 0 TEST DLA
198 |ROM FLAG./078....MYG...,...,.0 TEST NO 3 108 |RONM ,/070. QTEN TUOQ B P | TEST RB
19C|RON FLAG,/05C.AEP.AXB....SN2.PN2.....GCRFNU.O TEST MEMOIRE NOZ 10C [ROM FLAG,/098....MYQ. TEST NO 3
190 {ROM ./0FB......,..RBUS...6B0K.0 ™P TEST 10D {ROM ./078. ATUO ASHR HYC GYC.....,.U TEST NO 3
19EJRON ,/060.AWAD,BCR..NYC.,.,..,..0 TEST R8 LDE {ROM FLAG./00C..BINY....v v.., 0 TEST NO 3
19F {ROM_,/05k.AEP.APB, ,MNYC,,.PYD, ,WBUS,...0 JEST RB 1DF |ROM ,/049..ALUB..,.,..WBUS.,.,.0 VERIF MAN., REG N
LA0 |ROM FLAG,/)3A.AWAD.ALUB, . NYGR...PRZ. .. .. 0 HUF TEST LG6HT=0 | LWEO|ROM ./100..ALUB.....PYD....,.0 TRAP DLN
1AL [ROM FLAG./L74,ATEN.AXB, ‘ ..... .+ .6CRENU.U EX TEST IF T2 1EL |ROM FLAG./195.ARAL,ALVUA.......0...0 DLN
L2 [ROM L /09F. . ..... . i TEST MEMOJRE NO2 LE2IROM . /0%F vvvvrvrrnns. D TEST NO L
1A3 |ROM FLAG, /062, ..CBIO HYC .....SEGBUS,...O TEST HEMOIRE NO2 LE3|{ROM ,/02L..BINV..MYC.........0 TEST NO )
LAY |ROM . /05A.ARRE.ANB, CALY. NYC.........U HUF L6HT-2 IN M 1EY|RON FLAG./0LA.....,.PN2......0 TEST NO 2
LAS IRON . /128.AWAL.APB, .HYQ..SYD.,...BUSR..0 MUF AL=SOURCE 1ES{ROM ,/033.. nyq vhee TEST NO 2
1A6 |RON . /096.ATUO.ACR.CALU.NYC., .. .UBUS,.SEGBLO., . .6FKYZO.CRIO THP T LE&|{ROM FLAG. /OHC. BSHR .HYC,.,.....GCRFNU.D ROUT.AFFICH. INCR
1A7 [ROM FLAC, /05B.....S5LG,...WBUS...CBIMP. O TEST TnF 1PN LE7|ROM ./04C....MYG.........0 TEST NO )
LA8 |ROM FLAG,./L2A,AUAL.ANB., SYD....SEQBUS. .GMOVE.O HVUF WRITE DEST LEB|ROM ,/016.AEP,APE, CALU. HYC SRO..,.,,..0 TEST NO 2
A9 [ROM . /13A. AURZ, ZERO,— veeel0 MUF CLEAR LEHT 1E9|ROM FLAG,/074,ATEN,AXB......,....GCRFNU.O TEST NO 2
LAAROA ,/09F,....... .0 TEST NO 3 1EA|ROM ,/09F...... vevrssl 0 TEST RB
1AB [ROM /D13, AUAZ.FORA. .. ..., ... -0 TEST NO 3 1EB|ROK . /032.ATEN. ASHR. CALU.HYC...\0.... 0 TEST RE
LAC |ROM FLAG,/052. QLUB., .She. Pne..unen SEQBUS...D TEST MEHMOIRE NO1 LEC|ROM ./012.ATEN.ALUA, .HYC.BYC. TEST NO 3
1AD |ROM , /0BQ.ARAQ.ALUA. . ..SYD,PYD.. ... . TEST MEMOIRE NOL | 1E0 |ROM FLAG./04Y.ARAZ.AMB.. SRA. ... ... TEST NO 3
LAE [ROM SNPLA./LFI.AUOL,RLUB CLOR nyc. GVC .PH2., ,SEQB1O, .6FETCH.O TRB LEE|ROM ,/LE9.AEP.ALUA.,..SYD,.,.SEQBUS,..CRFLO FPP STORE ST EXP
1AF |ROM ,/0B1.AWAD.BCR,...5YD.PYD..... G6FRZD.0 (P856 TEST MEM NOJ) LEf |ROM FLAG./010..,.,SLQ.5P2, , HEXN,SE
1BO {ROM ,/05B.ATWO.ALUA.CALU.MYC,QYC,....... 0 21%3 LFO|ROM ./L00..ALUB,....PYD...,.. TRAP ORN
LBL [ROM ,/046,.AUAD.BSHR, .NYQ....,.,..0 RER 1FLIRCM FLAC./185.AWAL,.ASHR,., .5RG., ..., .6CRDSR,U ORN
1B2 |ROM FLAG,/03C..BSHR, .HYC....... .6CRFNU.O ROUT.AFFICH.INCR LF2iRON ,/09F.. ,,...,..D TEST NO )
1B3 |[ROM FLAG,/0BB.ATWO.AOB. ,MYC.QYC, 6FRZ0.0 TEST NO 1 LEBIROM L/07F......00v.rss TEST NO 1
LBY |[ROM FLAG,/0F2.AWAD,ALUB., HUB TEST LENGTH LF4YjrRON ,/0C). .SM2, PHZ...SEOBUS .0 TEST MEMOIRE NO2
1BS [ROM FLAG./10B.AWAZ.AMB. ., nYB PREPARE AZ 1FS|ROM . /063, RLUB,‘. SYD.PYD. D TEST MEMOIRE NO2
186 |[ROM ETAT./0BE......, e VERIF MAN. REG M ¥ 6 |RGM ,/097. .DR10...,... wBUS, aEQUUr VERIF HAN REC L
187 |ROM FLRG./U?B..RLUB..HYG,..PHZ,,UHEH..BUSR..0 nvB  PREPARE WRITE 1F?2 [ROM . /0BB.ARRYL.ALUA,CALU.MYC. .. .. UBUS .BUSR,.6BTHP .0 CI10 OTR
1B8 |ROM ,/162..ALUB...,...WMEN, . BUSR..0 INT 1F8IRON ,/036.AEP.ALUA, CALY.NYC. ..., .. .6CTLD.U DER MVB READ
LBY |ROM . /03A.ARAD.AOB. SYD ..RBUS. .BUSR.GBTME, O RER 1F9|ROM ,/007.AUAL.ANB...,.PP2,..,.6CTLD.O DER MVB WRITE
1BAJROM ,/09F........., TEST NO 3 1FA|ROM ,/03E.AEP.ALUA, CALU.NYC., V. W, 6CILD.O DER MVUF READ
18B |ROM ./0LA. IFRO SRO ........ TEST NO 3 1FB |RCM ,/00C.AUAL.APY. .., .PPC. .coiee.0 DER MVF WRITE
1BC |ROM . /05B8.ATEN, 0LUO CALY. GYC ... WBUS.SEQBIO. .6FETCH.0 TEST TnHP LFCIROM FLAG-/U&C.ARQ}.RXB....Sné PH2.....6CRENU.D TEST MEMOIRE NOL
18D [ROM ,/0B3....., SPZ....5EGBUS. BU R.GBTMF .0 FPP DOUBLE LD 2ND WORD 1FD |ROM FLAG,/0CO.ARAD.ALUA, CALU.NYC. . .5YD.PYD.,.,..0 TEST MEMOIRE NOl
1BE |ROM ./040..BCR..HMYC.....,.., 6FKYZD.0 TEST RB LFE fROM ./12D.ATUO,TWOA, CALU,.MYO.6YC.......6CTLD.O PAGE FAULT ML
LBF [ROM.FLAG./0LY4.AEP.AXB, .NYQ........ 6CRFNU.O TEST RB LFF [ROM ,/125.ATUO,TWOA,CALY, .QYC,,....,.6CTLD.O PAGE FAULT
I/"'\ TN ™
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2.48 INSTRUCTION WORD LOGIC
The instruction word logic (Figure 2-8BAA) comprises the K register and the instruction
decoder. This logic stores and decodes the program instruction word for use by the

Microprogram Control.

2.49 K -- Instruction Register

This 16-bit register holds the instruction word which is obtained from memory
via the GP-Bus BIO lines. The instruction-word format is given in Section |
(paragraph 1.62). Four type 74175 IC chips are used as a straight 16-bit buffer
Bus data
BIO00-15R are loaded by CLK at the trailing edge of BP, when GFETCH is active.

GFETCH is a general-field command bit (Table 2-3).

register, with both high and low outputs available for decoding.

2.50 Instruction Decoder

The instruction decoder uses a programmable logic array (PLA) as the main decoding
logic. The PLA provides an address code to the microinstruction control-store
for 96 different input combinations. A set of gate-logic decoders in parallel
with the PLA are used for ineffective branches and FPP instructions without
attached FPP, The PLAO, PLA] control logic controls some of the PLA and the
gate-logic decoding. These instruction-decoder outputs are used with the
Microprogram Control and are described in paragraphs 2.37 and 2.40 (Microinstr,

Instr. Word, M.S, Pointer).

2.51 Logic gates are used to decode the K register into basic fields fo;
controlling the PLA decoder and gate decoders. These gates may indicate when
the instruction Rl or R2 fields contain 0 or 15, or when a branch condition is

indicated and verified.

bits for the PLA decoder.

Some bits of the K register are used as direct control
Complete PLA decoding is shown in Table 2-6.
2.52 PLA ROM maps are provided (Table 2-7) to show the PLA output
code (as a two-bit hexadecimal number) produced for the various instructions
or addressing types. The PLA output code relates directly to the control-store

ROM address used by the microprogram control.
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Table 2-6 Instruction Decoder PLA

Data Input Output Comments Group
|1 4+———————————|0 | F8+—F]
22 88 ouo_,Em RAD
e OTEE T 1 —— 8
T JLL---mmmm oo = LLLLLLLL | Inhibit mode
2| HHLLHLLH == ==~ ~ LLLLLLLL | INH, RIT, HLT
3| HHLHLL -L - == === LLLLLLLL | 1/O instructions
4] HHLHHH -L - = = = = - LLLLLLLL | RER, WER Privileged
5{HHH -~ - - - H----- LLLLLLLL | Format 1 with R1=15 Instruction
6 | HHHLLLL -~LHLH - | LLLLLLLL | LD, ST with R2=15 Detection
7 { HHHLHHH=--LHLH - | LLLLLLLL | ML, MS with R2=15
8| HH-HHH -H----H L | LLLLLLLL | MVF,MVB,RTN with R2=15
9| HHHLHHHH = = = = - - LLLLLLLL | TS, TS
10| HHHHLHLL = = = = - - LLLLLLLL | EL, ES
M| H-LH-=-=--~=cu-- R K1
12} H-L-He=eeeeean “lemmee- K2
I3 H-L--Hemmmmeea | == Lemmm- K3 | Generals
4| H-L-=--H-wceee | oo L--~-| K4
IS5 H-L-~--H-cmmme | cocuoa- L | ORI
16 H-LLLLL-=mem - LLeeemee LDK: Sy Format 0
17 H-LLLLH=-=== e e | meeee L | ABK (T8)
18 H-LHLH=-== = e ce o | e L | RF, RB
19 H-LHLLL=--HLH=-L | ~==oe=- L | WMP
20l H-LLHHH=- =~ =-H-L | =-=--- L--| Shift with n=0
21| H-H-= m e e e o | e L-{ KO
22| H-H= = === H--=-- ] -Lemeen- K9 | Generals
23| H-He === === He==] =-Le==-- K10
24| H-H-===o==~ H-- | -=-L-=-=-| OR2
25| H-Hemm e e e e e H| ~===eun L KI5
26| H-HLLLH=-LHL -~ | =cnmmm- L| opc-1 13 Store
27 H-HHHLL =~ ===~~~ L= L | OPC-12 Char. Instr.
28| H-HLLLL-=LHLHL | L===emm= LDR T3 15R2 Addressing
29| H-HLHHHL-LHLHL | -===~- L--] MLR T3 15R2 Routines
30 H-HHLL-L-=-=-~-~ Leeemee L | Floating Point
31| H-H-~---~ LL---{ Lo==--~ L{T! routine Format 1
32| H-H-LLL--=--=~- H{ L----~- L| ST, TS, MS (T1-7)
33| H-HLHLLH-~-= -~ H| L-====- L] CM
34| H-HLHHH-~ == = - - [ L| OpPC-7, KO
35| H-HHLHLL-=-=-=~ [ L|EL, ES
36| H-HHHLH~-~----- Hi L-===-- L} CC
37 H-HHLH-H-LHL-- ]| L-===un L | DAR*, DSR *
38| H-HHLH-H-H---- ] L-=eem- L| DA, DS
39| H-HHHHL - == = -~ L] -==== L--| Return
40| HHHHHHL--- - -~ L ---L~----| Return, User




Data input Output Comments Group
14 10 | F8 Fl
oz 25 oSmn | RAD
TEOeOaeese |1 — 8
41 | LHHH = = == e e e - L---L--- | K0.K1
42 |LHH-H---=--w-- Lemmmme K0.K2
43/ LHH=--H-=m o e | = IS K0.K3 Generals Execution
44 LH-==-Heomommm e | omm L---- | K4
45 | LHH- === - = HeooH | —memm L-- | K0.K9.K15
46 | LH- ===~ Hemmmme | cmmeeee L] oRr
47 | ULHHULHH==LL==H | —onn- L-L | NGR
48 | LHHLH-L--LLl-=H | —mcm- LL- | TM, TNM
49 [ LH-LLLH-mcmm e | et L| AB
50 | LH-LLLL===-=mo | =nmu- L--- | LD, ST
51 |LHHLLLL-=LH-HH | -=---- L- | STR with R2=15
52 | LHHHLH-H-LHH=-~ | —cmemem L- | DAK, DSK
53}~ -HHLH-H-LL-== | =ommm L-- | DAR, DSR  (ADD. also)
54 | LHHHHLL ==Ll === | mmmmmnn L| Ecr
55 [LH-HHHL-~LL-== | =oonn t-- | CR, EX
56 | LHHHHHH= == === = | woeeeen L] c
57 [LH=-LHHH-=z---- | —--- L--- | ML, MS, TL, TS, Shift
58 | LHHLHHHL =LHUHH | —=-on- L-{ MSR with R2=15
59 | LHHLHHH- = LHH== | L-mmnmmmn MLK
60 |LHLLHHH=--H=c=o | —omeee L- | Shift K9
61 |LHLLHHH==-H-== | ==cnn L-- | Shift K10
62 |LH-HHHL -~ - - - HL | ~=---- L- | RTN with R2=15
63 | LHHHLLHL-LL-== | =meeca L-| FFX, FFL
64 |H--LHHLH--=--- LLLLLLLL | XRK OR1
65 |[H-LHLL-H--~nm- LLLLLLLL | 1/O instr. ORI
66 |H=-HLHH=-- ==~ H | LLLeeeee | re K15
67 |H=LHHLL -~ == === - LLLLLLLL | OPC-12 KO
68 [H-HL----- LHH-H | LLLLLLLL | KO.KI.KI5 (T2)
69 |H-HLLLH--H---H | LLLLLLLL ], K15
70 |H-HLLLH---H--H | LLLLLLLL
71 |H-HLLHHH-LL--H | LLLLLLLL | SUR K15
72 |H-HLHL ~H= ===~ L | LLLLLLLL | AN, OR OR1, KI5
73 |H-HUHLLH-LL--- | LLLLLLLL | ANR ORI Trop
74 |H-HLHLHH- - - - - H| LLLLLLLL | ORS OR1 .
75 |[H-HLUHLH--LL=--H | LLLLLLLL | ORR K15 Detection
76 |H-HLUHHH--LL--- | LLLLLLLL | OPC-7 (T
77 |H-HUHHHH=-LHH- - | LLeeeeie | muk OR1
78 [H=HHL - -H= ===~ H| LLLLLLLL| OPC-8to 11 ORI KI5
79 |H-HHL----LHH-H | LLLLLLLL | OPC-81to 11 T2.KI15
80 [H-HHL-LL-LL---| LLLLLLLL| OPC-8, 10 Ti.ORT
81 [H-HHLL-L~-LHH-- | LLLLLLLL| OPC-8, 9  T2.O0R1

Data Input Output Comments Group
114 +——————10 | F8+—FI
wy

= vgl: oo RAD

T AN E e S | 1 —— 8
82| H-HHLHLL-LHH-- | LLLLLLLL | DAK ORT
83 | H-HHHLLH------ LLLLLLLL | OPC-12 ORI
84 | H-HHHLL --LHH-H | LLLLLLLL | OPC-I12 T2.K15
85 H-HHHLHH-H---H | LLLLLLLL ]cc oRl Trap
86 | H-HHHLHH--H--H | LLLLLLLL - Detection
87 | H-HHHHLL - - - - - L] teeeeeee | orc-14 ORT, KI5
88| H-HHHH-H-LL--L | LLLLLLLL | OPC-14,15 ORI, K15, T2
89 | H-HHHH---LHH-L | LLLLLLLL | OPC-14,15 KI5, T2
90| H-HHHH-H-H---L | LLLLLLLL | OPC-14,15 QR , K15, K9
91| H-HHHHHH-LL--- | LLLLLLLL | CIR OR1
92 | H-HHHHH- - LHH- - | LLLLLLLL | C2 T2
93 | H-HHHHHH-LHL-L | LLLLLLLL | CIR * OR1
94 | LHH------- H--H| -=--- L-- | KO K10 K15 Execution
95| LHHHLLHL-LL--H | ----- L-- | FFX Y
96| LHHHHHL =H==-=H | -=-nn- L- | CF with R1=15 rse-
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Table 2-7 PLA ROM Map

PLA Output
F:[87 65[4321] Example: Addressing type RT5S = /43 = 0100 ool
MSB LSB
LSB LSB
MSBN—O -l 2 3 4 9 ¢ 7 B 9 A _B_C D E F [VET) R io b 7 8 9 A B C D E_F
o b oW i | e st Jsie | s | swoe
(¢] Jump J% Fpp 0 3
- . ; R VIR VN VS LI T T T ] o
1 A A suv Joun | osie Joue fsew forw | sec | ome
o | ox poxe | oams | ems| RTN 2l © | or 0s |
3 RTN Q@
sux fsukp | R12 | RT2S USER 31 su | swe s | e
Y -
4 ANK !:'x:‘ RT5 } RTSS 4 ANS | CP ™
ENB
5 | wmx | s | v | Rras S| or RS
LK
6 | rr7 | RIS ol xe XRS e
v JOSH L 111 v
dlasolasd 7L o laso 7 w ln ws | ors | osao
clo
8 | ra | ™ AT RT10 8 : Ll w N
237
9 I?‘v( RT1P rHDP 9 Fojov | rre FOS FFX
ks D iRa
™
A | RT3g RT3C A i |oa cax | es AR
. OSR »
B RB RT2¢ 4 oS DSK ISR
C | wx jiexe RTSC ) C e | e s¢
D cwe | once RT4C D o | e cc
RIN &
E | wer | uw RT7C E RN A15 o Ex 15/
F RER | uve RT6C F mk | o c1s
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2.53 DATA HANDLING LOGIC
The Data Handling Logic (Figure 2-4) comprises the arithmetic logic unit (ALU),
data and address storoge and handling registers, and the logic for the data path.

The basic components of the Data Handling Logic are :

ALU -- Arithmetic Unit 2.5912-8 GG
M -- CPU Working Register (multi-in) : 2.64(2-8 GG
load C ; load Q. '

D Selector : ALU direct ; ALU exchange character ; 2.61(2-8 HH

ALU shift right ; BIO.
L -- Data Register (multi=in) : 2.63({2-8 HH

Load D direct ; load D shift left,

(operation result; output buffer)
C Selector : DO0-15 or 8-15; BIOO-15 or 8-15; 2.65|12-8 JJ

INTAD 0-5; ASRO-7.

Q -- Shift Register : load; shift right; shift left. 2.67({2-8 JJ
S -- Address Register/Counter 2.71|2-8 KK
A - Bus Selection 2.72(12-8 LL
IPL == Initial Program Loader 2.76{2-8 LL
P -- Program Register /Counter 2.77(2-8 LL
AO0-A15 -- Scratchpad 2.79|12-8 MM
PSW - Program Status Word 2.84

PLR -~ Priority Level Register 2.85(2-8 NN
CR -- Condition Register 2.86|2-8 NN
GF -- General Flip-Flops 2.89/2-8 PP

The Data Handling Logic performs paraliel processing of 16-bit words. Double-
length operations are provided for processing of 31-bit words. Two 16-bit data

paths loop through the arithmetic unit (ALU) : one loop for operand A and one

loop for operand B.

2.54 Operand A is supplied by the A-Bus. A-Bus control logic selects
which of the sources on the A-Bus is to be used as the operand. The various
sources are connected by open-collector gates so only the selected inputs acti-
vate the bus. Operand A includes the scratchpad A0O-A15, program counter P,
program-status word PSW, initial program loader IPL, constant selector, and
control-panel selector which supplies control-panel commands and system
commands. Operand B is supplied by CPU working register M, shift register Q,
and data selector C. The Q register is used as a shift register in double-length

operations and as an auxiliary operand accumulator,

2.55 Data Path

Figure 2-4 shows the data path for instruction fetch operations (heavy dashed
line) and instruction execution operations (heavy solid line). The fetch
operation loads the instruction word into the instruction register K, and the
eight least significant bits, via C, into the Q and M registers. The execution
operation processes both operands through the ALU and outputs the result via D
to the L register. Actual processing of data may be done by registers other

than the ALU : the D selector and L and Q registers can perform shift operations
in the data-path loop. With D selector at BIO direct, there is a direct loop
from L, via BIO and D, to L. Scratchpad read, rewritten as some clock : path

with D (exch. char.; shift right) and L (shift left).

2.56 A,D,L Command

The A,D,L command logic (Figure 2-8FF)  controls the arithmetic operations
by providing simultaneous command signals to the ALU, the D-selector, and the
multiple-input L register. Thirty-two 8-bit command codes are stored in the ADL
read-only memory (ROM). The command codes are selected by microinstruction
bits |y ADLO-4 and some internal flags : @15, Q16, FSIG, and MOON .

2.57 The First three address bits (uADLO-2) aie used for dir

rC

ct ROM
addressing (inputs E,D,C); they also control a dual 4-input multiplexer (type
9309) which selects the last two address bits (inputs B, A) of the ROM, ROM

inputs B and A may be the last two microinstruction bits (muADL3-4, inverted)
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A NS TRUCT, b, l

L

A BUS A OPFRAND {3 - OPERAND
C - 3N 11 - 13N O~ 3N O~15N 0-15N MO~ 15N I
215N A B
C PANEL [cowsmm l crec WORKING ‘
MISC PL PSW/P SELECT SP A0~ A1S -
[ LL]JSELECT LLJ,SELEU o P, L ADDRESS | scRaTCrPaD ALY Mreaser o I
~ (RAM)
T PO 14 0-13,15 (CT COUNTER] MM ﬁz"’r“""‘“c l
. K58
Eoli PROGHAM psw | RIBRZ Lo-15 66
.. REG/COUNTER K
oo TALuOO-—IfW L
SWITCRES iPL po-14 N PR ez —— s I
ARF - Y: ot
NN 6 6 o o—
N cr L
CONTROL  START ®om) fe5 ID ELECTOR m] IC SELECTOR '
PANEL LOGIC K o NN JJ »
e T 0 i |
~10,12,13,1 . l
op L8-10,12, 5 REG L 810015
HH l
00 -15N l
a,0,L
ADL COMMAND '——J .
Data Faths: LOGIC .
. INTADO~5 |
= = = |nstruction Fetch Cyle ‘
{(p+a)—pl
PLRO-5 INT ADORESS 810 Le-15 LSRO-7 lmz
= Instruction Execution Cycle I
[update PSW] IMAD
4
\ / [\ J \ J I
INTERRUPT GP BUS vzacy 6P BUS

LOGIC

Note: AA,BB etc. refers to logic
diagrams 2-8AA,BB etc.

Figure 2-4 Data Handling Logic
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-or the flag bits Q15, Q16, FSIG, MOON, as follows :

Multiplexer
Select Input

pADL RALUA:
IN, 2N

Multiplexer Output
to ADL Command ROM

RADL3 RADL4

- pADL3N
wADL3N
pADL3N
pADL3IN
p ADL3N

Q15
pADL3N
pADL3N

pADLAN
pADLAN
pADL4AN
pADLAN
pADL4AN
016
FSIGN
DIVFLAGN

0,
0
0
0
0
1
1
1
i

——olo—- =00
—0o —o—=0 =0
QO QO mt] et et ot s —
o—co—-‘—a—n—‘—

DIVFLAG = FSIGN & MOON

Table 2-8 shows the complete microinstruction/flag control of the ADL ROM,
the ROM contents, and the output functions.

2.58 The ADL-ROM outputs ALUSON-3N are used as the ALU selection
inputs S0-4 (Figure‘Z—B GG). The ALUCOI16 signal is sent to the ALU and
the ALU look-ahead-carry unit as a carry control signal. The microinstruction
bit pADL4 is also sent directly to the ALU CE input to select logic functions
(CE-high) or arithmetic functions(CE-low). The ADL-ROM outputs DSO-1
(combined with microinstruction field bit GMULTI) are the control signals

The DOODN signal that is

generated as an auxiliary part of the ADL command logic is used as one input

for the four-input D selector (Figure 2-8 HH).

to the D selector, bit 0; this logic is described with the D selector. The
ADL-ROM output LSEL is sent to the L register (Figure 2-8HH) to select
direct load (LSEL-low) or shift left (LSEL-high).

Table 2-8 ADL Command ROM

.,, o
w1Z2Zzzzg
Y lo=~nom
MUADL [FLAGS |l o "S"’V’V’UZZ_- MNEMO | FUNCTION
a DDODIDo~—,
A R e {aYa
00011 00{000001 10 |ALUA Operand A
00010 01{00100110|AOB Logical OR of A ond B
00001 02{10100110 |ALUB Operand B
00000 03{10011110]AMB Arithmetic Subtract
A minus B
00111 04/01100110(AXB Logical XOR of A and B
0o0t11o0 05/0110011 APB Arithmetic Addition
. A plus B
00101 060101011 BINV Operand B Inverted
00100 07j101101 11 APLBI Arithmetic Addition with
Carry A plus B plus 1
01011 08{00000010|ACR Operand A characters
crossed on Selector D
01010 0900111110 |ZERO ALU output is zero
01001 0Aj10100010 |BCR Operand B characters
crossed on Selector D
01000 oBJIOT 11111 AANDB | Logical AND of A and B
01111 0C|00000100 |ASHR Operond A shifted right
one position
01110 0D|0000000O0 | DBIO BIO Receivers selected on D
01101 OE{10100100 |BSHR Operand B shifted right
one position
————— OFJT1T11V1111 - Not used
----- 1T0j1 1111111 - Not used
10010 11{11000110|TWOA Operand A odded to itself
10001 12{000001 11 |ASHL Operand A shifted left one
iaid position
10000 oo 1311000111 |FORA Operand A four times (two
in ALU and SAL)
10100| 00 14/00000100 Operand ASHR
10100} 01 15{01100100 | MULTIH Operands A plus B and SHR
10100f 10 1610011100 Operand A minus B and SHR
10100} 11 1700000100 Operand ASHR
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o
©|zzz 2y
MUADL FLAGS || & |25 QUZZ_, MNEMO | FUNCTION
01234 Q |DDD D26~
QO [waa aa0nn i
< [ <O 4
11010 1 1801101110 Arithmetic addition
DADD A plus B plus 1
11010 0 19101100110 Arithmetic addition
O .
et A plus B
w -
11000/ 1 JAL1 0010110 Arithmetic subtract
DSVB A minus B minus 1
11000 0 1BI100OTT110]] Arithmetic Subtract
A minus B
11110 1 1C{01 100111 Addition and SHR
° DIVSH 2 (A+B) + QO
11110 20 1IDj10O0T 1111 Subtract and SHR
@ - 2 (A-B) + QO
Y 0 ) Addition A + B
11100 IZ' 1Ef0O1100110 BIVALU ition
11100(*0 I1FI10011110 Subtract A - B

2.59 ALU -~ Arithmetic Unit

The arithmetic unit (Figure 2-8 GG) uses four 4=bit ALU chips (type 74181) to
perform arithmetic and logic functions on two 16-bit operands. The ALU chips
are controlled by microinstruction bit uADL4 and the ADL-command logic
(using bits uADLO-4), . Bit pADL4 is applied to the CE input to select
arithmetic (CE-low) or logic (CE-high) functions. All control bits are active
high, while the data in and out (in this application) are active low. The ALU

functions are shown in the following table. The control-signal logic, and the

complete arithmetic unit functions combined with the D and L register operations,

are discussed in the previous section (A,D,L Command) and shown in Table 2-8.
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ALU Function Table
ADL-Control ROM
pADL4 | ALUCO16 | ALUSO ~-=--- 3 | Operation
CE CIN S3 52 S1 SO
0 0 1 0 0 1]AplusB |y
0 0 1 0 1 1| AorB —
0 0 1 1 0 0|AplusA |3
0 1 0 0 O 1|AandB T
0 ] 0 0 1 1] Zero =
0 1 0 1 1 0| A minusB | <
1 - 0 1 0 11]B8inverted
] - 1 0 0 1]A®B Y
1 - I 0 1 0}8 9
! - R R B ' -
1 - 1 0 0 1]A®B+]
Control siénols are all active high. Functions are for active-low data
in and out.

A carry-look-ahead unit (type 74182) is used in conjunction with the ALU chips

to provide anticipated carry across all four ALU circuits. ’

2.60 The zero-ALU (0 ALUN) output is generated in subtract mode when
both operands are equal (A=B). A zero-ALU, left-half (0 ALUL) output sets the
stack overflow indicator (STOV). Since stack operations forbid a memory address
equal-to or less-than 128 (100 hexadecimal), the left-most character of the
address (bits 0-7) must have at least one bit set. When S is loaded from the ALU
during a stack operation, the all-zero ALU output (A=B) indicator STOV is
therefore gated by GFSTOV to set GF flip-flop PIF (Figure 2- 8 PP).

2.61 D Selector

The D selector (Figure 2-8 HH) is used as a control element in the arithmetic
loop. The four D-selector functions (ALU direct, exchange ALU characters

left and right, ALU shifted right, and BIO direct) are selected by the ADL-
command logic (Table 2-8). The ADL-command signals DS0, DS1 operate the D

selector as follows :



51 S0
DSI, 0
0 0: ALU 00-15N ALU direct
0 I ALU 08-15N | ALU 00-07N Exchange ALU characters
DOODN
10 | Atuoo-1an ALU shift right
R BIO 00-15AN BIO direct
D |00 07| 08 15| N

The D selector comprises eight type 9309 (dual 4-input multiplexer) circuits.
These circuits provide both the true and complementary outputs of the active-
low inputs. The inverted D-selector output (active-high) is sent to the L

register, C selector, and P register/counter. The true output (active low) is

sent to the S register/counter.

2.62 The ALU shift-right mode is used for shift-right and multiplication
operations. The input bit DOODN used .during this mode is provided by the
ADL command logic (Figure 2- 8 FF). Shift Right Arithmetic (SRA) and

Shift Right Normalize (SRN) instructions use the ALU sign bit, ALU0O. The
Double Shift Right Circular (DRC) instruction uses Q15 for DOODN . Multi-
plication instructionsset DOODN directly when negative overflow is detected
(NOVF), or use the ALU sign bit ALUOO when positive overflow is not
detected (POVF). The DOODN selection is shown in the following table.

GCRDSR.K9.ALUOO Shift Right, Arithmetic or Normalize (SRA,SRN)
GCRDSR.K08Q15 Double Shift Right Circular (DCR)
pADLO.NOVF Multiply and negative overflow

pADLO.POVN.ALUOO Multiply and positive overflow

2.63 L -~ Dato Register

The L register (Figure 2-8 HH) is a 16-bit, multiple-input register comprised
of four type 74298 chips. The L register is used for storing the data from the
ALU (or BIO) to be output to the scratchpad (A0-15) or the GP bus. The input

data to the L register is provided by the D selector. The L register is in the
operand-A loop between the ALU and the scratchpad. Since the L register is
loaded by the leading-edge of BP, an operand can be read from and re-written
into the scratchpad on the same clock cycle. The two inputs to the L register
are D direct and D shifted left. These two operating modes for L are selected

by the ADL command logic (Table 2-4) bit LSEL :

LSEL Data Source Function
0 D 00-15 D direct
1 D 01-15 Q00 D shifted left
L{00—————14]15

Bit QOO0 is shifted into the least-significant position during o Division instruction
when the new remainder is loaded.
The L register stores active-high data with no inversion between input and

output.

2.64 M -- CPU Working Register

The M register (Figure 2-8 GG) is a 16-bit, multiple-input register comprised
of four type 74298 chips. The M register is used as the CPU working register
in the operand-B data path. Microinstruction control of the register uses bits
pMLOAD and pMSEL to load the register and to select the C selector or Q shift

register for inputs, os follows :

Enable Select
Clock CorQ

pMLOAD | pMSEL

Mnemonic | Data Source

0 - No Op Off; previously stored data
available at output.

1 0 MYC C 00 15

1 1 MYQ Q 00 15
M 00 15

The M register stores active-low data with no inversion between input and output.
The pLOAD signal enables the CLMN input to the clock to store the selected dato
on the leading edge of BP.
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2.65 C Selector

The C selector (Figure 2-8 JJ) uses two, quad 2-input multiplexers (type 8234)
for the bit 0-7 selection, and four, dual 4-input multiplexers (type 9309)

for the bit 8-15 selection. The result is a four-input multiplexer with two
16-bit sources and two 8-bit sources. Three microinstruction selection bits
are used in such a manner that the two 16-bit sources (D and BIO) can be
selected whole or as short constants (bits 8-15 only), or either of the 8-bit
sources (INTAD and ASR) can be selected. The sources are selected by
microinstruction bits uC0O, pCl, and GCSLEN as follows:

| #CO|pCl | GCSLEN
(pCO+Cl) Mnemonic Source
CLEFSO
00-07 08-15
S0 S1 SQ| S1
1 0 0] 1 CALU D00 15
0|0 1 ] CBIO B1O00 15
] 1 0] 1 CLUR D0g—————15
] 1 1 1 CIOR B1O08 —— 15
1 0| 0 CLUR INTADO 5[ojo
1 i 110 CIOR ASRO ————— 7
1 0f o (CALU)  [DO0— —07|INTADO ——5][0[0
0] 0 110 (CBI1O) B1O00 07|ASRQ ————"17
C|OON 07N | 08N —— 15N
The last two possibilities are not used.
2.66 The C selector inverts all selected data from active high to active

low. The 0's supplied for the not-used bit positions are therefore output as
inactive highs. The C-selector outputs are sent to the Q and M registers in
the operand-B data path. The six least-significant bits (COON-05N) are also

sent to the priority level register during an interrupt routine.
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2.67 Q Shift Register

The Q register (Figure 2-8 JJ) uses four type 74194 circuits as a 16-bit,
left/right shift register. Q may be parallel-loaded from the C selector, shifted
right (with ALUI5N as a serial input), or shifted left (with the selected bit,
QI5DN, as a serial input). Loading and shifting is doné on the leading-edge

of clock pulse BP (BPQ) according to the function selected by microinstruction
bits hQO, Q1 as follows :

pQO0, QI | Mnemonic | Function

0 o0 Ql Hold contents (No Op)
0 1 sLQ Shift Left Q
1 0| serQ Shift Right Q
11| QYC | Parallel load Q from C

In the operand-B arithmetic loop, Q can be loaded from the M register, via
ALU--D--C, and reloaded into the M register on the same BP clock pulse.
No Q -register shifting may be performed on a single-clock-pulse loop since

Q must be in the parallel-load mode. ! '

2.68 The shift-right serial input, ALUI5N, is used for double-length,
shift-right operations. The shift-left serial input, Q15DN, is used for double-
length left circular (DLC) shift and Divide instructions. Q15DN is derived
from a 74151 A circuit by the selection-inputs KOOSBN, MOON, and ALUOON.
For DLC shift instructions (KOBN active low), the serial input is provided by
microinstruction bit GCSELN if MOON is active; the serial input is a logic
zero (high) if MOON is inactive (high). For Divide instructions (KO8N high
and RALUATN (uADLO.1) = 0), Q15DN is produced from the quotient bit
ALUOO ® M00. See following diagram.



5
Z
153
| 2| « .
S2 ST |SO | QI5DN =
LI Bt ecsen
o A I pLC
LI H| L | H
L H] H H
Hi L L (pADLO. 1)
i I Divide
H| H| H | @ADLO. )
L = low = active
2.69 The two least-significant bits of Q are used to control the next-cycle

operation of a Multiply execution. One bit position (Q16) of a fifth 74194 is
used to save the previous contents of Q15 at the end of the Multiply cycle,
while Q14 is shifted into Q15. QO00, Q15N, and Q16N are used by the ADL
command logic (Fig‘ure'2-8 FF) for orifhmetic operation control. The three
other bit positions of the fifth 74194 are used in the Bus Controller logic
(Figure 2-8 TT). This fifth 74194 is used in the Hold (GCRFNUN = 0) or
Parallel-Load (GCRFNUN = 1) modes only.

2.70 Q -register bit Q00/QOO0ON is used for microinstruction addressing in
the Flag mode (paragraph 2.28 and Figure 2-8 DD). QOO0 is also used as a

serial input to the L register during a left-shift L operation.

2.71 S -- Address Register/Counter

The S register/counter (Figure 2-8 KK) is a 16-bit synchronous up/down
counter using four type 745169 circuits. Fourteen bits of the S register/
counter are used to store the memory word address, and increment or decrement
the address in one-word steps. Loading or counting takes place on the leading

edge of the BP pulse, according to the following control from microinstruction
bits pS0 and pS1:

pS0, St | Mnemonic | Function
00 Si Inhibit counting or loading
0 1 SYD Load SO-16N with DO-15N
1 0 SP2 S plus 2 (count down)
1 1| sM2 | S minus 2 (count up)

Since S is loaded with negative (low-level active) data, the count-down mode
increments the value of the contents and count-up decrements. The S register/
counter is loaded from the D selector, as shown in the following diagram :

I Word Address lChorccter Bit

[ 00 14 | 15 | D Selector
‘ - b T
[15 ] 00 14J S REGISTER/COUNTER
I u!
]
[ 00 14 | 15 | MAD fines

D00-14, representing the memory word address, is loaded into the least-
significant position of S, while D15, representing the character address, is
loaded into the most-significant position. S-register counting then affects o
two-character address change (S plus 2, or S minus 2) for a single increment

or decrement of the counter. The character indicator from the most-significant
position in S is then switched back to the least-significant position on the
memory address lines (MAD00-15). The S register/counter works with low-

level data, and does not invert.

2.72 A-Bus Selection

The A-Bus selection logic determines which source is to be used as operand-A

of the arithmetic operation. Control of the A-bus selection is by microinstruction

bits pAO-4 (Table 2-9). The possible sources for operand-A on the A-bus are :
e Scratchpad AO-A15
e Initial program loader IPL

e Program counter P



. Program status word PSW

. Instruction field (R1 or R3)

e  Constant 2‘0 (/002) or 16‘0 (/010)

e Control-panel/System

e  A-bus equals zero
All operand-Asources onto the A-bus are via active-low, open-collector output
circuits (8234 multiplexers, 6200 ROM, 7489 RAM, and one 7403 gate). All
these circuits provide a high-level output to the bus when they are not selected.

This high is then over-ridden by any active low signal from a selected source.

2.73 The scratchpad (Figure 2-8 MM) is selected directly by pAD to the
chip-select inputs of the scratchpad logic. The specific scratchpad address
(AQ to A15) is then selected by uA2-4 controlling the scratchpad-address
logic. When the scratchpad is selected, pAl differentiates between reading

and writing the selected address.

2.74 Any A-bus source except the scratchpad is selected by the A-bus
control logic (Figure 2-8 LL). The inverted pAQ input to the 1-0f-10 decoder
chip (type 9301) forces the decoder higher than the seven possible outputs that
are connected; this effectively keeps this part of the A-bus selection switched
off when the scratchpad is selected. If uAO is active (high), and pA1-3 are

all low, the non-connected output-0 is decoded and no A-bus source is
selected; operand-A is then equal to zero. The active-low outputs from the 9301
decoder select either the IPL (output-1) or one of the type 8234 multiplexers.
These multiplexers have their A inputs selected by an active low to S1 only, or
their B inputs selected by an active low to SO.

2.75 Double-Word Trap. |f a Trap occurs during a double-word operation,

(P) must be decremented an extra position. The DWIF flip-flop (Figure 2-8 LL)

is ser for all double-word instructions. If a Trap routine (Figure 1-12) is initiated,
the first microinstruction (address /OFF) produces GAEXL which is gated by
DWIF to set A-bus bit AOON. This increments the normal microinstruction

address by one to select /12E rather than /12F,
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Table 2-9  A-Bus Selection
Microinstruction Control | Mnemonic Function
LAO, A1, A2,A3, A4 | decoder

(9301)

output

active

Read scratchpad accumulator :
0] 0/0|0]O0 ARAO A0
0oyl 0}lo0fof1 ARAI Al
ojojof{t1}|o ARA2 A2
0010|111 ARA1S Al5
ojoj1|0f0 ARRI1 R1 (Addressed by K5-7,8)
0l o0l 1|0} ARR2 R2 (Addressed by K11 -14)
00 1i1]0 AR1215 (Addressed by K12-15)
0Ol 0y 1|11} ARCT {Addressed by CT counter)
Write scratchpad accumulator :

oj14)0 0 AWAOD AO
ol 1001 AWAI Al
oj1{o0f1}|o0 AWA?2 A2 y
(U I I VI O O O AWAILS5 Al5
ol 171100 AWRI1 R1 (Addressed by K5-7,8)
o1} 1}1o0j1 AWR2 R2 (Addressed by K11-14)
oy 1{1jp1{o0 AWI1215 (Addressed by K12-15)
(V20 I O O O I AWCT (Addressed by CT counter)
110 0 - -- |AZ A -bus equals zero
1fojof1y - 1 AIPL Read IPL
1o} 10| - 2 AEP Read P
1o vy - 3 APSW Read PSW
T{110]0} - 4 AEN Read content of K5-8
TP 10 1] 5 ATWO Constant 210 (/002) onto A-bus
P11 0f(1}o0 5 ATEN Constant ]6|0 (/010) onto A-bus
Ti1y110] - 6 APUP Control panel inputs onto A-bus
LT T A T A T A 7 ASYS System inputs onto A-bus




2.76 IPL -~ Bootstrap

The IPL circuit is a 64-word hardware bootstrap stored in a type 6200 Read Only Memory
(ROM) of 256 four-bit words. The ROM contents are regrouped into 16-bit words when
they are loaded into main memory by the IPL-microprogram routine (Figures 1-9,1-10).
The IPL/Bootstrap logic (Figure 2-8LL) is oddressed by the P-register/counter (bits P07 -
14) and is accessed through the A-bus. The A-bus-selection command code is pAO, 1,2,
3=1001 for the read-IPL routine. Table 2-10 is a listing of a bootstrap after being
loaded into memory 00-63. Use of the bootstrap for initial program loading is discussed

in Section 1. Other bootstrap ROMs may be provided with different CPUs,

2.77 P -- Program Register/Counter

The P register/counter (Figure 2- 8 LL) is a 16-bit synchronous up/down counter
using four type 745169 circuits. The fourteen least-significant positions of P
are loaded from the D selector with the 14-bit word address of the program. The
P register is also used as an internal counter : in this case, the most-significant
bit (which isn't loaded from D) is sent to the flag-selection logic as PMI

(P minus 1). PMI is used by microinstryction Addressing, Flag mode (paragraph

2.26) to indicate the end of a multiple word instruction.

2.78 Loading or counting of P takes place on the leading edge of the BP

pulse (BPP) according to the following control from microinstruction bits pP0

ond pPl:
pPO,P1 | Mnemonic | Function
0 0 Pl Inhibit counting or loading
0 1 PYD Load PO-14 with DO-14
1 0 PM2 P minus 2 (count down)
11 PP2 P plus 2 (count up)

The program word-address in P is accessed through the A-bus. The A-bus selection
code pA0,Al1,A2,A3 =1010 for read-P. The eight least-significant address bits
(P07-14) are also applied directly to the addressing inputs of the IPL ROM, for .

use when the IPL is selected.

.uble 2-10 List of Bootstrap Loaded in Memory

Step R:s Hom Inatruct |
000 IDENT  BEBOOT
001 N
002 i
003 . DISPLAY THE KEYS AS FOLLOWS:
004 ¢
005 . BITS MEANING
006 * =1 IPL LOADED FROM ASR, FORMAT 4* 4
007 . 1=1 DISK, THEN
008 . 21 MOVING HEADS
009 . 2=0 FIXED HEADS
010 . 3= /0 8US
o . 30 MULTIPLEX
012 . 4107 BOU LINE (4 RIGHTMOST 8ITS)
013 M 8=l MULTI DEVICE CONTROLLER
014 M 8=0 SINGLE DEVICE CONTROLLER
015 M 9=1 CDD DiIsSK
016 . 10 to 15 DEVICE ADDRESS
017 .
[21:] M
019 .
020 . DESCRIPTION
o1 i
022 . BEBOOT LOADS ONE RECORD ONTO LOCATION /80 THEN START AT /84
023 . THE RECORD IS THE SECTOR # 1 IF DISK, OR 254 CHARACTERS OF THE
024 ’ INPUT DEVICE,LEADING NULL CHARACTERS IGNORED
025 M '
026 *
027 .
028 . USED REGISTERS :
029 ¢
030 . A1 80U LINES,NOT TO B DESTROYED IF BOOT IS CALLED AGAIN
031 . A2 ADDR OF INR INSTRUCTION
032 . AJ ADDR OF CIO INSTRUCTION(WHICH 1S DESTROYED AND NEEDS TO 8¢
033 . RESTORED IF BOOT 1S CALLED AGAIN)
034 . A4 ADDR OF SST INSTRUCTION
038 . A5 MULTIPLEX: CONTENTS OF 1ST WORD TO BE SENT TO EXT REGISTER
036 . 10 BUS : CHARACTER COUNT, INITIALIZED AT 254 AND DECREMENTED
037 . A MULTIPLEX: CONTENTS OF 2ND WORD 10O BE SENT TO EXT REGISTER
038 . (LOADING ADDR)
039 . 10 BUS: ADDR OF NEXT CHAR TO BE LOADED,INIT AT /80 AND
040 . INCREMENTED
041 M A7,A8 WORK REGISTERS
042 . A9 WORK REGISTER
043 * A0 TO A4 NOT USED
044 . A15 CONTAINS THE KEYS'VALUE
045 M
0446 .
047 .
048 M
049 M
050 *
051 * 28/8/73 ARE FIXED:
052 . MULTIPLEX DLBLE WORD INITIALIZATION
053 * SST INST FOR MULTIPLE DEVICE CONTROLLER
054 ¢
055 EJECT
056 ADRG O
057 .
058 ¢
059 BOOT | EQU M
060 . INITIALIZE REGISTERS
061 | 0000{0200 | F DK A2, INR ADDR OF INR INSTRUCTION
062 | 0002 (0300 | F LDK A3,CIO | ADDR OF C1O INSTRUCTION
063 | 0004 {0400 | F LDK A4,581 ADDR OF S5 INSTRUCTION
0644 M EXTRACT DEVICE ADDR AND INIT 1/O0 COMMANDS
065 | 0006 [841E LOR A8,A1S
066 | 0008 | 243F ANK A6, /3F DEVICE ADDR
0647 | 000A | 9629 ADRS A6, A2 INITIALIZE 1/O INSTRUCTIONS
068 | 000C {9620 ADRS A6,A
069 | 000E | 9641 AUS AG,HIO
001010000 | F
070 M EXTRACT CONTROLLER ADDR AND INIT WER INST
071 ] 0012 |871€ LDR A7,A15
072 | 0014 | 3FC8 sLe A7,8 MULTI OR SINGLE DEVICE CONTROLLER
073 | 00165600 | F RF(s) INIT20 SINGLE ONE
074 | 0018 | 260F ANK AS,/F MULTIPLE ONE
075 INIT20 | EQU N INITIALIZE MULTIPLEX DBLE WORD:
076 | 001A 19631 ADRS AS A4 SST INSTRUCTION
077 | 001C|3E41 SLL A6,
078 | 001E | 9641 ADS A6, WERI | SET UP WER INSTRUCTIONS
002010000 | F
079 | 0022 | 9641 ADS A6, WER2
0024 /0000 | F

REV .

2-37



Step] B | Mam. Instruct) 2.79 - AO0-A15 -- Scratchpad
eg. ont |
080 . LOAD Al WITH BOU CONTENTS These sixteen 16-bit accumulators comprise 15 working registers (AO-Al14) and
081 | 002s(811C LoR  |A1,A7
Q2| 00780550 | LDK  [A5,80 [‘é’él’f,ﬁﬁ‘}ﬁ,"“wom:w“’ 80 CHAR INTO . the stack pointer (A15). The working registers are used as an operand for some
084 | 0024|0680 Lok |As,/80 X R . .
085 . CHECK IF DISK instructions. Fifteen registers (Al1-A15) are program addressable. The scratchpad
086 | 002¢| 3rE7 SkC  |A7.7
%7 | 002e | s600 | ¢ RF@6)  [NODISK | NO MEADS 2 (Figure 2-8 MM) is controlled by the A-bus selection commands, pAO0-4. The
089 | 0030 3FC) st a7, . Lo .
090 | 0032] 5600 | F RF(6) |NOSEEK | YES complete command code for scratchpad addressing and function is given in
091 | 0034|0103 Kk 1,3 SEEK ZERO
o2 | osejHica O EEklciO (AL L0 ) CIO sEEK ZERO Table 2-9. For the write-scratchpad modes, the contents of the L register
094 | 0038 [811€ Lok {a1,AlS .
095 | 003A| 3986 SRL AlLLG SECTOR NUMBER (LO0-15) are loaded in the selected address (A0-A15). For read-scratchpad
098 | 0o3c|213C WNK Al /3C i
097 oo |Boze) LDKL [AS,/B0CD| 1ST WORD OF MULTIPLEX FOR DISK DEVICE modes, the inverted contents of the selected address are gated onfo the A-bus.
098 NODISKEQU | *
099 . EXECUTE WER, WHATEVER THE CHANNEL 1S
100 WERI  [EQu |-
1011 004217500 WER  1A5,0 2.80 The 16-word scratchpad comprises four 64-bit read/write memor
102 wekz  Jequ |- P P / Y
103 | 0044|7601 WER |48, . R . . . . Lo
104 | 0046 F031 EXR® A4 ssT chips, type 7489. These circuits provide data inversion (active high input, low
105 | 0048 | Fo20 Exre  |A3 | o
104 | 0044} 5C04 R8(4) |- 4 tput) and open-collector outputs with a high-level off-stat
107 | oo4C|871E DR |A7,A15 output) P P g e state when pAQ to the
108 | 004E | 3F43 stk [a7)3 . . . .
109 | 0050{ 5600 | F RF(8) |sST MULTIPLEX chip-select input is 1 (scratchpad not selected). The scratchpad write-enable
1o .
m : 10 8Us input, WSPN, from the start logic (Figure 2-8 RR), is active from the center
113 0052{8194 LOR  |A9,A5 | IF A9=A5 IGNORE LEADING CHAR, . .
7 INt feQu |» of clock time T6 to T7, if pAO,Al = 01.
115 | 0054]4F00 INR  |A7,0,0 | READ ONE CHAR
116 | 0058 | 5C04 RBM) |* -2
117 | 0038 €994 CWR |A3.05 | LEADING ChaR?
118 | 0054|5400 | ¢ RF(4) [INRIO | N . )
119 | 005C| 27¢F ANK  |A7,/FF | CHECK IF NULL 2.81 The four-bit scratchpad address (SPA0-3) is selected Jhrough four
120 | 003€ | 580C R8(0) |INR YES, IGNORE ) ‘ . .
121 . NO,CHECK IF 4 4 type 74151 A eight-input multiplexers. The first four sets of inputs are wired to
122 . Y p
123 INRIO |EQU M . .
124 | 0060 879¢ DR [A1s,AlS |44 +5 or 0 volts to obtain the direct address code of A0, Al, A2, or A15. The
125 | 0062|5600 | F RFE) |STORE | NOB1s 4 | . | .
126 | 0064 | 3F44 SLL (A7, 4 i i i ; i
538 ool Fobod ton  |e A7 :?vg ugrmguncm inputs 4, 5, or 6 select different fields of the instruction word to address the
128 | 0068 | FO29 ExR* A2 AD N ) . ) '
129 | 08| 5C04 Ro4) |- -2 scratchpad : the R1/R3 field is provided by buffered K05-08/K05-07 (K08 is
130 | ooec| 270f ANK  |A7,/f | GET 4 RIGHT MOST BiTS
o8 Il ML IO oS e given via KOOOBBUFN if KOO =1, indicating format-1 instruction); the R2 field
133 | 0070 €739 SCR |A7,A4 | STORE CHAR - . . i . . . .
134 | 0072] 1601 ADK  |As,1 NEXT CHAR ADDR is provided by K11-14N; the K12-15 field gives the number of shifts (in
135 | 00741001 suk  [As1 COUNT DONE ?
S RCA R RB() - |INR v complement form). The seventh input selects the CT counter for addressing
138 . . .
139 | oo7s|4180 [ w0 [cio |a1,0,0 successive scratchpad registers.
140 -
141 status feau |
142 | oo7a|4fco | ssT  fssT a7,
1431 007C| 5C04 RB(4)  }* -2 . . . .
144 | 007¢ | oFa4 ) /84 2.82 The five-bit CT counter (Figure 2- 8 MM) is used to count repeat
145 . .
o : cycles for the sequensor control, or (for P857) to address sequential scratchpad
148 END 8007 . . . . . .
registers during Multiple Load or Store instructions. The counter comprises a type
SYMBOL TABLE wor wom A
T 0000 A INR 0054 A CIO 0036 A TS . )
ol ook A N0 oot A WER 0041 A wemz 0044 A 74161 BCD counter for the four least-significant bits (CT0). A buffer at the
NODISK 0042 A NOSEEK 0038 A  INRIO 0060 A  STORE 0070 A

STATUS  007A A output of the counter maintains the scratchpad address while the counter is being

cop | SSERR 00000 incremented. The buffer copies CT at the trailing edge of each AP pulse.



Counter operation is controlled by microinstruction bit pCT and general-field the ENB and FU-bits of GF are restored from the stack to the PSW; the other bits
bit GCTLDN, as follows : of GF are not changed by the Return. During a Return instruction, User Mode
(A15), only CR is restored from the stack.

pCT |GCTLDN{ Function

(H=1)| (L=1) Program Status Word
0 No change PLR CR GF
1 Load CT1-4 from SPA0-3; CTO from K11
0 1 2 3 4 5|0 1 |RUN|JENB|CPF|PFF|RTCF|PIF}
1 0 Count CT at each T3N [ T S T 1

Interrupts

—

= User Mode

The counter is preset to léA(CTO-4 =10000) by KRYN during each instruction 0 = System Mode

Fetch cycle. Other initial counts less than 16 may be loaded into CT1-4 via

the scratchpad address selector.

RESTORED FROM STACK AFTER:

RTN (A15 RTN (A15)
2.83 The number of shifts to be performed are loaded in complement form (A15) - (

PLR PLR
from the K12-15 field and effectively decremented by the counter operation.

CR
The counter is loaded with (R2) for the Double Arithmetic instructions in

ENB (ENB unchanged)
T1D addressing modg, enabling the lecsg-significont operand word to be

FU
processed first. For DAR and DSR instructions in T1D addressing mode,
(R2) + 1 addressing is obtained by the CT counter providing the least-significant

2.85 PLR -- Priority Level Register

address bits to the scratchpad. Multiply and Divide instructions count from " | |
The PLR (Fi 2-8 NN) is a 6-bit register that stores the priority level code
the preset count of 16. The CTEND signal is generated when the count € (Figure Jisa 9 X P Y
f th i for the Interrupt logic, This register, comprising two
reaches 31 (CT0-4 = 11111). CTEND is used by the Sequensor to end the repeat ot the running program for the rrupt leg 9 p 9
I ‘ type 74175 circuits, is preset to priority level 63 by the system master-clear
cycles.

signal MCLN. The register output, PLRO-5, is used by the Interrupt logic

2. 84 PSW P Status Word (paragraph 2.97) for comparison with Interrupt Requests. |f an Interrupt Request
. -- Program Status Wor
The PSW is o 16-bit status word comprising the priority level register (PLR) is accepted, the Interrupt Routine is initiated : the contents of the PLR are saved
- w 1 ’
) i i , d th R i ith
condition register (CR), and general flip-flops (GF). The complete PSW is saved in the stack with the rest of the program status word, an e PLR is loaded wi
in the stack, via the A-bus, during the following : the new program's interrupt level by INTADO-5 via the C selector.
® Interrupt routine e Inhibit Interrupt (INH)
e Trap routine e Reset Internal Interrupt (RIT) 2.86 CR -- Condition Register
. Page Fault . Encble Interrupt (ENB) . The 2-bit condition register (Figure 2-8 NN) indicates the result of various CPU
e  Call Function (CFR) e Link to Monitor (LKM) operations. The condition register flip-flops are updated at each BP clock time
e Halt (HLT) . Set Mode (SMD) (BPQ). The CR input conditions (Table2-11) are selected by a pair of type 74175A
During a Return (OPC14) instruction System Mode (A15), the PLR, the CR . and 8-input multiplexers, with the selection controlled by microinstruction bits pCRO-2,
’ ’ ’ I’

-
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Table 2-11.

CRINPUT SELECTION

CR Input Conditions

Selection | Mnemonic | Input to CR Function

puCRO,1,2 CRO CRI1
0 00| CRNC CRO CR1 No change
0 01| CRRTN BIOO6R | BIOO7R | CR load during Return
01 0] CRIO Timeout | ACBN Programmed channel loading
01 1| CRFLO FLOCRO | FLOCRI | Floating Point loading
1 00| CRLOG ROMCR1 | ROMCRS5 | Logic operation loading
1 01| CRADD ROMCR2| ROMCR6 | Addition operation loading
1.1 0] CRSUB ROMCR3| ROMCR? | Subtraction operation loading
1 11| CRCMP ROMCR4| ROMCR8B| Compare operation loading

CR INPUT ROM CODE

ROM Addressing | ROM Output to CR Input Selector
> LOGIC ADD _SUB _COMP
5 %5 8 z z || CRI,5 CR2,6 CR3,7 CR4,8
J— 3 8 8
$E 323
0 0 0 0O 10 10 10 10
0 0 0 0 1 1 0 10 10 10
00 0 1 0 10 10 11 01
00 0 1 1 10 (. 10 10
001 00 01 11 01 01
0 0 1 0 1 01 01 11 10
00 1 1 0 01 01 01 01
0 0 1t 1 1 01 01 01 0
01 0 0 O 10 10 10 10
01 0 01 10 10 10 10
01 0 1 0 10 10 11 01
01 0 1 1 10 11 10 10
01 1 0 0 01 [ 01 01
01 1 0 1 01 01 11 10
o1 1 1 0 01 01 01 01
o1 1 1 01 01 01 01
1 0 0 0 O 1 11 i 11
1 0 0 0 1 11 11 11 [ not used
10 0 1 0 11 11 11 1
10 0 1 1 11 11 11 11
1 01 0 0 01 11 01 01
10 1 0 1 01 01 11 10
1 01 1 0 01 01 01 01
0o 1 1 1 01 01 01 01

ROM Adressing ||[ROM Output to CR Input Selector
z LOGIC ADD SUB _ COMP
5 5 8 2 zZ|| CRI,5 CR2,6 CR3,7 CR4,8
e =
<« <« 2o 2
o o €« q =2
201 1 0 0 of 11 11 11 1
Sl1 1 0 0 1 11 11 11 11
201 1 0 1 ol 11 1 11y |fnotused
Sl1 1 0 11 11 11 1 11
g
W11t o0 0ff o0 1y 00 00
N L I I I 00 00 11 10
>11 1 1 1 0ff o0 00 11 01
©lr v 11 1)l oo 00 00 00
[ D 11 11 11

Input O copies the previous CR contents (no change). Inputs 1-3 select condi-

tions for Return, programmed channel loading, and Floating Point loading.

2.87 Inputs 4-7 are selected for arithmetic operations, and the input
conditions are provided by a type-7488A read only memory (ROM). One
specific pair of the eight ROM output bits s selected for the tybe of arithmetic
operation being performed (logic, addition, subtraction, or compare). The
2-bit condition codes are selected from one of 32 ROM addresses by : the sign
bit of the two ALU operands, AOON and MOON; the sign of the result, ALUOON;
and the zero contents of the result for both left and right characters, OALUL and
OALUR. |

2.88 An overflow condition, set into the OVF flip-flop, sets CR to 3
(112) by switching off the enable input to the ROM to produce an all-Ones
output. The overflow condition is tested by two series-connected multiplexers

(the 8-input 75141 and the quad 2-input 74157), as follows :



74157 74151
: ' Select | Select Function
npy A0O "1KO1 ALUOO AO1
(+5Vv) 1 0 (1) 0t 0 1 1 | overflow
pMLOAD 1 (10) 21 0 0 1 OK
uMLOAD |0 (1) 1| o 1 o0 | ok Shift
(+5V) 1 1 (10) 31 0 0 0 | overflow
GCRDSRN [0 (I1) 411 1 1 | overflow
OVFMUN |1 (10) 5 1 0 | OK
@#sv) 1 ]o (1 6| 1 o 1 |ok Divide
GCRDSRN 11 (10) 711 0 0 | overflow

OVFMUN = GMULTI.ALUSO. M00

The OVF signal fed back to the input-selection enable, prevents changing the
overflow condition once an overflow has been set. The overflow flip-flop must
be reset by command bit GCRVZON. The K01 input is 0 for Op-codes less than
8 to select shift instructions, or 1 for Op-codes of B or higher to select Multiply,
Divide, or Double ‘instrucﬁons. The shiﬂ instructions set overflow (via 74151 A
inputs 0, 3) on the test AOIN @ AOON to indicate a changing sign bit. The
Divide instructions, specified by command bit GCRDSRN, set overflow (via
74151A inputs 4,7) on the test ALUOON @ A00, indicating that the quotient

is greater than one word.

2.89 GF -- General Flip-Flops

These seven general control flip-flops (Figure 2-8 PP), which can be program
controlled, are part of the program status word (PSW). All GF bits are stored
in the stack along with the rest of the PSW, but only the FU (User Mode) is

restored from the stack by the Return instruction,

GF | PSW | Function Loaded ot CLG | Set by Reset by
Bit (set or reset)
RUNF] 8 | Main CPU LO8 STARTF.TI GFRZO +(PREQ.
status pointer RUN.TI+(FTDEL.
RUN)+RSLF
ENBF| 9 |Enable L09 GFENBN.MCLN [GFSYSN
interrupts :
CPF 10 | Operator's L10 (CPINT+V24INT).|MCLN
Interrupt J1
PFF 11 Power Failure 11 resets PWF f PWF .RSLF.
Interrupt UNLOCK
RTCF | 12 | Real Time L12 RTCFZIN MCLN
.| Clock Interrupt from C.Panel
PIF 13 Op-Code L13 GSTOV.STOV MCLN
(Program) from ALU
Interrupt
FU 15 | User Mode CLPLR.CI5 L15.CLG GFSYSN+MCLN
(0=System
Mode)

Program control of the GF bits is by the A-bus command signal AEPSWN (at
clock time T8). AEPSWN selects the program status word (with GF) to the
A--bus and gates the L-register data back into the GF. The AEPSWN T8 control
signal CLG gates L0O8-10, 12, 13, 15 tothe respective GF bits. GF bit 11
(PFF) is reset at that time if M11 =0, Bit 11 uses the M-register rather than the
L-register because of the required polarity. In addition to the program control

of the GF bits, asynchronous set and reset inputs are provided to each flip-flop.

2.90 RUNF. This is the primary machine-state pointer (refer to Figure
1-8). The RUNF flip-flop is set at time T1 by the Start Command from the
control ponel, The RUNF flip-flop can be reset by any one of four ways :
. command bit GFRZO0;
e a Preset Address Compare from the control panel, at time T1;
e  control-panel command Not Run, enabled by the buffered FETCH
signal, FTDEL;

e  RSLF which is set during the power-off sequence.



2.91 ENBF. This Enable-Interrupt flip-flop is set (with GFENBN) by the
Enable Interrupt (ENB) instruction and reset (with GFSYSN) by the Inhibit
Interrupt (INH) instruction. ENBF is also set or reset (with GFENBN) by the

Return instruction when R2 =15, and in function with ENB of the restored PSW.

2.92 CPF.  This Operator's Interrupt can be set either by the INT switch
on the control panel or by the interrupt signal BRGFN generated by the
V24/Serial control unit. CPF is reset either by an RIT instruction with bit 0 =0
(110 = 0 during the CLG clock) or by the MCLN signal.

2.93 PFF.  The Power Failure Interrupt flip-flop is set at the start of a
power failure by the leading edge of the PWFN signal from the power supply;
PFF is then reset during the power-off sequence if the key switch is set to any
unlock position (OFF, ON, ONRTC). The Power Failure Interrupt flip-flop
is set during the power-on sequence if the key switch is set to LOCK. PFF
is reset by an RIT instruction with bit 11 =0 (M11 =0 during the CLG clock).

Power-Off Power-On

, I
—

e
]

e I
—

Pyib N

RSLN

—

2.94 " RTCF. The Real Time Clock Interrupt flip~flop is set by the RTCFZ N
signal from the control panel. RTCFZIN is a one-microsecond signal generated
once every 20ms by the power supply, and set via the control-panel key switch
ONRTC or LOCK positions. The RTCF flip-flop is reset by an RIT instruction
with bit 12 =0 (L12 = 0 during the CLG clock) or by the MCLN signal.

2.95 PIF.  The Operation-Code (Program) Interrupt flip-flop is set by a
stack overflow condition or by the Link to Monitor (LKM) instruction to switch
from User Mode to System Mode. Stack overflow (STOV from the arithmetic unit)
sets PIF during memory stack operations (command bit GFSTOV) when the stack
pointer decrements to less than 12810. The LKM instruction sets PIF via the
load input, with L13 =1. The PIF flip-flop is reset by an RIT instruction with

bit 13 =0 (L13 = 0 during the CLG clock) or by the MCLN signal.

2.96 FU.  The User Mode flip-flop is set during the Return A15 instruction
if the previously-interrupted program was in User Mode (CLPLR.C15); the CLPLR
signal loads the priority level register from the C-selector during the Return
instruction, and C15 indicates the state of FU during the previoys interrupt.

The User Mode flip-flop is also set by the Set Mode (SMD) instruction (L15 =1
during the CLG clock). FU is reset, to System Mode, by the Inhibit Interrupt
(INH) instruction (with GFSYSN) or by the MCLN signal.

2.97 INTERRUPT LOGIC

The Interrupt logic (Figure 2-4 and 2- 8 SS) generates the Scan External
Interrupt signal (SCEIN), tests for internal and external interrupt requests, and
initiates the Interrupt routine when a request is received of a higher priority
than the running program. Refer to paragraph 1.16 for a description of the
complete interrupt system. The Enable Interrupt control flip-flop, ENBF, is
located with the general flip-flops (GF), along with the four dedicated internal
interrupts : CPINTF, PFF, RTCF, and PIF.

2.98 Internal Interrupts
Eight internal interrupt request lines (IS00-07N) are provided which have the

highest system priority. At clock-time AP, all internal interrupt requests are



clocked into the two 74175 registers and are then available at the priority encoder
74148, If there are any internal interrupt requests waiting at the priority
encoder, the low GS-output switches the 74158 multiplexer to select the internal
interrupts, and the high EO output (IECE) forces INTADO,1 low (inactive).

The highest-priority interrupt request is indicated by a 3-bit code at the

74148 A-outputs. The interrupt request code is switched through the 74158
multiplexer to the INTADO-5 lines. The IECGSN signal is sent to the Stort
logic (Figure 2- 8 RR) to enable setting the automatic restart flip-flop during

the power-on/power-off sequences.

2.99 External Interrupts

A Scan External Interrupt (SCEIN) signal is generated during the stotus test
at the end of each instruction, or during the Move instruction, if more than
two microseconds have passed since the start of the previous scan. In order
to validate the interrupt at the end of certain instructions, the microprogram
does 0 2.070 psec wait before ending those instructions. (See Figure 1-13,
Wait.)

&

Instr i i+] i+2 i+3

IR

SCAN (2p secT—l I |

The microinstruction control bits (Figure 2-8 SS) are NAETAN (pSNAOD.1) for
status test, and GMOVEN for the Move instruction. Either of these inputs
puts a high on the D input of the FETAT flip-flop, if there is no pending
Interrupt Request (Not IR). At time T3, FETAT is set and the FETATN output

triggers the SCEIT single-shot. SCEIT is inverted to provide the 2usec SCEIN
signal to the GP bus.

2.100  The BIECINH flip-flop is triggered by T5 90ns after SCEIT is started.
The low BIECINHN output is fed back to the OR'ed input of the single-shot
to prevent SCEIT from being re-triggered. On the first T5 pulse after

(PP) (NN)
cu PSW/GF PR b
PRIORITY PRIORITY crrlm[ncrl PIE “ENB
ENCODER ENCODER
I G? BUS 3
SCEIN|  BIEC|
—— —— —— o — v ooe o G e e . S R
r 1 ar ﬁT— 1 S 9-14
| INTERRUPT T I
| LOGIC I-.u INTERRUPT L
REGISTER : b
=
l (SS) 3 l eed D=1 4
I PRIORITY =
| 1 eNCODER | 013
| SEQUENSOR muiNsT | ocs 0.5 l
TIMING CONTROL l =7 - -
| ‘ a
| l l . I | ALU :
| SEL mxr | Mt
| SCAN lL ’ .
| LOGIC TNTAD U3 8-13 |wm{ 8-13
]
| ENB
|
| l -1 E COMPAR; I
' | Mlcrogvogrem
| | /09D : INTAD = C —~ M
/0C2 : M- (ALU)=D,
e e e e e e e  — RS T —— | Exchonge characters,
IECGSN IR ~C—=PLR
D - shift right = §
ARE/IPL Microprogram Control
Machine R dori FLAG
RR State [, FUT 09 seLeCT
Pointer nste (next odr]
e [{o (bv)

Figure 2-5 Interrupt System
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the comptetion of the 2usec SCEIT signal, BIECINH is reset, and the SCEIT

single-shot is prepared for the next microinstruction-controlled start of a scan
signal. The high BIECINH output applied to the most-significant input of the
comparator inhibits comparison for 2usec to wait for stabilization of the BIEC
lines (propagation time plus selection of the highest priority level). IR could

be sent between T3 and T5, but is never used during status test.

2.101 At the receipt of SCEIN, any CU with a pending interrupt request
examines the BIEC lines. If there is no higher priority request, the CU's
priority encoder puts the interrupt code on the BIECO-5 lines. The BIEC

code received at the Interrupt logic is switched through the 74158 multiplexer

to the INTADO-5 lines if there is no internal interrupt request.

2.102  Compare Interrupts

The highest-priority interrupt request (internal or external) is available at
the INTADO-5 lines. If the Enable Interrupt flip-flop ENBF is set and the
BIECINH delay is completed, the INTAD lines are compared with the
priority of the running program (stored in the priority level register PLR).
BIECINH and ENBFN to the two most-significant inputs of the comparator
must both be low to enable comparison. (The comparator inputs A3/B3 must
compare equal before the A2/B2 inputs are tested, etc.; all four A and B
inputs must compare before the cascade inputs from the lower-priority
comparator are tested.) If the interrupt request on the INTAD lines is of
higher priority (lower number) than the current PLR, the A<B output is

activated to generate Interrupt Request signal IR.

2.103 The IR signal is sent to the Microprogram Control logic to initiate
the Interrupt routine (Figure 2-5). The interrupt address on the INTADO-5
lines is switched through the C and D selectors during the Interrupt routine
to form part of the address in the S register and to reload the PLR with the

new priority level.
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2.104 SEQUENSOR (CPU CLOCK)
The Sequensor (Figure 2-8 EE) uses a crystal-controlled oscillator to drive
twelve shift-register cells which provide the CPU timing signals :

. AP, T1, T2, T3, T4, T5, T6,

e BP,T7, 78, 19, TIO0.
The basic CPU clock signals are AP and BP. AP represents the beginning of a
functional cycle (or microprogram) and is used to load the microinstruction
address and read the microinstruction from the ROM control store; CPU logic

controls and data paths are established by the command bits of the microinstruc-

tion. At each BP pulse time, the CPU logic executes the microprogram, according

to the conditions established at AP time, and loads the results into the

appropriate CPU registers.

2.105 Operating Modes and Cycles

The Sequensor operated in four different modes (Figure 2-6) controlled by
microinstruction bits pSEQO, 1. Within the basic modes, the Sequensor
operates in one of six cycles. Five of the operating cycles begin with the AP
pulse; the sixth (Repeat cycle) begins and ends with the BP pulse, skipping AP.
For internal CPU operations (LOGIC and REPEAT modes), the c;cle lengths are
controlled by controlling the ger :ration of AP to begin the next cycle (pulses
T7-T10 are inserted or deleted after BP as required). For all GP-bus cycles
(SEQBUS and SEQBIO modes) and Floating Point execution, the cycle lengths
are controlled by controlling the generation of T6 just before BP (puise T5

may be repeated as a waiting loop until a synchronizing reply signal triggers

T6).

2.106 Internal CPU Operations (AP Generation)
Four fixed-length Sequensor cycles are provided for the internal operations
LOGIC mode :

e Logic cycle (360ns)

e Scratchpad cycle (405ns)

. Flag cycle (450ns)

e Fetch cycle (540ns)



mu SEQ 0,1 Mnemonic Function
00 LOGIC Internal CPU Oparations
01 REPEAT Short Execution Cycle
10 SEQBUS GP-Bus Cycles
L] SEQBIO 1/O Cycles with Bus not relecsed

ose LM MU UL

| a5

internal CPU Operations

mu SEQ 0,1 = 00 %‘ LOGIC CYCLE 360 ns
AP
T1-6 I T l 7 ! k] ! 1! ] ! Z! ,
114 i . l l
l[= SCRATCHPAD CYCLE _{ 405 ns
AP I l l ‘
T1-6 7T 27374757471 J
|14 I l
” 71
!‘ FLAG CYCLE ‘{ 450 ns
S L
Ti-6¢ [IIZIJ]‘4[15]6] J
.14 l l
17-8 T8l
MUSEQ 0,1 }< FETCH CYCLE (Followed by PLA) >]_' 540 ns plus 4gng f:f each
10 ( Normal ) AP | 1 l.__.L- wai
/——'*—'wnn response
1(p diagnostic) T1-6 —JrTa2T3sT4T5T 6l [~
8P l l
17-10 J71T8T om0
Short Execution Cycle
e e REPEAT CYCLE _ﬂ% 270 m
T2-6 213 415 6
L i SO e

Bus/BIO C{cln (or Floating Point Execution, mu SEQ 0,1 = Ox)

muv SEQ 0,

ASYNCHR

=10/11

360 ns if no wait ot T5

L VARIABLE CYCLE o Variable ;
AP __;"—1 }_—'L__
-5 BEAEREERIGHEH

ONOUS "REPLY" oneon”
16 [T+
8P 1

Figure 2-6 Sequensor Operating Cycles

Ve

1/9/75

Note : T5 retriggers
itself, aven when the
extra pulses ore not used

All these cycles begin with AP and count directly through T1, T2, T3, T4, T5,
T6, and BP. The time between BP and the end of the next cycle (next AP) is
then controlled to provide the required execution time for the operation and to
define all Next-Address data. The control is provided by o type 74151A
multiplexer (APDN) which selects which clock pulse is to generate AP, as

follows :
(%
Slalg
= - APDN Generation
w. < v
0|z} 2
S2 | S1 ]SO | Input| Function
o o of18 |l
o o0 1178 Flag Cycle (NAFLAG)
0 1 o0]BpP Logic Cycle (NAFLAG ., WSP)
0 1 11717 Scratchpad Cycle (NAFLAG.WSP)
T 0 0}T0
1T 0 1]|TIO
] 1 olTi0 Fetch Cycle (GFETCH)
] 1 1 {710 |]
2.107 Logic Cycle. This cycle is used for register-to-register operations,

with the result stored into a register other than the scratchpad. Input 13 of
the APDN multiplexer is selected so that the AP pulse to begin the next cycle
follows the BP pulse.

2,108

Scratchpad Cycle. This cycle is used for register-to-register opera-

tions with the result stored in the scratchpad. Data transfer from the L register
to the scratchpad requires the extra clock pulse T7 between BP and the end of
the cycie.
2.109 Flag Cycle. This cycle is used with a microinstruction that specifies
Next-Address Flag mode. Two extra clock pulses (T7 and T8) are required to

gate the Flog information onto the control-store address bus.
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2.110  Fetch Cycle. The Sequensor fetch cycle is used during an instruction
fetch cycle, where the Next Address must be decoded by the instruction-
register PLA decoder. The timing required to decode the instruction word

and to access the PLA needs four extra clock cycle (T7, T8, T9, T10) following
BP. ’ '

2.111 Short Execution Cycle (No AP)

The Repeat cycle counts directly through T2, T3, T4, T5, T6, and BP without
an AP or T1 clock pulse. This cycle is used for looping while the scratchpad
CT counter counts, The microinstruction control inputs, with m, hold
REPENDI high to gate the BP pulse directly to the T2 input. REPENDI also
disables the APDN multiplexer to inhibit the AP pulse. The current

microinstruction does not change during the Repeat cycles since AP is inhibited.

When the CT counter reaches its full count of 31 10 CTEND forces REPENDI
low and the APDN multiplexer is enabled to generate AP to begin the next

cycle.

2.112 GP-Bus Cycles (T6 Generation)

Variable-length cycles are used for all GP-Bus operations and for Floating
Point instruction executions. All these cycles begin with AP and count
directly through T1, T2, T3, T4, and T5. The cycle-length parameters then
control the generation of the Té clock. The BP pulse and the succeeding AP
pulse directly follow T6. The control of Té is provided by a type 74151 A

multiplexer which selects the T6é-enabling signal T6DN, as follows :

o
o 2 3
Q
g ol > T6DN Generation
wy ) wy
a w =)
52 | S1 {SO | Input Function
8 g ? : Internal CPU operations (Té follows T5)
0 | 0 | DONEF | Floating Point instruction execution
0 ] 110
) 0 olo not used
1 0 1 | SYNCT6 | Bus and Bus I/O cycles (SEQBUS, SEQBIO)
] ‘ oo not used
1 1 110

e}

2.113 For the internal CPU operations, T6 directly follows T5. Sequensor
control is provided through control of the AP pulse (preceeding paragraphs).
The enabling One-bit is selected through the multiplexer by uSEQO0=0 und the
floating point command bit FLOACT=0,

2.114 The Floating Point instruction execution is an operation that requires
the DONEF response signal from the FPP before the cycle can be terminated.
DONEF is selected directly at the 12 input of the T6DN multiplexer by
pSEQO=0, floating-point command bit FLOACT 1, and BSYDL=0. The FLOACT

signal is the buffered microinstruction general-field bit GFLOT.

uSEQ|0,1
1 0| SEQBUS
1 1|SEQBIO

—

2.115 For all GP Bus operations (SEQBUS and SEQBIO), the SYNCTé

input to the multiplexer is selected by pSEQO=1, BSYDL=1, and FLOACT-0.

The pSEQO bit =1 for all Bus operations. BSYDL =1 95ns after the CPU

takes control of the GP Bus. The Sequensor does a waiting loop on the T5

clock until the required reply is received via the 8-input Nand gate SYNCT6.
For Bus transfers that don't require memory exchange, the reply signal is provided
by the Microprogram Control and Té may directly follow T5. The reply signal
(listed in Table 2-12) must be one of the following:

a. TRMN (SYNMEMN) must be received during a CPU/Memory exchange
or during a CPU/E xternal-Register exchange. The TRMN response
signal (from Memory or External Register) on the Bus is received and
gated by the Bus Controller logic (Figure 2-8 TT) to the Sequensor as
input signal SYNMEMN ,

b. TPMN delayed 190ns (TPMDLN) is received from the CU during a
CU/Memory exchange under CPU control (programmed-channel
transfer). The 190ns delay of TPMN is produced by Bus Controlle:
logic for assuring data timing.

c. TIMEOUT generates Té to end the cycle if no response is received

to one of the Master-to-Slave signals TMRN, TMPN, TMEN within



6.48 psec. This may indicate that the addressed Memory, Programmed Table 2-12 Sequensor T6 Generation

Channel, or External Register is not present. o LE o
[a]
d. BIOEKEY gates T6 without extra T5 waiting loops during o control- g 9 3;
panel to CPU transfer. BIOEKEY is generated on the Bus Controller il il B
logic (Figure 2- 8 TT) by the microinstruction general-field bits $2 | S1 50| Cycle (text) | Synchronize T6 on :
GCRFNUN and GBOKFN, and gated into the Sequensor by GIDLEN, 0 0 x|lInternal CPU 75
rations
e. GFETCHN general-field bit gates Té without extra T5 waiting loops ope’®
L ) . . } . 0 1 0] internal, Floating DONEFN from FPP
during instruction (K) register loading from the L register, via the Point execution
Bus BIO lines. GFETCHN is gated by microinstruction control bit
i GP Bus transfers with Memory exchange
pTMRN to generate SYNIMN to the Té input gate. 1 0 1
f. DONEMN is received from the MMU during an MMU/Memory CPU/Memory (a) TRMN (SYNMEMN) from memory
exchange which is always under CPU control. : CPU/External (a) | TRMN (SYNMEMN) from memory
Regist
g. DONEFN isreceived from the FPP during an FPP/Memory exchange eoreer
. Programmed Channel TPMN from CU, delayed 190ns
which is always under CPU control. CU/Memory (b)
h. MFAULTN, delayed 120ns, from the MMU indicates a page fault Addressed Device TIMEOUT, generated 6.48usec
(PAFN) during o Move Table instruction. The MFAULTN signal sets Missing (c) after TMRN/TMPN /TMEN sent,
the PAF flip-flop in the control-store addressing logic (Figure 2- 8 CC). MMU/Memory (f) DONEMN from MMU *
: .
The PAFN signal is delayed 120ns at the Sequensor input (SYNCTé) FPP/Memory (9) DONEFN from FPP *
for control-store address timing. Page Fault (h) MFAULTN from MMU (PAFN), *
. delayed 120ns.
i. BOFFN from the general-field bits GCRFNUN and GBOFN (Bus
Controller logic) gates 76 without extra T5 waiting loops when FPP GP Bus transfers without Memory exchange
data is loaded, via the Bus BIO lines, into the CPU during a Fix Control Panel (d) 15, if GBOKFN/GCRFNUN
instruction. (BIOEKEY), ond GIDLEN
Fetch execution (e) T5, if GFETCHN and uTMRN,
2.116  POWER FAILURE, RESTART, RESETS Load from FPP ) T5, if GBOFN (BOFFN) ond
Fi ti GCRFNUN *
The power-on and power-off sequences are shown on Figure 2-7. The logic is (Fix execution)
shown on Figure 2-8 RR, Start/Resets. While power is off, the Reset Logic any (a-1) TIMEOUT, if required reply not
ived within 6.48
(RSLN) signal is held at ground (active low) through a relay on the power recetved wihn Heec ]

supply.

* Note - Signals (f, g, h,i) used with 857 only.
2.117  Power-On Sequence

When the power supply is switched on, or when the mains power is restored after
a failure, there is approximately an 850ms delay while the power supply

stabilizes (Section 5, Power Sequence Logic) before RSLN goes inactive (high).
/’""‘”x
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When RSLN goes high, the OSCN pulse immediately resets RSLF to remo.e the
logic reset condition. The inactive RSLAN/BN/CN signals to the Sequensor
enable clock-pulses T1, T3, T5, Té, AP, BP, and the clock begins running.

2.118  Avutomatic Restart
Automatic restart is performed by the CPU if the control-panel key is at LOCK
when the power comes on, therefore the key must be switched to LOCK when
switching on or following a power failure while the key is not at LOCK. If
the key is at LOCK when the +5 volts comes on to operate the flip-flops (and
before RSLN, RSLF drop), PFF is set at the beginning of the power-on
sequence (paragraph 2.93, PSW/GF, PFF). Beginning with the first AP, the
internal interrupt request PFF is sampled by the Interrupt Logic. A level-0
(highest priority) Interrupt Request (IR) is then generated ond the any-internal -
interrupt signal l[ECGSN is active to the ARF flip-flop. The Power Failure
(PWFN) signal from the power supply goes inactive (high) 0.5ms after RSLN
goes inactive.

¢ ;
2.119  With the key at LOCK, the IECGSN signal sets Automatic Restart
flip-flop ARF at the edge of the high-going PWFN signal. The ARFN output
sets the STARTF flip-flop directly, via the asynchronous S-input. The RUNF
flip-flop (2-8 PP) is set on the first Tl clock after STARTF is set. At the
first AP after RUNF sets, the first microinstruction of the Automatic Restart
routine (Figure 1-13) is read, and the CPU switches from Idle state to Run
state. The second microinstruction of the Automatic Restart routine resets
ARF with the GFENBN signal. The PFF flip-flop should be reset during the

aoutomatic restart subroutine by an RIT instruction.

2.120  Power-Off Sequence
The Power Failure (PWFN) signal is set by the power supply 10ms after

detection of a mains loss, caused by power failure or by the key switched OFF.

PWFN is sent via the GP Bus to the CPU ond to any other elements on the
Bus that must take action during power failure. The leading edge of PWF sets

the PFF (GF/interrupt) flip-flop. This level-0 internal interrupt is detected

by the Interrupt Logic at the first AP clock following the start of PWFN. The
resulting Interrupt Request (IR) can initiate an interrupt subroutine for a power

failure.

2.121 PWFN to the Bus Controller logic inhibits setting the OKVAL flip-
flop. The Bus Controller thus denies requests by any other Master for Bus access,
and the CPU has exclusive control of the Bus, The power failure subroutine
requested by IR and PFF should commence with the second AP clock following
PWFN. The subroutine should then reset PFF with an RIT instruction and reset
RUNF with an HLT instruction. This saving subroutine must not last more than
2ms, and must end with a HLT instruction. The HLT instruction selects
Microprogfom Control address /177 to place the CPU in the Idle state. The
Reset signal (RSLN) from the power supply is activated 3ms after PWFN.,

2.122 Resets

The CPU logic is reset at the end of the power-off sequence by the RSLN signal
from the power supply. RSLN is held active low while power is off. The first
OSCN pulse after RSLN is active sets the RSLF flip-flop. RSLF activates RSLAN,
RSLBN, RSLCN, and WSPRSLI, and resets the flip-flops STARTF, WSP, and
RUNF. The RSLF-derived signals set or reset the CPU registers and flip-flops

to their off states (Table 2-13) and hold them in that condition until the power-on
sequence. The RSLN signal also activates the Master Clear signals CLEARN

(to the Bus), MCL, and MCLN. Sequensor clock pulses are disabled by RSLF

so that the CPU clock is stopped, although the oscillator-generated signol OSC

runs continuously.

2.123 Master Clear

The Master Clear signal CPMCN can be generated by the control-panel MC
switch if the key is not at LOCK and if the CPU is not in Run mode. The CPMCN
signal (Figure 2-8RR) is OR'ed with the RSLF output to activate the signals
CLEARN, MCL, and MCLN. CLEARN is sent on the GP Bus as a reset/initialize
signal to all System elements. MCL is sent to the V24 CU on the CPU card.
MCLN is used by the CPU (Table 2-13) to set the priority level reg‘ister (PLR) to



Table 2-13

Resets and Clears

Logic-Resets, by RSLN/RSLF only

-

Logic | Sig.

Action

(PP) MCLN

ENBF — 1
CPINTF -0
RTCF —- 0

PIF - 0

FU -0
CPGFZON -1

CPGFZON

CPGF - 0
V24 resets

Logic | Sig. Action Logic | Sig. Action
(RR) RSLF RSLAN,BN,CN =1 || (JJ) RSLCN | Q-reg—~0
STARTF -0 -
WSPRSLI -0 (LL) RSLBN | DWIF =1
WSPRSLI WSP -~ 0
RSLAN ARFN -~ 0 (NN) | RSLBN | OVF =0
IPLF—=0 CRO,1 -0
(AA) | RSLBN K-reg =0 (PP) RSLF RUNF -~ 0
RSLAN KxxBUFN ~ 0 (5S) | RSLAN | BIECINH — 0
(BB) RSLBN RAQ-8 -0 IF00-07 - 0
(CC) | RSLAN FTDEL -0 (TT) RSLAN [ BUSF -~ 0
KRY =~ 0 DE—- 0
RSLBN PUPN -~ 0 FNU-—-0 (DD)
(OD) | RSLBN FSIG ~ 0 WS
FSIGDIV =~ 0
WRITFN -~ 0
(EE) RSLBN T1,73,75—~0 RSLBN | BIOELN —= 1
TC810 -~ 0 BSYCPU =~ 0
CHFN =1
RSLAN AP -0 FLOACT -0
BP =0 GBCPFN —~ 1
76 —~0 MADCPUN -1
RSLCN BPQ - 0 MADLCPUN -1
MUBUSRFN — 1
OKVAL—-0
TMFN — 1
TMMN —~ 1
TMMU -~ 0
TMRF - 0.
(PP) RSLF.PWF.LOCK set interrupt flip-flop PFF
Resets by Master Clear or RSLN/RSLF
(RR) CPMCN MCL -1
or
RSLAN
MCL CLEARN -1
MCLN — 1
V24 resets
(NN) | MCLN PLR — level 63
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level 63 and set the Enable Interrupt flip-flop ENBF. The GF flip-flops CPINTF,
RTCF, PIF, and RU are all reset, and the control panel interrupt flip-flop

CPGF is reset.




Table 2-14

CPU Signal LIST (A-C)

Signal Logic | Comment Signal Logic| Comment
OALUL,R,N GG BIOOOAN-15AN | KK
OALURA™ NN BIOOOR-15R KK

BIOEKEY TT

AOON -15N LL, MM| A-Bus BIOELN TT
AOOAN NN BIOL TT
ABN AA BIECO-5 SS  Jinput(ext.Int)
AC,N NN BUS(in) BIECOR-5R 55
ACAN V24 BIECINH, N SS
ACBN NN BP,N EE
ACHALTN V24 BPLN HH
ACINR, N V24 BPP EE
ACOTRN V24 BPQ, N EE
ACSOT,N V24 BPS KK
ACSST,N V24 BRC AA
ACSTARTN V24 BRGF,N V24
AECONSTN LL BSYCPU,N,AN |TT
AEIPLN LL BSYDL TT
AENBN LL BSYN,R TT  BUS(in/out)
AEPN Lt BSYZOI -IN 7
AEPSWN LL BUSF, N, AN T
AESYSN §LL : ||BUSFDEL,N TT
ALUO0 FF BUSFREN 17
ALUOON -15N GG BUSR, N TT  BUS (in)
ALUCO04,08,12,14 GG BUSRDEL 7
AEPUPN Tl BUSRPFIN TT
ALUCGOON, 04N,

08N,12N |GG COON -15N JJ
ALUCPOON, 04N~ CHA TT  BUS

08N,12N |GG CHFN 1T
ALUSO-3 |GG CHIPER,D V24
ALUSOA-3A GG CHPERZON V24
ALUSON 3N FF CLEARN RR  |BUS
AP,N,DN EE CLEFTZO JJ
AREDELA, N V24 CLFON V24
AREDELBN V24 CLG PP
ARERCA,CB V24 CLK AA
ARF,N, D RR CLMN GG
ARFZON RR CLPLR BB [CMD/G
ASRO-7 V24 CLTEOC V24

CLv24 V24
BOFFN 77 Cmd -~ FPP {JCOMVAL V24 .
BOKFN T CPBABS LL in from C.Panel
BOKIDLN EE CPBRG PP
BOMFN TT CPGFN PP
BIOOON-15N KK BUS(in/out| CPGFZON PP
o _

Table 2-14 CPU Signal LIST (C-G)

Signal Logic Comment Signal Logic| Comment
CPINT, A PP in ECHO,N V24
CPINTF,N PP ECHOZIN V24
CPINT4N PP ENBF, N PP
CPINZIN PP ENBFZIN pp
CPLR LL ETATEST cc
CPMCN RR in from C.Panel
CPRR LL FO-1,N V24
CRO-1 NN FOZIN V24
CRODN NN F1ZON V24
CRIDN NN FACINR, N V24
CROXK6 AA FE,N V24
CRIXK7 AA FECHO V24
CT0-4 MM FETATDN,EN SS
CT107,102 V24 | grounds FETATN 5SS
CT106,7,9 V24 FETCH BB
CT1082 V24 |infor DNOTOP|[FHALT,N V24
CT133 V24 linfor DREADYN||FHALTZON, ZIN| V24
CT103,N V24 | in FLAGDIV DD
CT104,N V24 FLAGN DD
CTODN MM FLOACT T
CT0ZIN MM FLOCRO-1 NN | in
CTICO MM FNU,N,D DD
CTBUFIN-4N MM FPPABS AA  linfrom FPP
CTEND MM FSIG,N DD
CVN AA FSIGDVD DD
CVKCR AA FTBOF EE

FTDEL,N BB, LL
D00-15 HH FTDERU PP
DOON-15N HH FTEOCN V24
DOODN FF FU PP |User mode
DE,N TT FUI5R2N DD
DEBSYN 7 FUZON-ZIN PP
DEZON 1T GAEXL, N BB |CMD/G
DEZ1BPN T GBOFN BB |CMD/G
DESIT2N T GBOKN BB |CMD/G
DIVFLAG FF GBOMN BB |[CMD/G
DNOTOP V24 |CT1082 input GBCHN BB [CMD/G
DONEF,N EE  |in from FPP GBCPFN 1T
DONEMN EE  |in from MMU |{GBCPN B3 -~ [CMD/G
DREADYN V24 [CT133 input GBEX,N BB |[CMD/G
DSO0-1 FF GBTMEN BB |[CMD/G
DSON-IN FF GBTMFN BB |[CMD/G
DWIF, ZON LL GBTMMN BB |CMD/G
DWIN - AA GBTMPN BB . |{CMD/G

GCRDSR, N BB,FFICMD/G
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Table 2-14

CPU Signal LIST (G-M)

Signal Logic | Comment Signal Logic Comment
GCRFNU, N BB,DD | CMD/G ||K00-15,N AA
GCRVMLN BB CMD/G ||K0008 AA
GCRVZO0, N BB,DD | CMD/G * ||K05-08BUFN AA
GCSELN BB CMD/G ||K0BQT5 FF
GCT MM K10R2EO AA
GCTLDN BB CMD/G  ||[K10R2N AA
GFENBN BB CMD/G ||K410N AA
GFETCH, N BB CMD/G  ||K415N AA
GFKYZON BB CMD/G  ||K567 AA
GFLOT,N BB CMD/G ||KFLO AA
GFPLRN BB CMD/G ||KRY,N,DN cc
' to CLPR  [|[KRYZON-ZIN |CC
GFRZO, N BB CMD/G
GFSTOY,N BB CMD/G  |[|L00-15 HH
GFSYSN BB CMD/G ||[LOADMN CC,LL in from C.
GIDLEN BB CMD/G Panel
CMOVEN BB CMD/G  |ILOADRN CC,LL in from C.
CMULTI, N BB,FF | CMD/G Panel
GOSH DD LSEL FF
GOTOECH V24
GOTOWST V24 MOON -15N GG
MAD00-15,
IEC0-2,N Ss 64,128 KK
[ECE 55 MADCPB T
IECGSN 55 MADCPUN T
IFOON-07N S5 MADLCPUN 7
INT V24 MADLDN 1T
INRECH V24 MADLS T
INSTN -- not used |IMADMMU,N,A | TT
(C.Pan) MADMUN TT
INTADO-5 5S [nterrupt || MADS T
T address MCL, N RR
INTEPL 5S MFAULTN CC linfromMMU
INTGPL SS MMUABS 1T infrom MMU
INTLPL 5S MOVE cc
INTSERN V24 MOVIRN cc
INTVAL V24 MSN T [BUS (in)
IPL, N RR in from MSR 18]
C. Panel pA0-4 BB CMD
IPLDEL RR pAON-4N LL
IPLF, N RR pATN RR
R, N sS pADLO-4 BB |CMD
ISOON -07N 5S in (Intern. [|uBIOL, N BB, TT|CMD
B Ent's) pBUSR, N BB,TT
uBUSRFN T |CMD
pCo-1 BB |CMD

Table 2-14  CPU Signal LIST (M-R)
Signal Logic Comment Signal Logic| Comment

pCON JJ OSC,N EE
pCRO-2 BB | CMD 0SC90,N EE
uCT BB | CMD OSCFLO EE
pGPO-4 BB | CMDtoCMD/G|OTINECH V24
pGPIN BB [ CMD to CMD/G||OTRECHN V24
pMLOAD BB | CMD ouTt V24 {In/Out FF
pMSEL BB | CMD OVDIVA,B NN
pNAON-8N BB | CMD OVF,N,D NN
WNA7 AA OVFMU, N NN
MUNA7FUN AA OVSHA, B NN
pPO-1 BB | CMD e
uPON LL P00O-14 LL
pQO-1 BB | CMD PAFDELN EE
pso-1T BB | CMD PAFN, ZON cc
pSON KK PARNB V24
uSEQO-1 BB | CMD PCO03,07,11 LL
HSEQTN BB | CMD PE,PEB | v24
pSNAO-1,N BB | CMD PFF, N PP
uTMRN BB | CMD PFFZON, ZIN | PP
pWRITE BB | CMD PIF,N— — | pp
MVREADN ccC PIFZIN PP
MVRML cc {PLOADN LL

PLAO-1, ON AA
NACND AA PLAVALI AA
NACNDAD AA PLAVALN AA
NADRT cc PLRO-5 NN
NADRTMV ccC PMT LL
NAETAN BB | CMD uSNAO.1 |[POVFN FF
NAETAT cc POWON PP
NAEXPL cc PREQN PP | in from C.P.
NAFLAGN cc PREQTI PP
NAFLG cc PUPN,D ccC
NAFLGX ccC PWF, N TT | in from P.
NAPLINH ccC Supply
NOFLON AA PWFAN PP
NOJUMPN AA
NOVF FF Q00 JJ
NXTCH, N V24 QOON-16N JJ
NXTCHO V24 QT5DN JJ
ODEVPAR V24 R1EO, N AA
OKO TT | BUS RIEIS AA
OKVAL T R2EOQ, N AA
OR, ORB V24 R2E15 AA
OROPE V24 R110, N V24
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Table 2-14

CPU Signal LIST (R-T)

CPU Signal LIST (T-W)

Signal Logic | Comment Signal Logic Comment
R600,1200 V24 SCEIN SS |BUS
R2400, 4800 V24 SCEIT SS
R9600 V24 SEQINH V24
RAO-8 BB SLOADN KK
RADO-8 AA,CC| Control SPAO-3 MM

Addr-Bus  [[SPYC,A TT  |BUS
RADET6N-T8N cC SPYCOKN 1T
RADETPLN cC SPYCADEL TT
RADL3 -4 FF SSST V24
RALUATN -2N FF STAFCL,A RR
RATESEL V24 STAFZON RR
RCPON-3N LL in from START,N RR in from
- C.Panel C. Panel
RD08-15 V24 STARTF RR
RDA, N, 1 V24 STOPNB V24
RDADEL, N V24 STOV GG
RDARC V24 SYNCTé EE
RDARN V24 SYNIMN EE
READMN CC,LLY| in from SYNMEMN 7
C.Panel
READRN CC,LL| infrom , [IT1-10 EE
C.Panel 71,3,5,6,8N EE
READSTN CC,LLY| in from 12,50 EE
C.Panel T2DREPN EE
REPENDI EE T4T5N EE
RFBN AA T6DN,DEN EE
ROMCRI1 -8 NN TC810,N EE
ROMCREN" NN TDSN V24
ROMENB BB TEOC V24
RSLAN,BN,CN RR TESTN CC [in from
RSL,N RR BUS (in C.Panel
from P.S.) [[TIMEOUT,N TT
RSLF RR TMEF TT
RTCF,AN PP TMEN TT  |BUS (in/out)
RTCFZIN PP in from TMER, N T
P. Sup. TMF, N TT
RUNF,N, A PP TMMOFN TT
RUNFZON,ZIN  |PP TMMCY TT
RUNN PP in from TMMN TT
C.Panel TMMU, D TT
RUNT3 RR TMPF 17
TMPN TT  |BUS (in/out)
500-03 KK TMPR, N T
SOON-15N KK TMR, N TT | BUS (in/out)
SCO03,07,11N KK TMRF,D TT

Table 2-14

Signal Logic Comment
TMRR,N 17
TOUTZON TT
TPMDLN TT
TPMN TT BUS (in/out)
TPMR TT
TPMRDEL TT
TRMN 1T BUS (in/out)
TRMR TT
TROHLTN V24
TROUBLEN V24
TYAC V24
TYADO-5 V24 |address code
T YARE,N V24
UNLOCK,N PP in from

C. Panel

VALKO8N V24
VALNAO ccC
WRITE 17 BUS
WRITEFN TT
WSP, N RR
WSPRSLI RR

REV 1
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truction Address Code
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