
SECTION II 

CPU LOGIC 

2. I GENERAL 

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

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

ot 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. lOBus Cantrall er 

2.24 Mi croprogram Control 

2.48 Instruction Word Logic 

2.2 Signal Mnemonics 

2.97 Interrupt Logi c 

2. 104 Sequensor 

2.116 Power-Fail/Restart/Resets 

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

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

• F indicates a flip-flop output. 

• N suffix indicates an active-low signal (OV=I,5V=O). 

• Y indicates the copying of information. 

• ZO, ZI is used after a flip-flop mnemonic to indicate (respectively) 

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

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

2.3 Logic Conventions 

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

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

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

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

by the equation sign: fl BITO, 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 h 

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

Signals in True logic state Signals in False logic state 

NAME, NAMEN NAME, NAMEN 

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

flBIT2=1, flBIT2N = I flBIT2 = 0, flBIT2N = 0 

2.4 GP BUS 

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

B'USRN 

SPYC 
Control OKO/OKI 

MSN 
BSYN 

TMRN 
TMPN 

Timing TMEN 
TRMN 
TPMN 

Data B1000-15N 

Address MADOO-15,64,128 

ACN 
BIECO-5 
CHA 

Misc 
CLEARN 
PWFN 
RSLN 
SCEIN 
WRITE 

2.5 

2.6 

2.7 

• 

• 

• 

Control lines 

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

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

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

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

bus. SPYC is active low. 

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

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

BlOOD-IS handle both input and output data between all system 

elements on the GP Bus. 
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2.8 

• 

2.9 

• 

• 

• 

• 

Address Lines 

MADI28,64,00-15 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: 1128,64,00-14 

Address from master to/ 
memory 

Master--CU (TMPN time) 

MAD: 128,64,00-02 

last exchange 

1 15 

/ o = left character 
I = right character 

= to master 
o = data transfer 
1 = command or status 

transfer 

Master--External Register (TMEN time) 

MAD: 128,64,00-03 I 04 105- 07 1 08 15 

I 
o = read register address 
1 = write 

Note: Shaded parts not sent on Bus. 

Miscellaneous Lines 

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

from the master. 

SCEIN - Scan External Interrupts from the CPU: A 2flsec signal sent at the 

end of every instruction, if the previous SCEIN is finished. After each 

SCEIN, the CPU compares the BIECO-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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• 

• 

• 
• 

2.10 

character (CHA=I) or by word (CHA=O). 

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

for initialisation. 

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

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

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

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

or read (line inactive). 

BUS CONTROLLER 

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

the GP Bus. When the Bus is free, the Controller scans the masters for 0 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, gt'nerates 

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 nat generate OK O. 

2.12 The highest-priority master (first master in the series) with a Bus 

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

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

generate BUSRN. Active MSN blocks further generation of BUSRN by any 

master. 

2.13 The Bus may be busy with an exchange (BSYN) while a new master 

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

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

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

sequen ce. 
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2.14 CPU Bus Control 

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

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

.MSN .BSYN. TRMN. TPMN. Any of these signals will inhibit BSYZI Nand 

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

control when fJSEQO, I = Ix (Sequensor cycles SEQBUS (10] or SEQBIO (] I]). 

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

by 0 Bus micracycle (n), the Bus access is started early,at BP of the preceeding 

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

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

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

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

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

cycle: T2 and fJSEQO set the DE flip-flop if the early-start signal MUBUR5RFN 

is inactive. 

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

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

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

and fJSEQO = I select the Sequensor operating cycles for Bus transfers 

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

2 -6 

• BYSN activated onto the Bus. 

• 

• 

• 

• 

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

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

control stare at BP of the preceeding cycle (n-I). 

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

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

at BP of the preceeding cycle. 

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

lines onto the Bus. 

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

the Bus. 

Table 2-1 Bus Timing Signals 

Operation Mi croinst 
Stored 

GP Bus Signal 
at BP Reply 

CPU Exchange Ext. Reg/CU/Memary 

External Register GBTMEN TMEF TMEN HMN 
--------

CU GBTMPN TMPF TMPN TPMt-.J 

Memory 
fJTMRN TMf~F TMRI'-l 

TRMN 
GBCP + (FU . GBEx) I MMUABS 

-
fJTMRN TMMU TRMN 

Mem. via MMU TMRN from MMU or 
translation 

GBCP. (FU + GBEX) .IvIMUABS MFAUL TN 

MMU Operations 

Table Load GBTMFN TMMN DONEMN 

Table Store GBOMN 
.GCRFNUN BOMFN DONEMN 

Load P' GFETCH 

FPP Operations 

Load K' GFETCH 
, 

Stare Operand GBOFN. 
GCRFNUN BOFFN 

Load Operand GBTMMN TMFN DONEFN 

Process GFLOT FLOACT DONEFN 

2.17 Bus Addressing (MAD Lines) 

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

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

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

condi t i on i ng I ogi c for setting MAD LCPU N and MAD CPU N produces the Boolean 

equati ons: 

for MADLS: (GBCP+CPBABS). (GBCP+(GBEX .FU-)+MMUABS) within page , 
P857 only 

for MADS : (GBCP+CPBABS) page address 

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



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

If GBCP (PB56): the CPU validates MADI2B,64,00-15 with MADlS 

and MADS. 

• If GBCP (PB57): the CPU validates MADI2B,64,00-03 with MADS; 

the MMU validates the MAD04-15 lines if GBEX or FU, and the MMU 

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

if GBEX and FU. 

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

memory addressing: 

BSYCPU. GBe? GBEX. FU 

BSYCPU. GBCP. CPBABS 

BS YCPU. GBCP. CPBABS 

MAD 

BSYCPU. GBCP. (GBEX+FU). MMUABS 

BSYCPU. G BCP. (GBEX+F U). MMUABS 

. . 

12B,64,00-031 04 

CPU 

CONTROL PANEL 

CPU 

CPU 1 MMU 

CPU 

15 

1 PB57 
only 

2.IB F or memory addressing under CPU control, the S register provides the 

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

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

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

2 19 Bus Data (BIO lines) 

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

from the Bus Controller. BIOl is generated by microinstruction bit fl BIOl , 

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

2.20 Bus Timing Signals 

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

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

generated by the Bus Controller during the Sequensor Bus cycle (SEOBUS or 5EOBI0). 

For MMU or FPP operation (PBS7), 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 SEOBUS (flSEOO,l) operations, 

BSYCPU is reset by the T6 and fl SE~ I = O. 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 SEOBIO 

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

CIO timing requirements. In this case, fl5EOI = I and BSYCPU is not reset. 

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

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

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

f1SEOI = 0 so that BSYCPU is reset at T6 of that cycle. 

2.22 Timeout 

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

register to 3 (CR = 11 2) if the addressed slave doesn't respond within 6. 4Busec. 

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

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

The counter initially (following RSLBN -- 0) counts from 0 to IS; each TCBIO 

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

continuously from 7 through IS. The resultant TCBIO pulse (BIOns period) drives 

the Timeout counter (Figure 2-BTT). 

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 ol1d the counter begins counting the TCSI 0 input pulses. During 

the bus cycle, one of the TM .•. tim;ng s:gl1,ols will also be act:vated. When the 

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

TM .•. and sigl10l BSYCPUN are deactivated, and the Timeout counter is again 

reset. If there is no response by the time eight TCSIO pulses have been counted 
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(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 T6 to end the bus cycle, and sets CR bit O. 

2.24 MICROPROG RAM CONTROL 

Each CPU instruction or operating sequence (paragraph 1.67) is controlled by 

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

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

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

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

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

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

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

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

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

decoded to produce 28 general field command bits for further microinstruction 

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

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

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

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

and identified by being enclosed in boxes. 
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Next 
Word 
Control 

Data 
Path 
Control 

Table 2-2 Microinstruction Commond Bits 

Field Bit CPU section controlled by the command field 

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

fJNA 0-8N 2-10 Next Address, Explicit 

fJA 0-4 11 -15 A-Bus Selector 

fJADlO-4 16-20 AlU,D,l Command De coder 

fJC 0-1 21-22 C Multiplexer 

fJMlOAD,MSEl 23-24 M Register 

fJO 0-1 25-26 o Register 

fJS 0-1 27-28 S Register 

fJ P 0-1 29-30 P Register 

fJ CT 31 CT Counter: loops, shifts 

fJSEQ 0-1 35-36 Sequensor (C PU clock). Bus Controller 

fJT MRN, BI Ol, 32-34 
Bus Controller 

WRITE, BUSR 37 

fJC R 0-2 43-45 Condition Register 

{not used} 46-47 

fJGP 0-4 38-42 GENERAL FIELD SELECTION 



2.26 Microinstruction Addressing 

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

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

bits IlSNAO and IlSNAI from the current microinstruction word, as follows: 

Il SNA 
Mode Function 0 I 

0 0 Explicit Explicit address is IlNAO-8. 

0 I Flag Flag from execution-pointer tests (selected by IlNA6-8) 
sets RAD8; fJNAO-7 to RADO-7. 

I 0 Instruction Instruction word (K-reg, decoder) provides address RADI-
Ward (PlA) 8; IlNA7 modifies the decoder for fetch or execution. 

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

x x Move Tobie/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 a set of open-cr,lectar gates onto the control­

store address bus (F,igures 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 IlNAO-8 field. 

pSNAO, I 

o 0 

RAD 0 8 

The explicit-address gates (Figure 2-8CC) invert the IlNAON-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 gates are blocked selectively by next-address 

modes which use some of the Il NA bits. 

2.28 ~.9~ The next address is explicit in the current microinstruction 

fJ NAO-7 field, with the least significant bit being selected by the Flag test. 

Anyone of eight different execution-pointer tests can be performed during 

Flag mode, as selected by the bits fJNA6-8. 

pSNAO, I 

o I 

IlNA6,7,8N 

000 

o 0 I 

0 I 0 

0 I I 

I o 0 

! 0 ! 

I I 0 

I I I 

RAD 0 7 8 
~--fJ-N-A-0--7---'-I--'1 

.-J 

r 

Flag Use 

QOON Display, C.Panel, IPl, Trap, End af Tl-TS (P85?), 
Execute, DIV correction. 

IRN Move Jump. 

PMI End of Ml, MS, Move 

K08 Shifts, Move 

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

NORM End of normalized shifts. 

DIV Remainder correction. 

FUI5R2 Privileged test; Trap for SlN, SRN; Move. 

The Flag mode uses explicit-address gates 0 to 7 (Figure 2-BCC) 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 74151A eight-input multiplexer (Figure 2-8DD) which is 

controlled by IlNA6N,7N,8N. The eight tests selected for the FlAGN bit 

are described in the following paragraphs. 

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

and instruction. 

2.30 Flag IRN is the interrupt request. During a page fault or an interruption 

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

subroutine. 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 PMI is used to detect the last word transfer during a Multiple 

load or Store (Ml,MS) or Move instruction. PM! 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 on auxiliary counter, PMI is set by the first decrementing 

clock after PO-14 has counted down to zero. 

2.32 Flog KOS is token directly from the instruction word to differentiate 

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

Shifts; KOS-O '= SLA, SLL, SRA, DLA, DRA 
KOS-I '= SLN, SLC, SRN, DLN, DRN 

Move: KOS-O '= MVF, MVB 
KOS-I '" MVSU, MVUS 

2.33 Flog 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 Flog NORM defines the end of a shift normalize execution. The end­

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

The inputs to the multiplexer chip are held at I or 0 (+5v or Ov) so that the 

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

QIS+(LOO(t) LOI)+P09 = GOSH = NORM 

• 

• 

Shift Right Normalize ends when QIS sets. The active QISN selects 

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

is used os on auxiliary counter to count 32 shifts (the program address 

is saved). If P09 sets before Q15, it means the constant to shift is 

equal to zero and GOSH goes low. LO(£)L1 never sets. 

Shift Left Normalize ends when LOO(£)LOI is true. Since Q ISN is 

not used (held high), LOO,OI select 741SIA 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. 

• Shift without normalizing. The number of shifts to be executed is 

contained in Kl 1 - K1S. This number is loaded in complement into 

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

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

when the microinstruction is finished. 
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2.35 Flog DIV enables the remainder correction according to test DIVA 

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

opposite to the dividend sign. Test DIVB ( ... Q 1 N) is true if both the remainder 

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

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

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

• DIVA: flQI FSIGDIV FSIG (input 14) 

FSIGDIV FNU (input 16, III 

• DIVB: ... QI FSIGDIV FSIG FNUN (input I J) 

2.36 Flog FUI5R2 tests for System-Mode reserved instructions which can 

modify the stock pointer contents. When the stock pointer is indicated (R2E 15) 

and User Mode is set (FU), the active FUI 5R2N signal is inverted to a high 

FLAGN, and the bit RADS = 0 to couse a trap. 

2.37 I nstruction Word. The next address is decoded directly from the 

instruction word. 

pSNAO,1 

1 0 

8 RAD 0 

rl-O-,I-K----r-e-g-d-e--c-o-d-in-g--------, 

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, PLAI : 

PLAO,I Sub-Mode Purpose 

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

1 0 Add Master Fetch operand for types Tl-T7; execute for type TS; 
Trap if illegal. 

1 1 Add User Fetch operand for types TJ-T7; execute for type TS; 
Trap if privileged. 

0 1 Execution Used for first microinstruction word after the fetch-

operand rauti ne. 

The PLA selection logic is shown on Figure 2-SAA. The sub-mode inhibit 

is set by the inactive validate signal (PLAVALN high). PLAVAlN is held high 



by fJSNAO '" 0 (Explicit mode or Flag mode) or an active PAFN. PLAVALN is 

activated by fJSNAO = I (Instruction-Word or Machine-State modes). The 

conditioning for PLA is as follows: 

pSNA "'-
PLAVALN 

<{ PLA 
Sub-Mode 

0,1 ::>Z 0, I 
LL :1. 

o 0, 
h o 0 Inhibit o I 

Explicit I 0 o 0 1 0 Add Master 
Implicit 

I 1 J L I 0 1 1 Add User 
.RADETPLN - 1 o 1 Execution 

Microprogram bit fJNA7 selects a fetch sub-mode (Add Moster or User) or the 

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

mode (FU '" I) or Master mode (FU '" 0). For all three of the active sub-modes, 

the instruction-word addressing may be explicit (fJSNAI '" 0) or implicit 

(fJSNAI '" I). The explicit addressing is used for instruction execution ond 

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

pointer control of 'he 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 lagic 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 

RAD 1-4 are enabled; also, either N OFLON or N OJUMPN generates NACND 

which activates the four gates to force RADI 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 rpp, inactive NOJUMPN blocks 

NACNDi\D; RAD7 is forced high and address /007 is selected. Bit 8 is PLA selected. 

No Jump RAD 0 1 2 3 

1010 0 0 

No FFP RAD 0 I 2 3 

1 0 1 0 0 0 

4 5 6 

01 0 0 

4 5 6 

01 0 0 

7 8 

fEE 1 0 
7 8 
1 1 

/001 
/002 

/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 flaw). 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 

I 0 I L t 
PLA Decoder / 

0.terrupt RUNF .IR. PUP. RAD 0 I 2 3 4 5 6 7 8 

(RUNF. PUP KRY 0 0 0 0 1 0 I 0 1 (/015) 
--

=RADET6) KRY 0 0 0 0 I 0 1 0 0 (/014) 

C. Panel RUNF.PUP RAD 0 I 2 3 4 5 6 7 8 

I 0 I 0 0 0 1 I 0 0 0 0 I (/010) 

Pr0!i!rom End RUNF.iR.PUP. RAD 0 I 2 3 4 5 6 7 8 

(RUNF .fJNA8 KRY 0 0 0 0 0 0 1 0 I (/005) 

=RADET6) KRY 0 0 0 0 0 0 1 0 0 (/004) 

In all cases, the control-panel TEST key will set RAD bit a 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 t~e 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. 



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 I 2 3 4 5 6 7 8 

Interrupt. 
MVB read IF8 I I I I I I 0 0 0 

MVB write IF9 I I I I I I 0 0 I 

MVF read I FA I I I I I I 0 I 0 

MVF write IFB I I I I I I 0 I I 

Page Fault IFF I I 1 1 I I 1 I 1 

The move table/fault logic is shown on Figure 2-8CC. Either the page fault 

(PAFN) or the interrupt during Move Table (MOVEIRN) cause the signal NARDT. 

NARDT blocks all the control-store addressing gates on the machine-state-pointer, 

explicit-address, and test-flog logic, which puts the address bits high. The 

move table/fault logic then forces bits RAD6-8 low according to its control 

inputs to obtain the address code shown in the above table. 

2.42 RA -- Microinstruction Address Register 

The 9-bit RA register holds the address of a single 48-bit microinstruction word. 

This is actually a 1 O-bit buffer register comprising one 6-bit 74s174 and one 4-

bit 74s175. The tenth bit position, however, is used to store the command-bit­

derived signal FETCH, which is re-generated as FTDEl. 

2.43 The 9-bit address code 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 
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IC contains 512 eight-bit wards which are accessed by nine addressing inputs. 

Addressing from the RA register is applied in parallel to the six IC, to obtain 

512A8-bit words of store. 

2.45 The enabling inputs of the tontrol 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 (11 ... ) are the actual bit contents of the 

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

bits (IlGPO-4) are decoded to produce a further 28 command bits (G •.. ). 

2.47 The general-field command bits (Figure 2-8BB) are decoded by four 

type 74s138 ICs. The signals IlGP4,3,2 ar,e connected in para~lel to the A, B, 

C inputs. The gating inputs G I, G2A, G2B are connected as follows: 

Bits: 1-7 9-15 16-23 24-29 

GI +5V Il GPI Il GPO Il GPO 

G2A/ Il GPO Il GPO OV Il GPI 

G2B/ Il GPI BPN Il GPI OV 

The three gate inputs must all be active (G I-high; G2A, B-Iow) to enable the 

three A, B, C inputs. The resultant output for the different input combinations 

ore 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 os parameters for 

next-cyc Ie exchange. 



loole 2-30 General Field Command Bit Codes 

""0 
"'0.. ""00.. 

fl GP Command -'lro ~ro Function Application u a c 01234 Bit 0>-
-.0 ':;:;0 
U 

00000 ---
00001 GIDLEN -- -- Resynchro. Sequensor Display, Tests. 
00010 GCTLON -- -- 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 OVFi Branch ML, Divide correction, 

for Ml. Shift LA. 
00110 GCSELN -- -- ASR or INTAD on sel.C; DLL, DLC, INR, 

data Q 15 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 RUN F Control-panel operations 
01110 GFKYZON Ys -- Reset K Ready INT, PAF, AR, LR, RR 
01111 GCRVZON Ys -- Reset OVF; Divided 

Sign Store Shift LA, DIV. 

10000 GBCHN -- Ys Character Mode Character instructions. 
10001 GBCPN -- Ys C.Panel-B memory 

address LM,RM. 
10010 GBEXN -- -- MMU translation to 

System Mode EL, ES, MVUS, MVSU. 
10011 GBOKN -- Ys (keys) on BIO IPL, C.Panel, Tests. 
10100 GBOFN -- Ys (FPP) on Bl0 FPP store, FIX. 
10101 GBOMN -- Ys (MMU) on BIO TS, PAF. 
10110 GBTMEN -- Ys Ext. Register Cmnd. RER, WER. 
10111 GBTMPN -- Ys Prog. Channel Cmnd. I/O instructions. 
11000 GBTMMN -- Ys MMU command TL 
11001 GBTMFN -- Ys FPP command FL, FO, FOS. 
11010 GHOTN -- 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 Lost cycle of Multi. 

11110 ---
11111 ---

Ys = Yes 
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• qfGI~T"E M 
• HyC EtlU ? 
MVQ EOU ;) 

• 
• RfGIIIT'If G 
* ~II!O !I'W 2 
~LO EOU I 
!':lYC EQU :\ 

• 
• COMPHUR II 
to 

l\VD EOU 1 
'M2 EQU :\ 
~P2 EOU 2 
• 
• COMPTEIJII! P 
• 
"YO fQU I 
"1012 EIW 2 
""2 fQU 3 
• 
.COMPTfUR CT 
• 
CTPI EOU 

EJECT 
• 
• ECHANGE SUIl Lf BU~ 

• 
IlMEM fQU !II 
WH!!M fOU 3 
RBUS fOU .. 
WellS fOU 7 
WEXM EQU I 
• 
• Sfl'lUENSfllR 
• 
IlfPEAT fOU t 
SI!:I'lBlJ8 fou 2 
~!OBJO fou 3 
• 
• nE~ANDf OE BUS ANTteT'!! 
• 
AUIIR EI)U 

EJECT 
• 
• n!COOAGES OIvERS 
• 
(HOLf EOU 
r.CTLO fQU 
r.CRO!!R (I'lU 
IlCRfNU fDU 

I 
2 
3 .. 

TMII! 
TMII BIO-L 
PAS or TtoiR 
NI1I TMR B 10.L. WRITE-t 
F.XTRN WRTT~ MEMORy 

LONG CYCLE I" TEST 
ClYSPA p.no 

Table 2-3b 

OV'11 !II !RR!UR OIvI, [NTREE GAUCHE OE 0 
"NU V I"lALU 

( 

contd. 

GCRVML EQU !S CRl3 51 OV~' OERDUTEMENT ML 
r.CSfL fQU e C.l5R au INTAO.Qt,O.'LU00,Kee 
BMOV! EOU 7 DEROUT!M!NT !N MOVE TABLf 
a,s¥! EQU 0 flll8FZO A"'IO fUIO 
G~!NR EOU 1I!l EN8~ZI 
G,STnv fau 11 PIFll !II STKOV 
GP'''LR EOU 12 PLR V C, 'U v Cl!S 
G,"ZPI fOU 13 RUNne 
GP'KVl" EOU U KRYZI'I 
GCIlVZe ECIU 15 OVP'ZPI , MEMO SIGNE PU DIVIDEND! 
lleCH fau Ie MOO! C.UCTER! 
GBCP fOU 11 MAO.REG 0 lORESSE pUIIITRE B 
GRE)( EOU 18 IIASSER pAA MMU MEME EN MODE SYSTEME 
G80k EOU to 11110 • KEV 
un!" EQU 2m 11110 • FL.OTUNT 
GeOH EOU 21 IHO • MHU 
G8TM£ EOU U TME 
GnMP ECIU ?3 TMI' 
G8THM II!:OU 2' TMM 
CSTH" EOu 28 TM' 
GnOT fDU 211 ACTIVATION OU ""OCESSEUA 'LOTTANT 
GA!)(L EGU 27 A. SOUS EXf)(UTII!: DOUBLE MnT 
"p'neH (OU 28 eTlte, KVBIO 
!lMUL TI EOU 20 INHIBITS OSHR AT leTH PASS,ALLOW8 OVIF MUL 
• 
• REGISTR! Of CONOITTON 
• CRRTN fOU .. 
CRIO EOU 8 
CR~L.O feu 12 
e~LOG fOU te 
CRAOO fQU 2QI 

eRSUIII Eeu u 
C~CM" fClU 211 

EJECT 
"UI'F!R DATA '" 

RFV 1 ') 11 r 





\P>AD ,0 

J 
I , 1.. , "3 , " .s G ) 

, . 
'0' 0 

1 r 1 
0 '1"E~T.1' SNAo /' sNA \ 

R tANF -----------------' 
'l..R.,/. PUP N. :c Itt.). R uNF 

RUtJPN_!'" tJAa.N + purN. rWNF 
R\JNF. itU". PUPN -----------------' 
~Al>6. ~Ry 

( 

8 I-'GP 
01234 

00000 
00001 
00010 
00011 

00100 
00101 

00110 

00111 
01000 

01001 

01010 
01011 

01100 

01101 
01110 
0111 I 

10000 
10001 

10010 

10011 
10100 
10101 
10110 
10111 
11000 
11001 
11010 

11 011 

11100 
11101 

1111 0 
11111 

Table 2-3 General Field Command Bit Codes 

a 
QJo.. "0.. Command ~co QJ", 

Function Application 
Bit 0>- (; c 

-.0 ':;:;0 
U 

---
GIDLEN -- -- Resynchro. Sequensor Display, Tests. 
GCTLDN -- -- Load Counter Shift, DAR, DSR. 
GCRDSRN -- -- Set OVF if Divide 

Error and 0000 Shift right, Test Divide. 
GCRFNUN -- -- Store OALU in FNU IPL, PUP, Arith. Oper. 
GCRVMLN -- -- Set CR if OVF; Branch ML, Divide correction, 

for ML. Shift LA. 
GCSELN -- -- ASR or INTAD on sel.C; DLL, DLC, INR, 

data Q 15 Interrupt. 
GMOVEN -- -- Branch during Move Move read/write cycles. 
---
GFSYSN Ys -- Reset ENBF, ARF, PAF, System operations: INT, 

FU. IPL, PAF, etc. 
GFENBN Ys -- Set ENBF RTN with R2=lS. 
GFSTOV Ys -- Allows set PIF if Stock 

OVF. Update AIS. 
GFPLR/ 

CLPlR Ys -- Loads PLR, FU by C INT, AR, RTN Moster 
GFRZO Ys -- Reset RUNF Control-panel operations 
GFKYZON Ys -- Reset K Ready INT, PAF, AR, lR, RR 
GCRVZON Ys -- Reset OVF; Divided 

Sign Store Shift LA, DIV. 

GBCHN -- Ys Character Mode Character instructions. 
GBCPN -- Ys C. Pone I-B memory 

address LM,RM. 
GBEXN -- -- MMU translation to 

System Mode EL, ES, MVUS, MVSU. 
GBOKN -- Ys (keys) on BIO IPL, C. Panel, Tests. 
GBOFN -- Ys (FPP) on BIO FPP store, FIX. 
GBOMN -- Ys (MMU) on BIO I TS, PM. 
GBTMEN -- Ys Ext. Register Cmnd. RER, WER. 
GBTMPN -- Ys Prog. Channel Cmnd. I/O instructions. 
GBTMMN -- Ys MMU command TL 
GBTMFN -- Ys FPP command FL, FO, FOS. 
GFLOTN -- Ys FPP activation Wait for FPP execution. 

GAEXLN -- -- Execute double word Trap for EX,MV, 15R2, 
OPC=15. 

GFETCHN -- -- Load K; set CT to 16 Fetch, EX, LR, RR, Tests. 
GMULTIN -- -- o selection; OVF set 

for Multi Lost cycle of Multi. 

---
---

Ys ~ Yes 
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.lDD. 

000 Ron 
001 flA 
002 Ron 
003 Ron 
iJ04 RO~ 

005 ROM 
006 Ron 
007 ROM 
OD! f TA 
009 RvM 
OOA ROM 
OOB ROM 
DOC ROM 
ODD ROM 
00£ ROM 

-s¥o-*~ on ROM 
012 ROM 
013 ROM 
014 
015 
0],6 
017 
01& 
0:"9 
01A 
018 
01C 
010 
OlE 
01.f 

g~~ 
022 
023 
024 
025 
026 
027 
02& 
029 
02A 
028 
02C 
020 
02£ 
D2f 
030 
031 
032 
033 
034 
U3s 
036 
03, 
03& 
839 
D3A 

Ron 
ROM 
flA 
Ron 
ROM 
"eM 
ROM 
ROM 
ROM 
ROM 
ROn 
ROM 
fTA 
ROM 
ROn 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
ROM 
FlA 
ROM 
ReM 
ROM 
ROM 
ROM 
ROM 
f:;; 
ROM 
ROM 
ROM 

0]8 POM 
Q'J( ;;::;M 
OJD ROM 
03E ROM 
03f ROM 
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Ie 2-4A Contr61- ROM Microinstruction Listl, " P857 

ADD. ADD . 

• /1E!.AR]'S.ALUB.CALU.MYC.GYC •••• ~BUS .••• O IOU 040 fTA A~Rl.AAHOB.CRLOG AN 060 ROM ./UU8 .• ALU8 •... SYD •••...• O CIO OIR 

.. 0 R a NO JUMiNCR P 041 RO~ fLAG./l':6.APSW.AuNIHLlALU.MYC. ...... BHSR .. O HLT.RIT,H4H,P.TP.15 DIH ROM ,/100 .. ",,,,,,,,,0 '010 TRAP flJMP) 

./],E9 .... .. SP2.PP2 .... BUS.. 042 ROM ./0fO .. • ceIO.MYC ... PPZ ... ScGBUS ... O RTs 08~ ROM .118~.AWA~.DBIO ...... ,RBUS.SlOBIO ... O ffX LD A2 

it~t~~~~:~~Y~~~:O~~~~LU~:~YC:::: :7~~~L.0 ~~s~LgIs~~~; 043 ROM ./Of5 •. • CBIO.MYC ... fPC ... SEGBUS ••. O RTSS De] RC" 5t1PLO,/LOOARH2.HLV;'.C;'LU.MYC.U!C .....•• 0 P'l 
DECR BEfORE VISU 044 ROM ./101.ARR1.AANDB ....... ~MlM .. BUSR .. CRL06 AN 5 084 ROM ./18B.AWR1.IWOA ...... Cln .. RlPlAT. .. 0 Sll 

./t~~·AEP·A~8~·~~~U·MYC6fRYlO.0 0 VISUA 045 ROM ./10], •. lERO ..••••• WMlM .• BUSR •• O CM 085 ROM ./18B.flWRL.ASIIL ..• 'LU ... LlPl .. RlI'lAI .. HSH.D SLC 
';lff' oBio cBio MYC "'SEQ8US 0 VISUB 046 flA ARR1.MNOB.CRLOG Tn 086 Ron ./169 ........ CII'1 ..... 0 RILO 

AWR1.AlUB.CRLOG· ......... LD g~~ ~~~ i~~~~iiA6:ARAi:o~~~~U:~~f.~~ .... GCRIHU.O OIV r~~~ ~~~:R~~~C, g~~ ~gg i~~~~;~~~2:~~~~:~~:~:;'1~~C::::::~,~~~LS8~MI.U rrp E6~~ 
,/1£9,AI.!J8 .... S'((I.P'iD .. ,,:JUSR:,,(RLot; L REb. LR O~DR~ 0 ... 9 ROM Fl.Ab./140,ARA1.AXlLCALU.MYQ.OY(. .... ".U DIV TEST QUOT. 069 ROM ./UBA.AWA1.ZERO.tALU,.UYL ....... i;,CHVLU.O NUL-RESET PARLPROD 
./116fDf·AASRAYSO·AALUAA··M·~C··'·WBUS···0·0 RCP IN ERRONEOUS START 04A ROM ./0£2.AEP.AMB.CALU.MYC ......... 0 SLN Dan ROM ./1JO.ARAO.ALUA .... , .. wBUS .. UU'R .. U EX TJ. OR TJ 
.1 . • LU .. , ......... O'IB ROM fLAG./lBS.AWR1.IWOA ..... PP2 ...... 0 SLN LOOP 08B ROM flAb.IOOO.AI.ALUA.lHlU .. UYl ....... bALXL.U EX 12 TRAP 
./iOL.ARR1.ALUA ••••••• WMEM •• BUSR •• 0 5T 04C ROM fLAG./1B2.ARCI.ALUA •••• SP2.PM2.CTP1.WMEM.SEGBU5 .•• 0 MS LOOP Dec ROM flAG./OAB.ATEN.HCR.CALU.MYC.UYC •.•• WLXM ••• GBOf.O fPP SIORE 
,/1D],.AEP.ALUA ....... WMEM .. BUSR .. O S1 P 0'10 ROM ./1E9 .. ALUB .... SYD.PYD .... 8U5R .. (J MS END 08C RCM .il?! .. ...... StUbuS .. bf::1U.U cOP~ ~ 
./OEO.A1WO,ALUA.CALU.MYC ........ 0 STD 04E ROM fLAG,/1A! .... ,SLG ....... GfRZO.O HST REAON fl8E ROM flAb./LD'LAEP.ALUA .... SP;! .... S[(J8US .. GCRfHU.O IPL LOOP 
. IDE S A TWO. AI UA. C':'LV .nyc ....... "Q SIC P ==.-r.0",4;.;f;-t;R~o",M'-,';A7;~"'~Tl'1".2. A"" o··aO~cl~-L·3~lQ.d1.'!.LL.'-Lc!JnU!~I@!!\!?L-'ii~IT_dl __ .. _10AD..J10cn--R . .Q~ .~2.':I.._~D~.9-,_cfl.!:i~f<, CA(,y .• M.YC-,~L~ ••••••.• 0 IPL LOOP 
fLAG./lDO.ASYS.ALUA.CALU •• GYE. ••••••. 0 TEST AUTOR£ST 050 fTA 090 ROM ./1AA.AIEN.ACR.CALU.MYC.-;·:-~~-:-:-:u--------·----.---TflI< 
.11E9 .. ALUB,,, ,SYO,PYD" .. fWSR .. O AB 051 ROM FLf'lG,/18&.APSU,AOtLC';LU.NY:"... a EHB SM~ L!<':M 091 Ron SNPlA./ln'].A£P.~lLUA" .. ~'tD,.,,, .. u EX BSYIO.RfSTOR£ 5 
fLAG./OEO.AWAO.ALUB ....... RBVS ... GBOK.U SAVE P TEST I. lIR R 052 ROM ./OEC. .OBIO .... SYO.PP2 ... SEOBUS.BUSR .. 0 RI4 092 RvM .n(o ALP AIIIA.lALU.;;,C .. " .Re'JS.SE~PIO .. btETCH.O K-Rcr clo~ 
./OEO.RRAO.ALUR .... ,YO.PYD ...... O L?AD P AHO 5 LR 053 ROM ./OE8 •• 0BIO •••• SYO.PP;! •.. SlOOUS.BU"R •. O RT4S 093 ROM SNPLA.1100.AEP.HLUA.CALU.MYC.GYC ........ U Rnp 
.. '1['e.ATuO.TWVR.CALU.M·;C •.••••.• U !'!T 054 ROM ./101.ARR1.AOB, ...... WMEM •• BU5H •. CRLOG OR 5 094 ROM ./18B.n~Rl.ASHR .•.••. CIJ'1 .. REP(AI •. GCROSR.0 SRA 
./1D8.ATUO.IWOA.CALU.MYl ... pni' ..... GHYlO.0 INT ~ECR 055 ROM ./OA8.A~AO.B5HR .. MYQ ......... 0 INR IJ95 ROM fLAG./lC7.A~nO.ALU8 ........ , .. O SRN 
.. 0 fETCH 056 ROM fLAG./1AO ..... SLv ........ C TES! REAOST 096 ROM SHPLA./100.11RCI,ALUA.CALU.MYC ......... 0 RnO [NO 
ETAT./lH •.•••••••• SEOBUS •• GIOLE.a '!15U IDLE OS7 RON ILAG.i190.ASYS. IWOR.CALU •• OYC •••.•• G8(1'.0 READ N 097 ROM ./169.AEP.ALUA.CAl.U •• GYe ... (Tn ..... o RnDp 
fLAG./193.AEP.ALUA.CALU.MYC •••••••• GCRVlO.a SLASLN SAVE P 058 ROM ./1A6.AWA1.0IVALU ••••••••••• O DIU CORR.RE~. 09! ROM fLAG./OBJ •• lERO.CALU.MYC ••••••• BUSR.GBTM •• O .PP OPER 
rlnC .. '15B.A~P.HLUH.C~LU.nYc.s~~.. .~f·RV!O.O DLAClN S~~E P 059 ROM fLAG./140.ARA1.AXB.CAlU,MYQ,QYC .... , ... 0 DIV TEST QUOT. 099 ROM ,/OA5.ARA2.TWOA,CALU .. GYC ........ O OIU 
FLAG./17B.ARR1.ALUA.CALU .. GYC ..... ".0 SLL SLC 05A ROM ./OE2.AEP.AMB.CALU.MYC ......... 0 SRN 09A ROM ./095.ARA1.ALUA .. , .... UBUS .. BUSR.GBln •• O HL 
./OCE.AWA1,ASHL,,,SLQ,,.CfP1 .. R£P£AT..GCSEL.O OLL OLe O:lB nOM flOG,/LAS,AWR1.ASHR ... SnQ .. PP2 .. ,.I;CROSR.O ~RN LO~P 098 ROM ,/OfE.AWR2.ALUB ........... O DULORN [NO 
flA •• /],6B.AEP.ALUA.CALU.nYc. ••• , •••• 0 SRA SRN OSC ROM fLAG./lA2.ARCT.ALUA •••• SM<.PM2.(lP1.~MEM.S£QBUS, •• 0 MSRO LOOP 09C ROM .LAG./OB3.AI~O.ASHR.CALU.NYC. •••••• BUSR.bBTMf.0 fPP OP/S 
fLAG./]'4B.AEP.ALUA.CALU.MYC.SLG •..••••• 0 DRA DRN 050 ROM ./0BC •. ALUB •• MYQ •• oYD,PrO •••••• U NSRD END DOD ROM ./],4J.AEP.ALUA.CLUR.NYC..SP2 ••• ~MEM.S[G8US.BUSR.GC5EL.0 INT 
./OOO.ARRLALUA.CALU ... YC ........ O SP.L SPC 05E ROM .1198 ... .. SLG ........ 0 PUP 09E ROM ./160.AEP.ALUA.CALU.NYC ........ GfLOT.O rrx 

R.· G/g1:':EC~ R.·. A~~E~P: Z.~ A~~pA~BSuH. R. '. '. 5: ~ORQ. p' Y' D' C. r. p. ". B' u' RSREP. E. ACRIA·":'O·'::'OG.=C.:.:.R=-DS=:Rcc.:..:' O=-----".~:.:.R.=.L-~icA:DR;,cC"-p-I--? ~0°;j665:;.~fl·rnRR-i0~7'~M.'"OArrGiIT~~f A~~~~R~~~A. CIlLU. nYC ••••••••. U READ 5 T~~usg:~~§,f--;-~~~~-:-;iERO :~: ~m: : : ~~~~i m-~-~---- f f X UPMB..... 

, • ./047.APSW.ALUA.CALU.MYC •• SPt •••. ,.bI5YS.0 !fIT OAI ROM ./1E9.AEP.APB .••• SYO.PYO .••• BUSR •• O Rf 
./OEC.ARR2.ALVA .... 5YO ..... BUSR .. O RTJ 062 ROM ./0f( .. • CBIO.MYC ...... SlUBV" ... V RT7 0A2 RO~ ,/OEc.ATUO.ALUA.CALU.M·iC ......... O RnB 
,/OEa.ARR2.ALUA .... SYO, .... BUSR .. O RT3S 063 ROM ./Of4 ... CBIO.MIL •••••• StUHUS ••• U RI7S OA3 ROM SNPLA.l100,ARR2.ALUA.CALU.·.QYCt.SYD •.. , .•. 0 RnC 

./],01.ARR1.APB ....... WMEM .. BUSR .. CRAOO AD S g~~ ~~: A~~~~e~~:~oAXB ....... WMtM .. BUSR .. CRL')b ou/~~!6 OA'I ROM ./008.A~Al.ASHL ... SLo ... crP1 .. REPEAI ... 0 OLA 

:~~~~:~~U~~~~~A:i:AlU:~~~~: :~~~~: :~RAOD RIN MA~~ER 066 fIA ARR1.AXB.CRLOG TNM OAS ROM fLAG./Oll.AI~O.ALUA ••••• m ...... o OLN 

./19E.A~15.AMB •••• SYD •••••• GfSTOU.0 IHT UPDATE A]'s 067 ROM ./180.A~AO.ALUB •• MYO ••••••••• O PUP g:; :~~ ·;~~~·A:~H:;~:L~A~~C·bi~M2 •••••. g IPL L~;~B 
rLAc •. 'OOO.A7.ALUA.CALU .. GYC ....... GAEXI.O mAP SLN 068 RON fLAG./OOO.AZ.RLUA.CALU .. GYC ........ AEXL.U MV' lSR2 TRAP OA8 ROM :/080: ... : .... :.BUSR:GB~~:O .... • "EL M 
./OEJ.ATEN. TUOA.CALU.NYC.QYC •• pyo ••••.• o SLN 069 ROM ./0sf .ARR2.ALUA.CALV .. GYC •• PYD ••.••• O MV. 1SR2.1 OA9 ROM ./08E •.• C810 •• QYC.5P2 .... SEOBU5.BUSR •• 1l DA 
./159.ATEN.ACR.CALU.MYC.GYC ........ 0 IPL SET D6A ROM .iOOt.A(JAO.ALUB ..... PM2 ...... a OLNORN END OAA ROM ./14f .. BSHR.CALU.MYC ...... , .. 0 IPL LOOP 
./]'45.REP.ALUA .... SYO ... RBUS .. BUSR.GBOK.O IPL END 06B ROM fLAC.!19S.AUA1.ASHL ... SLQ .. PP2." ... 0 DLN L00P DAB ROM ./152 • .. CB!O.MYC .. SP2.PP2 .. ,SEOHU, ... O DAR 
fLAG./]'02.AUCT.OBIO •• MYG •• SM2.PM2.CTP1 •• SEOBUS ••• 0 MLRI g:~ :g~ i/~~4.~~~1A~~gAA··B··CJP1 •• REPtAI ••• 0 ~~~ OAC ROM ./101.APR1.ALUA ••••••• wMEM •• eUSR.G~EX.u £5 

;m~~i:~~~~~~~t:~~~~~~~~m~~:~ .... o AUT~E~~~m~ g~~ ~g~ :~t~(~~jg:E:jg~~~(Y<~t~~uSSEQ~US ••• o ~~~g/ ~~~ ~ g~iiliim~~m~~~~~~~~t~~H~~~h~~~,MM.O !~~~~~ 
A~R]"AMB.CRSUB 5u UO';~l ~~O'~ SNP[A./IOO.AR12],5 ........... GC1LD.0 SH OSH OBO'ROM ./140 . . BSHR.CALU.MYC ......... O IPL LOOP 
./1E9.AEP.AMB •••• SYD.PYil •••• BUSR •• CRSU8 SU P ./18f .ARA2.ALUA.CALU .• UYc. •••••• GfKYZO.O DSH 061 nO~ ./1£9 AEP.AMB •••• 'YD.PYi) •••• BUSR .. O ~8 
eHPLA.iloa •.• C~lO.nYC.Q·ic.sr'2.PP2 SE~RU' ••• O ~E 072 ROM .!LAO •• 0810 .... SYD .... SEGBUS.8USR •• 0 RTe OBi' ROM fLAG./170.AIPL.AP8.CALU.MYC. •••• WMEM •... O IPL NEW QUART 
SNPLA.!l,OO,.,CUI0.MYL.QYC.,PP2 •.. ~lQBUS ••• O RT25 07] ROM ./1nc .. DOI0., •• SYD •••• SEGBU5,BU5P: .• O Pf6S 083 ROM SNPLA./100 .•... ,.Ppc." •• ,Q RT2C 
./],0],.ARR1.AnB ....... UMEM .. 8USR .. CRS'J8 SV 5 074 flA ARR1.ALUA.CRLOG SHZERO OB4 ROM ./002.AWA1.ASHR ... 5RG."CIPJ. .. REPEAI .. GCKOSR.O ORA 
fLAG./OBC.AEN.ilLUR .......... bLRIHU.O C2 OR NGR 075 ROM ./ODC,ARA2.ALUA ......... BUSR.GCRfNU.O OSHZERO aBS ROM fLAG./OOf .ATWO.f.LUA ..... PYD ...... U ORH 
./On.ATWO. TWOA.CALU.MtC ......... O RTH USER 076 ROM ./092.AWAJ..DSUB ......... BUSR .. CRSUB OS 086 ROM .ilEo.AEP.ALU~ .... SID .... SEOGeus .. O :S END 
~"Rl AOB.n INH,RTH Als ArlO LC EHD 0" ROM ./1CS.Ar~O.ALUA.CALU.NYC ......... 0 WAlT OB7 ROM fLAG./148 ..... SLQ.5P2 ... WEXM.SEGBUS.BUSK.GBOM.0 TS LOOP 
flAG./ODO.Al.ALUA.LALU •• UYl ..••••• bAUL.U TRAP SRN 018 ROM ./0C.AEP.ALUA.CALU.MYC. ••• CIP1. •• ,.0 ML OB8 ROM fLAG./OOO.Al.ALUILCALU •• GYC. •••••• GAEXL.O TRAP 
./00£.ARRl.ALUA.CALU .. UY( ........ U SRN 0"9 RC" ./100.AT~O.ASHR.CALu ... H ....... GBTMM.O IL 089 ROM .IOM ... CBIO"OYC.SP2 .... SEGBUS.BUSR .. O 05 
fLAG.!1C4 .. BSHR.CALU.MYC ......... mfNU.u WAIT 10 07i\ ROM ./19S.AUA1.ASHL ... SLO ........ 0 DRN DBA ROM ./1E9.AW15.0EIO ........ SEGBUS ... 0 IPL END 
ETAT./lfr.AEP.A.LUA .. ,.~'tO, ... ".O WAIT 10 078 ROM fLAG./laS.AuAl.ASHR."SRG .. PP2 ..... GCRDSR.O ORN LOOP OtiB ROM ./1~12 .. (81 o .MYC .. SP2.PF2 ... SEGHI-'S".Q os~, 
~L{\C.!lC2,AurT.U/jlV,,,,~"'2.f'n':,C1PJ. .. s .. ·nijU~;.bCRVML.O tiL ~00P 07C Ron ,/OC5,AEP.ALUA.CAlU.MYC. ... CTP1 ..... 0 MS DBC ROM ./1.3D"BSHR ... ,S'I'D .... SEG8U5 ••• 0 lNT 
./OOC . . ALUB ..• ,'IO.PYD., .. BUSK •. O ML EHO 0,0 ROM ./148.AT~O.ASHR.CALU •. OYC .... WEXM ••• GBOM.O IS OBO ROM ./08B.AWA2.AMB.CALU.MYG.GH ........ 0 OS 
./~5f.AI~0.ACR ..... PYO ...... 0 IPL 07£ ROM ./OC3.AEP.AIIIA.LALU.IiYC .... CTP1 ..... a MS~O OBE ROM ./09E.Al.APLB1.CAlU.MYC ....... BUSR.GCRVML.CRROO OIV COR.OUOT 
fLAG./lBO .•••• SLO, ••• RBUS .•• G80K.U TEST LOADn 07f ROM flAG./1[4 •. BCR.CALU •• OYc. ...... ,(R'NU pur OBf ROM ./1E9.AWA2.ALUB ......... BU5R.GCRVML.CRLOG DIV GUOT OK 
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Table 2-4A contd. 

ADD ADD. ADD. 

0(0 f TA AUR1,AlIJ8.n UK 100 ROM ./031 ••••.•••.•. • GI SYS.O VERIF MAN. PUP IT HO ROM ./07E ••••••••• RBUS ••• GBOK.O TEST MAN REG M 00 ROM ./1E9 . . ALUB., •• SYO.PYO •••• BUSR •• O LOK P 10~ ROM ./19A.ARAO.AlUA •• MYG ••• PYO •••• BU5R •• 0 DlN.DRN END 141 ROM ./1E9.A~R2.AMB, ••••••.• BUSR.GISTOU.O UPO STK MSRD 0(2 ROM ./135 • . BCR .•••••••• BUSR. GIPlR. 0 AR PAl INT 102 ROM ./OEC.ARR?APU •••• SyO ••••• BUSR •. 0 RH 142 ROM ./1CI.A~Rl.ZERO ••••••••• BUSR •• O NGR 0(3 ROM • IDEE. •• CB I O. MYC. •• PP2 ••• SEGBUS ••• 0 RT5C 103 ROM • I1AO. ARR2. APB •••• SYD ••••• BUSR •• 0 RT7 143 ROM ./10),. AZ. AMB ••••••• ~MEM •• Buse •• CRSUB C2 OC4 ROM · /041 • AUA2. APB ••••••••••• 0 MVI OEST IN A2 104 ROM ./003 ••• CBIO.MYC ••••• RBUS.SEBBIO, •• 0 TMP TEST RO KEYS j,1{4 ROM • 11M •• AlIlR ••••••• \.IBUS. SCGBI O ••. CRIO cro "TF OC5 ROM ./].( 9. ARAO. AlUA •••• SYD. PYO •••• BU5R •• 0 MOVE END SlN REST.P 105 ROM IlAG./004.ARAO.AlUA •••••••••• GCRINU.0 TEST RETURN 145 ROM ./OB1.ARA2.AlUA.CAlU •• GYC •••••••• 0 MU- MUl.TOR IN B REG. OCb ROM ./0~~.ARR1.ALUA.CAlU •• BYC •••••••. 0 CA 106 ROM FLAG ./000. AZ. AlUA. CAlU •• BYC ••••••• GAEXl. D EX OPER T4T7 TRAP 146 ROM IlRG./01C.RT\.I0.APB •• MYC •••••••• GCRFNU.0 TEST NO 1 0(7 ITA ARR1. RMB. CRCMP CA 107 "OM ./066 . . BSHR .rALU. MT C ••••••••• 0 EX OPEa n.T2.T3 147 ROM ./01~ ... .. SlG ........ O TEST NO 1 Dca ROM .I086.ARR~.ACR.ClUR.MYC ••• : ••• BUSR.GBCH.O lC lO~ ROM IlAG./OOO.AI.ALUR.CALU •• GYC ••••••• GAEXL.O MVB 15R21 U TRAP 14~ ROM ./OB6. AWA1. MUl T I ••• SRB ••• CTPI •• REPEAT ••• 0 MU- ALGORITHM OC9 f TA nURl..BCR,O ECR 109 ROM ./04B. ARR2, AlUA ••••• PYO •••••• 0 MVB 15R2FUN ),t19 ROM • lOBS. AWAI. MUl T I •• MYO •••••••• GMULT I. 0 MUL T I 16TH PASS DCA ROM ./1E9 • • DB 10 •••• SYO. PYO ••• SEGBUS. BUSR •• 0 AR PAl INT TRAP lOA ROM ./OE6.ARR2.APB •••• SYO ••••• BUSR •• 0 RTSS 14A ROM ./OB4.AWA2.BSHR ••••••••••• 0 MUUI STORE lSB Of PROD. UCB ROM ./1.32 ..... .••.••• GfSYS.O AR END lOB ROM ./1AC.ARR2.APB •••• SYD ••••• BUSR •• 0 R17S 14B ROM ./007.ARA2.AlUA •••••••••• GCRINU.0 MUl T I UPDATE f NU OCC ROM ./101.ARR1.RLUR ••••••• WMEM •• BUSR.GBCH.O SC 10C ROM ./04A.AT\.IO.AlUA.(AlU.MTC.GYC ••• , •••• O IlVB lCNGTH)Q 14C ROM ./OAO •• ALUB ••• SRB. SP2 •••• SEGBUS. BUSR. GBTMF .0 FPP SINGLE RD MA OCO ROM ./130 • • B5HR, •• ,SYO •••••• GfKYZO.O PRGE IAUl T AR 100 ROM ./1E9.ARAO.AlUA •••• 5YO.PYO •••• BUSR,.O MVB lENGTHoD l'lO ROM ./042 . ••••• SP2 •••• SEOBUS. BUSR. GBTMI .0 fPP OPIS DOUBLE READ Ml OCE ROM I LAG ./125. BRAD. APB. ClUR. MYC. SLG •••••••• 0 EX HN TEST Kl )'OE ROM ./1EB. ARRO. AMB ••••• PYD •••••• 0 INT MOVE lottE ROM ./053.ATWO.ASHR •• MYC.GYC.SM2.PM2 •• WMEM •••• 0 T. MEMO IRE N01 .. J1H. ~~!1....!.{1.6E~. C I OR.J!.! Co BY C •••• WBUS. ?EGB 10 •• Gf ET CH. 0 EX l,.~ ..Mlf EOn ./125. RT~O. T\.IOA. CAlU •• BYC •••••••• 0 PAf MOVE 14f ROM ./06C. R~Rl.lllUB •••• SM2 .PM2 •••••• 0 TEST MEMOIRE N01 000 ROM IlAG./ODO.AZ.RLUR.CRlU •• GYC ••••••• GAEXl.O 
~~~~ no ROM • /OOF •••••••••••• GFRZO.O VERlf MAN • REG l 150 ROM ./091 ........... •• IRIO.O TEST G.CHMG.NO 001. ROM FLAG./ODO.AZ.ALUR.CRLU •• GYC ••••••• GREXl.O 

In ROM 5NPLA. /100. ARRe. APB. CAlU •• GYC. SYO ••••••• 0 RTSt 151 ROM ./OAI. AWA1. BCR •• MYC. BYC. ••••••• 0 TEST olA 002 ROM ./125.AWR2.AlUB ••••••••••• 0 PAGE IAULT Ml 112 ROM ./)'2C .ARR2. APB •••• SYD ••••• BUSR •• 0 RT7C 152 ROM FLAG ./030, .•• MYG •• SP2 •••• SEGBUS. BUSR. GBTMI .0 fPP READ lAST MA 003 ROM SNPLA ./100 . . OBI O. (BID •• GYe. SYO. PP2 ••• SEGBUS •• ,0 RT4C 113 ROM SNPlA.ll00.AEP.AlUA.CBI0.MY(.GYC.SYO •••• SEG9US ••• 0 RT3 153 ROM .!l73.ARAO. T~OA •••• 5Yo ••••••• 0 fPP OPS UAl T. Lo 5 WI TH 1ST AD. 004 ROM flRG./llB.AUA2.AMB.(BI0.MYC •• SYO •••• SEGBUS •• GMOVE.0 Mvr READ 
114 ROM ./048.AUA2.APB.CBIO.MYC •• SYO •••• SEGBUS •• GMOVE.0 MVB READ l54 ROM ./01.0 •• 9INV.CAlU •• BYC.SP2 ••• UEXM.SEGBUS.BUSR.GBOI.0 IPP/S SI. ODS ROM ./056. AUA1. APB ••••••••••• 0 MVI REST A1 B5 ROM ./056.A\.IA2.APB ••••••••••• 0 'MVB CORRECT A2 155 ROM ./010 •••••• SP2 ••• UEXM.SEGBUS.BUSR.GBOf.0 I PP/S DOUBLE ST Ml Oob ROM fLAG./120 ••••• SlG •••••••• 0 EX Kl TEST K2 H6 ROM ./0AE.ATEN.AlUA •• MYC •••••••• GFRIO.0 TEST DlA 156 ROM ./OE9 ............. 0 TEST OlA 007 ROM fLRG ./0f 5 .• BCR. CAlU •• GYC •••••••• O EX K1N TEST MD 117 ROM SNPlA./l00 ••• CBI0.MYC.GYC ••••• SEBBUS ••• 0 RnS 157 ROM ./OA7. ARAO. AOB •••• SYO ••• f.BUS •• BUSR. GBTMP. a INR 

OD~ fTA ARR1.RMB.CRCMP C\.I H~ ROM ./OEC.A\.IR2.APB •••• SYD ••••• BUSR •• 0 RnB UPDATE STACK 156 ROM ./OAb.A~Rl.oBIO.CIOR.MY( •••••• 5EGBUS •• GCSEl.CRI0 INR 009 fTA OEP. AM~. CRrM~ C\.IP 119 ROM ./113.AUR2.AMB •••••••••• GfSTOV.0 STD l.59 ROM ./168. AUR1. AOB ••• SlG ••.••••• 0 INR TST SST ODA ROM ./124.APSW,ALUA.CALU.MYC •••••••• GfSYS.0 PAGE fAULT 11A ROM ./),f 2. AUR2. AMB •••••••••• Gf STOV. 0 STDP lSA ROM ./OR4. RUAl.. RlUA •••••••••• HRVZO.O olV MEMO SIGNE OIVO OOB ROM .1>22. AR15. AlUA •••• SYD ••• U(XM •• BliSR. GBOM, 0 PAGE FAULT 11B ROM • 11E 9. ARR1. AlUA ••••••••• BUSR. GCRVMl. CRlOG SLA CR ,sa ROM ./OR3.A~Al.oIVSH ••• 5l9 ••• C1Pl •••• GCROSR.O DIV 1ST PASS OOC Ron • 10~C. ARRI. AlUA. CLUR. MYC. •••••• BUSH. GBCH. 0 CC HC ROM IlOG .-'lBS.ARR1.AlUA ••••••••••• 0 SLfl TCST NORM 1SC ROM ./OA2.AUA1.DIVSH ••• SlG ••• CTP1 •• REPEAT ••• 0 olV PROCESS ODD ROM ./HO . . ALUB •• MYQ •• SM2 ••• UMEM. SlG~US. BUSR •• 0 PAGE IAULT 110 ROM ./13A.AUR2.BSHR ••••••••••• 0 SlN RESULT I,SO ROM FLAG./186.AUA1.DIVALU ••• SLG ••••••• GCRINU.0 OIV 16TH PASS 

-g~~ ROM FLAG./11a ••••• SlG •••••••• 0 EX K1K2 TEST K3 HE ROM ./1EC. AW1215. DBIO ••••••• RBUS. SEGBIO ••• 0 KEYS IN (RCP) lR 15E ROM ./0AO.AlWO.APB.ClUR.MYC ••• PYO •••••• 0 TEST OlA IRon fLA'./Of8 •• BCR.CALU •• GYC •••••••• O EX K1K2N TEST MO 111 ROM .1.Fr.AR121.5.AlUA •• MYC •••••••• GfKYZO.0 lOAD OR READ R 151 ROM ./on. AWA2. BCR ••• SRG •••••••• 0 TEST ~!"A OED ROM ./07B, .AlUB •••• 5YO ....... 0 ~ER 120 ROM ./009 ••••••••• RBUS ••• GBOK.0 VER If MAN. ~~~ L 160 ROM ./039 •.... .••• RBUS ••• GBOK.O TEST B. CHARG NO. OEl ROM IlAG./197.AEP.ALUA.CAlU.MYC ••••• , •. ,0 MVf 121 ROM flAG./1AS.ATEN.TwOA.CRlU.MYC ••• PYD •••••• U 161 ITA AUA2.AlU8.0 DIV ST CORTD GUOT OE2 ROM ./117.ATUO.APB.CAlU.MYt •• SM2 ••• WEXM.5EQBU5:BUSR.GBOM.0 PAf 122 ROM ./l~B.AUR1.ASHR ••• SRG ••• CIP1 •• REPEAT •• GCRDSR.O SRLC 162 ROM ./09F •••••.••••••• 0 TMP TEST OE3 ROM ./0Eo ••• CBIO. MYC •••••• SEGBUS ••• 0 RT7C 123 fTA ARA1.AlUA.CRlOG Ml DSH 163 ROM ./033. AZ- AlUR •. MYC ••••••••• 0 TMP TEST 0[4 ROM ./057, .ALUB .• MrG ••• PM2 •• UMEM •• BUSR •• 0 MVI PREP WRITE 124 ROM ./OOA ... . MYG ••••••••• O DlA END 164 ROM • f09A. A~Al. 0910 ••••••• RBU~. SEGBIO •• G80F • U rrx lO AI OE5 ROM ./057, . ALUB •• MYG ••• PM2 •• UMEM .• BUSR. GBEX. 0 MVSU PREP \.IRITE 125 ROM ./007.AWA2.BSHR.CALU.MYC •••••••• GCRINU.0 DlA END 165 ROM ./170 •• , ..•••. R8US •• BU5R.GBOF.0 I I X RESE T BSY OE6 ROM ILAG./l0a ••••• SlG •••••••• 0 EX K1K2K3 TEST K4 126 ROM ./019 . • BINV .• MH ••••••••• u ROUT .HFF ICH.INCR 166 ROM ./U22.AUCT .AlUB •••••• CTP1 ••••• 0 TEST NO 3 OU ROM ILAG ./01 6 •• BCR. CAlU •• GYC •••••••• O EX K1K2KJN TEST MD 127 ROM £TAT ./07E . • ALU8. CALU •• GYc. • , •• SEGBUS ••• 0 DISPLAY INCR 167 ROM ./023, A\.ICT • AlUB ••• SlG ••• CTPl ••••. 0 TEST NO 3 OE~ ROM ./132. AU15. AM8. (JOR. MYC .•••. RBUS. SEGOIO •• GFSTOV. 0 PAGE fAULT 128 ROM • 11E9. ARA1. Al UA ••••••••• BUSR. HRUML. CRlOG OlA END 1M ROM ETAT ./OOE •••••••••• SEGBUS ••• O VERlf MAN REG l OE9 ROM ,/1E9. AEP. AlUA •••• SYO •••• SEGSUS. BUSR. ,CRRIN nTN 15P,2N 129 ROM ./164. AEP. ASHR. CAlU. MYC ••••••••• 0 DLN.DRN END 169 ROM I lAG ./09C. APSW, AAN08 •••••••••• GCRI NU. 0 TEST TMP-TPM OEA ROM ,/110. ATEN. TUOA. CALU •• GYC •• PM2 •••••. 0 TRAP 12A ROM ./041.ARA1.ACR.CLUR.MYC ••••••••• 0 TEST RB IbA ROM ./030. ARA2. ALVA ••••••• UBUS. 5EGBUS. BUSR. G8TMI .0 I I l lo N1 OlB ROM ./073.REP.ALUA.C810.MYG.GYC.SYO •..• SEGBU5 •• SIPlR.CRRTN RTNA15 128 ROr. FlAG./O]4.ARA~.RLUA •••••••••• GCRINU.O TEST DLA 168 ROM ./093. AUA2. TUOA •••••••••• GCRI NU. 0 OR OEC ROM • IOZE. ATUO. TUOA. CAlU. MYC ......... 0 CI 12C ROM ./043 • . BCR •••• SYO ••• WBUS •••• 0 TEST TMP-TP" 16C ROM ./092 .A~A1. DADO ••••••••• 8USR •• CRADO OA OED ROM FlRG./130.RUAO.ALU9 ••••• , .USUS ••• ,0 EX 120 ROM ./OCE •• IERO ••• SRG •••••••• 0 ORA 160 FTA AWA2.ASHR.0 DAS END OfE ROM ./0bB. RlUO. TWOA. CALU. MYC ••••••••• 0 CI 15R1 llE ROM ./115. R TUO. TUOA. CALU. MYC. •• PM2 •••••• a TRAP CORR lONG EX. ~6E ~OM :;g:~:~~::!~~~:n~~~;;pyo::·'O.o TEST DlA -Mi- ROM ./l0D.AW1S.AMB, •. SlQ.SYO •• , ••• GFSTOV.O TRAP 121 ROM • iUS. ATUO. TWOA. CAlU .NYC. ••••••• ,0 TRAF 61 ROM TEST O .. A Of 0 . R'OM-:/li4E:ATEN".ACR'-:-ci\lU:iiYf:-:-:-.-.-.-. :-:-0--' HE" 130 ROM ./OSf .....•.••••• bFRZO.O VERH MAIL REG M 170 ROM ./019 •• BSHR. CAlU. MYC ••••••••• 0 ROUT .AH ICH.INCR 0>1 ROM IlAG,/017.AEP.AlUR.CALU.MYC •...••••. 0 MVO 131 ROM ./OCO .••• MYG ••••••••• 0 OSH 171 ROM ./152.AEP.AlUA.CBI0.MYC •• SYO •••• SEGBUS ••• 0 DAR- OA Of i' ROM ./105. APSU. AlUA ••• SlG. SP2 ••• UMEM •• BUSR. SF SYS. a TRAP 132 ROM ./00C.AUR2.AlUB ••••••••• BUSR.GCRFNU.0 DSH \72 ROM .111 7. AEP. AlUA. CBI O. MYC •• 5Yo •••• SEGBU5. BUSR •• 0 £l Of3 ROM ,112(. .OBIO ..•• ~yi; •••• SEaBU~.£~S~ .• Cl RT6C 133 ROM ./035 . .•. MYB ••••••••• 0 TEST G. CHARG NO. L?3 ROM ./0e!. AfP. ALvA. C10R •• G,{C. ~YC ••.. SE~BIIS, •• 0 CC Of ~ ROM ,/OEB.ARA1.AlUA, ••• 5YD ••••• BUSR •. 0 MVB PREP 1ST AD 134 ROM ./OCA.AEN.AlUA.CALU.MYC ••• PYO.CTP1 ••••• 0 MlRl 174 ROM ./1.89.AUA2.T\.IOR •••••••••• GCRINU.0 05 0' S ROM ./OE9. ARAL ALUA ••.• SYO •••.• [lUSR. bB[X. 0 MVU5 PREP 1ST AD ]']S ROM • /1.01. APR2. RP~ •••• S'iO .FM2 •••• BUSR •• 0 MLRI 175 ROM ./142. AEP, AlUA. CBI O. MYC. • SYO •••• SEGBUS ••• 0 DSR Of 6 ROM FlAG./OfS •. BCR.CAlU •• GYC ••••••• ,0 (X K1K2K3K4 TEST MD 136 ROM ./OE9 ••••••••••••• 0 TEST DlA 176 ROM ./OE9 ..•.•.•••.••• 0 TEST DlA Of 7 ROM 'LAG./OoO.AZ.ALUA.CALU •• GYC .•.••.. GAlIl.O EX HOPC TRAP 137 ROM ./OC7. AEP. APB. CALU .MYC •••• CTPl ••••• 0 MlK 1 ?'I ROM ./087. AURO. ALUB •• MYG .•••••• BUSR •• a C~ CA Of ~ ROM ./OC~.~EN.ALUR.(~LU.MYC ... P~2 .... , .0 MU< 13& ROM ./OC6. AEN, AlUA ••••• PYD •••••• 0 Ml 176 nA ARAO.AMB.CRCMP CW CA Of 9 f TA AURLBINV. CRLOG C1 139 ROM ./1C3.ARR2.AlUR.CAlU •• GYC •• PM2 •••• BUSR,.0 Ml 179 ROM ./063. AUR1. BCR. C lOR. MYC •••••• SEGBUS ••• 0 lC Of A ROM ./104. AlP. AL UA •. MYG .. SP2 ••• UME". SEGBUS. BUSR •• 0 TRAP 13A ROM ./OC~. AEN. AlUA ••••• P'(D •••••• 0 MS ), 7A ROM ./027 . . ZERO •• MYG. SRG •••••••• 0 TEST NO 2 me RoM ,/LO], .nt.ua .... SYD •••• SEQ8US .•• 0 TRAP 13B Ron · I1B3. ARCT • AlUR ••••• PM2. CTPl. UMEM •• BUSR •• 0 MS 17B ROM ./026 • • AlUB •• MYG ••• PYO •••••• 0 TEST NO 2 Dr C ROM ./135 .•.. .• 5M2 ••••• BUSR •• O TRAP L3C ROM ./0(2. AEN. AlUA. CAlU •• GYC •• PYO •••••• 0 MSRD 17C ROM ./1C6. AEP. AlUA •••• SYO ••••• 8USR •• 0 LC or v heM • 110L. B I N!J . .••••• Io,IMt,ii •• DU:;:: .. (RL0G CIS 130 ROM ./1A3.ARCT.ALUR ••••• PM2.CTP1.WMEM •• 8USR •• 0 MSRO 170 fTA AUR1. ROB. 0 LC END Of [ ROM ./L[ 9.1'0'. ALUA •••. SID •••. SLGSUS .SUSH .• 0 STORE RESULT 13E ROM 'lAG./OOA.AEP.ALUA ••••••• WMEM •••• O TEST MEMOIRE N02 17E ROM ./O~O.AEP,APB •••• ,PVD •• WBUS •• ,.O TEST DlA f)Fr ROM rLAG,/ODO.Al.ALUR.CALU .. QYC. •. , • , . \;ALXl .Il TRAP 13' ROM ./053, ARAL. T~OA •• MYC. BYC. SM2. PM2, • WMEM •••• a TEST MEMOIRE NOI 171 ROM ./18[, AWAO. ZERO •••••••• SEGBI 0, . Gf ETCH, 0 TEST OlA 
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Table 2-4A '-vlltd. 

AflO 

180 
181 
182 
la] 
.84 
la" 
1M 
l~ ~ 

108 
189 
18R 
laB 
HC 
18D 
leE 

r»;j 
141 
L92 
193 
194 
~9 \ 
1Q6 
t::,l] 

148 
19Q 
19A 
1'18 
10C 

ROM ./028 .•. . nYo ••••• ReUS ••• G80K.U 
ROM ./020 .. . CBIO.MYC ••...• St:U8US ••• 0 
ROM ./050 .... MYO ......... 0 
ROC .10£9 ............. 0 
ROM, 107A.ARR1.ALUA •.••• , .~BUS •• SUSR.GBfM£:O 
ROM . 1188. AHR1.Al UA. " •... UBUS. SEG8US •.. U 

DISPLAY INCR 
V£RIf MAN REGM 

ROUT .Aff ICH.INCR 
ROUT .Aff ICH. INCR 

WER 

ROM fLAb./054.HR15.AnB ... SRo ••••••. GCRfNU.U TEST 
WER 

NO 3 
ROM fLAb./06'LARCT .AMB .. SLI. .... (IPL ..•• HRIHU.O TEST NO 3 
ROM ./O-(6,AW~2,APe". ,srl).,., ,:)USR.. ,0 
ROM SHPLA. I LOO •. 0810 •.•. 5M2. P fD . •• 'E'usus. BUSH .. 0 
ROM ./09f ..•••...••... 0 TEST NO 2 

RTN 
RTN 

ROM ./OL8 .. ZERO ••• ,RU . • PM2 •..••• 0 
ROM .!072.ATwO.APB.CALU.MH ........ 'fENB.O 
RO~ .!06[,AWAO.8INV •• MYG, ••••••.. O 
NOM fLAG./024.ARAL.AXB ••• , •..•.. GCRfNU.O 
ROM ./06l.ATWO.APLB1 •. MH •••..•••• 0 
Ron:7019:-:-B 1 HV •• nYc •.••.•••• 0 

TEST NO 2 
COMPUTE MASK RTNA1S 
COMPUTE MASK RTNA1S 

TEST DlA 
TEST PB 

--~~oUt-:-Afr rCH. lNCR 
ROM ./1BC.ARAO.AOB.CLUR.MYC.UYC •••••••• 0 MASK STACN PS~ RTHAIS 
ROM ./09f ............. 0 
Ror flAG./002, •• CBIO.MYC •••••• SEOBUS ••• 0 
ROM ,106A,AlJR1,AM8, ••• 5Yv .•• " ,GfSTOV.O 
ROM ./Oo8.APSW.ALVA .••• SP2 ••• ~nEn •• BUSR •• O 

TEST MEMOIRE HO~ 
TEST MEMOIRE N01 

Cf • LSRZ 
U 

ROM . IOF9. , " ...... 0 TEST DLA 
ROM ./IJ~ A£P.>ll.UA .. Mru .. SP2 .. ,WM£M,SEQ8US.HU5R .. O cF 
ROM ./1£9 . . Allle ..•• SYD.P'D .•. SEQ8VS.BUSR •. 0 
ROM ./ose. eSHR.CALU.MYC ••..•...• 0 
ROn ,/09r""" .. , • I .0 
ROM fLAG,,'iJ?8 .. , ,MYQ,.""., ,0 
ROM fLAG./OSC.AEP.AXe •••• SM2.PMZ ••.•• GCRfNU.O 

TEST NO j 

TEST NO J 

Cf ENe 
EX 

TEST MEMOIRE N02 

ADD 

LCD ROM ./1E8 ....... .. RHUS ... GBOK.U VERlf MAN. PUPIT 
1C1 ROM ./037.AWAl.AMB ........... U DER Mvr REST Al 
1CZ ROM fLAG./UZC •• BSHR •• MYC.OYC ••••.•• GCRfNU.O ROUT.AffICH.IHCR 
lC3 ROM ./a8S.ATWO.ACR .. MYC.~YC ....... GIRzo.a TEST HO 2 
lC4 ROM fLAG ./Of 1. AWR2. RLUB .. MYQ ......... U DER MOVE REST R2 
lCS ROM ./188.AWR1.DBIO.CBIO .•••••• ,EGBUS .•• (RRIN RER 
1C6 HOM ,/oce. .. CBIO .. lHC .... ,SiGEWS ... O TEST (LCHARG NO. 
lC, ROM ./029 •. ALue.CLUR.MYC ••••• WBUS •••• U TEST a.CHARG NO. 
le8 ROM ./036. flWA2. RMB ........... U DER MVf REST R2 
1[9 ROM ./03B.RTWO.RPB.CALU.MIC ••••••••• O DER MOVE M'LGTH 
lCA ROM ./09f ............. 0 TEST DLA 
leB ROM ./071.ATWO.ASHR .. nYl ......... O TEST DLA 
1CC ROM ./07f .81NV .. ,tHe ... "" ,0 TEST HO ;: 
lCD ROM ./098.ATWO.ASHR .. nVC.GYC ....... 'fRlU.O TEST HO 3 
lCE ROM ./ORC.AWRO.ALUB ........ SEGBUS .. GfLOI.U fPP OP/S LD DP 
1(f ROM ./Le8.AEP.ALUA .... SYD .... 5EGBUS .. bfLOr.O fPP OP LD DP 
100 ROM ./02f ............. 0 NOT USED 
101 ROr. ./06A.AWR1.AMB •.•• SYD •.••••• O Cf .lSP2N 
LD2 ROM fLAG./07C .. BSHR .. MYC.SRQ ....... bCRfHU.0 ROUT.AffICH.INCR 
103 HOM ./032.ARAO ••••••••••• GCTLD.0 TEST NO 3 
LD4 ROM fLAG./OEA.AWA1.APB •••• SYD •••• StOBUS ••• MOVE.O MVB WRITE 
lD5 ROM fLAG./OEA.AWA1.APB •••• SYD •••• SEuaUS •• GBEX.0 MVUS ~RITE 
li)6 ROM ET~T.'09E ........... SEGBvS ... 0 TEST •• CIIARe N0. 
lD7 ROM fLAG./OD8 .• ALUB.CHIO •• GYC. •.• WBUS.SEGBUS ••• 0 ROUT.AffICH.INCR 
108 ROM fLA •. /084.AfEN.AXB •••••••••• GCRfNU.0 TEST NO 2 
lDQ ROM ./OL"I.AEP.AMB ..... nD ...... O TEST NO 
LOA ROM • 109f ............. 0 TEST Dl A 
LOB RO~ ./07Q.A;EN.T~OA .. M¥C ......... U TEST RB 
lDC ROM fLAG.;OoB .... MIO ......... O TEST NO 3 

LiD ~OM ./efB ..• H8U~ ... ~BO~.8 TrtP TEST lOP ROM ./018.ATUO.ASHR .. M1C.QYC ..•.• ,.O TEST NO 3 
19£ Ron ./060.AWAO.BCR .. MY( ......... 0 TEST R6 I.DE ROM flAb./OOC .. BINV ........... O TEST NO 1 

~1r~g i C ~g 7 i ~~~~t~o : ~ts~~h~~;':~i':'-'::~~'{~:';~:-3~cc:.,-:-'.:,:,: "-~~. on-·----...'T~~fi0fi-'i"~~~;sOCT"L'G"H;-;Tc:: • ."orl'-i't{'~.;.~ Hi-: o*O:~;;-:,,;: ~7i~fr~l-i~i-':..!:~~'1'~o'i~~:':':':': "-: '-: .'" P~' .;n~~~~~"'~C<:-':-'-:*o;!o-----_--.-:V~E~R!.!1'-':f--'.M!!CA'f~'i>R.A_5pR~E~~L"~'" -I 
lAl ROM fLAG./l?4.ATEN.AXB .......... GCHfNU.O EX TESf If T2 lEL ROM fLA£ I!Q5.ARA1.,:,LUA ........... 0 ~LN 
lA2 ROr. ./0of ............. 0 TEST MEMO IRE N02 1,2 ROM ./09f ............. 0 TEST NO 1 
IA3 ROM rLAG./062 ... CSlo.nY(" .... SEOBUS .. a TEST MEMOIRE H02 1E3 ROM ./02L .. BIHV .. MYC ......... 0 TEST NO 1 
lA4 ROM ./OSA.ARR2.AMB.CALU.nYC ••••••••• U Mvr LGHT-2 IN M 1E4 ROM fLAG.m1A ..•.••• PM2 •.•••. 0 TEST NO 2 
LAS POM ./12B.AwAl.APB .. MYO .. SYD" ... BUSR"O MVf Al"SOURC( lES ROM ./033 .. .. MYO ......... 0 TEST NO 2 
IA6 ROM ./096.H1WO.r.CR.CALU.MYC ••••• ~BUS.SEGBI0 •. GfKYlO.CRIO TMP T. 1£6 ROM fLAG./04C .. BSHR •. MYC ••••••••• CRfNU.0 ROUT.AffICH.INCR 
L';I ROM rL~G. 'G=~ ..... "LO .... ~BJS ... G8TMP.O TEST TMP-TPM 1£7 ROM ./04C .. .. MYO .... " ... O TEST NO 1 
lAA ROM fLAG./12A.AwAl.AMB .. "SYD .... SEGBUS .. 'MOVE.O MVf ~RITE DEST 1£8 ROM ./016.AEP.APB.CALU.MYC.SRG ........ 0 TEST NO 2 
1A9 ROM ./L3A.AWR2.IERO .. " .... ".0 MVf CLEAR LGHT 1E9 ROM fLAL/O~4.ATEN.AXB .......... GCRfNU.0 TEST NO 2 
lAA ROM • 109f ............. 0 TEST NO 3 lEA ROM ./09f ............. 0 TEST RB 
lAB ROM ./013.A~A2.fORA ••••••••••• 0 TEST NO 3 lEB ROM ./033.ATEN.ASHR.CALU.MYC ••••••••• O TEST AB 
lAC RO~, fLAG,/052 .. AlVB .... SM2.PM2 .. WMEM.SEGBUS ... 0 TEST MEMIRE NOl 1Ee ROM ./012.ATEN.ALUA .. MYC.GYC ........ 0 TEST NO 3 
lAO ROM ./OBO.ARAO.ALUA •••• SYD.PYO ••.••. O TEST MEMO IRE NOl 1EO ROM fLA •• /044.ARA2.AMB ••• SR~ ••••••• GCRfNU.0 TEST NO 3 
lA£ ROn SHPLA.l1ff .AWA1.ALUB.CIOR.MYC.OYC •• PM2 ••• SEGBIO •• GfETCH.O TRe lEE ROM ./1E9.AEP.ALUA •.•• SYD •••• SEGBUS ••• CRfLO fPP STORE ST EXP 

~L~A~f~R~O~M~.~/*0~B~1~.A~W~A7,0~.~A~L~U~B~·~·i·+·~S~Y~D~.P~Y~D~.~.~.~.~.~G~f~R~l~O*.O~ ____ ~T~EmS~T~M~E~MO~IR~E~N~O~l~riljE.~f~ROM fLAG./010 •.••• SLQ.SP2 ••• ~EXM.SEGBU5.BUSR.GBOf.0 fPP ST MANT~n-
leO ROM ./OSB.ATWO.ALUA.CALU.MYC.GYC •••••••• O MVf ~~~I~~f1.7Uj[J.;1ilO~~C •..... 0 ----.Rl\l'I)ll"N 
18L ROM .;046.AWAO.BSHR .. MYG ......... 0 ~ER Lfl ROM fLAG./18S.A~Al.ASHR ... SRG ....... GCRDSR.O DRN 
IB2 RC~ fLA, 103C .. B,HR .. MrC ........ (;CRfNll.0 RvU;.ArrIC~.H!CR lf2 ROM ./09f ............. 0 TEST NO 1 
IB3 ROM fLAG./OB8.ATWO.AOB .. MYC.QYC ....... GfRlO.0 TEST NO 1 1f3 ROM ./07f ............. 0 TEST NO 1 
1B4 ROM fLAG./Of2.AWAO.ALUB ••••• PM2 •••••• 0 MVB TEST LEN.TH 1f4 ROM ./OC1 .... .. SM2.PM2 ••• SEGBUS ••• 0 TEST MEMO IRE H02 
185 Ron fLAG./10B.AWA2.AMB ••••••••••• O "VB PREPARE A2 1f5 ROM ./O&3 •• ALUB ••.• SYD.PYD •••••• O TEST "EMOIRE N02 
.86 Ron ElAT./OBE .......... SE'GSUS ... O VERIf MAH. RES M lf6 ROM .. '09? .. PBIO ....... ~SUS.SEGBUS ... O VERIf MAti REG 
Lei "CM :-LnG. '1]28"AI Ut;l"nTQ" .rM2 .. W~~'" }:." .~,,,~.,..,-:;:~:. WR!TE 1f7 ROM ./OBB.ARR1.AlUA,CALU,MYC ..... UBUS .. BUSR.GBTMP,Q CIO orR 
lB8 ROM ./162 .. ALUB ....... wnEM .. BUSR .. G INT lf8 ROM ./036.AEP.ALUA.CALU.MYC ........ 'CTLO.O DER MVB READ 
1B9 ROM ./03A.ARAO.AOB .... 'YD ... RBUS .. aUSR.GBlnLO RER lf9 ROM ./007.AWA1.AMB ..... PI'2 ..... GCfLO.O OER MVB WRITE 
lBA ROM ./09f •...•.•••••.• 0 TEST NO 3 lfA ROM ./03E.AEP.ALUA.CALU.MYC •••••••• GCfLD.0 DER MVf READ 
LBB Ron ./01A •• ZERO ••• SHQ •••••••• U TEST NO 3 U8 ROM ./DDS RW.l.APB ••••• PP2 ••••• G[!lD.U DER nvr WRITE 
lBC ROM ./OS8.A1EN.AlUA.CALU •• UYC •••• UBUS.SE'GBIO ••• fETCH.O TEST TMR lfC ROM fLAG./06C.ARA1.AXB •••• sn2.pn2 ••••• GCHfNU.0 TEST "EMOIRE NOL 
lBO Ron ./OB3 ...... SP2 .... SEQBVS.BUSR.GSTMf.0 fPP DOUBLE LD 2ND ~ORD lfD ROM fLRC./OCO.ARAO.ALUA.CAUI.MYC .. SYD.PYD ...... O TEST MEMO IRE NOL 
LBE Ron ./040 .. BCR .. MYC ........ HKYlO.0 TEST R8 1fE ROM ./12D.ATWO.TUOA.CALU.MYG.OYC ....... GCTLD.0 PAGE fAULT ML 
LBf ROM fLAG./014.AEP.AXB •• MYO ........ bCRfNU.O TEST RB Uf ROM ./12S.OTUO.T~OA.CALU •. 0yC ....... GCILD.0 PAGE fAULT 
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Table .-48 Control- ROM Microinstruction Listin ."856 

ADO ADO. 

000 ROM ./l£a.AR1S.RLUB.CALU.MYC.GYC •••• WBUS •••• 0 IDLE 040 fTA AUR1.AANOB.CRLOG AN oao ROM ./008 •• ALUB •••• 5YO ••••••• 0 CIO OTR 
001 fTA •• 0 NO JUMP 041 ROM fLAG./lC8.APS~.AAN08.LALu.n.L ••••••• BUSA •• 0 HLT.RIT.INH.RTA15 081 ROM ./100 ••••••••••••• 0 GO TD TRAP IUMPI 
002 Ron .IlE9 ...... SP2.PP2 .... BUSR .. O IHCR P 042 Ron ./OfO ... C810.n.e ... PP2 ... ~(Qeus ... v RT5 oa2 ROM .I1B2.AWA2.0BIO ....... RBUS.SEQBIO ... 0 rrx LO A2 
00] ROM fLAG./OOO.AZ.ALUR.CRLU .. GYC ....... GAEXL.O HO FLOT PROC 0'13 ROM ./Of5 ... CBIO.M.e ... PP2 ... SEGBUS ... 0 ~T5S oa3 ROM SNPLA./100.ARRZ.ALUA.CALU.MYC.GYC ........ n Rn 
004 ROM fLAG./lf8.ASYS.TUOA.CALU •• GYC •••••••• 0 TEST DISPLAY 044 ROM ./l01.ARR1.AANDB ••••••• WMEM •• BUSR •. CRLOG AN 5 Oa4 ROM ./laB.AWR1.TWOA •••••• CTP1 •• REPEAT ••• 0 Sll 
005 ROM ./lfB ..•..• 5M2.PM2 ••••• GfKYI0.0 DECR BEfORE Vl5U 045 ROM ./l01 •• IERO ••.•••• UMEM •• BU5R •• O tM 085 ROM ./18B.AWR1.ASHL ••• SLG ••• CTP1 •. REPEAT •• GCSEl.0 SlC 
006 ROM ./lff.AEP.ALUA.CALU.MYC ••.•••••• O VISUA 046 FTA ARR1.AANDB.CRLOG TM oa6 ROM ./169 •.•...•. CTP1 ...•• 0 RTID 
007 ROM ./1ff .. OSIO.CBID.MYC ...... SEGBUS ... O VlSUB 047 ROM ./1E9 ........... BUSR .. CRFLC rpp UAlT EXEt. 087 ROM ./179.ARR2.AlUA.CALU .. GYC ....... GCTLO.O RHO 
ooa fTA AUR1.ALUB.CRLOG LO 04e ROM fLAG./LA6.ARA1.01VALU •••••••••• GCRfNU.O OIV TEST COP..REM. 088 ROM FLAG./OB3 •• IERO.CALU.MYC ••••••• BUSR.G9TMf.0 fPP lOAD 
009 ROM ./1E9 .. AIUB .... SYD.PYD .... BUSR .. CRlOG LO P 049 ROM fLAG.1140.ARAL.AXB.CALU.MYG.GYC. ....... 0 DIV TEST Gun. oa9 ROM ./0BA.AWAL.7HO.CHLU .. G';C ....... GeRt'LO.Q MUl-RESET PRRT.PR~9 
OOA ROM ./L60.ASYS.ALUA •••.••• uaus .... 0 Rep IN L REG. LR ~R RR 04A ROM ./OE2.AEP.AMB.CALU.MYC ••••••••• O SLN oaA ROM .IL30.ARAO.AlUA ••••••• W8U5 •• BUSR •• 0 EX Tl OR T3 
008 ROM ./lff.ARAO.RLUA •• MYC ••••••••• O ERRONEOUS START 04B ROM FLAG./195.AWR1.TUOA ••••• PP2 •••••• 0 SLH LOOP 08B ROM fLAG./ODO.AZ.ALUA.CALU •• ij.C ••••••• GAEXL.O EX T2 TRAP 
OOC ROM ./L01.ARR1.ALUA ••••••• WMEM •. BUSR •• 0 5T 04C ROM FlAG.ILB2.ARCT.ALUA •••• 5P2.PM2.CTPL.WMEM.SEGeUS ••• o M5 LOOP 08C ROM fLAG./OAB.ATEN.ACR.CALU.MYC.GYC •..• UEXM ••• GBOF.O fPP STORE 
OO~ QOM ./l01.AEP.ALUA ••••••• WMEM •• BUSR •• O 5T P 040 ROM ./1E9 •• AlUB ••.• SYD.PYD •••• BUSR •• O MS END oao ROM ./LAB •••••••••• SEGBU5 •• GfRIO.O LOAD M 
ODE ROM ./OE6.AI~0.ALUA.CALU.MYC •••.••••• 0 STO 04E ROM fLAG./lA8 ••••• SLG ••••••• GfRI0.0 TEST READM 06E ROM FLAG./l04.AEP.AlUA •••• SP2 •••• SE9BUS •• ~CHtNU.0 IP~ l00P 

I-_~~~ RQ1L.,!J!~§·ATUO.ALUA.CALU.MYC ......... o STD P 04f ROM .1172 .. 0BIO.CBIO.MYC ..... WMEM.SEG9US .. G9CP.O LOAD M 05F ROM ./159 .. BSHR.CALU.MYC.SLG ........ 0 IPL LOOP 

011 :~g ~~~~/1~~u:~:::~~~~p~~~~::~0~R::O .... u ,t" AU10Ht~~ g~~ ~~~ ~~~~:~~:aC:~~~.AOB.CALU.MYC ........ n END S~OO~KM ~~~I~gg s~~~::~i~~:~~~:~~~~:?::SyD::::::~O EY. 8SYZO.REST0Rt~ 
012 rOM fLAG./OEO.AWAO.ALUB ••••••• RBUs .•. GBOK.O SAVE P TEST IF l/R R 052 ROM ./OEC •• OBIO •••• SYO.PP2 ••• 5EQBU5.BUSR •• 0 RT4 092 ROM ./1EO.AEP.ALUA.CALU.MYC ••••• RBUS.SEGBIO .• GfETCH.0 KcRCP LIRR 
0~3 ROM ./OEO.ARAO.ALUA .... SYO.PYD ...... O LOAD P AND S LR 053 ROM ./0£8 .. DBIO .... SYO.PP2 ... SEGBUS.BUSR .. O RT4S 093 ROM 3NPlA./100.AcP.ALUA.CALU.MYC.CYC ....... 0 ~Tl? 
Ol~ 'OM ./~D6.ATUO.TUOA.CALU.nYc ......... 0 INT 054 ROM .1>0~.ARR1.AOB ....... UMEM .. 9USR .. CRLOG OR S 094 ROM .1.6B.AWR1.A5HR ...... CTPl .. REPEAT .. HRD5R.0 SRA 
015 NOM ./1De.ATUO.rUOA.CALU.MYC .•• PM2 ••.•• GfKYlO.0 INT DECR 055 ROM ./OA8'AUAO.BsHR .• MYQ ••••••••• U INR 095 ROM fLAG./lC7.AUAO.ALUB ••••••••••• 0 SRN 
016 flA .. 0 fETCH 056 ROM FLAC.llAO ..... ~LG ........ O TEST RE~DSf 096 ROM 5NPLA./l0o.ARCT.AlUA.CAlU.MYC ......... 0 rHO END 
Ol7 ROM ElAT./1fE .......... SEGBUS .. GIDU.O t'ISU IDLE 057 ROM fl.AG./L70.ASYS.IWOA.LALU .. ~yt ....... ~B(P.O READ M 097 ROM ./169.AEP.ALUA.CAlU .. GYC ... CTn ..... 0 RHDP 
018 ROM fLAG.!193.AEP.ALUA.CALU.MYC ........ GCRVZO.O SLASLN SAVE P osa ROM .JlA6.AWAJ..DIVAlU ........... 0 OIV CORR.REM. 098 ROM fLAG./OB3 .. ZENO.CAL,).n·,'c ....... eUer.GATMf.O I?? OPER 
OL9 ROM ILAG./1SB.ALP.ALUA.CALU.nY(.SLG ....... ~CRV!o.o DLADLN SAVE P 059 ROM fLAG./J.40.ARA1.AX~.CAlU.MYG.UYl ........ O DIV TEST GUOT. 099 ROM ./OA5.ARA2.TUOA.CALU .. GYC ........ 0 DI'J 
OIA ROM fLAG./17B.ARR1.ALUA.CALU •• GYC .•..••.. 0 SLL sLC OSA ROM ./OE2.AEP.AMB.lALU.MYC ••••••••• U SRN 09A ROM ./095.ARA1.ALUA ••••••• UBUS .• BUSR.G9fMf.0 FfL 
01B ROM ./OCE.AWA1.ASHL ... SlG ... CTP1 .. REPEAT..&CSEL.O DLlDLC 05B ROM fLAG./1.5 •• WRJ..A'flH ... 5RU .. PPi' .... HRt'SN.O SRN L~OP 09B ROM ./Of[.AUR2.ALUB ........... 0 DUl.DRN END 
01C ROM FLAG./16B.AEP.ALUA.CALU.MYC ••••••••. O SRA SRN OSC ROM fLAG./1A2.ARCT.ALUA •••• sM2.PM2.CTP1.~MEM.SEQBUS •.• 0 MSRD lOOP 09: ROM fLAG./083.ATUO.AsHR.CALU.MYe •.••••• BUSR.GBTMf.O IPP oP/S 
O~D ROM fLAG./l"B.AEP.ALUA.CALU.nYC.SLG ...... ,.O ORA DRN 050 ROM ./OBE •• ALUB •• MYU •• SYO.PYD •••••• 0 MSHD END [)9D ROM ./143.A£P.ALUA.CLUR.MYC •• SP2 ••• UMEM.SEQBus.eUSR.~CSEL.O INT 
o~E ROM ./ODO.ARR1.ALUR.CALU •• GiC •••.•••. 0 3RL SRt OSE ROM ./19a ••••• SLO •••••••• O PUP 09E ROM .1160.AEP.ALUA.CALU.MYC •••••••• GflOT.0 ffX 

01r ROM ./OCE.AUA1.A~R .•• SRG ..• CfPl .. R~EP~E~A~T~.~.~S~tP~.D~S~.R~.~O~~~~D~P~L~D~RfC~~0~5Sr~R~O*M~./~I~F~fi.~A~PS~W~.~A~L~UDAL.~CA~Uu.~M~Y~C.L •• w.u.~.~.L.~.O~~~~~~~~Rru~E~IA~D~5TreIAl~·T~e~~0~9riftR~O~M~.~/iOt~~··~·ri·~·i·~·~·~.R~B~Uij5~.~.~.G~B~O~lj·iC~R~f~LO~~~~~~~~~~f~f~X_U~P~D~C~R~ 

g~~ ~6~ ~~~~9~:~,;C~~~D ... SYD.PYC .... BUSR .cHADD ~~ p ~~~ ~b~ ~~~~;~~~5~~~~~A.CALu.MYe .. sP2 ...... GfSYS.O i~T ~A11~g~ :~t~*:A~~~~PB::~:~~D:p~D~~::~u~R .. O 11 ~f 
02< ROM ./OEC.ARR2.ALUA .... :;.D., ... BUSR .. O RT3 062 ROM ./0fC ... CBIO.MYC ...... SEGBUS ... 0 RT? 0 .. 2 ROM ./OE7.AT~O.A'-UA.LHLU.MYL ......... u RT2B 
023 ROM ./OE~.ARR2.ALUA .... !;'D.· .... BUSR .. 0; RT3S 063 ROM ./Of4 .. • C810.M.C ...... SEGBUS ... O Rns OA3 ROM 5HPLA./100.ARR2.~LUILCALU .. QYl.SYl' ....... 0 RT3C 
024 ROM ./l01.RRR1.APB ....... wMEn .. 8USR .. CRADD AD, 064 ROM .110L.ARRl.AXB ....... UMEM .. BUSR .. CRLOG XR 5 OA4 ROM ./OOB.AUA1.ASHL. .. SLG ... UP1 .. R(PEAT ... U OLA 
025 ROM .IW1.AZ.APLB1 ....... wnEM .. BUSR .. CRADD In 065 FTA AWA2.8S~R.n O~H ENe OA5 ROM fLA •• /01F.ATWO.ALUA ..... P.D ...... U OLN 
026 ROM ./071.ATWO.IUOA.CALU.MYC .•••.•... 0 RTN MASTER 066 FTA ARR •. AXB.CRLO' TNN OA6 ROM .1155 •• BSHR.CALU.MYC ••• PM2 ••••.• 0 IPL LOOP 
O~7 ROM ./19E.AW15.AMB .•.. SI0 ...... G'SIUU.O INT UPDATE AL5 067 ROM .ILaO.AuAO.ALUB •• MYG ••••••••• O PUP OAl ROM ./OC9.AEP.ALUA.CHLU •• GiC •.••••.. O ~T!BM 
028 ROM fLAG./ODO.AI.ALUA.lALU •• UY[ ••••••. ~AlxL.O TRAP sLN 068 ROM FLA •• /ODO.AI.ALUA.CALU •• GYC ••••••• GAEXL.O NUF 15R2 TRAP OAe ROM ./060 ••••••••••• BUSR.GBEX.0 EL 
029 ROM ./OE3.AflN.TWOA.CALU.MYl.UYC..P.D ..•... O SlN 069 ROM ./OSf.ARR2.ALUA.CALU .. QYC .. PYD ...... 0 Mvr lSP,2N OA9 ROM ./06E. •• CBIO .. GYC.SP2 .... SlGBUs.BU5R .• O OA 
02A ROM ./J.S9.AfEN.AeR.CALU.MYC.UYC ........ U IrL SET O~A qM .IQD6 AW.O.AtUH ..... ?M2 ...... 0 DUlORN n!D ORA ROM ./14f .. BSHR.CAlU.MVC ......... 0 IPL LOOP 
02R Ron ./14S.AEP.ALUA .... 5YO ... RBVS .. BUSR.S~o~.O IPL END 068 Ron fLA~./195.AUA1.ASHL ... SLO .. PP2 ...... 0 DLN LOOP DAB ROM ./152 • .. CBIO.MYC .. SP2.PP2 ... SEDBUs ... O DA~ 
02e ROM rLAG.il.D2 •• UCr.OB10 .. M'Q .. sn2.PM2.(TPl..SE~BUS ... 0 MLRI 06C ROM ./OE4 .• UR1.TWOA ...... CTPl .. REPEAT ... O SLA OAC ROM ./10],.ARRL.ALUA ....... UnEM .. BvSR.se£x.n ES 
020 ROM ./OOC •. ALUB •••• 5.0.PYD .•.. BU5R •• D MLRI 060 ROM fL.'./1D7.AUAO.ALUB ••••••••••• 0 SLN OAD ROM ./094.AWA2.APB.CALU.MYQ.QYC ••.•.... 0 DA 
OPE ROM ./134 .. • cLlIR.nYC ........ G(SEL.O AUTe RESTART 06E ROM .lLrr .. OBIO.CBIO.MYC .. 5P2.PP2 ... sEGBUS ... O READ M PUP A OAE ROM ./1E9.AEP.ALUA .... SYO .... SE08Us".0 TL END 

~~~~: ~~:i:~~~~c~~t:·ALUA.CALU .. QYC ........ G TEST ~0L 00~fO RROOMM ./lff .. DBIO.CJ!lQ.MYC ...... _SEnSUS .. ,0_ READn P'J? E OM ROM HAG./150 ... .,§LG.SP2 .... SlGBUS.BIJSR.SBTMM.O TL l0cr 
SNPLA./100.AR1Z15 ........... GeTLO.0 SH OSH uou ,on • ·1"D.:~~H" •. ~ALU.~.C ......... 0 leL L~OP 

031 R()M ./1E9.AEP.AMB .... SYD.PYO .... aUSR .. CRSV9 SU P 071 ROM ./1M .ARA2.ALUA.CALU .. G.C ....... Gf~YZU.O DSH OBI RO~ .. 'lE9.AEP.AMB .... Sy".p·;O .... eUSR .. ~ RS 
032 ROM sNPLA.nOD ..• CBIO.MYC.GYC.SP?PP2 ... SE9BUs •.. 0 RTc 072 ROM ./1AO .. OBIO ..•• SYO •••• SEOBUs.BUSR •• O Rf6 OB2 ROM fLAG./l;O.AIPL.APB.CALU.MYC ..... WME~ ... ,0 IOL NEW ~VART 
0]] ~OM SNPI A /1')0 ... C~IO.MYC.G·(C .. PP:' .. 5E98L'" ... 0 R125 073 ROM ./1AC .. DBIO .... SYD .... 5EGHUS.BUSR .. 0 P.T6S OB3 ROM SNPI.A./100 ....... PP2 ...... 0 PTZ: 
~3" ROn ./l[J1.ARR~.AMB ....... Wn[M .. BU5R .. CP5L'B SU s 074 fTA ARRL.ALUA.CRLOG SHZERO OB4 ROM ./ODZ.AWA1.ASHR ••. SRG ... CTP1 •• HEPEAI •• HR~SR.O ORA 
OJS P,)M fLAc;./OSC.AEN.ALUA .......... GCPfNV.O CZ ~p "Go 075 ROM ./ooe.ARA2.ALUA ......... HUSR.HHtNU.U DSHZERO 0~5 ROM HAG./OOF.ATWO.ALUA ..... PYO ...... O ORt: 
036 PI)M ./077.A1W{).!UOI'LCAlU.MYC. ........ Q ~TH I}S[P, 076 ROM ./092.AUAJ..DSUl:l, ..... , .. 8USf.[ .. (.H~Ull OS 
037 flA AWR1.AOB.O !NH.RTN A15 AN~ I.c END 077 ROM ./1C5.ATUO.AlUA.CALU.MYC ••••••••. U ~AIT 
03~ Ron 'LAG./orO.Al.ALUA.Cr.LU .. QH ...... 'AEvL.O TP.~P SR~ 078 ROM ./0C7.AEP.ALUA.CALU.MYC •••• lTPJ. ..... u nL 
nJ~ ROM ./ODE.ARRL.ALUA.CALU •. QY( •••..••. O SRN 079 ROM ./l50.ATUO.ASHR.CALU .• GYe ....... GSIMM.Q TL 
01. ROM FLAG./LC •.. 8SHR.CALU.MYC ..•..... GCRfNU 0 WAIT Ie 07A ROM ./195.AUA •• ASHL ••• 5LG •••••••• 0 DRN 
['3, POM [TAT./1ff .A[P.ALVA .... 5YO ....... 0 \lAIT 10 07B ROM fLAG./185.AUA1.ASHR ... SRG .. PP2 ..... GCRDSR.O ~RN LOOP 
I,,, flOM IIJ,r,./1C2.AUCI.DB10 •••. Sf'2.PM2.CIP1 .. 5E~8VS .. GCR'JML.O ML L00r 07C ROM ./OC5.AEP.ALUA.CALU.MYC •••• eTP1 ••.•• 0 MS I T;O nOM ,/f}O( .AI_UH .. ":)Yu.Pd) ••.• 8U~)!1,,Q ML £N!:I 010 ROM ./1 If8.ATIJO,ASHR.CAlU .. GYC .... I.IEXM .. ,GeOM.O rs 

! ::'Jf POM .Itsr .A1WO.OCR." "PYIJ .. " .• O IF'L 07£ ROM IOC3 AEP ALUA CAlU MYC CTP1 0 MSRO 
0" "OM IlAr,.I1BfJ ..... 5LQ .... RBU5 ... GHOK.U 'EST LDA~~ 01f ROM FLAG.;LF4:.BCR:CALU:.GYi:::: .... ~CRiNU 'uP 

OB6 ROM ./1E9.AEP.ALUA •••. 5'0 .... 5<ijHU!;.U 
OB7 ROM FLAG./146 .•••• SLU.SP2 ••• WE.n.5EWHU5.HUS •. GBOM.O 
OBa ROM fLAG./ODO.AZ.ALUA.CALU •. OYc. •.•... GQDL.O 
OB9 ROM ./06A .•• CB 10 •. OYc. SP2 •..• SlOBUS. 8US~ .. U 
DBA ROM ./1E9.AW1S.DBIO •••••••• SEGBU5 .•• 0 
OBB ROM .1142 •• • CBIo.nYc. .SP2.PP2 ••• SEG8US ... n 
OBC ROM ./130 .. BSHR .... SYD .... SEGBUS ... O 
OBD Ron ./06B.AUA2.AMB.CALU.MYO.GYC ••.•...• 0 
OBE ROM • 109E. AI. APLBI. CAlU. MYC •.•.••. BUSR. G tRVML . CRADD 
osr ROM ./1E9.AWA2.ALIJS ••••• , •• ,BUSR.GCP.'}r"L,CRl0~ 

TS END 
T S L oor 

TRAP 

!PL ENO 
eSt: 
INT 

os 
~H' tOR.OVOT 

D 1\1 GU01 01 
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AOO 

OCO 
on 
OC2 
OC3 
OC4 
0(5 
OC6 
OC7 
oca 
OC9 
oCA 
oCB 
OCC 
oeD 
aCE 

c--§Mr 
00. 
002 
003 
OO~ 
ODS 
006 
007 
aDA 
009 
aDA 
aDa 
DOC 
000 

g~~ 
OEo 
on 
OE2 
OE3 
oE 4 
oE5 
oE6 
OE7 

oH 
oE9 
OEA 
OE8 
DEC 
OED 
OEE 
OEf 

g~~ 
of2 
Of 3 
OF 4 
Of 5 
Of 6 
Of 7 
Of a 
Of9 
Of A 
Of B 
Of C 
Gf D 
Of E 
Off 

Table 2-4B contd. 

AOD ADD 

f TA A~Rl. AlUB. a LOX 100 ROM 
ROM ./1£9 . . AlUB., •• SYD,PYO". ,8USR. ,0 !..OK f 101 ROM 
ROM ,/135, ,BCR •• "", •• BUSR.GfPLR,o AR PAf INT 102 ROM 
ROM ,(oEE" ,CBIO,MYC ••• PP2 .. ,SEGBUS.,.O RT5C 103 ROM 
ROM ./04f ,A~A2,APB"., .... ,. ,0 MVF OEST HI A2 104 ROM 
ROM ,/1£9.ARAo.ALUA,., ,SYO,PVO." .BUSP •• O MOVE END SLN REST.P 105 ROM 
ROM ./oM.ARR1.ALUA.CALU, ,GYC,.,., ••. O CA 106 ROM 
f TA ARR1.AMB, CRCMP CA 107 ROM 
ROM ./OB6.ARR1.ACR,CLUR.MYC ••••••• BUSR,GBCH.0 LC loa ROM 
fTA AUR1.BCR,0 ECR 109 ROM 
ROM ./),£9, .OB10., •• SIO.PYC" .~Ea2US.BVSR. 0 FeR PAr un TRAr lOA ROM 
ROM ,/132""" •• •••• GfSYS.o AR END lOB ROM 
ROM ,/101.ARR1,ALUA •• , •• ,.UMEM •• BUSR.GBCH.O SC toC ROM 
ROM ,1130, • BSHR •••• SYO •• , , • ,Gf KY IO. Q PAGE fAULT AR 100 ROM 
ROM fLAG,1126.ARAO.APB.CLUR.MYC.SLQ, ••••. , ,U EX T8N TEST K1 10E ROM 

.ID3f .......... .. GfSYS.O 'IERH MAN. PUPIT 140 ROM ./07E. ...... .. RBUS ... bBOK.o TEST MAN REG M 
,/19A,ARAo,AlUA .. MYG ... PYO .... BUSR .. o OLN.ORN END 141 ROM ,/1E9,AWR2.AMB ......... BUSR.GfSTOV,O UPO 5TK M~iRO 
./OEC ARR2,APB,., .SYe., •••• OUSP,.O RT5 142 ROM ./1Cf .A~R1.ZERO,., ••• , •• BUSR •• o NGR 
,11AO, ARR2. APB .... SYO ..... BUSR .. 0 RT7 143 ROM ,/101. AI. AMB ....... WMEM .. BUSR .. CRSUS C2 
,I003 ... C8IO,MYC ..... RBUS.SEOBIO ... 0 TMP TEST RO KEYS 144 ROM ./1M .. ALUB ....... UBUS.SEGBIO ... CRIO CIO OTR 
fLAG.fo04,ARAO.ALUA .......... GCRfNU.O TEST RETURN 145 ROM ,IOB7.ARA2.ALUA.CALU .. OYC ........ 0 MU- MUL. TOR IN GREG, 
fLAG,/oOo.AI.ALUA.CALU .. GYC ....... GAEXL,o EX OPER T4T7 TRAP 146 ROM fLAG.101(.ATWO.APS .. MYC ........ GeRfNU.O TEST NO 1 
,/066 .. 8SHR,C~LU,MYC ......... 0 EX OPER T1.!2,!3 147 ROM ./016 ..... SLG ........ 0 TEST NO 1 
fLAG,IDDO,Al.ALUA,CALU .. GYC ....... GAEXL.O MVB )'5R2fU TRAP 14e ROM ./086,AWA1,MULTL .. SRG ... CTP1 .. REPEAT. .. O MU- ALGORITHM 
./04B.ARR2,ALUA ••••. PYO ••• ".0 MVB 15R2f'JN 149 ROM ./085.AWA1.MULTI"MYO,.".",GMULTI,0 MULTI 16TH PASS 
,/OEa.RRR2.APB .... SYO ..... BUSR .. 0 RT5S 14A ROM ./084.A~A2.BSHR ........... 0 MUUI STORE LS8 Of PROD. 
./1AC,ARR2,APB .... SYO ..... BUSR .. O Rns 14B ROM ./007,ARA2.AlUA .......... GeRfNU,O MULTI UPDATE fNU 
,ID4A,ATUQ,ALUA,CALU,MYC,GY(. ••• , ••• 0 MVB LENbTH>O 14C ROM ,lOAD •• ALUB ••• SRG,SP2,., .SEGBUS.8USR,G8TMf ,0 fPP SINGLE RO MA 
./1E9.ARAo,ALUA .... SYO.PYO .... BUSR .. o M'iB LENGTH~O 140 ROM ,/042 .... .. SP2 .. "SEGBUS.8USR,G8IMf.0 fPP OP/S DOUBLE AfAO Ml 

~(l6E .. ,(lOR.MYL1J1L" ,~,aHJ:::;'.S~G810, Gf"F fLH,(j EX L~:":O ~ 10f ROM 
ROM fLAG,/oOQ,Al.ALUA,CALU, ,GYc."". ,GAEXL,Q TRAP 110 ROM 

,/1EB,ARAo.AMB ..... PYO ...... 0 INT MOVE 14E ROM ./053.AT~0,ASHR"MYC.OYC.SM2.PM2 .. UMEM .... 0 T. MEMOIRE NOl 
. *~*~~!.'!..!~~~-i.':.~'!---_E~.b2~';'-t---ff.;-mH:i--'·7/ii1il2f5.:... A"-T!-,U,,,O,-,,-,T,-,W,-,O,,:A'-"-"CiiATL~Uy' if' G"!Yirc,-.,-.,-,.,-,.-"-,.-".~.-,,D.___ PAf M'iE REG L ....1'if. ~l:Q~.f.. AWA J',!l-1-I!!!-,-,-, ... :i.~~ .P~'-'.:_'-'~c.(l __ ._. __ . __ ._. __ I ~ 5 T _M~MO I PE . "Q,--
- .100f ............ GFRZO.0·--------------vERlf MAN. 1sd ROM ,-/09f ............ GFRZQ,O TESrG.CHAR~.NO . 

ROM fLAG, 1000, Al. ALUA, CALU •• GYc. ••••. .GAEXL,Q TRAP 111 ROM 
ROM ,/125.AWR2.ALUB",.,.,., •• 0 PAGE fAULT ML 1.12 ROM 
ROM SNPLA,/Luo, .OBIO.CBIO •• GYC.SYD,PP2" .SE98US, , ,0 P:!4C 113 ROM 
ReM fLA'.f11B.A~H •• knB,CBIC,nrC •• SYD. .. s'~eus. . GII,:'VE . 0 '''11.'7 fJ~AD 114 ROM 
ROM ,/OS6,AUA1.APB ••• , •••• ,' .0 Mt,lf ReST A1 115 ROM 
ROM fLAG./120, •••• SLG.".", ,0 EX K1 TEST K2 116 ROM 
ROM FLAG,/ofB •. BCR.CALU •• OYC, ••• " •• O EX nN TEST MO 117 ROM 
fTA ARR1.AMB,CRCMP CW He ROM 
f TA AEP.AMB,CRCMP (UP 119 ROM 
ROM ,/124,APS~,ALUA.CAlU.MYC. ' •••• , ,GfSYS.O PAGE fAULT l1A ROM 
ROM , 1122, AR15. AlUA •••• SYO. , . WOM •• aUS? GBOM, a PAGE fAl!!... T 11B ROM 
ROM ,Ioae. ARR1. ALUA. CLUR. MYC ••••••• BUSR. GBCH. 0 C( HC ROM 
ROM • 1110, ,ALUB •• Mva •• SM2 •• ,UMEM. SEGBUS, BUSR., a PAGE f A'JL T 11.0 ROM 

~~~ ~L~~:;~;a: :w~~~~u: :QYC:~ ...... o 
EX K1l<:2 TEST K3 11E ROM 
EX K1K2N TEST no l1f ROM 

ROM ,107B. ,ALUB •••• SYO •• ,.,. ,0 UER 120 ROM 
ROM fLA&,/ODO.AZ.ALUA.CALU •• GYC" ••• , .GAEXL.O TRAP 121 ROM 
ROM ,/117, ATUO, APB. CALU, MYC •• 5M2. , • UEXM, SEGSUS. BUSR, GBOM. 0 PM 122 ROM 
ROM ,IDEO, • ,ca I 0, MY (. ..... SEGBuS, • ,0 RTlC 123 f TA 
ROM ,/057, .ALUB. ,MYG ••• PM2 •• UM"M •• BUSR,.U MVf PREP WRITE ),24 ROM 
ROM ./057,.ALUB.,MYG".PM2"un<M,.BU'R,GBEX,U MVSU PREP WRITE 125 ROM 
ROM fLAG./10! ••• , .SLO •••••••• O EX K1K2K3 TEST K4 126 ROM 
ROM fLAG./Ofe, .BCR.CALU. ,GYC •••• " •• O t:x K1.K2K3N TEST MO 127 ROM 
ROM ,/132 .AU15.AMB. CIOR.MYC •••• ,RBUS, SEGBIO, ,GF STOV, a PAGE fAULT 12! ROM 
ROM ,/1E9, AEP, ALUA, ••• SYO ••• ,SEGBUS. BUSR, • CRRTN PTN 15P.2N 129 ROM 
ROM · I no. ATEN. T~OA, CALU, • GY (. • PM2 •• , • , • a TRAP 12A ROM 
ROM ,1073. AEP. ALUA. CBIO. MYG. OYe, SYD, • , • SEOBUS •. Gf PLR. CRRTN R HlA 15 128 ROM 
ROM • 102E. AT ~O, TUOA. CALU. MY (. • , • , •• , ,0 Cf 12C ROM 
ROM FLAG,/130,A~Ao.ALUB." •••• UBUS, •. ,0 EX 12D ROM 
ROM ,/06B.ATUO. T~OA,CALU,MY(' ••••••• ,0 CF 15R1 12E ROM 

SNPLA,/100.ARR2.APB.CAlU, ,GYC.SVO""., ,0 RT5C 151 ROM ./oA1.AUA1.8CR .. MYC.GYC. .. , •• , ,0 TEST OLA 
./12C.ARR2.APB .... SVO ..... BUSR .. 0 Rnc 152 ROM fLAG./030 .... MYa .. SP2 .... SEG8US,BUSR,GBTMf.0 fPP READ LAST MA 
SNPLA./100.AEP.ALUA,CBIO.MYC,OYC.SY~ .... SEOBUS ... 0 RT3 153 ROM ./173,ARAO,T~OA .... S1D ....... O fPP CPS WAIT.LO S ~ITH 1ST AO. 
,/048,AWA2.APB,CBI0.MYC..SYD., •• SEQ~US •• GMO')E,0 MVB READ 154 ROM ./010 .B!NV.rALU.,U\C,SF2 ••• WEY.M.SEG8U<; BU,R.';BOf,O frrlS 51, 
,1056,AWA2.APB ........... 0 M'IS CORRECT A2 155 ROM ,/010 .... .. SP2 .. ,WEXM.SEGBU5,BUSR.GBOf.0 fPP/S OOUBLE ST M1 
,/OAE.ATEN.AlUH .. M1C ........ GfRIO,Q lEST OLA 156 ROM ./0£9 ............. 0 TEST OLA 
SNPLA./100 ••• CBIO,MYC.GYC ••••• SEQBUS •• ,Q RT3B UPDATE ~~~~y 157 ROM ./OA7.ARAO.AOB., •• SYD, •• RBUS.,BUSR.G8TMP,0 INR 
,/oEC.A~R2.AP8 •. , ,svo .• , GF~~;~' 00 STD 15e ROM ,IOA6.AWR1.0BIO,CIOR.MYC. ••••• SEGBUS, .GCSEL,(RIO INR 
./1f3.AWR2.AMB."" •••• , • 159 ROM ./18!.AI~Rl .. AOti."SLG., ••• , •• c wn !ST SST 
,/1f2,AWR2.AMB .......... ~fSTOV,O STOP 15A ROM ,/OA4.AUA1.ALUA .......... &(RVIO.O DIV MEMO SIGNE OIVD 
./1E9,ARR1.ALUA ......... BU5R.GCRUML,(RLOG SLA CR 158 ROM ,IOA3.AWA1.DIVSH ... SLG ... CTP1 .... GCRDSR,0 OIV 1ST PASS 
flAG./1B5.ARR1,ALUA ........... 0 SLN TEST NORM 1SC ROM ./OA2.AUA1.DIVSH ... SLG ... CTP1 .. REPEAL .. O OIV PROCESS 
./13A.AWR2.BSHR ........... 0 SLN RESULT 1SD ROM fLAG./lB6.AUA1.0IVALU ... SLO ....... GCRfNU,O OIV 16TH PASS 
,/1EC.A~1215.0BIO.".",RBUS.SEGBIO, •. 0 KEYS IN (RCP' LR 15E ROM ./OAO.ATUO,APB,CLUR.MYC."PYO ••• , •• O TEST DLA 
,/1ff .AR1215.ALUA •• MYC, ••••• ,-'.~.~G~f~K~Y~Z~0~,O~ ____ -.~L~OfA~D~0~R~R~E~A~;0~R~-fl~5f ROM ,/091.AUA2.BCR ••• SRG •••• , ••• 0 TEST DLA 
,/009.,.,., ••• RBUS •.• GBOK.0- VERIf MAN. REG L 160 ROM .1039", •••••• RBUS.,.GBOK.0 TEST Q.cHARt NO. 
fLAG.I1A5.ATEN.T~OA.CALU.MYC .. ,P¥0 ...... 0 SRN 161 fTA AUA2,ALue.0 OIV ST CoRTO OUOT 
,/1BB,AUR1.ASHR ••• SRO ••• CTPl,.REPEAT.,GCROSR,Q SRLe 162 ROM ./09f,., •• , ••• " •• 0 TMP TEST 
ARA1,ALUA.CRLOG ML OSH 163 ROM ./033,AZ.Aj-UA .. MYC ......... 0 TMP TEST 
,/00A .... MYO ......... O OLA END 164 ROM ./09A.AUA1.0BIO ....... RBUS.SEOBIOI..BOf.O ffX LO A1 
./oD7.A~A2.BSHR.CALU.MYe ........ GCRfNU.0 OLA END 16S ROM ./170 ......... RBU'i..BUSR.GBOf.0 ffX RESET BSY 
./o19 •• BINV •• MYC..,.,., •• 0 ROUT.AFFICH.INCR 166 ROM ./022.AUCT,ALUS ••• , •• CTP1, •• ,.0 TEST NO 3 
ETAT,/07E,.ALUB.CALU"QYC, .•• ,SEGBUS., ,0 DISPLAY INCR 167 ROM .'023.AUCT,ALUB ••• SLG."CTP1 ••••• 0 TEST NO 3 
./1E9,ARA1.ALUA.",." •• BUSR.GCRVML,(RLOG OLA END 16a ROM ETAT.!OOE. ••••••••• SEOBUS ••• o VERlF MAN REG L 
.f164.AEP.ASHR,CALU.MYC ......... 0 OLN,DRN END 169 ROM fLAG.I09C,APS~.AANOB .......... &(RfNU.0 TEST TMP-TPM 
./041.ARA1,ACR,CLUR,MYC ......... a TEST RS 16A ROM ./030.ARA2.ALUA ....... UBUS.SEGBUS.BUSR,GBTMf.0 FFL LO Ml 
fLAG./034,ARA2.ALUA, ••••••• , ,GCRfNU.O TEST OLA 168 ROM ./093.AUA2, TUOA •••••••••• GCRfNU.o OA 
,1043. ,BCR •• , ,SYO., .WBUS.,. ,0 T£ST TMP-TPM 16C ROM ,/092.AWA1.DADD •• , •• ,., ,BUSR, .CRAOD OA 
,laCE .. lERO ... SRG ........ a ~RA 160 f TA AUA2, ASHR, a OAS END 

ROM ,/l00.AU15.AMB •• ,SLO,SYQ ••••••• fSTOV.g JRflP 12f ROM 
ROM ,104E.ATEN.ACR,CALU.MYe •••• " •• ,0 RER 130 ROM 
ROM flAG ./000, Al. ALUA. CALU. ,OY(' •••• , ,GAEXL, a TRAP 131 ROM 

,/115,ATUO,T~OA.CALU,MlC ... PM2 ...... 0 TRAP CORR LONG EX. HE ROM .1090.AEP.TUOA .. MYC ......... D TEST OLA 

·----;\"I!~----t,wiifiiH--:-:~m~~~:~~~~: ~~~~:~~~~z~:g·····~·~· .~.c,O~-----'V"E"R"IC1f __ M~AN. R~~A~ i~6 ~g~ :jm~~~~i\~~~ilt&~~yc:~~:~~:oO --------,d~~~nr.rNtll-
,IOCO .... MYO ......... O OSH 171 ROM ./152,AEP.ALUA.CBIO.MYC .. SYD .... SEGBUS ... 0 DAR- OA 

ROM ,/105,APS~.ALUA ••• SLQ.SP2.,.UMEM, ,BUSR.GfSYS,O TRAP 
ROM ,/12(, ,OBIO". ,SiO." .SEGSUS,BUSR. ,0 RT6C 
ROM ./OEB, ARA1, ALUA •••• SYO ••••• BUSR •. 0 MVB PREP 1ST AD 
ROM ./OEB,ARA1.ALUA •••• SYD, •• , .BUSR,GBEX,o MVUS PREP 1ST AD 
ROM fLAG. 10f 6 •• BCR . CALU, • OYC •••• , •• ,0 EX K1K2K3K4 TEST ~O 
ROM fLA_,IOOO,AZ.ALUA.CALU •. GYC •••••.• GAEXL.o EX 150PC TRAP 
ROM ,/OC! AEN,AI UA.CALU.11YC ••• rM2 •••.• ,Q MLv' 
f TA AUR1,BINV.(RLOG C1 
ROM ,/10'<. AEP. ALUA •• MYG •• SP2 •• ,UMEM. SEOBUS, aUSR •. a TRAP 
ROM ,/103. ,AlUB" •• SYO., •• SEGBUS ••• O TRAP 
ROM ./135 ...•. . SM2.,., .BUSR. ,0 TRAP 
ROM ,/101. .8INV, •• , ••• WMEM, .BUSk •• (RlO' C1S 
ROM ./1E9,AEP,AlUA ••• ,SVO •••• 'EOBU5,BUSR. ,0 STORE RESUL T 
ROM fLAG./oDo,AZ,AlUA,CALU •• OJ(., ••• , ,GRUl,Q TRAP 

132 ROM 
133 ROM 
134 ROM 
135 ROM 
].36 ROM 
137 ROM 
13a ROM 
139 ROM 
13A ROM 
13B ROM 
13C ROM 
).30 ROM 
13E ROM 
].3f ROM 

./00('AUA2,ALUB •• ,." ••• BUSR.GCRfNU,O OSH 172 ROM ./1f7,AEP.ALUA.CBIO.MY(' .SYO •••• SEG8US,BUSR. ,0 EL 

./038 .... MYG ......... 0 TEST G,CHARG NO. 173 ROM ./OM.AEP,AIUA.L1vR .. GYC.SYD .... SEG8IJS ... u CC 

./0CA.AEN.ALUA.CALU,MYC. .• PYO.CTP1, •• , ,0 MLRI 174 ROM ./169.AWA2. TWOA •••• " .•.• G(RfNU.O DS 

./1D3.AUR2.A?B., ,.SYO,PM2,., .BUSR •• o MLRI 175 ROM ./142.AEP,ALUA,C810,MV("SYD ••.• S£OBUS ••• O OSR 

./oE9 ............. 0 TEST DLA 176 ROM ./0£9 ............. 0 TEST DLA 

./oC7,A£P.APB.CALU.MYC .... crPl ..... u MLK 177 ROM ,/087.AUAO,AlUB .. MYG ....... 8USR .. O 

./OC6,AEN,ALUA ..... PVO ...... 0 ML 178 fTA ARAO,AMB.CRCMP 
,/1C3,ARR2,ALUA.CALIJ •• GV(..PM2 •••. BUSR .• O ML 179 ROM ./083.AWR1.BCR.CIOR.MYC ••• , •. SE08US, •• O 
.IOC4,AEN.AlUA ..... P¥0 ...... O MS l7A ROM .1027 .. ZERO .. MYG.SRG ........ O 
,/1B3 ARO,ALUH, .... PM2.Clr1.WME~ .. ~U5P .. U MS 178 ROM .1026 .. ALUB .. MYG .. ,PYO ...... 0 
./OC2,AEN.ALUA.CALU •• GYc. ,PYO •••• ,.O MSPC 17C ROM ./lce.AEP.ALUA, •• ,SYO •.••• BUSR •• o 
./1A3,ARCT.ALUA ••••• PM2.CTP1,UMEM •• 8USR,.0 MSRO 170 fTA A~Rl.AOB.O 
fLAG,IOOA.AEP,ALUA •• , •••. WMEM",.O TrST MEMOIRE N02 17E ROM ./060.AEP.APB •••• ,PYO.,u{jUS •••• O 
,/053.ARA1. TUOA •• MYC.GYC.SM2.PM2 .• WMEM ••• ,0 TEST MEMOIRE NOl 17f ROM ./LaE.AWAO.ZERO ••• "" .SEGaIO •• GfUCH.U 

TEST 

C~ CA 
C~ CA 

LC 
TEST NO 2 

NO 2 
LC 

LC END 
TEST OLA 

TEST OLA 

2-18 



Table 2- 4u contd. 

'I ADO 
ADO. 

HO Ron ./02~, .. . "YQ ••••• RBUS ••• GBOK.O DISPLAY IIlCR ~CO Ron ./1E8 •••••••• • RBUS ••• GBOK.O VERH MAN. pupn 
La. Ron ./020 . .• C81 O. MY C •••••• SEBBUS ••• 0 VERIF MAN REGM Hl Ron ./037.A~ql.AM8 ••••••••••• 0 DER I1VF RE,T nl 
M2 ROM ./050. ATEN. T~OA. CALU.nyc. •••••••• 0 fPa56 ROUT ArF ICH) lC2 ROM fLAG./02C •• BSHR •• nYC.GYc ••••••• GCRFNU.0 ROUT .ArF ICH.INCR 
1.53 ReM ./0[9 ..•.•• ·· ••••• 0 ROUT .AFF ICH.lNeR lC3 ROM ./08S.ATUO.ACR •• MYC.GYC ••••••• GFRZO.0 TEST NO 2 
H~ ROM ./07A.ARR~.ALUA ••••••• UBUS •• BUSR.'8TME.0 UER lC~ ROM FLAG./OF1.AUR2.ALUB •• MYG ••••••••• O OER MOVE REST R2 
Las ROM ./1aa.ARR1.ALUA ••••••• UBUS.SEGBUS ••• 0 UER 1(5 ROM ./168. AWR1. DBIO. CBiO ••••••• SEGBUS ••• CRRTN RER 
186 ROM FLAG./OS~.AR1S.AnB ••• SRQ •••.•••• GCRFNU.0 TEST NO 3 lC6 ROM ./OCC ••• CBIO •• QYC ••••• SEGBUS ••• 0 TEST G. CHARG NO. 
la7 ROM fLAG. 106~. ARC! • AMB ••• SLB ••• CTP1 •••• GCRF NU. 0 TEST NO 3 ],C? ~O" ./029 .• ALUB.fLuM.n'C ••••• WDUS •••• 0 TEST G. CIIARC N". 1M ROM • 1076. AUR2. APB •••• SYO ••••• BUSR •• 0 RTN lca ROM ./036. AWA2. AMB ••••••••••• 0 OER MVF REST A2 
la1 ROM SNPLR./l00 •• OBIO, ••• SM2.PYO ••• SEBBUS.BUSR •• O RTN 1C9 ROM ./03B.AT~O.APB.CALU,MYC ••••••••• 0 OER MOVE M~LGTH 
lao ROM ./09f ••••••••••••• 0 TEST NO 2 lCA ROM ./09f ••••••••••••• 0 TEST DLA 
LaB ROM ./01B • • ZERO ••• SRG •• PM2 •••••• 0 TEST NO 2 HB ROM ./071. ATUO. ASHR •• MYC. •••••••• 0 TEST OLA 'lac ROM ./072.ATUO.APB.CALU.nYC •••••••• GFENB.0 COMPUTE MASK RTNAIS lCC ROM ./07f .. BINU ••• GT(. ••••••• 0 TEST NO 2 
leD ROM ./06E. AUAO. BINU •• MYG ••••••••• 0 COMPUTE MASK RTNA15 lCD ROM ./098.ATUO.ASHR •• MYC.GYC ••••••• GfR20.0 TEST NO 3 
laE Ron fLAG./02~.ARA1.AXB ••• , •••••• GCRFNU.0 TEST DLA lCE ROM ./OAC.AWAO.ALUB •••••••• SEBBU5 •• GfLOT.0 fPP OPIS LD EXP 
Hf ROM ./06l.A1UO.APLB1 •• MYC ••••••••• O TEST RB ICf ROM ,/1B8.AEP.ALUA •••• SYD •••• SEGBUS •. GfLOT.0 FPP OP LD EXP 
190 ROM ./019 •• BINV •• nYc ••••••••• O ROUT. AF F I CH.I NCR 100 ROM ./02F ••••••••••••• 0 NOT USED 
191 ROM ./1BE.ARAO.AOB.CLUR.MYC.GYC •••••••• 0 MASK STACK PSu RTNAIS J.ii. ROM .ID6A. AW01.AMB •••• 5Y[, ••••••• 0 cr. !SR2N 
192 ROM ./09f ••••••••••••• 0 TEST MEMO IRE NOI lD2 ROM FLAG./07C •• BSHR •• MYC.SRG ••••••• GCRFNU.0 ROUT .AH ICH.INCR 
J.93 ROM flAG ./002 . •• CBIO. MYC •••••• SEGBUS •• ,0 TEST MEMOIRE NOlo ]'03 ROM ./032. ARno ••••••••••• G C 1 LD. 0 TEST NO J 
19~ ROM ./06A.AUR1.AMB •••• SYD •••••• GFSTOU.0 CF .lSR2 104 ROM FLAG./OEA.AUA1.APB •••• SYD •••• SEGBUS •• GMOVE.O MVS uRITE 
J.95 ROM ./068. APSU. ALUA •••• SP2 ••• WMEM •• BUSR •• 0 cr 105 ROM FLAG./OEA.nUA1.APS •••• SYD •••• SEGBUS •• GBEX.0 MVUS \lRlTE 
196 ROM ./OE9 ............. 0 TEST DLA 106 ROM ETAT ./OQE •.•••••••• SEGSUS ••• C TEST 9. CHMG 110. 
197 ROM ./067. REP, ALUA •• MYG •• SPi' ••• liMEN. SEGBUS. BUSR •• 0 CF 107 ROM FLAG./OD8 •• AlUB.CBIO •• GYC •••• IIBUS.SEGOUS ••• 0 ROUT. AFFI CH.I NCR lva ROM ./1E9 . . ALIJB .••• $YD. P·'o ••• SCGB'JS. eusp .• n U END lOe ROM FLAG./oe4.ATEN.AIB •••••••••• GCRFNU.0 TEST NO 2 
199 ROM • IDS£, . BSHR. CALU. MYC •••••••.• 0 EX lD9 RON ./017. REP. RMB ••••• ?YD •••••• 0 TEST NO 2 
J.9A ROM ./09f ••••••••••••• O TEST NO J lOR ROM ./09f ••••••••••••• 0 TEST DLA 
198 ROM FLAG./on .... MYO ••••••••• 0 TEST NO 3 lOB ROM ./070.ATEN. TIIOA •• MYC ••••••••• O TEST RS 
HC ROM fLAG ./05C. AEP. AlB •••• SM2, PM2 ••••• GCRfNU. 0 TEST MEMOIRE N02 lDe ROM flAG./098 •••• MYG ......... 0 TEST HO 3 
19G ROM • lOFS .•..•.••• R&vS ••• GoOI(.O TMP TEST lDD Ron ./076, ATUO. ASHR •• MYC. OYC ••••••• 0 TEST NO 3 
HE ROM ./060.AWAO.BCR •• MYC ••••••••• 0 TEST RS lDE ROM FLAG ./OOC. .BINV ••••••••••• O TEST NO ]. 

-t¥o-
ROM ./051.AEP .APB •• nyc ••• PVO •• WBUS •••• O TEST RS lDf ROM • /049 •• AlVB ••• , ••• uBUS •••• 0 VERIF MAN • REG M 
ROM FLAG. I J.]A, AWAO. RL UB •• MYO ••• P"2~:-:-:-:-:-:-6 MVF TEST LGHT=O :~~ I~~~ ./100 • . ALVB ••••• PYD •••••• O TRAP DLN 

lRl ROM flAG ./17~. AT EN • AXB, I •••••••• G CRF NU. U EX TEST IF T2 fL~G./J.9S.ARA1.AlUA ••••••••••• 0 DLN 
1H2 ROM • I 09f ~ "... .. ... 0 . TEST t1EMOIR£ NI)2 1£2 ROM ./09f ••...•••.•••• 0 TEST NO 1 1A3 ROM FLAG ./062 . •• CB 10. MYC •••••• SlOBUS ••• 0 TEST nEMOIRE NOZ 1£3 ROM ./021 . • BINV •• nYc. •••••••• O TEST NO 1 lAt. ROM · 10,R. RRR2. AMB. CALU .MYC ••••••••• 0 MUF LGHT-2 IN M lE4 ROM FlAG./OlA ••••••• PM2 •••••• 0 TEST NO Z lAS ROM ./12B.AWA'I.APB •• MIU.,SYD ••••• BUSR •• 0 MVf Rl=SOUPCE lE5 ROM .1033 ..• • MYO ••••••••• 0 TEST NO i' lA6 ROM ./096.RTUO.ACR.CALU.MYC ••••• WBUS.SEGBIO.,GFKYZO.CRI0 TMP T 1E6 ROM fLAG,/04C •• BSHR •• MYC •••••••• GCRFNU.0 ROUT .AFFICH.INCR lA. ROM r lA~, 1(155 . .••• Sl(L .•• \.:8U~ ••• CST MP. Q TEST TMF' TP!"! lE7 ROM • 10~C . .•. MYO ••••••••• 0 TEST NO 1. ]'M ROM FlAG./],2A,AWAJ.,RMB •••• SYD •••• SEBBUS .• GMOVE.O MVf WRITE DEST J.Ea ROM ./016.AEP.APe.CALU.MYC.SRG ••••••• ,0 TEST NO 2 J,A9 Ron ./J.3A.AUR2.ZERO ••••••••••• 0 MVF CLEAR LGHT J.E9 ROM FLAG. 1074 .ATEN. AXB •••••••••• GCRFNU. 0 TEST NO 2 J.AR ROM .l09f ••••••••••••• 0 TEST NO 3 J.EA ROM ./09f, •••••••••••• 0 TEST RB lAB ROM ./0'13. Awn2. F OPA ••••••• , ••• 0 TEST NO 3 lEB ROM ./0]].ATEN.nSHR.CALU.MYC •••••••.• O TEST RB ]'AC ROM ffAG./052 •• ALUB •••• SM2.PM2 •• WMEM.SEGBUS ••• 0 TEST MEMOIRE NO], LEC Ron ./0],2. ATCH. ALUA •• MYC .OYC •••••••• 0 TEST NO J lAO ROM ./OBO.RRAD.ALUR •• , .SYD.PYD, ••.•• 0 TEST MEMOIRE NOl HO ROM fLAG./04~.ARR2.AMB ••• SRG ••••••• GCRFNU.0 TEST NO 3 loRE ROM SNPLA. 11" . AWAL ALUB. C lOR. MYC. OYC. • PM2 ••• SEOB 10, • GF ETCH. 0 TRB lEE Ron ,/J.E9,RfP,ALUA •••• SYD •••• SEGBUS ••• CRFLO FPP STORE ST EXP 

~ ROM ,/OB1,AURO.BCR •••• SYD.PYO ••••• GFRZO.O fP8S6 TEST MEM N01) 10 ROM fLAG./oio ••• SLO~~ijBUS.BUSR 'ROI .n fPP ~T MNTI 
lBO Ro'i1:/0se-.ATwiJ:ALUA. CALU ~Myc. OYC •••• , ••• 0 MVf IF 0 ROM ./l00 •• ALUB ••••• PYD •••••• 0 TRAP DRN 
lBl ROM ./046.AUAQ.BSHR, .""G .•••••••• 0 RER ,,1 RCM fLA'.I'~S.AUA1.ASHR ••• 3RG •••••• . HRDSR.II ~RN 
192 ROM fLAG, 10]C .. BSHR •• MYC .••••••• GCRFNU.O ROUT. AH I CH .INCR If 2 ROM ./09f ••••••••••••• 0 TEST NO J, 
183 Ron fLAG./OBe.ATUO.AOB,.MYC.GYC •••••.• GfRlO.O TEST HO 1 1F] ROM ,/07f ......•.•.••• 0 TEST NO J, 
lB~ ROM fLAG./0f2.AUAO.ALUB ••••• pn2 •••• ,.0 MVB TEST LENGTH 1f4 ROM ./on •••••• 5M2. PM2 ••• SEGBUS ••• 0 TEST MEMOIRE N02 
J.BS Ron 'LAG./10B.AUA2.AMB ••••••••. , .0 MVB PREPARE A2 J.F S Ron ./063, ,ALVB •••• SYD.PYD •••••• O TEST MEMOIRE N02 
lB6 ROM ETAT • lOBE. .•.. , •••• S[GBU5 ••• 0 VER IF MAN. REG M 1F 6 RvM ./097 . . DB I O ••••••• wBU5. SEGOUS ••• 0 VERIF MAN nEe L 
1B7 ROM FLAG./02B .• ALUB •• MYG ••• PM2. ,UMEM •• BUSR, ,0 MVB PREPARE WR I TE J.F7 ROM .loeB.ARR1.ALUA.CALU.MYC ••••• UBUS •• BU5R.GBTMP.0 CIa OTR 
1B~ ROM .!l62 . . ALUB .. , ••.. IIMEM •• BUSB .. O INT 1f a ROM ,/036,nEP.RLuA.CALU.MYC •••••••• GCTLD.U OER MVB READ 
109 ROM • 10]A. ARA'). AOB .••• SYO ••• RBUS •. BUSS. GBTME. 0 RER 1f 9 ROM ./OO7.AUA1.AMB ••••• PP2 ••••• GC1LD.0 OER Mva uP.lTE lBA ROM ./U9F ..•.•• , .•.•.• 0 TEST NO 3 LrA ROM ./03E.AEP.ALUA.EALU.MYC •••••••• GC1LD.0 DER MVF READ lBB ROM ./OtA . . ZERO •.• SRG •••••••• O TEST NO 3 1f S ROM • /O(lS. AUI"IJ,. AF-'H ••••• PPc ••••• tULD. 0 OER MVf IIP.!TE lSC ROM ./0.18. B1[N. ALVA. CALU •• BYC. .•• USUS. SEoei o. ,GF ETCH, 0 TEST Tnp HC ROM fLAG ./06C. ARA1. AXS •••• SM2. PM2 ••••• HRI NU. 0 TEST MEMOIRE NOl lBD ROM ,lOB] .. , .. ,SP2 .... SEGOUS.BUSR.G8TMf.O f PP DOUBLE LO 2N~ UORO UO ROM FLAG. lOCO. ARAO. ALUA. CAlU. nYc. • SYD, PYD •• , ••• 0 TEST MEMOIRE NOl IBE ROM ./040 . . BCR .• MYC .•.••••• GfKYlO.O TEST RB 1,E ROM ./12D.AIWO. TWOA.CALU.MYG.GYC, •••••• GCTlD.O PAGE FAULT ML lBf ROM .r l AG ./01'l.A£P. AXB .. MYO •••..••• GCRfNU. 0 TEST RB lH ROM .1125. ATUQ. TWOA. COLV •• QYC ••••••• GC [LV.O PAGE FAULT 



To 2-5A Control- ROM Binary Content PL 

ADD 5NA NAW A ADL C M 9 5 P CT o 5£9 R GP CR ADD. SNA NAtJ A AOL C M a S P CT o SEa R GP CR AOD 5NA NAN A AOL C M a 5 P cr B SEQ R GP CR 

000 00 11.11.01000 00011. 0000.1. 00 10 J.1 00 00 0 1.1.1 00 a 00000 00000 O~O 11. 11HH.l.H 01100 01000 J.1 io 11 10 11 a 000 10 0 11100 10000 080 00 000001000 00000 00001 00 00 00 01 00 0 000 00 0 00000 00000 00.1. 1J. 1.I.]']'.I.H1.I. 00000 00000 H .1.0 H .1.0 H 0 000 10 0 11.1.00 00000 O~l 01 111001000 1011.0 01000 00 10 00 00 00 0 000 00 1 00000 00000 DB 00 100000000 00000 00000 00 00 00 00 00 0 000 00 0 00000 00000 002 00 1.1.1101001. 00000 00000 00 00 00 1.0 H 0 000 00 J. 00000 00000 0~2 00 0111111.0.1. 00000 00000 01. 10 00 00 n 0 000 10 0 00000 00000 082 00 110110010 01010 01110 00 00 00 00 00 a 100 11 a 00000 OOOOG 003 01 OH010000 10000 00011 00 00 n 00 00 a 000 00 0 Jolon 00000 OU 00 011110101 00000 00000 01 10 00 00 H 0 000 ],0 o 00000 00000 083 10 ],00000000 0010], 00011 00 10 11 00 00 0 000 00 0 00000 00000 004 01 HnHOOO UHO 10010 00 00 n 00 DO 0 000 00 a 00000 00000 O~~ 00 100000001 00100 01000 00 00 00 00 00 0 011 00 ], 00000 10000 oa~ 00 HOO010n 01100 10010 00 00 00 00 00 1 000 01 0 00000 OOODO ODS 00 HUJolOH 00000 00000 00 00 00 11. 10 0 000 00 0 0111.0 00000 O~S 00 100000001. 00000 01010 00 00 00 00 00 a 011 00 1 00000 00000 08S 00 1100010n 01100 10001 00 00 01 00 00 1 000 01 a 00110 00000 006 00 U1U1Hl 10100 00011 00 10 00 00 00 0 000 00 0 00000 00000 0~6 11 111111111 00100 01000 11 10 11 10 11 a 000 10 0 11100 10000 086 00 101101001 00000 00000 00 00 00 00 00 L 000 00 0 00000 00000 007 00 111111111 00000 01UO 01 10 00 00 00 0 000 10 a 00000 00000 0~7 00 111101001 00000 00000 00 00 00 00 00 0 000 00 1 00000 01100 087 00 101111001 00101 00011 00 00 11 00 00 0 000 00 0 00010 00000 OO~ 11 Ul11.1Ul 01100 00001 1.1 10 11 10 U 0 000 10 o 11100 10000 048 01 110100110 00001 11100 00 00 00 00 00 0 000 00 0 00100 00000 OAA 01 010110011 00000 01010 00 10 00 00 00 0 000 00 1 11001 00000 009 00 llU01001 00000 00001 00 00 DO 01 01 a 000 00 1 00000 10000 0~9 01 101000000 00001 00111 00 11 11 00 00 a 000 00 a 00000 00000 OA9 00 0101U010 01001 01010 00 00 11 00 00 0 000 00 0 01111 00000 OOA 00 lOU01101 11UO OOOH 00 00 00 00 00 0 111 00 a 00000 00000 O~A 00 011100010 10100 00000 00 10 00 00 00 0 000 00 0 00000 00000 08A 00 100110000 00000 00011 00 00 00 00 00 0 Hl 00 1 00000 00000 000 00 111111Ul 00000 00011 00 10 00 00 00 0 000 00 o 00000 00000 O~B 01 110110101 OHOO 10010 00 00 00 00 11 0 000 00 0 00000 00000 08B 01. 011010000 10000 00011 00 00 11 00 00 0 000 00 0 11011 00000 OOC 00 10000000], 00100 00011 00 00 00 00 00 0 011 00 1 00000 00000 04C 01 Hon0010 00111 00011 00 00 00 10 10 1 011 10 0 00000 00000 oae 01 0101010U HOlD 01011 00 10 11 00 00 0 001 00 0 10100 00000 000 00 ],00000001 10100 OOOH 00 00 00 00 00 0 011 00 1 00000 00000 O~O 00 1].nOl00l 00000 00001 00 00 00 01 01 0 000 00 1 00000 00000 OAD 00 110101000 00000 00000 00 00 00 00 00 0 000 10 a 01101 00000 00£ 00 0111.001>0 nOll 00011 00 10 00 00 00 0 000 00 o 00000 00000 g~£ 01 H0101000 00000 00000 00 00 01 00 00 a 000 00 a 01101 00000 08E 01 1110],01.00 10100 00011 00 00 00 10 00 0 000 10 0 00100 00000 Oaf 00 OH100J.Ol HOH 00011 00 10 00 00 00 0 000 00 0 00000 00000 4F 00 101110010 00000 OU10 01 10 00 00 00 a all 10 0 10001 00000 OAf 00 101011001 ~~g~g 8t8¥HH~*H&-g~H%H~-g-ggggg-ggggg--010 01 >110.0000 >1110 00011 00 00 ~~ g~ g~ g ggg gg ~ ggggg ggggg 050 H 111111111 01100 000],0 ].]. 10 11 10 11 a 000 ],0 a 11100 LOOOO 090 00 1101010],0 
011 00 unOl001 00000 0000], 00 00 051 01 110001000 10],],0 000],0 00 ],0 00 00 00 0 000 00 0 00000 00000 091 1.0 ].oooooon 10],00 000],], 00 00 00 01 00 0 000 00 0 00000 00000 
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or~ 00 011001000 11000 OOOLL 00 10 00 00 10 lJ 000 00 a 00000 00000 13~ 00 011000110 11000 00011 00 00 00 00 01 0 000 00 0 00000 00000 176 11 111111111 00000 00000 11 10 11 10 11 a 000 10 0 11100 11100 OF? U 111111111 01100 00101 11 10 11 10 11 a 000 10 0 11100 10000 139 00 111000011 00101 0001.1 UO 00 1], 00 10 0 000 00 1 00000 00000 179 00 010000011 01100 01001 11 10 OU 00 00 0 '000 10 0 00000 00000 Of A 00 10000011]0 101.00 00011 00 11 00 10 00 a 011 10 1 00000 00000 13A 00 011000100 11000 OOOH 00 00 00 00 01 0 000 00 0 00000 00000 1,A 00 000100111 00000 010.10 ou 11 10 uo 00 0 000 00 o 00000 00000 orB 00 1DOOODU 11 00000 00001 00 00 00 01 00 a aDO 10 0 00000 OOOOG 13B 00 110110011 00111 00011 au 00 00 00 10 1 01.1. 00 1 00000 00000 17B 00 000100110 00000 00001 UO 11 00 UO 01 a 000 00 o 00000 00000 Of C DO 1001.10101 00000 00000 00 00 00 11 00 0 000 00 1 00000 00000 13C 00 011000010 11000 00011 00 00 11 00 01 a 000 00 0 00000 00000 17C 00 111001000 10100 00011 00 00 00 01 00 0 000 uu 1 00000 OCOOO UfO flO 100000001 {lllOOO 00101 00 00 00 00 00 a all 00 1 00000 10000 130 00 110100011 00111 OOOH 00 00 00 00 10 1 011 00 1 00000 00000 170 11 111].11].11 01100 OOOLO 11 1ll 11 10 J.1 a OUO lU o 11100 ooeoe Uf E 00 111101001 10100 00011 00 00 00 01 00 0 000 10 1 00000 00000 HE 01 000001010 10100 00011 00 00 00 00 00 a 011 00 a 00000 00000 17E 00 010000000 10100 00110 00 DO 00 00 01 0 111 00 o 00000 00000 mr 01 01.1010000 LOOOO 00011 00 00 11 00 00 0 000 00 a 11011 00000 13r 00 001010011 00001 10010 00 10 11 11 10 0 011 00 a 00000 00000 17f 00 110001110 01000 01010 00 00 00 au 00 0 000 11 o 11100 OOOOC 



Table 2-5A ,-votd. 

ADD SNA NAll A ADL C M Q S P CT 8 SEQ R GP CR ADD. SNA NA~ A AOL C M G S P C I a SEG R GP CR 

180 00 000101000 00000 00000 00 11 00 00 00 0 100 00 0 10011 ooooe J.CO 00 1>1101000 OCOOO 00000 00 00 00 00 uo 0 100 00 0 10011 00000 151 00 000100000 00000 00000 01 10 00 00 00 0 000 10 0 00000 00000 10 00 ooonOl11 01001 00000 00 00 00 00 00 0 000 00 0 00000 00000 1&2 00 001010000 00000 00000 00 11 00 00 00 0 000 00 0 00000 00000 lC2 01 000101100 00000 01101 00 10 11 00 00 a 000 00 0 00100 00000 1&3 00 011101001 00000 00000 00 00 00 00 De 0 000 00 a 00000 00000 lC3 00 010000101 110n 01011 00 10 11 00 00 0 000 00 0 01101 00000 lB4 00 00111.1010 00100 ooon 00 00 00 00 00 0 111 00 ]. 10110 00000 J.C4 01 011110001 0110], 00001 00 1l. 00 00 00 0 000 00 0 00000 00000 1&5 00 110001000 00100 00011 00 00 00 00 000 111 10 0 00000 00000 lCS 00 HOO01000 onoo 01110 01 00 00 00 00 0 000 10 0 00000 00100 1M 01 001010100 0001.1 OODOO 00 00 10 00 00 0 000 00 0 00100 00000 lC6 00 011001100 00000 00000 Ul 00 11 00 00 0 000 La 0 00000 00000 lB 7 01 001100100 00111 00000 00 au 01 00 00 1 000 00 a 00100 00000 lC7 00 000101001 00000 00001 10 10 00 00 00 a 111 00 a 00000 00000 lBB 00 OoU]'011o 01101 00110 00 00 uu u. 00 a 000 uu 1 00000 00000 ]'C5 00 000110110 01010 00000 UU 00 00 UU 00 a 000 00 a 00000 00000 1&9 10 100000000 00000 0].110 au 00 00 11 01 a 000 10 1 00000 00000 lC9 00 000111011 11011 00].10 00 10 00 00 00 a ouo 00 a 00000 00000 1M 00 01001].111 00000 oooou 00 00 00 00 UO 0 oou 00 a 00000 ooooe lCA 00 010011111 00000 DOOUO 00 00 00 DO UO 0 oou 00 0 00000 00000 J.&B 00 000011011 00000 01010 UO 00 10 00 10 0 000 00 a 00000 00000 lC8 00 001110001 1].011 0J.111 00 10 00 00 00 0 DUO 00 a 00000 00000 I&C 00 001110010 nO]'1 00110 UO 10 00 00 00 a 000 00 a 01010 00000 ICC 00 001111111 00000 00101 UO 00 1. UO UO 0 uoo uo a 00000 00000 
1&0 00 oonOlHO 01000 00101 00 11 00 00 00 a 000 co a OODOO 00000 lCO 00 01ooHOOO HOH 01111 00 .0 11 00 00 a DUO 00 a 01101 00000 1M 01 000100100 00001. 00111 00 00 00 00 00 0 000 00 0 00100 00000 ICE 00 0~010l.l.00 01000 00001 uo 00 00 00 au 0 000 10 a 11010 00000 

r-Mt- 00 001100001 11011 00100 00 10 00 00 00 a 000 00 a 00000 00000 lCF t-~O !La J.1 J.OOO 10100 00011 00 00 00 01 00 a aoo 10 a 11010 00000 
000000 ],1001 oooo01fiITmo1f1rnilflnnj1l1JoBOOOif(jODOQ 00000 100 00 00010],111 00000 00000 00 00 00 00 00 a 000 00 0 00000 00000 19]. 00 11011],110 00000 00010 ],0 10 11 00 00 a 000 00 a 00000 00000 101 00 001J.Olo10 O1J.OO 00000 00 00 00 01 00 a 000 00 a 00000 00000 

192 00 010011111 00000 00000 00 00 au 00 00 a 000 OU a 00000 00000 102 a]. oo1J.1J.lo0 00000 01101 00 10 10 00 00 a 000 00 a 00 100 00000 
193 01 000000010 00000 00000 01 10 00 00 00 a 000 10 a 00000 ooooa 103 00 ooolJ.OOlo 00000 00000 00 00 00 00 00 a 000 00 a 00010 00000 194 00 001],01010 01100 00000 00 00 UO 01 00 0 000 00 0 01011 00000 104 01 0111.01010 0100], 00],10 00 00 00 01 00 0 000 10 a 00111 00000 ].95 00 001101000 10],1.0 000],1 00 00 00 10 00 a all 00 1 00000 00000 ]'OS 01 011101010 01001 00110 00 00 00 01 00 a 000 10 0 ],0010 00000 
196 00 011101001 00000 OoOOU UO OU 00 00 00 0 000 OU a 00000 ooooe 106 1], 01001Hl0 00000 00000 00 00 00 00 00 a 000 10 0' 00000 00000 
>97 00 00110011], 10100 0001. 00 11 00 10 00 a all 10 1 00000 00000 107 01 011011000 00000 00001 0], 00 ],1 00 00 a 1],1 10 a 00000 00000 
19& 00 111101001 00000 00001 UO OU 00 01 Ul 0 UOO 10 1 00000 00000 106 01 010000100 HO]'o 001],1 UO 00 00 00 au a 000 00 a 00100 00000 
199 00 00101],],10 00000 01101 00 10 00 00 00 a 000 00 a 00000 00000 109 00 000010111 10100 00000 00 UO 00 00 01 0 000 00 a 00000 00000 
19M 00 01001],],11 00000 00000 00 00 00 00 00 0 000 00 0 00000 00000 lOA 00 01001],],],], 00000 OOOOU UO OU UU UU UU a ouu UU 0 00000 00000 
196 01 001111000 00000 00000 00 1], 00 00 00 a 000 00 a 00000 00000 loa 00 001110000 nOla loolU UO 10 00 00 Uo 0 OUO 00 a 00000 00000 
1.9C 01 001011100 10100 00111 00 00 00 11 ],0 a 000 00 a 00100 00000 10C 01 010011000 00000 00000 uo J.l 00 00 00 0 OOU 00 a 00000 00000 
19D 00 0],1111011 00000 00000 00 00 00 00 00 a 100 00 0 100H 00000 10D 00 0011 noaa 110H 01111 00 10 11 00 00 a 000 00 a 00000 00000 
19£ 00 001100000 01000 01001 UO 10 00 00 00 a 000 DO 0 00000 00000 lDE a]. 000001100 00000 00101 00 00 00 00 00 a 000 00 a 00000 00000 
]'9f 00 001010001 1.0100 00],10 00 10 00 00 01 a 111 00 a 00000 00000 10f 00 001001001 00000 00001 00 00 00 00 00 a 111 00 a 00000 00000 

ADD. SNA N~ A ADL C M Q 5 P CT 8 SEQ R GP CR ADO. SNA N~ A AOL C M G 5 P CT a SEQ R GP CR 

lAO a]. 1001110],0 01000 OOOCI 00 1l. 00 00 10 0 000 00 a 00000 00000 lEO 00 100000000 00000 00001 00 00 00 00 01 a 000 00 a 00000 00000 
loAl 01 101H0100 110],0 00111 00 00 00 00 00 a 000 00 a 00100 oooOG ]'E1 01 H0010101 00001 OOOH 00 00 00 00 00 a 000 00 a 00000 00000 
lA2 00 a 10011J.l1 00000 00000 00 00 00 00 00 a 000 00 a 00000 00000 1.E2 00 010011111 00000 00000 00 00 00 00 00 a 000 00 a 00000 00000 
lAJ 01. 001100010 00000 00000 01 10 00 00 00 a 000 1I:r0 00000 00000 ]'E3 00 000100001 00000 00101 00 10 00 00 00 a 000 00 a 00000 00000 
lA4 00 0010110],0 00101 00000 00 J.U 00 00 00 0 000 00 a 00000 00000 lE4 OJ. 000011010 00000 00000 00 uo 00 00 10 a 000 00 a 00000 00000 
]'A5 00 J.Q0 10 10 1J. 01001 00],10 00 11 00 01 00 a 000 00 1 00000 00000 lE5 00 000110011 00000 00000 00 11 00 00 00 a 000 00 a 00000 00000 
l.AQ 00 010010110 1.101], 01011 00 10 00 00 00 a 111 11 a 01110 01000 lE6 01 001001100 00000 011.0. uo 10 00 00 00 0 000 00 a 00100 00000 
1A7 01 OO10nooo 00000 00000 oC 00 01 00 00 a 111 00 a 10111 00000 1£1 00 001001100 00000 00000 UO 11 00 UO 00 a 000 00 a 00000 00000 
lA& 01 100101010 0100], 00000 00 00 00 01 00 a 000 10 0 00111 00000 lH 00 000010110 10100 00110 UO 10 10 00 00 a 000 00 a 00000 00000 
].H9 00 1001].10],0 ana]. 010],0 00 00 00 00 00 a 000 00 a 00000 ooooe 1£9 OJ. 001110100 11010 00111 00 00 00 00 00 a 000 00 a 00],00 00000 
lAA 00 010011J.11 00000 00000 00 OC 00 00 00 a 000 00 a 00000 00000 lEA 00 010011111 00000 00000 00 00 00 00 00 a 000 00 a 00000 00000 
lAB 00 000010011 01010 10000 00 00 co 00 00 a 000 00 a 00000 00000 loEB 00 000110011 11010 o1J.11 00 10 00 00 00 a 000 00 a 00000 00000 
lAC 01 0010 100 10 00000 00001 00 00 00 11 ],0 a all 10 a 00000 00000 LEC 00 000010010 11010 00011 00 10 11 00 00 a 000 00 a 00000 00000 
lAD 00 010110000 00000 00011 00 00 00 01 01 a 000 00 0 00000 00000 lED 01 001000100 00010 00000 00 00 10 00 00 a 000 00 a 00100 00000 
lAE 10 11111l]'J.1 01001 00001 ],1 10 11 00 10 0 000 J.1 a 11100 00000 lEE 00 111101001 ],0100 ooOH 00 00 00 01 00 a 000 10 a 00000 01100 
lAF 00 010110001 01000 0000], 00 00 00 01 0], 0 000 00 a 01101 00000 lEF 01 000010000 00000 00000 00 00 01 10 00 a 001 10 1 101UO 00000 
180 00 001011011 nOI1 ooon 00 10 11 00 00 a 000 00 a 00000 00000 ~; ~ g~ t~gggg~g~ g~gg~ g~m 00 00 00 00 01 a ggg gg g ggg~~ 00000 
181 00 OO]'OOOHO 0],000 01101 00 11 00 00 00 a 000 00 a 00000 00000 UO 00 10 00 00 a 00000 
.82 01 000111100 00000 01101 00 10 00 00 00 a oeD 00 a 00100 00000 1f2 00 01001111], 00000 OoOUU 00 00 00 UO 00 0 OUO 00 a 00000 00000 
183 0], mo].uooo nan 00010 00 10 11 00 00 a 000 uo a anal oooOG 1f3 00 001111111 00000 00000 00 00 00 00 00 o 000 uo a 00000 00000 
184 01 011110010 01000 00001 00 00 00 00 ],0 a 000 00 a 00000 00000 1f4 00 011000001 00000 OCoOO Uo 00 00 11 10 a 000 10 a 00000 00000 
]'8S 01 10000],0].1 0],010 00000 00 00 00 00 00 a 000 00 0 00000 00000 If 5 00 00],1000],1 00000 00001 00 00 00 01 01 o 000 00 a 00000 00000 
186 11 0]'0J.1111o 00000 00000 00 00 00 00 00 a 000 10 0 00000 00000 1f6 00 010010111 00000 0],110 00 00 00 00 00 a 111 10 a 00000 00000 
187 a]. 000],01011 00000 00001 00 11 00 00 10 a 0].1 00 1 00000 oOOoG In 00 0101],10],1 00100 OOO]'J. 00 10 00 00 00 a 1J.1 00 1 10].11 00000 
].Bd 00 lonOO010 00000 00001 00 00 00 00 00 a 011 00 1 00000 00000 1Fa 00 000110].10 10100 0001]. 00 10 00 00 00 a 000 00 a 00010 00000 
J.B9 00 0001J.1010 00000 00010 00 00 00 01 00 a 100 00 1 lana 00000 1f9 00 0000001H 010ol. 00000 00 00 00 00 11 a 000 00 a 00010 00000 
]'8A 00 0looJ.1Hl 00000 00000 00 00 00 00 00 a 000 00 a 00000 00000 If A 00 ooo11Hl0 10100 0001.1 00 10 00 00 00 a 000 00 a 00010 00000 
lB8 00 000011010 00000 010],0 00 00 10 00 00 a 000 00 a 00000 00000 lf8 00 000000101 01001 00110 00 00 00 OU 11 a 000 00 a 00010 00000 
lac 00 OO10J.1000 11010 00011 00 00 11 00 00 a 111 11 a 11100 00000 lf C 01 001101100 00001 00111 00 00 00 11 10 a 000 00 a 00100 00000 
180 00 010J.10011 00000 00000 uo 00 00 10 00 a 000 10 1 11001 00000 UO 01 011000000 00000 00011 00 10 UO 01 01 a 000 00 a 00000 00000 
J.8E 00 001000000 00000 01001 00 10 00 00 ou 0 000 DO a 011.10 00000 lfE 00 ],00101101 1101], 10010 00 11 11 00 00 a 000 00 a 00010 00000 
lBf 01 000010100 10.00 oO.lH 00 1]. 00 00 00 0 000 00 a 00100 OOC Jo If f 00 100100101 Hall. 10010 00 00 11 UU 00 a 000 00 a 00010 00000 

2-22 



ADD, SNA A ADL C M 0 S P CT B SE~ R GP CR 

000 00 ~11101000 0001~ 00001 00 10 11 00 00 0 111 00 0 00000 00000 
001 11 1~111~111 00000 00000 11 10 11 10 11 0 000 10 0 11100 00000 
002 00 111101001 00000 00000 00 00 00 10 11 0 000 00 1 00000 00000 
003 01 011010000 10000 00011 00 00 11 00 00 0 000 00 0 11011 00000 
004 01 111111000 11110 10010 00 00 11 00 00 0 000 00 0 00000 00000 
005 00 111111011 00000 00000 00 00 00 11 10 0 000 00 0 01110 00000 
006 00 111111111 10100 00011 00 10 00 00 00 0 000 00 0 00000 00000 
007 00 111111111 00000 01110 01 10 00 00 00 0 000 10 0 00000 00000 
OO~ n nluun 01100 00001 11 10 11 10 11 0 000 10 0 11100 10000 
009 00 111101001 00000 00001 00 00 00 01 01 0 000 00 1 00000 10000 
OOA 00 101101101 11110 00011 00 00 00 00 00 0 111 00 a 00000 00000 
OOB 00 1111~1111 00000 00011 00 10 00 00 00 0 000 00 0 00000 00000 
DOC 00 100000001 00100 00011 00 00 00 00 00 0 011 00 1 00000 00000 
ODD 00 100000001 10100 00011 00 00 00 00 00 0 011 00 1 00000 00000 
DOE 00 mnOOHO 11011 ooon 00 10 00 00 00 0 000 00 0 00000 00000 

~~0:~0~r~~0~0~011100101 11011 00011 00 10 00 00 00 0 000 00 0 00000 00000 
010 01 mmn!llllJllunmm;llrrOIJl.TllOTI1'f01l~~ ~ ~~~~~ uuuuu 
on 00 111101001 00000 00001 '00 00 00 01 01 0 000 00 1 00000 00000 
012 01 011100000 01000 00001 00 00 00 00 00 0 100 00 0 10011 00000 
013 00 011100000 00000 00011 00 00 00 01 01 0 000 00 0 00000 00000 
014 00 111011000 11011 10010 00 10 00 00 00 0 000 00 a 00000 00000 
015 00 111011000 11011 10010 00 10 00 00 10 0 000 00 0 01110 00000 
016 11 111111111 00000 00000 11 10 11 10 11 a 000 10 a 11100 00000 
017 11 111111110 00000 00000 00 00 00 00 00 a 000 lO a 00001 00000 
01~ 01 110010011 10100 00011 00 10 00 00 00 0 000 00 a 01111 00000 
019 01 101011011 10100 00011 00 10 01 00 00 a 000 00 a 01l1l 00000 
alA 01 10111101l 00100 OOOll 00 00 II 00 00 a 000 00 0 00000 00000 
019 00 011001110 01001 10001 00 00 01 00 00 1 000 01 a 00110 00000 
01C 01 lo110lo11 10100 0001l 00 lO 00 00 00 0 000 00 0 00000 00000 
OLD Ol 101001011 10100 00011 00 10 01 00 00 a 000 00 0 00000 00000 
OLE 00 011011101 OOlOO 00011 00 00 II 00 00 0 000 00 a 00000 00000 
OlF 00 011001110 01001 onn 00 00 10 00 00 1 000 01 0 OOOU 00000 

ADD, SNA A ADL C M Q 5 P CT a' SEQ R GP CR 

Table 2-5B Control- ROM Binary Content ,...,856 

ADD, SNA A nOL C M 0 5 P CT B SEQ R GP CR ADD, SNA HAtJ AOL C M Q 5 P CT B 5EO R GP CR 

040 
041 
042 
043 
044 
045 
046 
047 
04a 
049 
04A 
04B 
04C 
04D 
04E 
04F 
050 
051 
052 
053 
054 
055 
056 
057 
05~ 
059 
05A 
OSB 
05C 
OSD 
05£ 
05F 

11 111111111 01100 01000 11 lOll 10 11 0 000 lO 0 11100 10000 oao 
01 ll1001000 10110 OlOOO 00 10 00 00 00 a 000 00 1 00000 00000 0~1 
00 Ol1111101 00000 00000 01 10 00 00 11 a 000 10 0 00000 00000 082 
00 01ll1010l 00000 00000 Ol lO 00 00 l1 a 000 10 a 00000 00000 oa3 
00 100000001 00100 01000 00 00 00 00 00 a 011 00 1 00000 lOOOO 0~4 
00 100000001 00000 01010 00 00 00 00 00 a 011 00 1 00000 00000 O~S 
lL lLl11l11l 00100 01000 11 10 11 10 11 0 000 10 0 11100 10000 0~6 
00 lll101001 00000 00000 00 00 00 00 00 0 000 00 1 00000 OllOO 037 
01 110100110 00001 11100 00 00 00 00 00 0 000 00 a 00100 00000 O~~ 
01 101000000 00001 00111 00 11 11 00 00 a 000 00 a 00000 00000 0~9 
00 011100010 10100 00000 00 10 00 00 00 a 000 00 a 00000 00000 O~A 
01 110110101 Ol100 10010 00 00 00 00 11 a 000 00 0 00000 00000 03B 
01 110110010 00111 00011 00 00 00 10 10 1 011 10 a 00000 00000 O~C 
00 111101001 00000 00001 00 00 00 01 01 0 000 00 1 00000 00000 O~D 
01 110101000 00000 00000 00 00 01 00 00 a 000 00 0 01101 00000 oaE 
00 101110010 00000 01110 01 10 00 00 00 0 all 10 a 10001 00000 oaF 
n HHllliTll11000i'ffi];iJ1;lllJl.rIrr-U--o'OMl.!JO-l.uoo".rmiirr- -iffij-
01 l10001000 10110 00010 00 10 00 00 00 a 000 00 a 00000 00000 091 
00 011101100 00000 01110 00 00 00 01 11 a 000 10 1 00000 00000 092 
00 011101000 00000 01110 00 00 00 01 11 a 000 10 1 00000 00000 093 
00 100000001 00100 00010 00 00 00 00 00 a all 00 1 00000 10000 09 .. 
00 010101000 01000 01101 00 11 00 00 00 0 DOD 00 a 00000 00000 095 
01 110100000 00000 00000 00 00 01 00 00 0 000 00 a 00000 00000 096 
01 ll0010000 11110 10010 00 00 11 00 00 a 000 00 a lOOOl 00000 097 
00 l10100110 0100l ll100 00 00 00 00 00 a 000 00 0 00000 00000 09& 
01 101000000 00001 00111 00 11 11 00 00 a 000 00 a 00000 00000 099 
00 Ol1100010 10100 00000 00 10 00 00 00 a 000 00 0 00000 00000 09A 
Ol ll0100101 01100 Ollll 00 00 10 00 11 a 000 00 0 00011 00000 099 
01 110100010 001ll 0001l 00 00 00 II 10 1 011 10 0 00000 00000 09C 
00 010111110 00000 00001 00 11 00 01 Ol a 000 00 a 00000 00000 09D 
00 110011000 00000 00000 00 00 01 00 00 a 000 00 a 00000 00000 09E 
00 lHl1l1H 10110 ooon 00 10 00 00 00 a 000 00 a 00000 00000 09F 

00 000001000 00000 00001 00 00 00 01 00 0 000 00 0 00000 00000 
00 100000000 00000 00000 00 00 00 00 00 0 000 00 a 00000 00000 
00 110n0010 01010 01110 00 00 00 00 00 0 100 n 0 00000 00000 
10 100000000 OOlOl 00011 00 10 II 00 00 0 000 00 0 00000 00000 
00 1100010ll 01100 10010 00 00 00 00 00 1 000 01 0 00000 00000 
00 110001011 01100 10001 00 00 01 00 00 1 000 01 a 00110 00000 
00 101101001 00000 00000 00 00 00 00 00 1 000 00 0 00000 00000 
00 101111001 OOlOl 00011 00 00 11 00 00 a 000 00 a 00010 00000 
01 0101l00ll 00000 01010 00 10 00 00 00 a 000 00 1 11111 00000 
00 0101110}0 01001 01010 00 00 11 00 00 0 000 00 a 01111 00000 
00 lOOl10000 00000 00011 00 00 00 00 00 0 III 00 1 00000 00000 
01 011010000 10000 0001l 00 00 11 00 00 0 000 00 0 11011 00000 
01 010101011 ll010 Ol011 00 10 11 00 00 0 001 00 0 10100 00000 
00 ll0101000 00000 00000 00 00 00 00 00 a 000 10 0 0110l 00000 
01 111010100 l0100 OOOH 00 00 00 10 00 a 000 10 0 00100 00000 

-gg m~m~6 ~~~~ggmi g~-tgg6-~g~-g g~~gH-~g~gH~~ 
10 1000000ll 10100 OOOll 00 00 00 01 00 0 000 00 a 00000 00000 
00 UHOnOl 10100 OOOH 00 lO 00 00 00 0 100 11 a 11100 00000 
10 100000000 }OlOO 00011 00 10 11 00 00 0 000 00 0 00000 00000 
00 11000101l 01100 01111 00 00 00 00 00 1 000 01 0 00011 00000 
01 111000111 01000 00001 00 00 00 00 00 a 000 00 0 00000 00000 
10 100000000 00111 00011 00 10 00 00 00 0 000 00 0 00000 00000 
00 101101001 10100 00011 00 00 11 00 00 1 000 00 a 00000 00000 
01 0101100ll 00000 01010 00 10 00 00 00 a 000 00 1 11111 00000 
00 010100101 00010 10010 00 00 11 00 00 0 000 00 a 00000 00000 
00 010010101 00001 00011 00 00 00 00 00 0 l11 00 1 11111 00000 
00 011111110 01101 00001 00 00 00 00 00 a 000 00 a 00000 00000 
Ol 010110011 11011 01111 00 10 00 00 00 a 000 00 1 11111 00000 
00 l0100001l 10100 00011 10 10 00 10 00 0 all 10 1 00110 00000 
00 101100000 10100 00011 00 10 00 00 00 a 000 00 a 11111 00000 
00 010011011 00000 00000 00 00 00 00 00 a lOa 00 a 10100 01100 

ADD, SMA NAN A ADl C M 0 5 P CT B SEQ R GP CR ADD. SNA NAN A ADL C M 0 5 P CT B SEQ R GP CR 

r---+---------------------------------------~--_+-----------------------------------------~--_+----------------------------------------4 
020 
02l 
022 
023 
024 
025 
026 
027 
02~ 
029 
OeA 
029 
02C 
02D 
02E 

4~~ 
031 
032 
033 
03 .. 
035 
036 
037 
03a 
039 
03A 
03B 
03C 
030 
OJE 
03r 

H 111H1111 onoo DOHa n 10 :11 10 H a 000 10 0 11100 }OlOO 
00 111101001 10100 00110 00 00 00 01 01 0 000 00 1 00000 10100 
00 011101100 00101 0001l 00 00 00 01 00 a 000 00 1 00000 00000 
00 011101000 00101 00011 00 00 00 01 00 0 000 00 1 00000 00000 
00 lOOOOOOOl 00.00 00110 00 00 00 00 00 a 01l 00 1 00000 10100 
00 100000001 10000 00100 00 00 00 00 00 a 01l 00 1 00000 10100 
00 001110111 11011 10010 00 10 00 00 00 a 000 00 a 00000 00000 
00 110011110 01011 00000 00 00 00 01 00 0 000 00 a 01011 00000 
01 011010000 10000 00011 00 00 11 00 00 a 000 00 a 11011 00000 
00 01Hooon HOLD 100lO 00 10 11 00 01 a 000 00 0 00000 00000 
00 l01011001 11010 01011 00 10 11 00 00 a 000 00 0 00000 00000 
00 l01000101 10100 00011 00 00 00 01 00 a lOO 00 1 1001l 00000 
01 l11010010 01111 01110 00 11 00 11 10 1 000 10 a 00000 00000 
00 OHOBlOO 00000 00001 00 00 00 01 01 0 000 00 1 00000 00000 
00 100110100 00000 00000 10 10 00 00 00 0 000 00 a 00110 00000 
01 lHOOOOOO Hl00 OOOH 00 00 11 00 00 a 000 00 a 00000 00000 
H lHnl~i.l 01100 00000 11 10 H 10 11 0 000 lO 0 Ulao HOOO 
00 111101001 10100 00000 00 00 00 01 01 0 000 00 1 00000 ll000 
lO 100000000 00000 00000 01 10 11 10 11 0 000 10 0 00000 00000 
lO 100000000 00000 00000 01 10 11 00 11 0 000 10 0 00000 00000 
00 100000001 00100 00000 00 00 00 00 00 a all 00 1 00000 11000 
01 010111100 l1000 00011 00 00 00 00 00 0 000 00 a OOlOO 00000 
00 001H0111 HOH 100.10 00 10 00 00 00 a 000 00 a 00000 00000 
11 111111111 01100 00010 11 10 11 10 11 0 000 10 a l1100 00000 
01 011010000 10000 00011 00 00 11 00 00 a 000 00 a 11011 00000 
00 011011110 00100 00011 00 00 11 00 00 0 000 00 a 00000 00000 
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lAC 01 001010010 00000 00001 flO 00 00 11 10 0 011 10 0 00000 00000 ]'EC 00 000010010 HOlD OOOU 00 10 11 00 00 o 000 00 0 00000 00000 
lAD 00 010110000 00000 OOOU 00 00 00 01 01 0 000 00 0 00000 00000 lED 01 001000100 00010 00000 00 00 10 00 00 o 000 00 0 00100 00000 
lAF ],0 111111111 01001 00001 11 10 H 00 10 0 000 11 0 lHOO 00000 lEE 00 111101001 10100 00011 00 00 00 01 00 o 000 10 0 00000 01100 

f-{~5- 00 01011000], 01000 01001 00 00 00 01 01 0 000 00 a onOl 00000 lEF 01 000010000 00000 00000 00 00 01 10 00 a 001 10 1 10100 00000 
00-5010 LJ.o1TI.10iTooo1J:·oo· io 11 00 00 0 000 00 0 00000 00000 ].f0 00 100000000 00000 00001 00 00 UO gg ~~ g ggg ggn~~~n~~~~ 181 00 001000110 OLOOO 01101 00 11 00 00 00 0 000 00 0 00000 00000 lf1 01 110000101 01001 01111 00 00 10 

lB;> 01 000111100 00000 0110L 00 10 00 00 00 0 000 00 0 00100 00000 IF 2 00 0100LHH 00000 00000 00 00 00 00 00 0 000 00 0 00000 00000 
183 01 010111000 11011 00010 00 10 11 00 uo a 000 00 a 01101 00000 ]'F3 00 001111111 00000 00000 00 00 00 00 00 0 000 00 0 00000 00000 
19~ 01 011110010 01000 00001 00 00 00 00 10 0 000 00 0 00000 00000 1F~ 00 011000001 00000 00000 00 00 00 11 10 0 000 10 0 00000 00000 
LBS 01 100001011 OL010 00000 UU uu UO UO Uo 0 000 Uo 0 00000 00000 U5 00 001100011 00000 00001 00 00 00 01 01 0 oeD 00 0 00000 00000 
L86 lL 0101L1110 00000 OOOUO 00 Uu UO UU ao U DUO 10 0 00000 00000 1F6 00 010010111 00000 01110 00 00 00 00 00 0 111 10 0 00000 00000 
187 01 000101011 00000 00001 00 11 DO UO 10 U Ull 00 1 00000 00000 1>7 00 010111011 00100 00011 00 10 00 00 00 0 111 00 1 10111 00000 
lB~ 00 101100010 00000 OOOUl 00 UU 00 00 au 0 011 00 1 00000 00000 1fe 00 000110110 10100 00011 00 10 00 00 00 0 000 00 0 00010 00000 
IB9 00 000111010 00000 00010 00 00 UO 01 UO C 100 00 1 10110 00000 1[9 00 onOOOO111 01001 00000 00 00 00 00 11 0 000 00 0 00010 00000 
lOA 00 010011111 00000 00000 00 00 00 00 00 0 000 00 a 00000 00000 lF A 00 000111110 10],00 ooon 00 10 00 00 00 0 000 00 (} 00010 00000 
198 00 000011010 00000 01010 00 00 10 00 00 a 000 00 0 00000 00000 lFB 00 000000],01 01001 Dono 00 00 00 00 11 0 000 00 a 00010 00000 
IBC 00 001011000 11010 00011 00 00 11 00 00 0 111 11 o 11100 00000 !FC 01 DonOHOO 00001 00111 00 00 00 11 10 0 000 00 0 00100 00000 
lBI> 00 010110011 00000 00000 00 00 00 10 00 0 000 10 1 11111 00000 If 0 01 011000000 00000 00011 00 10 00 01 OJ. 0 000 00 0 00000 00000 
lBf on 001000000 00000 01001 00 10 00 00 00 a 000 00 o 01110 00000 If[ 00 100101101 11011 100'10 00 11 11 00 00 0 000 00 0 00010 00000 
lA' 01 000010100 10100 00111 00 11 00 00 00 0 000 00 o 00100 00000 lFF 00 100100101 HOI1 10010 00 00 11 00 00 0 000 00 0 00010 00000 

2- 25 



2.48 INSTRUCTION WORD LOGIC 

The instruction word logic (Figure 2-8AA) 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 J6-bit register holds the instruction word which is obtained from memory 

via the GP-Bus BIO lines. The instruction-word format is given in Section I 

(paragraph 1.62). Four type 74175 IC chips are used as a straight 16-bit buffer 

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

BIOOO-J5R are loaded by CLK at the trailing edge of BP, when GFETCH is active. 

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

2.50 Instruction Decoder 

The instruction decoder uses a programmable logic array (PLA) as the main decoding 

logic. The PLA provides an address code to the microinstruction control-store 

for 96 different input combinations. A set of gate-logic decoders in parallel 

with the PLA are used for ineffective branches and FPP instructions without 

attached FPP. The PLAO, PLAI control logic controls some of the PLA and the 

gate-logic decoding. These instruction-decoder outputs are used with the 

Microprogram Control and are described in paragraphs 2.37 and 2.40 (Microinstr. 

Instr. Word, M.S. Pointer). 

2.51 Logic gates are used to decode the K register into basic fields for 

controlling the PLA decoder and gate decoders. These gates may indicate when 

the instruction RI or R2 fields contain 0 or IS, or when a branch condition is 

indicated and verified. Some bits of the K register are used as direct control 

bits for the PLA decoder. Complete PLA decoding is shown in Table 2-6. 

2.52 PLA ROM maps are provided (Table 2-7) to show the PLA output 

code (as a two-bit hexadecimal number) produced for the various instructions 

or addressing types. The PLA output code relates directly to the control-store 

R OM address used by the mi croprogram control. 
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Table 2-6 Instruction Decoder PLA 

Data Input Output Comments Group 

114' °10 F8-F! 

l() l() 
0- 0_ o- RAD «« LULU 0LUwl() -,-,O-NM"<t __ o--",,,,-

1--8 "-Q..~~~~~""""~""""~ 

LL ------------ LLLLLLLl Inhibit mode 

HHLL HL L H - - - - -- LLLLLLLL INH, RIT , HLT 
HHLHLL -L ------ LLLLLLLL I/O instructions 
HHL HHH -L - - - - -- LLLLLLLL RER, WER Privileged 
HHH-----H----- LLLLLLLL F ormot I with RI=15 Instruction 
HHHLLLL--LHLH- LLLLLLLL LD, ST with R2=15 Detection 
HHHLHHH--LHLH- LLLLLLLL ML, MS with R2=15 
HH-HHH-H----HL LLLLLLLL MVF,MVB,RTN with R2=15 
HHHLHHHH------ LLLLLLLL TS, TS 
HHHHLHLl------ LlLLLLLL El, ES 

H -L H - - - - - - - - - - L-------

KI J H-L-H--------- -L------ K2 
H -l - - H - - - - - - - - --L----- K3 Generals 
H -L - - -H - - - - - - - ---l---- K4 
H -L - - - - H - - - - - - -------L OR! 
H -L L L L L - - - - - - - LL------ LDIV , Format 0 
H-LLLLH------- -------L ABK (T8) 
H -L H L H - - - - - - - - -------L RF, RB 
H-LHLLL--HLH-L -------L WMP 
H-llHHH----H-l -----L-- Shift with n=O 

H-H-- --------- ------L- KO] H -H - - - - - - H - - - - -L------ K9 Generals 
H -H - - - - - - - H - - - --L----- KIO 
H -H - - - - - - - - H - - ---L---- OR2 
H -H - - - - - - - - - - H -------l KI5 T3J Store H -H III H - - L H L - - -------l OPC-J 
H-HHHLL------- l------L OPC- J 2 Char. Instr. 
H -H L L l L - - L H l H l l------- lDR T3 J5R2 Addressing 
H-HlHHHl-lHLHL -----L-- MLR T3 15R2 Routines 
H -H H L L - l - - - - - - l------L Floating Point 
H -H -- - - - - II - - - l------L TI routine Format I 
H -H - III - - - - - - H L------l ST, TS, MS (T 1-7) 
H -H l H II H - - - - - H l------L CM 
H -HlHHH------- l------l OPC-7, KO 
H -H H l H II - - - - - - l------L El, ES 
H-HHHLH------H l------l CC 
H -H H l H - H - l H L - - l------L DAR·, DSR * 
H-HHLH-H-H---- L------L DA, DS 
H -H H H H l - - - - - - L -----L-- Return 
HHHHHHL------L ---L---- Return, User 



Data input Output 

114------· 10 F8-Fl 

41 LHHH----------
42 LHH-H---------
43 LHH--H--------
44 LH----H-------
45 LHH------H---H 
46 LH-----H-----_ 
47 LHHLLHH--LL--H 
48 LHHLH-L--LL--H 
49 LH-LLLH-------
50 LH-LLLl-------
51 LHHLLLL--lH-HH 
52 LHHHLH-H-LHH--
53 --HHLH-H-Ll---
54 LHHHHlL--LL---
55 LH-HHHl--ll---
56 lHHHHHH-------
57 lH-LHHH-------. , 

58 lHHLHHHL-lHlHH 
59 lHHLHHH--lHH--
60 lHlLHHH--H----
61 LHlLHHH---H---
62 lH-HHHL-----HL 
63 lHHHllHl-ll---

64 H--LHHLH------
65 H - L H l L - H - - - - - -
66 H--HlHH------H 
67 H-LHHLl-------
68 H-HL-----lHH-H 
69 H-HlLLH--H---H 
70 H-HLllH---H--H 
71 H-HLlHHH-ll--H 
72 H-HlHL-H-----L 
73 H-HLHLLH-LL---
74 H-HLHLHH-----H 
75 H-HLHLH--LL--H 
76 H-HLHHH--LL---
77 H-HLHHHH-LHH--
78 H-HHL--H-----H 
79 H-HHL----LHH-H 
80 H-HHL-LL-LL---
81 H-HHLL-L-LHH--

L---L---
-L------
--L-----
---l----
-----L--
-------L 
-----L-L 
-----LL-
-------L 
----L---
------L-
------L-
-----L--
-------L 
-----L--
-------L 
----L---
------L-
L------­
------L-
-----L--
------L-
------L-
LLLLLLLL 
LLLLLLLL 
LlLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LlLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
LLLLlLLL 

Comments Group 

~~: ~~ J Generals Execution 
K4 
KO.K9.KI5 
ORl 
NGR 
TM, TNM 
AB 
LD, ST 
STR with R2=15 
OAK, DSK 
DAR, DSR (ADD. also) 
ECR 
CR, EX 
Cl 
ML, MS, TL, TS, Shift 
MSR with R2=15 
MLK 
Shift K9 
Shift KIO 
RTN with R2=15 
FFX, FFL 

XRK ORI 
I/O instr. ORI 
RB KI5 
OPC-12 KO 
KO.KI.KI5 (T2) 

JAB K15 

SUR KI5 
AN, OR ORI , ill 
ANR ORI 
ORS ORI 
ORR KI5 
OPC-7 (Tl ) 
MLK ORI 
OPC-8 to II ORI . KI5 
OPC-8 to II T2.K15 
OPC-8, 10 Tl . aRT 
OPC-8, 9 T2.0Rl 

r ~ 

Trop 

Detection 

Data Input Output Comments Group 

114· • 10 F8-FI 

to 
0- to 0- RAD « « 0- 0 wwtO 
-l-lO-NM"'<t~~ NN- I -- 8 o..o..~~~~oc~OCOC~ 

82 H-HHLHLL-LHH-- LLLLLLLL DAK 0iIT 
83 H-HHHLLH------ LLLLLLLL OPC-12 ORI 
84 H-HHHLL--LHH-H LLLLLLLL OPC-12 T2.K15 
85 H-HHHLHH-H---H LLLLLLLL 

] CC ORI Trap 
86 H-HHHLHH--H--H LLLLLLLL Detection 
87 H-HHHHLL-----L LLLLLLLL OPC-14 0iIT, ill 
88 H-HHHH-H-LL--L LLLLLLLL OPC-14,15 ORI , ill, T2 
89 H-HHHH---lHH-l LLLLLLLL OPC-14,15 ill, T2 
90 H-HHHH-H-H---l LLLLLLLL OPC-14,15 ORI , ill, K9 
91 H-HHHHHH-LL--- LLLLLlLL Cl R ORI 
92 H-HHHHH--lHH-- LLLLLLLL C2 T2 
93 H-HHHHHH-lHL-l lLLLLLLL CI R • ORI 
94 LHH-------H--H -----l-- KO KIO K15 Execution 95 LHHHLLHL-LL--H -----L-- FFX 
96 lHHHHHL-H----H ------L- CF with RI =15 Misc. 
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Table 2-7 PLA ROM Map 

PLA Output 

F:ls76S1 4321 1 
MSB LSB 

Example: Addressing type RTSS /43 = 0100 0011 2 

LSB LSB 

MSB 0 1 2 3 ...i 5 6 7 8 9 A B C D E F 
NO NO NO 

0 JlM' J~ r,.,. 
0 1 2 3 4 5 6 "' 8 9 A R c MSB I 0 E to 

0 LC l[P ST SIP 510 STOP 

1 AtlI( Sl. r.u Sll 10lt ISR. I"'" ""l OHl 1 A8 
SLM eLH SLC OlC SRN ORo SIIC OIIC 

2 J.2K ~J(P Rn Rns RTH 2 III lOP 105 III 

3 RTH 
SLI< SlO(P lIT 2 IIT2S 

USER 3 su SUP sus C2 -4 ANK I ~i; RTS IIT55 
I ... 

4 AN 1NS CP rw 
ENS 

5 IllK S>(J lIT. IIT4S 
lK" 

5 OR illS 

6 .RK liT? IIT?S 6 XR XRS n .. 

SO< 0S/i 
IIT6 IIT6S 

... IU "" 
'7 n • 0 n • r' c •• 0 7 .. t TL O<S TS IolSR'J 

8 
ClO 

",",P lIT 1 lIT 10 
erR 8 .. n II\) , rs 

9 ~~~ RT1P pr10P 
I NFl 9 ro cv ITl ros rn 

A Rf' mE IInc ~III o1lbt 
A fl 01 CAK fS OAR 

8 fiB IIT2C !) DSR • 
OS OSK JSII 

C L£K L£KP IITSC C lC EeR 5C 

0 C~c ~CP IIT4C 0 C\j (loW ce 

E W£R - RT7C E RTN 
RTN 

or fX 
OJ 

"5 1~1 

F REI? wvs IIT6C F I<LK el C15 

ADDRESSING MODE EXECUTION MODE 
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2.53 DATA HANDLING lOGIC 

The Data Handling logic (Figure 2-4) comprises the arithmetic logic unit (ALU), 

data and address storage and handling registers, and the logic for the data path. 

The basic components of the Data Handling logic are: 

AlU -- Arithmetic Unit 2.59 2-8 GG 

M -- CPU Working Register (multi-in) : 2.64 2-8 GG 

load C ; load O. 

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: DO-IS or 8-15; BIOO-15 or 8-15; 2.65 2-8 JJ 

INTAD 0-5; ASRO-7. 

0 -- Shift Register: load; sh iff rig.ht; shift left. 2.67 2-8 JJ 

S -- Address Register/Counter 2.71 2-8 KK 

A - Bus Selection 2.72 2-8 LL 

IPl -- Initial Program Loader 2.76 2-8 LL 

P -- Program Register /Counter 2.77 2-8 lL 

AO -A 15 -- Scrat chpad 2.79 2-8 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 parallel processing of 16-bit words. Double­

length operations are provided for processing of 31-bit words. Two 16-bit data 

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

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 AO-A IS, 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 0 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 0 and M registers. The execution 

operation processes both operands through the All) 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 Land 0 registers can perform shift operations 

in the data-path loop. With D selector at BIO direct, there is a direct loop 

from L, via BIO and D, to L. Scratchpad read, rewritten as same clock: path 

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

2.56 A,D,l Command 

The A,D,L command logic (Figure 2-8FF) controls the arithmetic operations 

by providing simultaneous command signals to the AlU, the D-selector, and the 

multiple-input l register. Thirty-two 8-bit command codes are stored in the ADL 

read-only memory (ROM). The command codes are selected by microinstruction 

bits fJADLO-4 and some internal flags: 015,016, FSIG, and MOON. 

2.57 The first three address bits (fJADLO-2) ui-e used for direct ROM 

addressing (inputs E,D,C); they also control a dual 4-input multiplexer (type 

9309) which selects the last two address bits (inputs B,A) of the ROM. ROM 

inputs B and A may be the last two microinstruction bits (muADl3-4, inverted) 
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'or the flog bits 015,016, FSIG, MOON, os follows: 

Multiplexer Multiplexer Output 
Select Input to ADL Command ROM 

fJADL: RALUA: RADL3 RADL4 
0, I, 2 IN, 2N 

0 0 0 1 1 fJADL3N fJADL4N 
0 0 1 1 1 fJADL3N fJADL4N 
0 1 0 1 1 fJADL3N fJADL4N 
0 1 1 1 1 fJADL3N fJADL4N 
1 0 0 1 1 P ADL3N fJADL4N 
1 0 1 1 0 015 016 
1 1 0 0 1 fJADL3N FSIGN 
1 1 1 0 0 fJADL3N DIVFLAGN 

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 SO-4 (Figure'2-8 GG). The ALUCOl6 signal is sent to the ALU and 

the ALU look-ahead-carry unit as a carry control signal. The microinstruction 

bit fJADL4 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-I 

(combined with microinstruction field bit GMULTI) are the control signals 

for the four-input D selector (Figure 2-8 HH). The DOODN signal that is 

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

to the D selector, bit 0; this logic is described with the D selector. The 

ADL-ROM output LSEL is sent to the L register (Figure 2-8HH) to select 

direct load (LSEL-Iow) or shiFt left (LSEL-high). 

MUADL FLAGS 
o I 234 

000 I 1 

000 1 0 

00001 

00000 

00 I 1 1 

00 I 1 0 

001 0 I 

00100 

01 0 1 1 

o 1 0 1 0 

o 1 001 

o 1 000 

01 1 1 1 

01 1 I 0 

o I I 0 I 

Table 2-8 ADL Command ROM 

00 00000 1 1 0 ALUA 

o 1 00 I 00 1 1 0 AOB 

o 2 1 0 1 0 0 1 1 0 ALUB 

03 1 0 0 1 1 1 1 0 AMB 

04 0 1 1 00 1 1 0 AXB 

05 0 1 1 00 1 1 0 APB 

06 0 1 0 1 0 1 1 0 BINV 

0701101110 APLBI 

o 8 0 0 00 0 0 1 0 ACR 

Operand A 

Logical OR of A and B 

Operand B 

Arithmetic Subtract 
A minus B 

Logical XOR of A and B 

Arithmetic Addition 
A pi us B 

Operand B Inverted 

Arithmetic Addition with 
Carry A plus B plus 1 

Operand A characters 
crossed on Selector D 

09 00 1 1 1 1 1 0 ZERO ALU output is zero 

o A 1 0 1 0 0 0 1 0 BCR Operand B characters 
crossed on Selector D 

o B 0 1 1 1 1 1 1 0 AANDB Logical AND of A and B 

OC 00000 1 00 ASHR Operand A shifted right 
one position 

OD 00000000 DBIO 

o E 101 001 0 0 

OF 1 1 1 1 1 1 1 1 

1 0 1 1 1 1 1 1 1 1 

BSHR 

BIO Receivers selected on D 

Operand B shifted right 
one position 

Not used 

Not used 

10010 1111000110 TWOA Operand A added to itself 

Operand A shifted left one 
position 

\----11 
1 000 1 

1 0000 

1 0 I 00 

10100 

00 

00 

o 1 

1 0 1 00 1 0 

1 0 1 00 1 1 

1 2 00000 1 1 1 ASHL 

1 3 1 1 0 0 0 1 1 1 FORA 

1400000100 

1 5 0 I I 001 00 MULTI 

1610011100 

1700000100 

Operand A four times (two 
in ALU and SAL) 

Operand ASHR 

Operands A plus Band SHR 

Operand A minus Band SHR 

Operand ASHR 
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Vl 
-.0 

Vl ZZZZO 
MUADL FLAGS UJ MNEMO FUNCTION '" ~;:;:;~ ~UZZ-, o I 234 0 :::::>:::::>:::::>:::::>:::::>o-w 0 --I --1....J --1....J V) V) V') 

« ««« ««00-, 

1 1 o 1 0 1 1 8 o 1 1 0 1 1 1 0 

1 
Arithmetic addition 

DADD A plus B plus 1 

I 101 0 
0 0 1 9 o 1 I 00 I I 0 Arithmetic addition 
- A plus B 
V1 

1 
LL 

I lA 1 00101 1 0 Arithmetic subtract 1 1 000 

DSVB A minus B minus] 

1 ] 000 0 ] B I 00 1 ] ] 1 0 Arithmetic Subtract 
A minus B 

I 1 1 1 0 1 lC o I I 00 I 1 1 

1 
Addition and SHR 

DIVSH 2 (A+B) + 00 
0 

] 1 ] 1 0 ~ 0 lD 1 00 1 1 I 1 1 Subtract and SHR 

EB 2 (A-B) + 00 

1 1 100 ~1 ] E a 1 1 00 1 1 a 
] DIVALU 

Addition A + B 
V1 

1 I I 0 a LL a I F 1 a a 1 I I 1 a 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 fJADL4 and the ADL-command logic 

(using bits fJADLO-4). Bit fJADL4 is applied to the CE input to select 

arithmetic (CE-Iow) 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 

fJADL4 ALUC016 ALUSO-----3 

CE CIN 53 S2 SI SO 

a a 1 a a I 
0 a I a I I 
a a 1 I 0 0 
a 1 a a a ] 

a 1 a a ] 1 
a 1 a ] ] a 

1 - a 1 a ] 

] - 1 a a ] 

] - I a I 0 
] - I I 1 ] 

1 - I a a 1 

Control signals are all active high. 

Operation 

A plus B u 
A or B -

I-

A plus A 
LU 

:E 
A and B I 

Zero 
I--
'" A minus B « 

B inverted 
AEBB u 
B 0 
A 0 

-' 
A(f)B+] 

Functions are for active-low data 
in and out. 

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

to provide anticipated carry across all four ALU circuits. 

2.60 The zero-ALU (OALUN) output is generated in subtract mode when 

both operands are equal (A=B). A zero-ALU, left-half (OALUL) output sets the 

stack overflow indicator (STOV). Since stack operations forbid a memory address 

equal-to or less-than 128 (100 hexadecimal), the left-most character of the 

address (bits 0-7) must have at least one bit set. When 5 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 DSO, DS] operate the D 

selector as follows: 



51 SO 

DS 1, o 
o ALU 00-15N ALU direct o 

o ALU 08-15N I ALU 00-07N 

DOODN 

Exchange ALU characters 

~r--r---------------------, 

f'1 ALU 00-14N o 
BIO OO-15AN 

D 100 

ALU shift right 

BIO direct 

The D selector comprises eight type 9309 (dual 4-input multiplexer) circuits. 

These circuits provide both the true and complementary outputs of 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 5 register/counter. 

2.62 The ALU srift-right mode is used for shift-right and multiplication 
. I 

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, ALUOO. The 

Double Shift Right Circular (DRC) instruction uses 015 for DOODN. Multi­

plication instructions set DOODN directlywhennegative 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.K08015 Double Shift Right Circular (DCR) 

fJADLO. NOVF Multiply and negative overflow 

",ADLO. POVN. ALUOO Multiply and positive overflow 

2.63 L -- Data Register 

The L register (Figure 2- 8 HH) is a 16-bit, multiple-input register comprised 

of four type 74298 chips. The L register is used for storing the data from the 

A L U (or B 10) to be output to the scratchpad (AO-15) or the G P 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 I eading-edge of BP, on operand can be read from and re -wri tten 

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 

I DOl-IS 000 D shifted left 

L 00 14 15 

Bit 000 is shifted into the least-significant position during a Division instruction 

when the new remainder is loaded. 

The L register stores active-high data with no inversion between input and 

output. 

2.64 M -- CPU Working Register 

The M register (Figure 2-8 GG) is a 16-bit, multiple-input register comprised 

of four type 74298 chips. The M register is used as the CPU working register 

in the operand-B data path. Microinstruction control of the register uses bit s 

fJMLOAD and fJMSEL to load the register and to select the C selector or 0 shift 

register for inputs, os follows: 

Enable Select 
Mnemonic Data Source 

Clock C or 0 

fJMLOAD fJ MSEL 

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

1 0 MYC COO 15 I 
MYO 1000 "I 

MOO 15 

The M register stores active-low data with no inversion between input and output. 

The fJLOAD signal enables the CLMN input to the clock to store the selected data 

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 

ore used in such a manner that the two 16-bit sources (D and BIO) can be 

selected whole or as short constants (bits 8-1S only), or either of the 8-bit 

sources (INTAD and ASR) can be selected. The sources are selected by 

microinstruction bits fJCO, fJC1, and GC5LEN as follows: 

I-'CO fJ CI GCSLEN --
(I-'CO+Cl ) Mnemonic Source 
CLEF SO 

00-07 08-15 

SO SI SO 51 

I 0 0 1 CALU DOO ------- -~--~----------- IS 

0 0 I 1 CBIO B I OOO---------~------~--- 15 

1 I 0 I CLUR D08-----~15 

I 1 1 1 CIOR BI008----IS 

1 I 0 ° CLUR INTADO--SIOIO 

1 1 1 0 CIOR ASRO ------- 7 

1 0 ° 0 (CALU) DOO-- ---07 INTADO--51010 

0 0 I ° (CBIO) BI000---07 ASRO 7 

C 00N---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 D's supplied for the nat-used bit positions are therefore output as 

inactive highs. The C-selector outputs are sent to the 0 and M registers in 

the operond-B dato path. The six least-significont bits (COON-OSN) are also 

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

The 0 register (Figure 2-8 JJ) uses four type 74194 circuits as a 16-bit, 

left/right shift register. 0 may be parallel-loaded from the C selector, shifted 

right (with ALUISN as a serial input), or shifted left (with the selected bit, 

01SDN, as a serial input). Loading and shifting is done on the leading-edge 

of clock pulse BP (BPO) according to the function selected by microinstruction 

bits 1-'00, fJO 1 as follows: 

1-'00, 01 Mnemonic Function 

0 0 01 Hold contents (N a Op) 

0 1 SLO Shift Left 0 

1 ° 5RO Shift Right 0 

1 1 OYC Parallel load 0 from C 

In the operand-B arithmetic loop, 0 con be loaded from the M register, via 

ALU--D--C, and reloaded into the M register on the same BP clock pulse. 

No O-register shifting may be performed on a single-clock-pulse loop since 

o must be in the parallel-load mode. 

2.68 The shift-right serial input, ALU1SN, is used for double-length, 

shift-right operations. The shift-left serial input, OISDN, is used for double­

length left circular (DLC) shift and Divide instructions. 0 ISDN is derived 

from a 74151A circuit by the selection-inputs K008N, MOON, and ALUOON. 

For DLC shift instructions (K08N active low), the serial input is provided by 

microinstruction bit GCSELN if MOON is active; the serial input is a logic 

zero (high) if MOON is inactive (high). For Divide instructions (K08N high 

ond RALUA 1 N (fJADL O. I) = 0), 0 ISDN is produced from the quotient bit 

ALUOO (!) MOO. See following diagram. 



z 
z z 0 

0 
00 0 :::> 
0 0 -' 
:,,:: :E « 

52 51 50 QIsDN = 
.-

L L L 
] GC5ELN 

L L H 
L H L H 

DLC 

L H H H 
H L L (fJ AOLO .1) 
H L H H 
H H L H 

Oivide 

H H H (f'ADLO.1) 

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 (QI6) of a fifth 74194 is 

used to save the previous contents of Qls at the end of the Multiply cycle, 

while QI4 is shifted into QIs. QOO, QIsN, and QI6N are used by the ADL 

command logic (Fig,ure2- 8 FF) for arithmetic operation control. The three 

other bit positions of the fifth 74194 ar~ used in the Bus Controller logic 

(Figure 2-8 TT). This fifth 74194 is used in the Hold (GCRFNUN = 0) or 

Parallel-load (GCRFNUN = I) modes only. 

2.70 Q -register bit QOO/QOON is used for microinstruction addressing in 

the Flag mode (paragraph 2.28 and Figure 2-8 DO). QOO is also used as a 

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

2.71 S -- Address Register/Counter 

The 5 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 oddress 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 f'50 and f'SI: 

fJ50,51 Mnemonic F uncti on 

0 0 51 Inhibit counting or loading 

0 1 5YO Load 50-16N with DO-lsN 

I 0 5P2 S plus 2 (count down) 

1 I 5M2 5 minus 2 (count up) 

5ince 5 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: 

Word Address I Character Bit 
~----------------~~ 

14 15 D Selector 

14 S REGISTER/COUNTER 

00 14 15 MAD lines 

000-14, representing the memory word address, is loaded into the least­

significant position of 5, while DIS, representing the character address, is 

loaded into the most-significant position. S-register counting then affects a 

two-character address change (5 plus 2, or 5 minus 2) for a single increment 

or decrement of the counter. The character indicator from the most-significant 

position in 5 is then switched back to the least-significant position on the 

memory address lines (MADOO-Is). The 5 register/counter works with low­

level data, and does not invert. 

2.72 A-Bus 5election 

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

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

bits f'AO-4 (Table 2-9). The possible sources for operand-A on the A-bus are: 

• 5cratchpad AO-A 15 

•. Initial program loader IPL 

• Program counter P 
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• Program status word PSW 

• Instruction field (RI or R3) 

• Constant 2 10 (/002) or 16 10 (/010) 

• Control-pane 1/5 ystem 

• A-bus equals zero 

All operand-A sources 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 scratchpod (Figure 2-8 MM) is selected directly by fJAO to the 

chip-select inputs of the scrotchpad logic. The specific scratchpad address 

(AO to A 15) is then selected by fJA2-4 controlling the sCfatchpad-address 

logic. When the scratchpad is selected, fJAl 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 fJAO input to the I-of-I 0 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 scrotchpad is selected. If fJAO is active (high), and fJA 1-3 are 

all low, the nan-connected output-O is decaded and no A-bus source is 

selected; operand-A is then equal to zero. The active-low autputs from the 9301 

decoder select either the IPL (output-I) or one of the type 8234 multiplexers. 

These multiplexers have their A inputs selected by an active low to 51 only, or 

their B inputs selected by an active low to SO. 

2.75 f>ouble-Word~. If a Trap accurs during a double-word operation, 

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

is set for all double-word instructions. If a Trap routine (Figure 1-12) is initiated, 

the first microinstruction (address /OFF) praduces 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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Microinstruction 
fJ AO ,AI,A2,A3,A4 

0 0 0 0 0 

0 0 0 0 I 

0 0 0 I 0 

0 0 0 I I 

0 0 I 0 0 

0 0 I 0 I 

0 0 1 1 0 

0 0 I I I 

0 I 0 0 0 

0 I 0 0 I 

0 1 0 I 0 

0 I 0 1 1 

0 J 1 0 0 

0 1 1 0 1 

0 1 1 1 0 

0 1 1 1 1 

I 0 0 0 -
1 0 0 I -
I 0 1 0 -
J 0 1 I -
I 1 0 0 -
1 I 0 1 1 

1 1 0 1 0 

I 1 1 0 -
1 I 1 1 -

Table 2-9 A-Bus Selection 

Control Mnemonic Function 
de coder 
(9301 ) 
output 
active 

Read scratchpad accumulator : 
ARAO AO 

ARAI AI 

ARA2 A2 

ARAI5 AI5 

ARRI RI (Addressed by K5-7,8) 

ARR2 R2 (Addressed by K II -14) 

ARJ 215 (Addressed by K 12 -15) 

ARCT (Addressed by CT counter) 

Write scratchpad accumulator : 
AWAO AO 

AWAI Al 

AWA2 1>.2 , 
AWA15 A15 

AWRI Rl (Addressed by K5-7, 8) 

AWR2 R2 (Addressed by K 11 -1 4) 

AW1215 (Addressed by KI2-15) 

AWCT (Addressed by CT counter) 

-- AZ A -bus equals zero 

1 AIPL Read IPL 

2 AEP Read P 

3 APSW Read PSW 

4 AEN Read content of K5-8 

5 ATWO Constant 2 10 (/002) onto A-bus 

5 ATEN Constant 16 10 (/010) onto A-bus 

6 APUP Control panel inputs onto A-bus 

7 ASYS System inputs onto A-bus 



2.76 I Pl -- 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 addressed by the P-register/caunter (bits P07-

14) and is accessed through the A-bus. The A-bus-selection command code is flAO, 1,2, 

3 -= 1 001 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 III. 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 flog-selection logic as PMl 

(P minus 1). PMl 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 tokes place on the leading edge of the BP 

pulse (BPP) according to the following control From microinstruction bits flPO 

and flPI : 

flPO, PI Mnemonic Function 

0 0 PI I nhibi t count i ng or loading 

0 1 PYD load PO-14 with DO-14 

1 0 PM2 P minus 2 (count down) 

1 1 PP2 P plus 2 (count up) 

The program word-address in P is accessed through the A-bus. The A-bus selection 

code flAO,Al,A2,A3 -= 1010 for read-Po 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. 

'-lble 2-10 list of Bootstrap loaded in Memol}' 

000 
001 
002 
003 
00.< 
005 
006 
007 
008 
009 
010 
all 
012 
013 
au 
015 
016 
017 
018 
019 
020 
021 
022 
023 
02. 
025' 
026 
027 
028 
029 
030 
031 
032 
OJ3 
O~ 

035 
036 
037 
038 
039 
0'0 
0.1 
0.2 
0'3 
0" 
OH 
0'6 
0'7 
OAB 
0<9 
050 
051 
052 
053 
OS< 
055 
056 
051 
0511 
059 800T 
06() • 
061 0000 0200 F 
062 0002 OJOO F 
063 000; 0<00 f 
06< 
065 0006 a61E 
066 0008 263' 
067 OOOA 9629 
068 ODOC 9620 
069 OOOE 96< I 

0010 0000 , 
070 
on 0017 8nE 
072 0014 J'C8 
073 00 I 6 S6()O F 
07< 0018 26()F 
075 INIT20 
076 0010. 9631 
077 OOIC JUI 
078 OOIE 96< I 

0020 0000 F 
079 0022 96< I 

002. 0000 f 

'nltruet. 

IDENT BEeOOT 

DISPLAY THE KEYS AS FOllOWS, 

BITS MEANING 
0-1 IPLLOADED FROM '&'sR. FORMAT;'. 
1-1 DISK, THEN 
2-1 MOVING HEADS 
200 fiXED HEADS 
3-1 I/O SUS 
3-0 MUL TlPLEX 
• ,.7 BOU LINE (' RIGHTMOST IITS) 
8·1 MUL TI DEVICE CONTROLLER 
8>0 SINGLE DEVICE CONTROLLER 
9-1 COD DISK 
10 '0 IS DEVICE ADDRESS 

DESCRIPTION 

"'BOOT LOADS ONE RECORD ONTO LOCATION /80 THEN START AT /8. 
THE RECORD IS THE SECTOR' I If DISk.OR 25< CHARACTERS OF rll( 
INPUT DEVICE.LEADING NUll CHARACTERS IGNORED 

USED REGISTERS, 

AI 80U LINES. NOT TO BE DESTROYED IF BOOT IS CAllED AGAIN 
A2 ADOR OF INR INS TRUCTION 
A3 AOOR Of CIO INSTRUCTlON(WHICH IS DESTROYED AND NEIDS TO BE 

RESTORED IF lOOT IS CAllED AGAIN) 
." ADDR Of SST INSTRUCTION 
AS MULTIPLEX, CONTENTS Of 1ST WORD TO II' SENT TO EXT REGISTER 

10 sus , CHARACTER COUNT. INITIALIZED AT 25< AND DECREMENTED 
A6 MULTIPLEX, CONTENTS Of 2ND WORD 10 II' SENT TO EXT REGISTER 

(lOADING ADDR) 
10 BUS, ADDR Of NEXT CHAR TO BE lOADED,INIT AT /80 AND 

INCREMENTED 
"7.AS WORK REGISTfRS 
A9 WORK REGISTER 
AIO TO AU NOT USED 
.A1S CONTAINS THE KEYS'VAlU£ 

28/8/73 ARE FIXED, 
MULTIPLEX DLME WORD INITIALIZATION 
SST INS! fOR MULTIPLE DEVICE CONTROllER 

EOU 
INITIALIZE REGISTERS 
lDK A2,INR "'DOR OF IN~ INSTRuCTION 
LDK "3,'10 ADDR Of CIO INSTRUCTION 
10K "'., SST "'DO. 0/ SST INSTRUCTION 

EXTRACT DEVICE I\ODR AND INIT I/O COMMANDS 
LOR 
ANK 
AD'S 
ADRS 

A6.A I~ 
M./3f 
A6.A2 
M.A3 

AlJ!t A6,riiO 

lOR 
StC 
H(6) 
ANK 
EOU 
AORS 
SLL 
ADS 

A7.AI~ 
A7,8 
INIT20 
M./f 

A6.A" 
A6. I 
A6,WHI 

ADS A6. WER2 

DE VIC! ADDR 
INITIALIZE I/O INSIWCTlON\ 

EXTRACT CONTROlUR "DOR ANO INIT WER INST 

MULTI OR SINGLE DEVICE CONTROllER 
SINGLE ONE 
MULTIPLE ONE 
INITIALIZE MULTIPLEX onE WO'D, 
SST INSTRUCTION 

SET UP WER INSTRUCTIONS 
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S .. , p M.m. Inlfrvct. 
Res_ Coot. 

oeo 
oel 0026 811C LOR AI,A7 
oe2 0028 
oe3 

0550 LOK "5,80 

08' 002" 
oe5 

0680 LOK A6,/80 

oe6 002e Jff7 SK A7,7 
087 002E 5600 f Rf(6) NOOISK 
088 
oe' 0030 3FC I SLC ,4,7,1 
090 0032 5600 F OF(6) NOSHK 
091 OOH 0103 lOK A 1,3 
092 0036 <lCO CIO CIO A 1,1,0 
093 NOSHK Eau 
09. 0038 811E LOR AI,A 15 
09\ OOJA 3966 SRL A 1,6 
096 OOK 213C I"NK "1,/3C 
097 OOJE 8520 LDKl A5,/80CD 

0040 8DeO 
Q<Ie NOOISK fau 
OW 
100 WERI ,aU 
101 0042 7500 wfR ,4,5,0 
102 W(fil:2 Eau 
103 004' 7601 WER ,4,6, I 
10< 00'6 F031 EXR' A' 
105 00<8 F020 EXIP A3 
106 OO.A sc06 R8(') '-1 
107 Oo<C 811E LOR A7,AIS 
loe OO.E 3F43 Sll A7,3 
109 0050 5600 F RF(6) SST 
110 
III 
112 
III 0052 81 •• LO' A9,AS 
II' INR EQu 
115 00\4 <FOO INR A7,O,O 
116 0056 5CO. RBI') • -2 
117 00 !!II EW' cwo A9,AS 
118 OOSA s<oo F RFI') INRIO 
119 OOSC 27FF ANK A7,/FF 
120 001f lilac RSIO) INO 
121 
122 
123 INRIO ,au 
12' 0060 B79£ LOR A15,A15 
125 0062 5600 F OF(6) SIORE 
12. 001>< 3'" Sll ,4,7,4 
127 006. B09C LOR AB,A7 
129 0068 f029 [XR- A2 
129 OOM sea. RSI') • -2 
130 006C 270F ANK A7,/f 
131 006f 9702 AOR A7,A8 
132 STORE EQu 
113 0070 E73' SCR A7,"'6 
134 0072 1601 AOK A6,1 
135 0074 1001 SUK A5, I 
136 0076 592' R8(1) IN. 
117 
138 
13' 0078 <180 HIO CIO AI,O,O 
1'0 
141 SIATUS Eau 
1<2 007A .FCO SST SST A7,O 
1<3 007 C sea. Ral') • -2 
1« 007E 
1.5 

Of84 I"a /8. 

1<0 
1<7 
148 END aOOT 

SYM&OL TAUE 

aool 0000 A INR 005< " Hl0 0078 A INIT20 OOIA A 
NOOISK 0042 A NOSHK 0038 A 
STATUS 007A A 

ASS.ERR. 00000 
,EOf 
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LOAD AI WITH aou CONTENTS 

MULTIPLEX OOU8LEWORO, LO"O 80 CH"R INIO 
LOCMION /80 

CHECK If DISK 

NO 
FIXED HEADS 7 

YES 
SffK ZERO 
CIO SffK ZERO 

SECTOR NUMBH 

I S I WORD OF MULTIPLEX FOR DISK DEVICE 

f XfCUTE WH, WHA lEVU THE CHANNEL fS 

SST 

MULIlPLIX 

10 BUS 

If A9""AS IGNORE LEAOING CHAR. 

READ ONE CHAR 

LEADING CHAII:? 
NO 
CHECK If NULL 
YES, IGNORE 
NO.CHECK IF.· .. 

... 
NO 8"'8 
YES,.'" " 
SAVE LEfT SITS 
REAO NExT CHAIilACTER 

GfT" RIGHT MOST ails 

STORE CHAR 
NEXT CHAR "DOR 
COuNI DONE? 
NO 
VES 

cia 0036 A ssT oa7A A 
WERI 00.(2 A WER2 00« A 
INRIO 0060 A STORE 0070 A 

2.79 AO-A 15 -- Scratchpad 

These sixteen 16-bit accumulators comprise 15 working registers (AO-AI4) and 

the stock pointer (A 15). The working registers are used as on operand for some 

instructions. Fifteen registers (A 1 -A 15) are program addressable. The scratchpad 

(F i gure 2 - 8 MM) is controlled by the A -bus se lec t ion commands, flAO-4, The 

complete command code for scrotchpad addressing and function is given in 

Table 2-9, For the write-scratchpad modes, the contents of the L register 

(LOO-15) are loaded in the selected address (AO-AI5). For read-scratchpad 

modes, the inverted contents of the selected address are gated onto the A-bus. 

2.80 The 16-word scratchpad comprises four 64-bit read/write memory 

chips, type 7489. These circuits provide data inversion (active high input, low 

output) and open-collector outputs with a high-level off-state when flAO to the 

chip-select input is I (scratchpad not selected). The scratchpad write-enable 

input, WSPN, from the start logic (Figure 2-8 RR), is active from the center 

of clock time T6 to T7, if flAO,Al = 01_ 

2.81 The four-bit scratchpad address ('SPAO-3) is selected Jhrough four 

type 74151A eight-input multiplexers. The first four sets of inputs are wired to 

+5 or 0 volts to obtain the direct address code of AO, AI, A2, or A 15. The 

inputs 4, 5, or 6 select different fields of the instruction word to address the 

scratchpad : the RI/R3 field is provided by buffered K05-08/K05-07 (K08 is 

given via K0008BUFN if KOO = I, indicating format-I instruction); the R2 field 

is provided by KII-14Nj the K12-15 field gives the number of shifts (in 

complement form). The seventh input selects the CT counter for addressing 

successive scratchpad registers. 

2.82 The five-bit CT counter (Figure 2- 8 MM) is used to count repeat 

cycles for the sequensor control, or (for P857) to address sequential scratchpad 

registers during Multiple Load or Store instructions. The counter comprises a type 

74161 BCD counter for the four least-significant bits (CTO). A buffer at the 

output of the counter maintains the scratchpad address while the counter is being 

incremented. The buffer copies CT at the trailing edge of each AP pulse. 



Counter operation is controlled by microinstruction bit fJCT and general-field 

bit GCTlDN, as follows: 

fl CT GCTLDN Function 
(Hool ) (Lool ) 

0 0 No change 

0 1 Load CTl -4 from SPAO-3i CTO from Kl1 

1 0 Count CT at each T3N 

The counter is preset to 16 (CTO-4 10000) by KRYN during each instruction 

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

the scratchpad address selector. 

2.83 The number of shifts to be performed are loaded in complement form 

from the K 12-15 field and eFFectively decremented by the counter operation. 

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

T1 D oddressing mod!!, enabling the leas\-signjficant operand word to be 

processed first. For DAR and DSR instructions in TID addressing mode, 

(R2) + 1 addressing is obtained by the CT counter providing the least-significant 

address bits to the scratchpad. Multiply and Divide instructions count from 

the preset count of 16. The CTEND signal is generated when the count 

reaches 31 (CTO-4 = 11111). CTEND is used by the Sequensor to end the repeat 

cycles. 

2.84 PSW -- Program Status Word 

The PSW is a 16-bit status word comprising the priority level register (PLR), 

condition register (CR), and general flip-flops (GF). The complete PSW is saved 

in the stock, via the A-bus, during the following: 

.. Interrupt routine • Inhibit Interrupt (lNH) 

• Trap routine • Reset Internal Interrupt (RIl) 

• Page Fault • Enable Interrupt (ENB) 

• Call Function (CFR) • Link to Monitor (LKM) 

• Holt (HL T) • Set Mode (SMD) 

During a Return (OPC14) instruction, System Mode (AI5), the PLR, the CR, and 

the ENB and FU-bits of GF are restored from the stock to the PSWi the other bits 

of GF are not changed by the Return. During a Return instruction, User Mode 

(A 15), only C R is restored from the stock. 

Program Status Word 

PLR CR GF 

0 1 2 3 4 5 0 1 RUN I ENB CPF I PFF I RTCF I PIF JFU 

Interrupts / 
= User Mode 

o = System Mode 

RESTORED FROM STACK AFTER: 

RTN (A 15) RTN (A 15) 

PLR PLR 

CR 

ENB (ENB unchanged) 

FU 

2.85 PLR -- Priority Level Register 

The PLR (Figure 2- 8 NN) is a 6-bit register that stores the priority level code 

of the running program for the Interrupt logic. This register, comprising two 

type 74175 circuits, is preset to priority level 63 by the system moster-clear 

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

(paragraph 2.97) for comparison with Interrupt Requests. If on Interrupt Request 

is accepted, the Interrupt Routine is initiated: the contents of the PLR are saved 

in the stock with the rest of the program status word, and the PLR is loaded with 

the new program's interrupt level by INTADO-5 via the C selector. 

2.86 CR -- Condition Register 

The 2-bit condition register (Figure 2-8 NN) indicates the result of various CPU 

operations. The condition register flip-flops are updated at each BP clock time 

(BPQ). The CR input conditions (Table 2-11) are selected by a pair Of type 74175A 

8-input multiplexers, with the selection controlled by microinstruction bits pCRO-2. 
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Table 2-11. CR Input Conditions 

CR INPUT SELECTION 

Selection Mnemonic Input to CR Function 

flCRO,I,2 CRO CRI 

000 CRNC CRO CRI No change 
001 CRRTN BI006R BI007R CR load during Return 
o 1 0 CRIO Timeout ACBN Programmed channel loading 
o 1 1 CRFLO F LOCRO FLOCR1 Floating Point loading 

1 0 0 CRLOG ROMCR1 ROMCR5 Logic operation loading 
1 0 1 CRADD ROMCR2 ROMCR6 Addition operation loading 
I 1 0 CRSUB ROMCR3 ROMCR7 Subtraction operation loading 
1 1 1 CRCMP ROMCR4 ROMCR8 Compare operation loading 

CR INPUT ROM CODE 

ROM Addressing ROM OU.!:.£ut to CR Input Selector 
Z LOGIC ADD SUB COMP 

...J "" 0 
Z CR1,5 CR2,6 CR3,7 CR4,8 ::l ::l 0 Z 

...J -' ::l 0 0 

<t <t -' 0 0 

0 0 <t <t :::>: 

0 0 0 0 0 1 0 1 0 1 0 1 0 
0 0 0 0 1 1 0 1 0 1 0 1 0 
0 0 0 1 0 1 0 1 0 1 1 0 I 
0 0 0 I 1 I 0 1 1 I 0 1 0 
0 0 I 0 0 0 1 I I 0 1 0 1 
0 0 1 0 I 0 1 0 1 1 1 1 0 
0 0 1 I 0 0 I 0 I 0 1 0 1 
0 0 1 1 1 0 1 0 1 0 I 0 1 
0 I 0 0 0 1 0 1 0 1 0 1 0 
0 1 0 0 1 1 0 1 0 1 0 1 0 
0 1 0 1 0 1 0 1 0 1 1 0 1 
0 1 0 1 1 1 0 1 1 1 0 1 0 
0 1 1 0 0 0 1 1 1 0 1 0 1 
0 1 1 0 1 0 I 0 1 1 1 1 0 
0 1 1 1 0 0 1 0 1 0 1 0 I 
0 1 1 1 1 0 1 0 1 0 1 0 1 

1 0 0 0 0 1 I 1 I 1 1 1 1 
1 0 0 0 1 1 1 1 1 1 I 1 1 
1 0 0 1 0 1 1 1 1 1 1 1 1 

not used 

1 0 0 1 1 1 1 I I I 1 1 1 

1 0 I 0 0 0 I I I 0 I 0 I 
I 0 I 0 1 0 I 0 1 1 I I 0 
1 0 1 1 0 0 1 0 1 0 1 0 1 
I 0 1 1 1 0 1 0 1 0 1 0 1 

2-40 

ROM Adressing ROM Output to CR Input Selector 
Z LOGIC ADD SUB COMP 

...J "" 0 Z CRI,5 CR2,6 CR3,7 CR4,8 ::l ::l 0 Z 

...J ...J ::l 0 0 
<t <t ...J 0 0 
0 0 <t <t :E 

-S 1 1 0 0 0 1 0_ 1 1 1 1 1 I I 
c: 1 1 0 0 1 I I I I I I I I .-
OJ I I 0 I 0 I I I I I I I I not used 

-" 1 1 0 1 I I 0 I 1 I I I 1 I 
c: 

w I 1 1 0 0 0 0 1 1 0 0 0 0 + 1 1 1 0 I 0 0 0 0 I 1 1 0 u-
> 1 1 1 1 0 0 0 0 0 1 1 0 1 
0 1 1 1 1 1 0 0 0 0 0 0 0 0 .. 
1 - - - - - 1 1 1 1 1 I I I 

Input 0 copies the previous CR contents (no change). Inputs 1-3 select condi­

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

2.87 Inputs 4-7 are selected for arithmetic operations, and the input 

conditions are provided by a type-7488A read only memory (ROM). One 

specific pair of the eight ROM output bits is selected for the type of arithmetic 

operation being performed (logic, addition, subtraction, or compare). The 

2-bit condition codes 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-flap, sets CR to 3 

(11 2) by switching off the enable input to the ROM to produce an all-Ones 

output. The overflow condition is tested by two series-connected multiplexers 

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



74157 74151 

Select 
In 

Se lect Function Input 
AOO KOI AlUOO AOI 

(+5V) 1 0 (11) ( 0 0 1 1 overflow 
flMLOAD 1 (10) 2 0 0 1 OK 

(11 ) ( 0 1 0 OK 
Shift flMlOAD 0 1 

(+5V) 1 1 (10) 3 0 0 0 overflow 

GCRDSRN 0 (11 ) ( 4 1 1 1 overflow 
OVFMUN 1 (10) 5 1 1 0 OK 

(+5V) 1 0 (11) ( 6 1 0 1 OK 
Divide 

GCRDSRN 1 (10) 7 1 0 0 overflow 

OVFMUN = GMUlTI.AlUSO.MOO 

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 KOI input is 0 for Op-codes less than 

8 to select shift instructions, or 1 for Op-codes of 8 or higher to select Multiply, 

Divide, or Double instructions. The shift instructions set overflow (via 74151 A 
, I 

inputs 0, 3) on the test AOI N (j) 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 e AOO, 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 stock 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 L08 ST ARTF. T1 GFRZO +(PREQ . 
status pointer RUN. Tl )+(FTDEl. 

lWf'f)+RS IF 

ENBF 9 Enable L09 GFENBN. MClN GFSYSN 
interrupts 

CPF 10 Operator's lI0 (CPINT+V24INT). MClN 
Interrupt .Tl 

PFF 11 Power Failure Mil resets PWF S PWF • RSlF. 
Interrupt UNLOCK 

RTCF 12 Real Time lI2 RTCFZl N MCLN 
Clock Interru~t from C.Panel 

PIF 13 Op-Code Ll3 GSTOV.STOV MClN 
(Program) from ALU 
Interrupt 

FU 15 User Mode ClPlR.CI5 115.CLG GFSYSN+MCLN 
(O=System 
Mode) 

Program control of the GF bits is by the A-bus command signal AEPSWN (at 

clock time T8). AE PSWN selects the program status word (with GF) to the 

A··bus and gates the l-register data bock into the GF. The AEPSWN. T8 control 

signal ClG gates L08-10, 12, 13, 15 tothe respective GF bits. GF bit 11 

(PFF) is reset at that time if MIl = O. 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 pon"l. The RUNF flip-flop can be reset by anyone of four ways: 

• command bit GFRZO; 

• a Preset Address Compare from the control panel, at time Tl; 

• control-panel command Not Run, enabled by the buffered FETCH 

signal, FTDEl; 

• RSlF which is set during the power-off sequence. 
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2.91 ENBF. This Enable-Interrupt flip-flop is set (with GFENBN) by the 

Enable Interrupt (ENB) instruction and reset (with GFSYSN) by the Inhibit 

Intellupt (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 conlrol 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 LOC K. PFF 

is reset by an RIT instruction with bit 11 = 0 (Mil = 0 during the CLG clock). 

~\lN 

"'SIF 

PO"'/t)N 

Po .... er-Ofl 

----J 
I 

I 

'HilOCKN_ - - i- J 
Pf f ~---I 
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2.94 RTCF. The Real Time Clock Interrupt flip-flop is set by the RTcrZIN 

signal from the control panel. RTCFZ I N is a one-microsecond signal generated 

once every 20ms by the power supply, and set via the control-panel key switch 

ONRTC or LOCK positions. The RTCF flip-flop is reset by an RIT instruction 

with bit 12 = 0 (L12 ~ 0 during the CLG clack) 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 orithmetic unit) 

sets PIF during memory stack operations (command bit GFSTOV) when the stack 

pointer decrements to less than 128 10 , The LKM instruction sets PIF via the 

load input, with LI3 = I. The PIF flip-flop is reset by an RIT instruction with 

bit 13 = 0 (Ll3 ~ 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.CI5); the CLPLR 

signal loads the priority level register from the C-selector during the Return 

instruction, and C I 5 indicates the state of RU during the previo~s interrupt. 

The User Mode flip-flop is also set by the Set Mode (SMD) instruction (L15 ~ 

during the CLG clock). FU is reset, to System Mode, by the Inhibit Interrupt 

(INH) instruction (with GFSYSN) ar by the MCLN signal. 

2.97 INTERRUPT LOGIC 

The Interrupt logic (Figure 2-4 and 2- 855) generates the '>can 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 I. 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 (ISOO-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 GSoutput 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 cade 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 Start 

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 status test 

at the end of each instruction, or during the Move instruction, if more than 

two microseconds have passed since the start of the previous scan. In order 

to validate the interrupt at the end of certain instructions, the microprogram 

does a 2.070 flsec wait before ending those instructions. (See Figure 1 -13, 

Wait.) 

I nstr i+1 i+2 i+3 

n O==={] 0 

) ) ) 
SCAN (2fl seen n I I 

The microinstruction control bits (Figure 2-8 55) are NAETAN (flSNAO.l) 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 Re'1uest (Not IR). At time T3, FETAT is set and the FETATN output 

triggers the SCEIT single-shot. SCEIT is inverted to provide the 2flsec 5CEIN 

signal to the GP bus. 

2.100 The BIECINH flip-flop is triggered by T5 90ns after 5CEIT 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 

r-----
INTERRUPT 
LOGIC 
(55) 

SEOUENSOR mu INST 
TIMING CONTROL 

SCAN 
LOGIC 

L ___ _ 

PRIORITY 
ENCODER 

ENS 

COMPARE 

IECGSN IR 

Figure 2-5 Interrupt System 

Microprogram 

/090 , INTAD - C - M 
/·DC2 , M-,ALU)-D, 

Exchange characters, 
-C -PlR 

o - ,hift right - S 
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the completion of the 2"sec 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 2"sec to wait for stabilization of the BIEC 

lines (propagation time plus selection of the highest priority level). IR could 

be sent between T3 and TS, 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-S lines. The BIEC 

code received at the Interrupt logic is switched through the 741S8 multiplexer 

to the INTADO-S 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-S 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 

comporotor 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-S). The interrupt address on the INTADO-S 

I ines is switched through the C and D selectors during the Interrupt routine 

to form port of the address in the S register and to reload the PLR with the 

new priority level. 
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2.104 SEOUENSOR (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, TI, T2, T3, T4, TS, T6, 

• BP, T7, T8, T9, Tl0. 

The basic CPU clock signals are AP and BP. AP represents the beginning of a 

functional cycle (or microprogram) and is used to lood 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, ond loods the results into the 

appropriate CPU registers. 

2. lOS Operating Modes and Cycles 

The Sequensor operated in four different modes (Figure 2-6) controlled by 

microinstruction bits "SEOO, 1. Within the basic modes, the 'iequensor 

operates in one of six cycles. Five of the operating cycles begin with the AP 

pulse; the sixth {Repeat cycle} begins and e,nds with the BP pulse, skipping AP. , 
For internal CPU operations {LOGIC and REPEAT modes}, the cycle lengths are 

controlled by controlling the ger Hotion of AP to begin the next cycle (pulses 

T7-Tl0 are inserted or deleted after BP as required). For all GP-bus cycles 

{SEQ BUS and SEO BIO modes} and Floating Point execution, the cycle lengths 

are controlled by controlling the generation of T6 just before BP (pulse TS 

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

T 6). 

2.106 Internal CPU Operations (AP Generation) 

Four fixed-length Sequensor cycles are provided for the internal operations 

LOGIC mode: 

• 
• 
• 

Logic cycle (360ns) 

Scratchpad cycle (40Sns) 

Flag cycle (4S0ns) 

• Fetch cycle (S40ns) 
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Figure 2-6 5equensor Operating Cycles 

1/9/75 

No •• : T5 r.,rIgge,. 
Ihelr, even when ,h. 
.xtra pu"" or. not vI.d 

All these cycles begin with AP and count directly through T1, T2, T3, T4, TS, 

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 a type 74151A 

multiplexer (APDN) which selects which clock pulse is to generate AP, as 

follows: 

Z 
J: 0 -

~ 
.J 

U Vl 
I- .J 0:: APDN Generation 
w u.. n. 
u.. « Vl 

0 Z ~ 

52 51 50 Input Function 

0 0 0 T8 
]Fla g Cycle (NAFLAG) 

0 0 1 T8 
0 1 0 BP Logic Cycle (NAFLAG. W5P) 

0 1 1 T7 5cratchpad Cycle (NAFLAG. W5P) 

1 0 0 TlO 

]"'Oh Cycl, (GFETCH) 
1 0 1 Tl0 
1 1 0 TlO 
1 1 1 TlO 

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 af 

the APDN multiplexer is selected so that the AP pulse to begin the next cycle 

follows the BP pulse. 

2.108 5cratchpad 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 Flog Cycle. This cycle is used with a microinstruction that specifies 

Next-Address Flog mode. Two extra clock pulses (T7 and T8) ore required to 

gate the Flog information onto the control-store address bus. 
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2. J J 0 F.~~~S_~. The 5equensor 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, TlO) following 

BP. 

2.11 J Short Execution Cycle (No AP) 

The Repeat cycle counts directly through T2, T3, T4, T5, T6, and BP without 

on AP or TI clock pulse. This cycle is used for looping while the scratchpad 

CT counter counts. The microinstruction control inputs, with CTEND, hold 

REPENDI high to gate the BP pulse directly to the T2 input. REPENDI also 

disables the APDN multiplexer to inhibit the AP pulse. The current 

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

When the CT counter reaches its full count of 31 10 , CTEND forces REPENDI 

low and the APDN multiplexer is enabled to generate AP to begin the next 

cyc Ie. 

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 TI, T2, T3, T4, and T5. The cycle-length parameters then 

control the generation of the T6 clock. The BP pulse and the succeeding AP 

pulse directly follow T6. The control of T6 is provided by a type 74151A 

multiplexer which selects the T6-enabling signal T6DN, as follows: 

f-
0 U ...J 

0 <{ 0 
UJ 0 >-- T6DN Generation 
Vl ...J Vl 
l LL co 

52 51 SO Input Function 

0 0 0 I 
Internal CPU operations (T6 follows T5) 

0 0 I I 
0 I 0 DONEF F 100til1ll Point instruction execution 
0 1 I 0 

not used 
1 0 0 0 
I 0 1 SYNCT6 Bus and Bus I/O cycles (SEOBUS, SEOBIO) 
1 I 0 0 

not used 
I 1 1 1 0 

2.113 For the internal CPU operations, T6 directly follows T5. Sequ"nsor 

control is provided through control of the AP pulse (preceeding paragraphs). 

The enabling One-bit is selected through the multiplexer by fJSEOO··O and the 

floating paint command bit FLOACT=O. 

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 

fJ5EOO =0, floating-point command bit FLOACT I, and BSYDL·O. The FLOACT 

signal is the buffered microinstruction general-field bit GFLOT. 

2.115 

r--
fJSEO 0, I 

~-+-----. 
o SEOBUS 

SEOBIO 

For all GP Bus operations (SEOBU5 and SEOBIOL the SYNCT6 

input to the multiplexer is selected by fJSEOO=l, BSYDL=I, and FLOACT O. 

The fJSEOO bit = I for all Bus operations. BS'YDL = 1 95ns after !>he 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 T6 may directly follow T5. The reply signal 

(listed in Table 2-12) must be one of the following: 

a. TRMN (SYNMEMN) must be received during a CPU/Memory exchange 

or during a CPU/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 

C U/Memory exchange under CPU control (programmed -channe I 

transfer). The 190ns delay of TPMN is produced by Bus Contrail,,, 

logic for assuring data timing. 

c. TIMEOUT generates T6 to end the cycle if no response is received 

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



6.48 Ilsec. This may indicate that the addressed Memory, Programmed 

Channel, or External Register is nat present. 

d. BIOEKEY gales T6 without extra TS waiting loops during a control­

panel to CPU transfer. BIOEKEY is generated on the Bus Controller 

logic (Figure 2- 8 TT) by the microinstruction general-field bits 

GCRFNUN and GBOKFN, and gated into the Sequensor by GIDLEN. 

e. GFETCHN general-field bit gates T6 without extra TS waiting loops 

during instruction (K) register loading from the L register, via the 

Bus Bl0 lines. GFETCHN is gated by microinstruction control bit 

IlTMRN to generate SYNIMN to the T6 input gate. 

f. DONEMN is received from the MMU during an MMU/Memory 

exchange which is always under CPU control. 

g. DONEFN is received from the FPP during an FPP/Memory exchange 

which is always under CPU control. 

h. MFAUL TN, delayed 120ns, from the MMU indicates a page fault 

(PAFN) during a Move Table instruction. The MFAULTN signal sets 

the PAF flip-flop in the control-store addressing logic (Figure 2- 8 CC). 
, I 

The PAFN signal is delayed 120ns at the Sequensor input (SYNCT6) 

for control-store address timing. 

i. BOFFN from the general-field bits GCRFNUN and GBOFN (Bus 

Controller logic) gates T6 without extra TS waiting loops when FPP 

data is loaded, via the Bus BIO lines, into the CPU during a Fix 

instruction. 

2. I 16 POWER FAILURE, RESTART, RESETS 

The power-on and power-off sequences are shown on Figure 2-7. The logic is 

shown on Figure 2 - 8 RR, Start/Resets. Wh i Ie power is off, the Reset logi c 

(RSLN) signal ;s held 01 ground (active low) through a relay on the power 

supply. 

2.117 Power-On Sequence 

When the power supply is switched on, or when the mains power is restored after 

a failure, there is approximately an 8S0ms delay while the power supply 

stabilizes (Section S, Power Sequence Logic) before RSLN goes inactive (high). 

I-

0 U 

a <t: 
w 0 
Vl -' 
:l. u.. 

S2 SI 

0 0 

0 I 

I 0 

Table 2-12 Sequensor T6 Generation 

-' 
0 
>-
Vl 
co 

SO Cycle (text) Synchronize T6 on : 

x Internal CPU TS 
operations 

--
0 Internal, Floating DONEFN from F PP 

Point execution 

G P Bus transfers wi th Memory exchongp 
I 

CPU/Memory (a) TRMN (SYNMEMN) from memory 

CPU/External (a) TRMN (SYNMEMN) from memory 
Register 

Programmed C hanne I TPMN from CU, delayed 190ns 
CU/Memary (b) 

Addressed Device TIMEOUT, generated 6:48fJsec 
Missing (c) after TMRN/TMPN/TMEN sent. 

MMU/Memory (f) DONEMN from MMU * 
F PP /Memory (g) DONEFN from FPP * 
Page Fault (h) MFAULTN from MMU (PAFN), * 

delayed 120ns. 

GP Bus transfers without Memory exchange 

Can trol Pone I (d) TS, if GBOKFN/GCRFNUN 
(BIOEKEY), and GIDLEN 

Fetch execution (e) TS, if GFETCHN and IlTMRN. 

Load from FPP (i) TS, if GBOFN (BOFFN) and 
(Fix execution) GCRFNUN * 

any (a-i) TIMEOUT, if required reply not 
received within 6.48 fJsec __ 0_-

* Note - Signals (f,g,h,i) used with 8S7 only. 
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POWER 

RSLN J-----, 
RSLA~I 

PWFN ~ 
CLEARN] 
CRSN, 
t·1C L N 

PFF 

ARF 

S TARTF 

CLOCK 

RUNF 

I R 

STARTF 

CLOCK 

RUNF 

2-48 

LOCK RIT 

UNLO~ - - - - - - -}-----,V 
LOCK 

U NJ:.9~ - -J-----t------y 
I 

GFSYS 

AP AP 

UNLOCK ---

I 

--1 -----r 
1_ RUN 

RIT 

~--~------------------

PROGRAM 
RUNNING 

AP 

_____ ---R 

POWER FAILURE 
ROUTINE 

HALT 
- - - - - -------, 

IDLE 

F" 2 7 Power On/Off Sequence Igure -



VI!.er! RSLN goes high, the OSCN pulse immediately resets RSLF to remole the 

logic reset condition. The inactive RSLAN/BN/CN signals to the Sequensor 

enable clock-pulses TI, T3, TS, T6, AP, BP, and the clock begins running. 

2.118 Automatic Restort 

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-O 

(highest priority) Interrupt Request (IR) is then generated and the any-internal­

interrupt signal IECGSN is active to the ARF flip-flop. The Power Failure 

(PWFN) signal from the power supply goes inactive (high) O.Sms after RSLN 

goes inactive. 

2.119 With the key at LOCK, the IECGSN signal sets Automatic Restort 

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-inpul. 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 Restort 

routine (Figure 1-13) is read, and the CPU switches from Idle state to Run 

state. The second microinstruction of the Automatic Restart routine resets 

ARF with the GFENBN signal. The PFF flip-flop should be reset during the 

automatic restart subroutine by on 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 and to any other elements on the 

Bus that must toke action during power failure. The leading edge of PWF sets 

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

by the Interrupt Logic at the first AP clock following the start of PWFN. Th(' 

resulting Interrupt Request (IR) can initiate on 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 on HLT in<truction. This saving subroutine must not last more than 

2ms, and must end with a HLT instructian. The HLT instruction selects 

Microprogram Control address /177 to place the CPU in the Idle state. The 

Reset signal (RSLN) from the power supply is activated 3ms after PWFN. 

2.122 Resets 

The CPU logic is reset at the end of the power-off sequence by the RSLN signal 

from the power supply. RSLN is held active low while power is off. The first 

OSCN pulse after RSLN is active sets the RSLF flip-flop. RSLF activates 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 Moster Cleor signals CLEARN 

(to the Bus), MCL, and MCLN. 5equensor clock pulses are disabled by RSLF 

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

runs continuously. 

2.123 Moster Clear 

The Moster Cle::!r signal CPMCN can be generated by the control-panel MC 

switch if the key is ~ at LOCK and if the CPU is not in Kun mode. The CPMC~") 

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 cord. 

MC LN is used by the CPU (Table 2 -13) to set the pri ori ty I eve I reg'i ster (PLR) to 



Table 2-13 Resets and Clears 

Logic-Resets, by RSLN/RSLF only 

Logic 5ig. Action Logic 5 ig. Action 

(RR) RS LF RSLAN,BN,CN-I (JJ) RSLCN a -reg -- 0 
5TARTF - 0 
WSPRSLI - 0 (LL) RSLBN DWIF -I 

WSPRSLI WSP - 0 
RSLAN ARFN - 0 (NN) RSlBN OVF -0 

I PLF - 0 CRO,I-O 

(AA) RSLBN K-reg-O (PP) RSLF RUNF - 0 
RSLAN KxxBUFN - 0 

(SS) RSlAN BIECINH - 0 
(BB) R5LBN RAO-8 - 0 IFOO-07 - 0 

(CC) RSLAN FTDEL - 0 (TT) RSlAN BUSF - 0 
KRY - 0 DE - 0 

RSLBN PUPN - 0 FNU - 0 (DD) 
TMEF - 1 (DD) R5lBN FSIG - 0 
TMPF - 1 FSIGDIV - 0 
WRITFN - 0 

(EE) RSLBN TI,T3,T5-0 RSLBN BIOElN - 1 
TC810 - 0 BSYCPU - 0 

CHFN - 1 
RSLAN AP - 0 FLOACT - 0 

BP - 0 GBCPFN -- 1 
T6 - 0 MADCPUN -I 

RSLCN BPa -- 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 -I 
or 

RSLAN 
MCl ClEARN - 1 

MCLN - I 
V24 resets 

(NN) MCLN PLR - level 63 

2-50 

Logic 5ig. Action 

(PP) MCLN ENBF - 1 
CPINTF-O 
RTCF - 0 
PIF - 0 
FU - 0 
CPGFZON -I 

CPGFZON CPGF - 0 
V24 resets 

level 63 ond set the Enable Interrupt flip-flop ENBF. The GF flip-flops CPINTF, 

RTCF, PtF, and RU are all reset, and the control panel interrupt flip-flop 

CPGF is reset. 



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

Signal Logic Comment Signal Logic Comment 5 ignal logic Comment Signal logic Comment 

OALUL, R, N GG BIOOOAN-ISAN KK 
OAlURA- - NN BIOOOR:]5R-- KK 

BIOEKEV- TT 

CPINT,A PP in ECHO, N V24 
CPINTF, N PP ECHOZI N V24 
CPINT4N PP ENBF,N PP 

AOON-15N LL,MM A-Bus BIOELN TT 
Aoo7IN--- NN BIOL TT 

CPINZ1N PP ENBFZ1N PP 
CPLR II ETATEST CC 

ABN AA BIECO-S SS input{ext.lnt) CPMCN RR in from C. Panel 
AC,N NN BUS(in) BIECOR-SR SS CPRR LL FO-I,N V24 
ACAN V24 BIECINH,N SS CRO-l NN FOZI N V24 
ACBN NN BP,N EE CROON NN F1ZON V24 
ACHALTN V24 BPLN HH CR10N NN FACINR, N V24 
ACINR,N V24 BPP EE CROXK6 AA FE, N V24 
ACOTRN V24 BPQ ,N EE CR1XK7 AA FECHO V24 
ACSOT, N V24 BPS KK CTO-4 MM FETATON,EN 55 
ACSST, N V24 BRC AA 
ACSTARTN V24 BRGF, N V24 

CTill,102 V24 grounds FETATi'r - SS 
CT 106, '7,9 V24 FETCH BB 

AECONSTN LL BSYCPU,N,AN TT CT10SZ-- V24 in for DNOTOP FHALT,N V24 
AEIPLN LL BSYOL TT 
AENBN LL BSYN,R TT BUS(in/out) 

CTl33 V24 in for OREAOYN FHALTZON, Zl N V24 
CT103, N V24 in FlAGDIV -- DD 

AEPN LL BSYZOt -IN TT 
AEPSWN LL BUSF;-N,AN TT 

CTl04, N V24 FlAGN DD 
CTOON MM FlOACT TT 

AESYSN • L l.: I BUSFOEl, N TT CTOZI N MM FLOCRO-l NN in 
ALUOO FF BUSFREN TT 
ALUOON-15N GG BUSR, N TT BUS (in) 
ALUCOO(O~12, It GG BUSROEL TT 
AEPUPN-- -- ----'- LL BUSRPFIN TT 

CT1CO MM FNU,N-;D DO 
CTBUF 1 N -4N MM FPPABS AA infromFPP 
CTENO-- MM FSIG,N OD 
CVN AA FSIGOVD DD 

ALUCGOON, 04N, 
OSN,12N GG COON-ISN JJ 

ALUCPOON ,04N CHA-- TT BUS 
osFT,12N GG CHFN TT 

ALU50.=)- -- GG CHIPER,O V24 
ALUSOA-3A GG CHPERZON V24 
ALUSON--3N FF CLEARN RR BUS 
AP,N-;DN EE CLEFTZO JJ 
AREOELA-;-N V24 CLFON V24 
AREOElBN V24 CLG PP 
ARERCA,CB V24 CLK AA 
ARF, N;-b- RR CLMN GG 
ARFZON RR C LPLR BB CMO/G 
ASRO-7 V24 CLTEOC V24 

CLV24 V24 
BOFFN TT Cmd - FPP COMVAL V24 
BOKFN TT CPBABS LL in from C. Panel 
BOKIOlN EE CPBRG PP 
BOMFN TT CPGFN PP 
BIOOON-ISN KK BUS(in/out ) CPGFZON PP --------

CVKCR AA FTBOF EE 
FTOEL, N BB, II 

DOD-IS HH FTOERU PP 
DOON-ISN HH FTEOCN V24 
DOOON FF FU PP User mode 
OE,N TT FU1SR2N 00 
DEBSYN TT FUZ~t!-ZIN PP 
DEZON TT GAEXL, N BB CMO/G 
OEZI BPN TT GBOFN BB CMO/G 
DESlT2N TT GBOKN BB CMO/G 
OIVFLAG FF GBOMN BB CMO/G 
DNOTOP V24 CTlOS2 input GBCHN BB CMD/G 
DONEF, N EE in from FPP GBCPFN TT 
DONEMN EE in from MMU GBCPN nn Cf./,D/G DD 

OREADYN V24 CTl33 input GBEX,N BB CMO/G 
050-1 FF GBTMEN BB CMO/G 
DSON-IN FF GBTMFN BB CMO/G 
OWV,ZON LL GBTMMN BB CMD/G 
OWIN AA GBTMPN BB CMD/G 

GCROSR, N BB, FF CMO/G 
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Table 2-14 CPU Signal LIST (G-M) Table 2-14 CPU Signal LIST (M-R) 

Signal Logic Comment 5 ignal Logic Comment Signal Logic Comment Signal Logic Comment 

GCRFNU, N BB, DD CMD/G KOO-15,N AA 
GCRV MLN BB CMD/G Koooa AA 

JJCON JJ OSC,N EE 
jJCRO-~ BB CMD OSC90, N EE 

GCRVZO, N BB, DD CMD/G· K05-08BUFN AA JJCT BB CMD OSCFLO EE 
GCSE LN BB CMD/G KOBO 15 FF 
GCT MM KIOR2EO AA 

jJGPO-4 BB CMD taCMD/G OTINECH V24 
jJGpfN BB CMD toCMD/G OTRECHN V24 

GCTLDN BB CMD/G K I OR2N AA j-lMLOAD BB CMD OUT V24 In/Out FF 
GFENBN BB CMD/G K410N AA jJMSEL BB CMD OVDIVA,B NN 
GFETCH, N BB CMD/G K415N AA 
GFKYZON BB CMD/G K567 AA 

jJNAON-8N BB CMD OVF,N,D NN 
jJNA7-- AA OVFMU,N NN 

GFLOT,N BB CMD/G KFLO AA 
GFPLRN BB CMD/G KRY, N, DN CC 

to CLPR KRYZON-ZIN CC 

MUNA7FUN AA OVSH~, ~ NN 
jJPO-I BB CMD 
jJPON LL POO-14 LL 

GFRZO, N CMD/G 
----

BB 
GFSTO'/,N BB CMD/G LOO- 15 HH 

jJOO-1 BB CMD PAFI5IIN EE 
jJSO~ BB CMD PAFN, ZON CC 

GFSYSN BB CMD/G LOADMN CC, LL in from C. jJSON KK PARNB-- V24 
GIDLEN BB CMD/G Panel 
CMOVEN BB CMD/G LOADRN CC,LL in from C. 

jJSEOO-I BB CMD PC003,07,IIN LL 
flSEQfiT BB CMD PE,PEB- -- V24 

CMULTI,N BB,FF CMD/G Panel flSNA~,N BB CMD PFF, N PP 
GOSH DD LSEL FF jJTMRN BB CMD PFF!ON, ZIN PP 
GOTOECH V24 jJWRITE BB CMD PIF;N- -- PP 
GOTOWST V24 MOON-ISN GG MVREADN CC PIFZI N PP 

MADOO-IS, 
IECO-2,N 55 64,T2B KK 
IECE- 55 MADCP-B-· TT 

MVRML CC ·PLOADN l,L 
PLAO-I, ON AA 

NACND AA PLAVALl- AA 
IECGSN 55 MADCPUN TT NACNDAD AA PLAVALN AA 
IFOON-07N 55 MADLCPUN TT NADRT CC PLRO-5 NN 
IN-~- V24 MADLDN TT NADRTMV CC PMI- LL 
INRECH V24 MADLS TT NAETAN BB CMD flSNAO.I POVFN FF 
INSTN -- not used MADMMU,N,A TT NAETAT CC POWQN PP 

(C. Pan) MADMUN TT NAEXPL CC PREON PP in from C.P. 
INTADO-S 55 Interrupt MADS TT NAFLAGN CC PREO TI PP -

address MCL,N RR NAFLG CC PUPN,D CC 
INTEPL 55 MFAULTN CC in fromMMU NAFLGX CC PWF,N TT in from P. 
INTGPL 55 MMUABS TT in from MMU NAPLINH CC Supply 
INTLPL 55 MOVE CC NOFLON AA PWFAN PP 
INTSERN V24 MOVIRN CC NOJUMPN AA 
INTVAL V24 MSN TT BUS (in) NOVF FF 000 JJ 
IPL,N RR in from MSR TT 

C. Panel jJAO-4 BB CMD 
NXTCH, N V24 000N-16N JJ 
NXTCHO V24 o Eb-N- JJ 

IPLDEL RR jJAON-4N LL 
IPLF, N RR JJAIN RR ODEVPAR V24 RI EO, N AA 
IR, N 55 jJADLO-4 BB CMD OKO TT BUS RIEI5 AA 
ISOON -07N 55 in (Intern. jJBIO[N BB, TT CMD OKVAL TT R2EO, N AA ----

I nt's) jJBUSR, N BB, TT OR,ORB V24 R2EI5 AA 
jJBUSRFN TT CMD OROPE V24 RIIO, N V24 
jJCO-1 BB CMD 
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Table 2-14 CPU Signal LIST (R-T) Table 2-14 CPU Siqnal LIST (T-W) 

Signal Logic Comment Signal logic Comment Signal logic Comment 

R600,1200 V24 SCEIN SS BUS TMRR, N TT 
R2400,4800 V24 SCEIT SS TOUTZON TT 
R9600 V24 SEQINH V24 TPMDLN TT 
RAO-8 BB SLOADN KK 
RADO":'S AA,CC Control SPAO-3 MM -

TPMN TT BUS (in/out) 
TPMR TT 

Addr-Bus SPYC,A TT BUS TPMRDEL TT 
RADET6N -TSN CC SPYCOKN TT 
RADEffiFT-- CC SPYCADEl TT 

TRMN TT BUS (in/out) 
TRMR TT 

RADL3-4 FF SSST V24 TROHl TN V24 
RALUAIN-2N FF STAFCL,A RR 
RI'-TESEL-- V24 STAFZON RR 

TROUBLEN V24 
TYAC V24 

RCPON -3N LL in from START, N RR in from ---- TYADO-5 V24 address code 
C. Panel C. Panel TYAR~ V24 

RDOS-15 V24 ST ARTF RR 
RDAXI V24 STOPNB V24 
RDADTI,-N V24 STOV GG 

UNLOCK,N PP in from 
C. Panel 

RDARC V24 SYNCT6 EE 
RDARN V24 SYNIMN EE VAlK08N V24 
READMN CC, Ll in from SYNMEMN TT VAlNAO CC 

C. Panel 
READRN • CC,LL in from T 1-10 EE ; -- WRITE TT BUS 

C. Panel TI,3,5,6,8N EE WRITEFN TT 
READSTN CC, LL in from T2,5D- -- EE WSP,N RR 

C. Panel T2DREPN EE WSPRSLI RR 
REPENDI EE T4T5N EE 
RFBN AA T6DN, DEN EE 
ROMCRI-8 NN Tc8T6;-i'J EE 
ROMCREN NN TDSN V24 
ROMENB IlB TEOC V24 
RSLAN,BN,CN RR TESTN CC in fram 
RSL~-- RR BUS (in C. Panel 

from P.S.) TIMEOUT, N TT 
RS LF RR TMEF TT 
RTCF,AN PP TMEN TT BUS (in/out) 
RTCFZ IN PP in from TMER,N TT 

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 TT 

TMPN TT BUS (in/out) 
500-03 KK TMPR,N TT 
SOON -15N KK TMR,N TT BUS (in/out) 
S·C003 ,.2.? ,J..! N KK TMRF, D TT 
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Hexa Binary 

000 000000000 
00' 000000001 
002000000010 
DO) 0000000 l' 
004000000100 
005000000101 
006000000110 
007 000000 III 
008000001000 
009000001001 
OOA 000001010 
OOB 000001011 
OOC 000001100 
000000001101 
00£ 000001110 
OOf 00000 II II 
010000010000 
Oil 000010001 
012000010010 
01) 000010011 
0" 000010100 
015 000010101 
016000010110 
017000010111 
018000011000 
019000011001 
O'A 000011010 
018000011011 
ulC 000011'00 
DID 000011101 
01£ 000011110 
Olf 000011111 
020000100000 
021000100001 
022000100010 
023000100011 
024000100100 
025000100101 
026000100110 
027 000100111 
028000101000 
029 000101001 
02A 000101010 
Cl8000101011 
02(1°00101100 
,:D,OOOIOIIOI 
"!EI000101110 
'/1100010:111 

000110000 
000110001 

·;,,000:10001 
" 7 J 0 0 0 I I 0 ° I I 
)3400(}IIOlOO 

,)35000110101 
036000110110 
) 3 , 

o 3 8 
c } 9 

OlA 
o ) 8 
C 3 C 
o ) 0 
i) J E 
n ] f 

000 I 
000 I 
000 I 
000 I 

, 0 11 I 

I I 00 1 
II 00 I 
11011 

000111011 
000111100 
000111101 
000""10 
000""11 

2 -54 Rev. I 

Hexa 

6~ 040 
o 4 1 
o • 2 
o 4 3 
o 4 4 

o • 5 
o O' 6 

o • 7 
o 4 6 
o 4 9 
04 A 

o • B 
04 e 
04 D 
o 4 E 
o 4 f 

60 0 > a 
a 5 I 
o 5 2 
o 5 3 
o 5 4 
o 5 5 
o 5 6 
o 5 7 
o 5 8 
o 5 9 

90 05 A 
o 5 8 
o 5 C 
o 5 D 
o 5 f 
o 5 f 

060 
06 I 
o 6 2 
063 

lOC (: 6 4 
o 6 5 
o 6 6 
o 6 ;' 
o 6 B 
a 6 9 
06A 
o 6 8 
06 C 
06D 

110 0 6 £ 
o 6 f 
o 7 0 
a 7 I 
o ;' 2 
o 7 l 
o 7 4 

o 7 5 
o 7 6 
o 7 7 

120 0 7 B 
o 7 9 
a 7 A 
07 B 
o 7 C 
070 
o 7 E 
a 7 F 

Binary 

001000000 
001000001 
001000010 
001000011 
001000100 
001000101 
001000110 
0010001 I I 
001001000 
001001001 
001001010 
001001011 
001001100 
001001101 
001001110 
001001111 
001010000 
001010001 
001010010 
001010011 
001010100 
001010101 
001010110 
001010111 
001011000 
001011001 
001011010 
a 0 I 0 1 I 0 I I 
001011100 
001011101 
001011110 
001011111 
001100000 
00 II 0000 I 
001100010 
001100011 
001100100 
001100101 
001100110 
00 1 1 0 0 1 I 1 
001101000 
001101001 
001101010 
001101011 
001101100 
001101101 
001101110 
001101111 
00 I 110000 
001110001 
001110010 
001110011 
001110100 
001110101 
001110110 
001110111 
001111000 
001111001 
001111010 
001111011 
001111100 
001111101 
0011""0 
001111111 

12 8 

13 0 

14 0 

15 0 

16 C 

17 0 

18 0 

19 0 

Hexa Binary 

o B a 010000000 19 2 
OBI 010000001 
o B 2 010000010 
o B 3 010000011 
o 8 • 010000100 
o B 5 010000101 
o 6 6 010000110 
06 7 010000111 
08 8 010001000 20 0 
o 8 9 010001001 
08A 010001010 
o 8 8 010001011 
08 C 010001100 
080 010001101 
o 8 E 010001110 
o 6 f 0100011 11 
090 010010000 
09 I 010010001 
092 010010010 21 '0 
093 01001001 I 
o 9 4 010010100 
o 9 5 010010101 
096 010010110 
o 9 7 010010111 
o 98 010011000 
099 010011001 
09A 010011010 
o 9 8 010011011 
0ge 010011100 22 0 
090 o I 00 1 1 1 0 1 
o 9 £ a I 00 I I I 10 
o 9 f 010011111 
o A 0 010100000 
a A I 010100001 
a A 2 010100010 
o A 3 010100011 
o A 4 010100100 
o A 5 010100101 
o A 6 010100110 23 0 
o A 7 o 1 0 I 00 I 1 1 
o A 8 010101000 
o A 9 010101001 
OAA 010101010 
o A 8 010101011 
OAC 010101100 
o A 0 o 1 0 I 0 I 1 0 I 
o A E 010101 I I 0 
OAF o 1 0 1 0 1 1 I I 
o 8 0 010110000 24 0 
OBI 010110001 
o 8 2 010110010 
o 8 3 010110011 
o 8 4 010110100 
o 8 5 010110101 
o 8 6 o I 0 I 1 0 1 1 0 
o B 7 o I 0 I 1011 I 
o B 8 o I 0 I II 0 a a 
o 8 9 a I 0 I I I 00 I 
OBA o 1 0 I I I 0 I a 25 i( 
a 8 8 o I 0 I I I 0 I I 
08 C a 1 0 I I I I 00 
08D a 1 0 1 1 1 101 
o B E o I 0 1 I I I 10 
o B F o I 0 1 I I 111 

I able 2-15 Microinstruction Address Code 

Hexa Binary Hexa Binary 

o co o 1 1000000 
o e I 01 1000001 

56 1. 00 100000000 
10 I 100000001 

o C 2 01 000010 I 0 2 100000010 
a C J 01 000011 I 0 J 100000011 
a C • o 1 000100 2 6C I 04 100000100 
o C 5 0 000 I 0 I I 0 5 100000101 
o C 6 0 0001 10 I 06 100000110 
o e 7 0 000111 I 0 7 100000111 
o C 8 a 001000 I 08 100001000 
o e 9 0 00 I 00 I 1 09 100001001 
o C A 0 001010 lOA 100001010 
o e 8 0 001010 I 08 100001011 
oee 0 001100 10C I 0 000 I I 010 
OCD 0 001101 10 0 100001101 
o C E 0 1001110 70 1 0 E 10 a 0 a I 1 10 
a C f 0 1001111 I 0 F 100001111 
000 0 1010000 1 10 100010000 
o D I 0 I 0 I 000 I I 1 I 100010001 
002 0 1010011 I I 2 100010010 
00 J 01 1010011 I I 3 100010011 
00 • 01 1010100 I I 4 100010100 
o D 5 01 10 I 0 101 1 1 5 100010101 
o D 6 01 10101 10 I I 6 100010110 
o D 7 01 10101 11 I I 7 100010111 
o D 8 01 101 1000 Be I I 8 100011000 
o D 9 01 101 100 I I I 9 100011001 
ODA 01 1011010 I IA 100011010 
aD 8 o I 1011011 I 1 8 100011011 
ODe 01 1011100 1 I C I 000 I I 1 00 
aDO 01 101 I I 0 I 1 lD 1 000 1 1 101 
ODE 01 101 1 1 10 I 1 £ I 000 I 1 I 10 
00 f 01 1011111 I I f 100011111 
o E a 01 I 100000 1 2 0 100100000 
o E I o I I I 0000 I 1 2 I 100100001 
a E 2 o I I 1 000 I 0 2 90 I 2 2 100100010 
o f 3 01 I 100011 I 2 3 100100011 
o E 4 a I I I a 0 I 00 I 2 • 100100100 
o E 5 01 1 1 00 1 0 I I 2 5 100100101 
a E 6 o 1 1 I 00 1 I 0 1 2 6 100100110 
o E 7 o I I 100 11 1 1 2 7 1001001 I I 
o E 8 01 1 I 0 I 000 I 7 8 100101000 
o E 9 01 I 1 0 I 00 I 1 2 9 100101001 
a E A 01 I 10 I 0 1 a 12 A 100101010 
a f 8 01 1 10 10 11 I 2 8 100101011 
a E C ,0 I 1 101100 3 OC I 2 e 100101100 
OED a I 1 I 0 I 101 I 20 100101101 
o E E o 1 1 10 I 1 I 0 I 2 E 100101110 
o E f o 1 1 101 11 I 1 2 f 100101111 
o F 0 01 1 I I 0000 1 3 a 100110000 
o f 1 o I I I I a 0 a 1 i 3 I 100110001 
o f 2 o I I I I 00 I 0 I 3 2 100110010 
o F J o I 1 1 100 I I I J J 1001 1001 1 
o f 4 01 I I I 0 1 00 1 3 4 I 00 1 10100 
o f 5 01 1 I 1 0 I 0 1 I 3 5 1001 1 0 I C I 
a f 6 01 I I 101 10 310 1 J 6 I 00 1 1 0 1 I 0 
o f 7 01 1 1 101 11 1 J 7 1001 1011 1 
o f 8 01 I I 11 000 1 3 8 100 1 " 000 
o f 9 01 1 1 11 a 0 I 1 39 1001 1 1 0 ° 1 
a F A o 1 1 I I 1 a 1 0 13 A 1 00 1 1 1 0 I 0 
o f 8 o I 1 I I 101 I 1 3 8 1 00 I 1 101 I 
o f e 01 1 1 I I 1 00 13C I 00 I 1 I I 00 
Of 0 01 I I I I 101 I 30 1 a 0 I I 1 1 0 1 
o F E 01 1 I 1 1 I 10 I J E I 00 1 I I I I 0 
OfF a I I 1 11 1 I 1 1 J F 1 00 1 1 I 111 

Hexa Binary 

3 20 I • a 101000000 3 84 
I • I 101000001 
1 • 2 01000010 
1 • J 01000011 
1 4 4 01000100 
I 4 5 01000101 
I .6 01000110 3 9C 
1 

• 7 
01000111 

I 
• B 

01001000 
I 

• 9 
01001001 

:30 I • A 01001010 
I 4 8 a 100 I 0 I I 
I. C o I 00 I I 00 
140 01001 101 
I 4 E 101001 I 10 
1 4 F 10100 I I I I 
1 5 a 101010000 4 o 0 
I 5 1 101010001 
I 52 101010010 
1 5 J 1010 I 0 a 1 I 

3 40 I 5 4 101010100 
I 5 5 10 I 0 I 0 101 
1 5 6 101010110 
1 5 7 101010111 
I 58 101011000 
I 59 101011001 
I 5 A 101011010 4 10 
I 5 8 101011011 
1 5 C 101011100 
1 50 101011101 

ISC 15E 101011 110 
1 5 f 101011111 
1 60 101 100000 
I 6 I 10 I 10 0 a 0 I 
1 6 2 101 I 0 a 0 1 0 
1 6 J 1 0 I I 000 I I 
1 64 101 100100 4 20 
I 6 5 101 100 101 
I 66 101 100110 
I 6 7 101 1001 11 

3 60 I 68 101 1 0 I 000 
I 6 9 101 101001 
1 6 A 101 10 I 0 I 0 
I 6 8 101 10101 1 
I 6 C 101 101100 
I 6 D I 0 1 1011 0 I 
1 6 E 1 0 I 101 I 1 0 4 30 
1 6 f 1 0 1 101 111 
1 - 0 I 0 I I 1 0000 
1 7 1 1 a I I i 000 I 

370 1 7 2 101 1 1 00 1 0 
J 7 J 101 1 100 11 
I 7 4 101 I 10100 
I 7 5 101 I 10 I a I 
1 7 6 101 I 10 II 0 
1 7 7 1 0 I I 101 11 
1 7 8 I 0 1 1 II 000 4 40 
1 7 9 1 0 I I 1 1001 
1 7 A 10 I I I I 0 I 0 
I 7 B I 0 1 1 1 101 1 

380 I 7 C 101 1 1 I I 00 
1 70 101 I I 1 101 
1 IE 101 I I I I I 0 
I 7 f 101 1 I I 111 

Hexa Binary 

I 80 I 10000000 
1 B I 1 10000001 
1 B 2 I 10000010 
1 8 3 I 1000001 I 
I 8 • 1 10000100 
1 B 5 1 10000101 
1 B 6 1 10000110 
1 8 7 I 10000111 
I 6 8 I 10001000 
1 8 9 I 10001001 
1 B A 1,0001010 
1 B 8 1 10001011 
16 e I 10001100 
180 I 10001101 
1 8 E I I 000 I I 1 0 
1 8 f I I 000 I 111 
I 90 I 10010000 
I 9 I I 10010001 
1 9 2 I 10010010 
I 9 3 1 10010011 
I 9 4 1 10010100 
1 9 5 I I 00 1 0 I 0 1 
1 96 1 10010110 
1 9 7 1 10010111 
1 98 I 10011000 
I 99 1 1001 I 00 1 
19A I 1001 I 0 I 0 
I 9 8 I I 00 1 1 0 I 1 
19C 1 1 00 I I I 00 
190 1 I 00 I I 101 
1 9 E I 1 00 I 1 1 I 0 
I 9 f I 10011111 

,I A 0 1 10100000 
1 A I I 10100001 
1 A 2 1 10100010 
1 A 3 1 10100011 
I A 4 1 10100100 
I A 5 I 1 0 I 00 I 0 I 
1 A 6 I 10100110 
1 A 7 1 10100111 
I A 8 1 10101000 
1 A 9 I 1 0 I 0 1 00 I 
I A A 1 I 0 I 0 I 0 I 0 
1 A 8 1 'I 0 1 0 I 0 I I 
1 A e 1 1 0 I 0 I I 0 0 
I A 0 1 I 0 I 0 I 10 I 
I A £ I I 0 I 0 I 1 I 0 
, A f I I 0 1 0 I I I I 
I B 0 1 I 0 1 10000 
1 8 1 I 1 0 I 10001 
1 8 2 1 1 0 , I 00 I 0 
I 8 3 I 10 I I 00 I I 

I 8 4 1 I 0 I I 0 1 0 0 
I 8 5 I I 0 I I 0 i 0 I 
I 8 6 I I 0 I 10 " 0 
1 B 7 1 I 0 I 10 I 11 
I 8 6 I 1 0 I 11 000 
I 8 9 I 1 0 1 I 1001 
I 8 A 1 I 0 I 1 I 0 I 0 
I B B I I 0 I I I 0 I I 
1 Be 1 1 0 1 1 1 I 00 
1 B D I 1 0 1 I I I 0 I 
1 B £ 1 1 0 I I I I 1 0 
I B f 1 1 0 I 1 I 111 

4 4 

4 

4 60 

4 70 

4 8 , 

490 

so 

510 

Hexa 

leo 
leI 
I C 2 

( l 
C , 

C 5 
C" 
C 7 
C B 
C 9 

CA 
I C 8 

C C 
C II 

I C 1 
I C f 

I I) 0 

I D I 
1 D 2 

D J 
04 
o :) 
D 6 

I 0 7 
1 D & 

D 9 
OA 
D B 
Dr 

IDD 
I D 1 
1 D f 

I 1 0 

Binary 

I I 1000000 
:000001 
1000010 

111000011 
111000100 
111000101 
111000110 
I I I 0 0 0 I J I 
111001000 
111001001 
1 I I 00 I 0 I 0 
111001011 
111001100 
111001101 
111001110 
I 1 I 0 a I I I , 

111010000 
111010001 

I ° 1 a 0 I 0 
1010011 
1010100 
I 0 I 0 I a I 
1010110 
10 I ° II I 
1011000 
1011001 
1011010 

111011011 
11101 100 
I II 0 I I 0 I 

11011110 
I , 0 I I I I 1 

1\1100000 
IE 11 10noe: 
I f I I I leo G i ,:; 

I f 1 I I I I) () C- : ! 
I t J I I I I 0 0 I fJ (\ 

1 E ") II! 0 0 1 0 I 
I [~, I I I 00 I I r; 
1 I 'j i 00 1 I ! 

I ! ~ 1 I I I C: I n \- :::: 
1£ 111101001 
I [ A ! I I 0 1 Q I (; 

1 t tI 1 I I 0 1 0 1 I 
I f r ! i 1 tIl (; 0 
1 f D 
~~ ~I 101 11 0 

I [ I 1 0 

i 1 
1 f 2 

3 
If i 

If 
1 f 

It 

a c ~' 
I I \ i I 01_- ;, 

I 1 : 

F 8 I I 

j v l : 1 
I I U l 

f y 

f A 

1 ~) C 
I ; 0 

fBI I !! I 0 1 I 
F C I I I I I ! 00 

D I I I I ! 10 I 
\ F f I I I I ~ 

I ~ F I 1 I I I I I 
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Figure 2-8DD Flag Select 

GOSH Select 

Ol5N [01 [00 
52 51 50 

[ 0 0 0 0 
[ 0 I I 0 
l I 0 2 0 
l I I 3 0 

h 0 0 4 '5 
h 0 I 5 0 
h I 0 6 0 
h I I 7 • 5 
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I 0 0 4 0 --- f5IGDIV.f5IG 
I 0 I 5 -5 
I I 0 6 fNUN 
I I I 7 fNUN --- f5IGfIV.fNU 

DIVA 
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