
SECTION III 

OPERATION AND TESTING 

3.1 This section contains all control panel information and system testing 

information. The testing is divided into two ports: automatic testing via the 

control panel with the built-in hardware microdiagnostic, and test programs. 

3.2 CONTROL PANEL 

The P857M is provided with the Extended Control Panel (Figure 3-1). The top 

half of the panel contains ADDRESS controls; the bottom half, which is identical 

to the P852 M/856M control panels, can to ins DA T A control s and the CPU 

operating controls. When the computer is running, the BIO lines are displayed 

on the DATA lamps and the MAD lines are displayed on the ADDRESS lamps. 

When the computer stops, both the address and the contents of the next 

instruction are displayed. The ADDRESS half of the Extended Control Panel 

provides debugging Facilities with the following functions: 

• Display or load memory in the whole range of addresses (from 0 to 

128K) . 

• Halt on a preset memory address. 

All controls and indicators on the panel are described in Table 3-1. 

3.3 The P856M is provided with the Standard C antral Pane I (F i gure 3 -1). 

This panel is identical to the P852M panel, with the exception of the TEST 

position for the key switch. The TEST function operates the microdiagnostic test 

routines. The P856M Standard Control Panel lacks the ADDRESS controls and 

the halt-on-preset-address feature. 
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3.4 A mini control panel (Figure 3-J) is provided as on option for either 

the P856M or P857 M systems. 

3.5 Key and Command Operations 

Control panel operations within the CPU operation sequence is shown in 

'Figure 1-8 (Machine-State Pointer, Control Panel Operations). Each of the 

control-panel sequences shown on the flow diagram is described briefly in 

Table 3-1. The system is switched on by setting the key switch to ON, ON 

RTC, or LOCK. The LOCK position disables all control panel command 

switches except interrupt, which is still operable with the control panel locked. 

With the control panel switched ON or ON RTC, the CPU is set to the Run 

state by pressing RUN or IPL. Pressing any of the command switches Me, INST, 

RST, RR, RM, LR, lM will reset the Run state. When the key switch is set to 

TEST, the computer is set to Diagnostic mode, and the command switches then 

have different functions to those listed in Table 3-1. 

3.6 Address Operations (Extended CP only) 

The ADDRESS half of the control panel ope;ates through an intefnal address 

register with incrementing logic. During normal running (PRESET at OFF), the 

ADDRESS lamps display the Bus MAD lines. When the computer stops, the 

ADDRESS lamps display the address of the next instruction, which is in the 

program counter (P), the address register (5), and on the MAD lines. 

3.7 For either a read memory (RM) or load memory (LM) operat ion 

(Table 3-1), the ADDRESS lamps display the address placed in the control-panel 

address register by the panel switches. The address is first loaded by setting 

up the switches and then pressing LOAD ADDR. Thereafter, each time RM or 

LM is pressed, the address register is incremented and the ADDRESS lamps 

display the new address. The CPU program counter (P) is not used or affected 

by either of these operations. 



Table 3-1 Control Panel Switches and Lamps 

Key Switch 

OFF/ON Main power switch connected directly to the power supply. 

The power is switched on (POWER lamp lighted) for positions 

ON, ON RTC, LOCK, and TEST. 

ON All panel controls are enabled. 

ONRTC All panel controls are enabled, and the Real Time Clock 

operates (Paragraph 5.6 ). 

LOCK All control-panel command switches except INT are disabled. 

TEST The automatic microdiagnostic test mode is selected 

(paragraph 3.16). 

Command Switches 

MC Master Clear : Clears or resets most hardware logic. Activates 

the GP Bus signal CLEARN, and the CPU signals MCl, MClN. 

RUN BEfgins the program. T.he RUN switch sends the momentary 

signal START and the flip-flop signal RUNN to the CPU RUNF 

logic (paragraph 2.90). 

INST Instruction Step: Each time INST is pressed, the CPU performs 

the one instruction indicated by the program counter (P) and 

then holts. IN ST may be used to step the computer through a 

program (or part of one) instruction-by-instruction. The INST 

switch resets the control panel RUNN flip-flop, and sends a 

1 13f1sec START signal to the RUNF logic. 

RST Read Status. The contents of the program status word are 

displayed on the DATA lamps (paragraph 1.47). 

RR Reod Register. The contents of the scratchpad register 

(AO-AI5) selected by the SCRATCHPAD switches are displayed 

on the DATA lamps. 

RM Read Memory. The contents of memory are displayed on the 

DATA lamps. Consecutive words can be read by repeated 

pressing of the RM button. 

LR 

lM 

IPl 

INT 

DATA 

Std CPo memory address is selected by the program counter (P), 

and P is incremented with each RM. 

Ext CPo memory address is selected by the ADDRESS switches. 

The panel address register is automatically incremented; the 

program counter (P) is not used or affected. 

Load Register. The word code set on the DATA switches is 

loaded into the scratchpad register (AO-A15) specified by the 

SCRATCHPAD switches. 

load Memory. The word code set on the DATA switches is 

loaded into memory. Consecutive words can be loaded by 

repeated pressing of lM. 

Std CP: memory address is selected by the program counter (P), 

and P is incremented with each lM. 

Ext CPo memory address is selected by the ADDRESS switches. 

The panel address register is automatically incremented; the 

program counter (P) is not used or affected. 

Initial Program loader. An initial bootstrap program located in 

a hardware read only memory is loaded into memory word 

locations 00 to 063 10 (characters 00 to 7E he). 

Interrupt. This button generates a level-I Interrupt Request 

for the Operator's interrupt. The same interrupt can be set by 

the I/O console via the integral serial control unit. The 

interrupt may be used by the operator, for example, to change 

the running program with information supplied by the operator. 

Data 

The 16 DATA switches are used to set a data word onto the Bus 

BIO lines during load register (lR) and load memory (lM) 

operations. For all computer operations, the DATA lamps 

display the contents of the. Bus BIO lines. When a running 

computer stops, the DATA lamps display the contents of the next 

instruction. For RR and LR operations, the DATA lamps display 

the contents of the scratchpad register (AO-A 15) selected by 

R[v., :1-\ 
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SC RA TC H PAD. For RM and LM operations, the DA T A lamps 

display the contents of the memory address selected by the 

panel address register (Ext CP) or program counter (Std CP) 

Address Section (Extended CP only) 

The ADDRESS switches are used to select an initial memory 

address for read memory (RM) and load memory (LM) operations. 

For all computer operations except RM and LM, the ADDRESS 

lamps display the contents of the Bus MAD lines, via the panel 

address register. When a running computer stops, the 

ADDRESS lamps display the address of the next instruction. For 

RM and LM operations, the ADDRESS lamps display the 

contents of the panel address register, which is loaded from 

the ADDRESS switches and incremented by the RM and LM 

operations. N a control is provided for bit 15 (character 

selector) because the panel accesses only memory word 

addresses. 

When this button is pressed, the code set on the ADDRESS 

switches is immediately loaded into the panel address 

register. This address is incremented by successive RM or LM 

operations; the address register is reloaded from the MAD lines 

for any other operation. 

This switch is used to select a Stop On Address mode. The 

stop will occur when the MAD-line address, via the panel 

address register, campares with the code set on the ADDRESS 

switches. 

OFF Normal operation. Do not stop on address. 

ACC Stop On Address, Access. Stop when any memory 

operation accesses the address set on the ADDRESS 

switches. 

WRITE Stop On Address, Write. Stop when any memory ope­

ration writes at the location set on the ADDRESS 

switches. 

Scratchpod Registers 

SCRATCHPAD These four switches select one of the scratchpad registers 

(AO-A 15) to be accessed by the read register (RR) or load 

register (LR) operation. 

3.8 Halt on preset address is performed by setting the PRESET switch to 

ACC or to WRITE. The control-panel address register is loaded with the desired 

address set an the ADDRESS switches and LOAD ADDR pressed. In access mode 

(PRESET to ACC), the computer will halt whenever the memory address on the 

MAD lines is the same as the one set on the ADDRESS switches. In write mode 

(PRESET to WRITE), the computer will halt when the memory address on MAD 

compares with the ADDRESS switches during a memory write operation. 

3.9 Interface Signals 

The control panel interface signals are listed in Table 3-2, along with a brief 

description of each signal. All interface signals are also shown on the control 

panel block diagram, Figure 3-2. The control panel connecto~ is included in 

the Wiring and Cabling part of Section III. 

3.10 Control Panel Logic 

A block diagram and a detailed schematic diagram of the control panel are 

provided in Figures 3-2 and 3-3. 



COMMAND and DATA 

/ (CPU) 

RUNfA 

RUN 

,..--, 
I LOCK 1 
L_ 

rpMrN tPl RUNN START (lNSlN) 

IJNlOCI(N No' 
Conn~c'('d 

f'..JOI~ I \'/,Ih Ih~ I-~y H"I 10 

lor. I( Iht" Me and lPI b\lllonl 

01(' blol'"l.,,,d; INSI, t~, lM. 
RR, PM, RSI a,1f' blo(.kf"d by .hl'.: 
)') which ;~ hpld f!,!,,,1 . ond RUN 

" blod ... ~d "om Ql"..livoling START 
by Ihlf' Ie,"', SS, 

SCRATCHPAD 

SWlTCHES 

lRN LMN RRN RMN RSTN CP1NT 

NOI~ 2 Run ,Iallf' 0' lock 
inhibit the Me and IPl 
bvltonL 

RCPO,1,l,' 

'DATA Lamp" 

0---15 

1(»\IA ,WiICh·i 

>-
w 
>t 

0 
;;; 

~ .. ,t 

"-

~ 

V 

'" .. 
:< 

Figure 3-2 Control Panel Black Diagram 

ADDRESS1NG 

/ r----------------------------------------, 

~ 

~ 

V 

'" .. 
:< 

Z 
~ 
~ 

V 
;; 

GP BUS 

Z .. 
~ 

Z V 
>- ~ ~ 

'" 

3 
V 

~ 
U 

LOAD 

w 
>-

3 

~ 

U 

~ 

AR r-
,-1_N_C __ ~-4 ~~: I 

5 

MAD 

l ADDRES, Lomp. 

128·64·00 ---14 

AK 

SELECT 

AR 

Tobie 3-2 (onlrol Ponlf'l In1t'rf,J(1f' 

DOlo/Command Port of Control Pont'l 

5;9"01 PurpOH~. To From 

Conlrol Panel 10 CPU 

(PINT (.Panellnle-nupl, SI!'!\ Op~rotOf'\ 

Interrupl. 

CPMCN C.Pon~1 MOS'~f Cll!'of, (avsl!'S 

(LEARN and CPU MeL 
tNS1N Instrvction Step. 

rPl Iniliol Program lood~r rl!'queH 

lOADMN load MemorYi (DATAl to 
ADDRESS in rne,",ory. 

IOAORN load R~9i\'er, (DATAl 10 

S(RATCHPAO regi"er 

READMN R~od Memory, lmemory) ADDP.l 55 
to DATA. 

R.EAORN Rf!ad Regisle'i lregisler\ 
S(RATCHPAD 10 DATA. 

READSTN Read StafuL (CPU PS.tj 10 DATA 
RUNN Run modfo l.gnal 

START Slort operation, sen' by RU~ 
s .... itch. 

UNlOCKN (.Ponel unlocked lON.ONPTC' 
or loc.ked {lOCK'. 

HSTN Key 01 TEST Jel(,cll 
",icrodiagnoSl;c t.es l ,",Ddt" 

RCPON-3N 5crolchpod (AO-A15\ If!gi"e. 

addleu c.ode. 
81000-15 GP Sus dolo li"'e~ ji"'pul c,.,d 

output) • 

~c~P-U-.o-C~o-n-.,o-I~P-on-.~1 --------------
_ .. - - - --

SIOEKEY Gale C.Ponel DATA ,w;'(he~ 

RUNfA 
onto 8u\ SIO lines, 

Rvn mode, ! ighl' RUN o"d 
enoble\ Me ond IPl s ... ;'(\"{'~ 

WR1T£ L~ 
CPA Add,t'B PO'I 01 Conl'ol Ponto! 

:};gnol 

Off OV 

ACC '5 0 

CP8ABI The e (Add,t"H) DO" ot !hl!' 00 .... ('1 

is absent 
PREQN PteH,,-Add,('ss CO ...... p'Jf~ ho~ 

occurred, cnd ;s on f.AAD 1,,,1"; 

GSCPrN From CPU gale ADDP[SS 10 

MAD I ,nes, 

J ASV(PUAN CPU ;~ mO\'('f, C Ponel """)S' '1"\1 

COMPARE the- G8CPFN signal. 

MADOO-Iot GP Bus m~mo'y odd'~H li"t"! I finputondovlpull . 
. ~ ,..M_AD~~~ ____________________ __ 

PRESQN BUS \ 



• 5V ... 

KEY SW ITCH 
(CONTROL PANEl) r---, 

Off I I >,TST 

I 00" 
OoNRTC 

I CK 

I TS T 
I 0 orr 

ooN 

IRTCfllN IB06 
O(CPU) 

I TITN olBOS I (CPU) 

OONRTC ILOCKN 
10lOC< OBI8 

l-l..,_J 
I .l!ICRO SWITCH 

rUINS INPuT 0 I HAINS POWER -r_.-. 

3-6 REV.I 

J 
1(12-1 -&USU: 

IC12-9~ 
1(12 TIMING (9601) 

1801 

GP BUS 

Figure 3-3A 

(.5V) 

ICI-7416 
_IC2 -REC 

IC) - 1801 
IC4 - 1801 
ICI -1801 
IC6 - REC 
10 -7416 
IC8-)416 
IC9 - REt 

(C (0 -1801 
ICII-7432 
IC 12 - 9602 
ICl3 -7404 
IC 14 -7420 
ICI5-7432 
IC16-7400 
ICI7-1410 
ICI8-74279 
IC19-74279 

Control Panel Schematic (Doto/Command Half) 

______________ ~U~.~I~O'~-'~·~O .. 
.. 

-,'. 

p,r-----------------------~LoL·ll 

I 
.9602 :CO,CIEAR 

Timing 01 

top of Poge. 

.. 

.J 



ADDRESS 

R22 
r--4~--~--'-----~--~--4r--~-----+---'---'--~----~r-~~--~--~----~~C-=r-:J' 5V 

1,1, b,bbJ/',b b..b ~.J b l' ~,b b,J ~,J I"J ~b bb b ,b b-..J b,.b ~,6 ov 

" 
12 " 10 o 64 128 

Figure 3-36 Control Panel Schematic (Address Half) 

.. 
TRMCP 

c.pucP 

MAOCPL 

MAOCPR 

26 . 
I'-<AECP 

j 
1 

(!'SASS 

RJ:. V (, 

~I ~ 
" " .. .. 

ov 



3.11 Key Switch. The Key Switch is shown on the power supply schematic, 

Figure 5-3. One contact of the switch controls the mains input power to the 

power supply. A second contact produces the enabling signal RTCFZ1N for the 

real time clock logic. A third contact of the Key Switch produces the test 

signal TSTN and the control-panel enable/inhibit signal lOCKN. The test 

signal is described in the Diagnostic Testing part of Section III. The lock 

signal is used to disable all the control-panel command switches except INT. 

Program load Routine 

• load IPl/Program t:Ipe into paper-tape reader. 

• 

• 

Set DATA switches for 

(The codes are shown at the top of Table 2-10, Bootstrap listing). 

Press INST, MC, IPl 

a. Hardware bootstrap organized by hardware IPL routine and loaded 

The following table is a review of the Key Switch functions. into memory 0-63 (/00 - /7E). 

Key Switch Power Real Time UNLOCKN Conditioning for : 

Clock Signal 

OFF off -- -- RUN, INST, 

ON on -- low LR, LM, RR, MCl, 

ON RTC on on low RM, RST, IPl 

LOCK on on h 

3.12 Scratchpad. The four Scratchpad switches are used to address a 

scratchpad register (AO-AI5). The switches produce the true-logic 

(+5V'" logic 1; OV '" logic 0) signals RCPO-4. 

3.13 Data. The DATA switches are used to set the 16 bits of a data word 

to be placed on the GP-Bus BIO lines. The DATA switches are gated onto the 

BIO lines by CPU signal BIOEKEY. BIOEKEY is produces by BUSFN and 

BOKFN in the Bus Controller logic (paragraph 2.10). 

3.14 INiTIAL PROGRAM LOADING 

A hardware bootstrap is provided which consists of a 256x4 bit ROM and an 

IPL-microprogram routine. This hardware routine organizes the bootstrap-ROM 

contents into 64 sixteen-bit words and loads them into memory locations 00-63. 

The system then has a bootstrap loaded and is able to accept a software IPL 

followed by a program. A basic procedure is given here for loading a program 

from paper tape into the system. This procedure assumes that the tape has been 

assembled with the software IPl, followed by the program. 
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3.15 

b. The bootstrap routine is performed to load the software IPL low-core 

part into memory, starting at /80. 

c. The low-care IPL is performed (with access into the bootstrap) to 

load the IPL high-core part into memory, at the high end. 

d. The high-core IPL is performed to load the objuct program into 

memory, starting at /00 and overwriting the bootstrap and the 

low-core IPL. Interrupt start addresses are loaded at this time 

in locations /00 - /7E. 

Bootstrap Test 

The hardware bootstrap can be loaded into memory for testing (comparing with 

table 2-10) without being overwritten by the software IPL. This is done by 

performing the Program Load Routine without a device connected (Paper-tape 

reader off, disc off, etc.), as follows: 

• Set DATA switches for I/O Bus and reader. 

• Press INST, MC, IPl. 

• 
• 
• 

a. Hardware bootstrap organized by hardware IPL routine and loaded 

into memory 00-63. 

b. CPU stops after bootstrap is loaded. 

load highest memory address into P-register (DATA + reg=O). 
L 

Press INST which increments P to 000. 

Begin pressing RM, and copy bootstrap from OAT A lamps. 



3.16 MICRODIAGNOSTIC TESTS 

Diagnostic test routines are included in the CPU microinstruction control ROM. 

Approximately 100 words of the CPU control store are allocated for microdiagnos­

tic rout ines. The complete mi crod iagnosti c tests about 70% of the CPU hardware 

(Figure 3-4). These microdiagnostics are performed, with the system off line, 

by setting the control-panel key switch to TEST. The microdiagnostics are 

nrronged sequentually from very basic data-path and register tests to complex 

instruction operations (Figure 3-5). The different methods of running the tests, 

in the suggested order, are. : 

3.17 

• Automatic Go/No-Go Mode. The instruction-tests DLA ond RB are 

executed and a final display is given. The memory and CPU/CU 

test is executed and a final display is given. Correct results in this 

mode indi cate correct mach ine operati on. 

• Test-By-Test Mode. The operator steps sequentually through logic 

• 

tests Tl, T2, T3, the memory and CPU/CU tests M, and the instruction 

tests R, and obtains a display indication at each stage. The Chained 

Tests mod~ provides further ex'ercise of the same sequence of tests. 

Basic Tests. The operator steps sequentually through basic tests of 

the control panel, L register, M register, and Q register, exercising 

all DATA switches and lamps for each test. This checks the basic 

registers and data paths. 

Test Procedure, Basic Tests 

• Key switch to TEST. (Loops through control-panel test.) 

• Operate each OAT A switch. 

00 Corresponding DATA light should light. 

• Press LR. (Loops through ~~~9~er test.) 

• Operate each DATA switch. 

00 Corresponding DATA light should light. 

• Press LR. (Loops through M-I~.':Jlister test.) 

• Operate eoch DATA switch. 

00 Corresponding DATAl ight should light. 

• Press LR. (Loops through Q -Re9ister test.) 

TESTED PART 

+ 

Figure 3-4 CPU Logic Tested by Microdiagnostics 

RF\'.. 3-0 



• 
00 

Operate each DATA switch. 

Corresponding DATA light should light. 

T he test is n ow looping through the Q -Reg ister test. To continue to the next 

series of tests, set the DATA switches as required (refer to Automatic Mode or 

T est-by-Test Mode) and press LR or RUN. 

3.18 

• 
• 
• 

00 

• 
• 

00 

3.19 

• 
• 
• 
• 
• 

00 

• 

Test Procedure, Automatic Mode (Go/No-Go) 

Key switch to TEST. (Loops through control-panel test.) 

DATA-switch 0 to 0 position. (Enables final display.) 

RUN. (Instruction test performs DLA and RB and then loops at end-of­

test display). 

Wait for display 000000000000.000. If error, do Test-by-Test mode 

to diagnose fault. If correct, do Memory and CU test. 

Set address of existing CU device on DATA switches 02-07. 

Press LM. (Executes memory tests I and 2, and CPU/CU test and 

then loops at end-of-test display.) 

Wait for display 0000000000000000. If error, do Test-by-Test mode 

to diagnose fault. 

T est Procedure, T est-by-Test Mode 

Set address of existing CU device on DATA switches 02-07. 

Key switch to TEST. (Loops through control-panel test.) 

D Az1'A;;;;~'f~Q':po';iti~!'i .... ·{~n.oP'1 e~EUspl ayat.,e,Q c:h.,~tage. ) 
,)'«',,,> <"""''''',,' '"':,>,,,' ',,;,,>,",,"'S ,"~"'" i>,,',:: '",'" , 

DATA-15 to I. (Selects test TI first.) 

Press LR four times. (Steps through the basic tests, performs logic test 

TI, and loops at end-of-test display.) 

Wait for display 000000000000000 •. 

Press LR. (Executes test T2, loops at end-of-test display.) 

00 Wait for display 00000000000000.0. 

• Press LR. (Executes test T3, loops at end-of-test display.) 

00 Wait for display 0000000000000.00. 

• Press LR or RUN. (Executes instruction test R, loops at end-of-test 

display. ) 
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00 

• 

00 

Wait for display 000000000000.000. 

Press LR or LM. (Executes memory and CPU/CU test M, loops at 

end-of-test display.) 

Wa i t for d i sp I a y 0000000000000000. 

Chained tests performes the same tests in the same sequence as above, but without 

h'alt on display after each stage. 

• 
• 
• 
• 
• 

• 
00 

• 
• 

Key switch to TEST. 

Address of existing CU device on DATA 02-07. 

f).},;tA..:·o:i():I(ch~ined tif!!s, no display 100PI. 

DATA-15 to I (selects test TI first). 

Press LR four times (steps through basic tests, then loops through the 

five operating tests without stopping.) 

Set DA TA-O to 0 to stop the chained tests. 

Wait for one of the five displays. 

Press LR to step through the tests and obtain the display for each. 

Set DATA-O to I to restart the chained-tests loop. 

To restart the tests at the beginning, do : 

• DATA-O to I. 

• Key switch away from TEST (OFF is best), then bock to TEST. 

To Start a test out of sequence (for example, to start test T3 after on error 

indication for test T2) : 

• 
• 

3.20 

3.21 

Key to TEST; CU address on DATA 02-07; DATA-O to O. 

Set DATA 08-15 to select desired test 

00000001 (/01) for logic test Tl. 

00000010 (/02) for logic test T2. 

00000100 (/04) for logic test T3. 

00001000 (/08) for instruction test R. 

00010000 (/10) for memory, CU test M. 

Analysing Tested Functions 

Basic Tests. In the control-panel test (Figure 3-6), the operator 

verifies the operation of all control-panel DATA switches and lamps and the BIO 

Note: 0 = lamp on 
• = lamp off 



data path to and from the GP Bus. In the l-register test, the data path through 

the CPU D-selector and l-register is added to the control-panel test. The 

M-register test adds the C-selector, M-register, and AlU to the data-path loop. 

The a -register test adds the a -register to the data-path loop. 

3.22 These tests exercise all bit positions of the control-panel switches 

and lamps and the CPU l, M, and a registers as well as the data path. Not 

all the functions of the registers, the C and D selectors, or the AlU are tested. 

3.23 a-Register Test. This test is not only a part of the basic tests, but 

also the start and the error output of the following logic, memory, and instruction 

tests. While looping through the a-register test, the DATA switches content 

are loaded into the CPU registers to select the type of Test-by-Test operation 

and the number of the next test. (Test selection and incrementing is shown in 

Figure 3-7.) If a test has been performed and on error occured, the test 

branches bock to the a -test loop and the DATA lamps display the setting of 

the switches rather'than the correct display. 

3.24 

• 
• 
• 

3.25 

• 
• 

3.26 

• 
• 

l09ic Test T1. The tested functions (F i gure 3 -8) are : 

a -reg. shifted left • ao • A OR B 

A-Bus selection • AlU=O • A + B 

Constant Two • B 

logic Te~~~ The tested functions (F i gure 3 -8) are : 

Q-reg. shifted right • AlUZERO • A - B 

Constant Ten .. P-register .. A + B 

• P - 2 .. crossed A 

~ic Te~~ The tested functions (Figure 3-8) are 

A-operand shifted right • 4 X A 

Reading and writing scratchpad, address incrementation by CT 

counter (particular addresses A=A2 and A=A 15). 

3.27 

3.28 

3.29 

3.30 

• 

• 
• 
• 

• 
• 
• 
• 

• 
• 
• 

Instruction Tests R. The tested functions (Figure 3-10) are: 

The K-register is loaded with the instruction code for the DLA 

instruction. 

Scratchpad registers Aland A2 are loaded with known values. 

Branch to the DlA microprogram and execute DlA instruction. 

Return to Test R via CPU Idle loop and verify Al and A2. 

(The CR is verified by the next instruction.) 

The K-register is loaded with the instruction code for the RB instruction. 

Address the RB microprogram with the PLA, and execute RB instruction. 

Return to Test R via CPU Idle loop and verify P-register. 

A failure in CR positioning or in CV (condition verified) circuit, or 

PlA addressing function should cause wrong value of P counter. 

Memory Test MI. The tested functions (Figure 3-9) are: 

Bit-IS is set to 1 in all addresses of a 16k block (4k for P856). 

The block is read and verified. 

The paltern is shifted left 1 position (to bit 14) and the block is 

read and verified. 

• Shifting the paltern and reading the block is continued until all bit 

positions have been read and verified. 

Memory Test M2. The tested functions (Figure 3-9) are: 

• Every word of a 16k memory block (4k for P856) is written with its own 

address va I ue . 

• Each word is read and veriried. 

CPU/CU Dialogue Test M3 (port "f tested I , 
IVvpJ 4 The 

functions (Figure 3-9) are: 

• 

• 

An existing CU device address (from DATA switches 02-07) and TMP 

ore sent on the GP-Bus MAD lineL 

The CU response TPM is verified by means of condition register (CR 13). 

RfV "' 11 
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3.31 TROUBLESHOOTING 

Figure 3-12 shows a flowchart of a fault finding procedure covering the most 

probable areas of a system breakdown assuming that the fault is continuous. When 

a decision point is reached on the flowchart the engineer must choose the path most 

appropriate to the fault symptoms. Where the choice is not clear, first take the 

poth thot most easily isolates and tests one part of the system and then gradually 

include other parts of the system until the fault is isolated. For intermittant faults 

the same procedure can be used but must be repeated each time the symptoms occur 

(if it is impossible to simulate the fault). It should also be remembered that software 

not debugged properly can cause faults, which to the programmer appear to be 

hardware oriented. Therefore, before starting on the hardware, check with the 

operator if the fault occurs with all programs Or with only certain programs, and 

if these programs are new to the system. If the standard test programs run correctly 

but the customer's programs do not run correctly, the Software Product Support 

group should be contacted. 

3.32 Microdiagnostics 

The microdiagnostic test will enable you to isolate the faulty area in the system 

and these should be run first before you try any of the other tests suggested in this 

section. Quite often what appears to be the faulty part of the system may in fact 

be serviceable, but due to another part of the system the wrong responses are 

being received. For example, a CU and its device may appear faulty when in 

fact the cause is operation of the Condition Register. 

3.33 Bus Failures 

If a GP Bus failure is indicated check the following signals, with no program 

funning, which should all be high if the Bus is operable: RSLN, TMRN, TRMN, 

TMPN, TPMN, TMEN, MSN, and BSYN. 

3.34 RSLN (3BI7). This signal is used b, the CPU card, the CU cards, and 

the memories and when it is low it indicates a failure in the power supply. If the 

power supply is correct, the most probable cause is either the CPU card or one of 

the memory cards. Disconnect the memory cards one at a time and then the CPU 
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card remembering that the signal RSLN comes from 0 transistor with an open 

collector, so for this test connect a Ik ohm resistor between pins 3BI7 and 

3BI9 (+5V). 

3.35 T MRN (3A29). This signal is generated by either the CPU card or the 

lOP and is only used by the lOP or the memories and does not leave the CPU 

chassis. If this signal is low it indicates a fault in one of the memori€S, the lOP, 

or the CPU card. These should be disconnected one at a time from the system 

until the fault disappears. 

3.36 This signal is generated by either the lOP or the 

memories and is used by these during an exchange with a peripheral. if this 

signal is low it, indicates a fault in one of the memories, the lOP, or tl >l CPU 

card. These should be disconnected one at a time from the system unti: the fault 

disappears. 

3.37 This signal is generated by either the CPU or the 
, t 

lOP and is used by all the controllers on the Bus. If this signol is low it indicates 

that the fault is in the lOP, the CPU, or one of the CU's. The last one removed 

contains the faulty logic element. 

3.38 TPMN (3A32). This signal is generated by each CU and is used by 

either the CPU or the lOP. If the signal is low it indicotes that the fault is .?ither 

in one of the CU's or in one of the I/O cables. Isolate the CU's and I/O ca,)les 

one at a time until the fault disappears. The fault will be found in the last ilem 

removed. 

3.39 TMEN (3A30). This signal is generated by the CPU to validate Ihe 

address of the external register of either the lOP or MMU. If the signal is low 

check the CPU, lOP, MMU and the backpanel wiring. 
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3.40 MSN (3A37). This signal is generated by all the masters connected 

to the BL's and is used by the masters and the CPU, and it does not leave the CPU 

chassis. When this signal is low it stops any other master from accessing the Bus 

and stops the CPU from displaying informotion on the indicator lamps of the control 

ponel. To find the faulty element disconnect the masters from the Bus one at a 

time starting with the IOP(s). After these have been eliminated disconnect the 

masters of the CPU. If the fault still exists check the back panel wiring. 

3.41 BSYN (3A38). This signal is generated by all the masters and the 

CPU, and it does not leave the CPU chassis. When this signal is low it indicates 

a faulty master and the masters should be isolated from the Bus one at a time unti I 

the fault disappears. The fault is either in the lost master to be disconnected or, 

if all the masters have been eliminated, check the bock panel wiring. 

3.42 Control Panel 

In principle, operation of the READ REGISTER and READ STATUS buttons of the 

control panel is not able to block the Bus. Operation of the LOAD REGISTER, 

READ MEMORY I and LOAD MEMORY buttons is able to block the Bus. If the 

control panel is suspect check the signals from the control panel and in particular 

the signals RUN and START. The IPL operation can also cause the Bus to block 

especially with an lOP peripheral. 

OKI, and SPYC are sent correctly; 

in the lOP. 

In this case check that the signals OKO, 

if they are correct the fault will be found 

3.43 Bus Blocks Whilst Program is Running 

These faults are almost certainly caused by a timing error of one of the Bus 

signals. Try to find out if the fault occurs with the Programmed Channel peripherals 

or the lOP Channel peripherals. If the fault is intermittent it will be necessary 

to try first one channel and then the other using the appropriate test program. In 

either case check all Bus signals before changing any major components. 
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3.44 Condition Register Check 

If the Condition Register is suspect try the following routines to check that it 

is being set to the correct state for each arithmetic operation: 

• Load any memory address in register AD (Program Counter). 

• 

• 

• 

• 
• 

• 

• 

• 

• 

Set the hexadecimal pattern 1101 on the DAT A switches and push the 

LM button to load into memory (this loads the instruction AD K AI, 1 

into the selected memory location). 

Set the hexadecimal pattern 207F on the DA T A switches and push the 

LM button (this loads a Halt Instruction into memory). 

Set the hexadecimal pattern FFFF on the DATA switches, set the 842 1 

switches to select register AI, then pu~h the LR to load the pattern into 

the register. 

Load the memory address that contains the ADK instruction into register AD. 

Push the RUN button. The routine will execute the instrucliG~, ::"d stop 

at the holt instruction. 

Push the RST button and read the state of the Condition Register (bits 6 

and 7). For the pattern above the state should be 00 indication a Zero 

result in register AI • 

Repeat the routine using the hexadecimal pattern 80 - the result should 

be 01 indicating a positive Sign bit in register AI. 

Repeat the routine using the hexadecimal pattern FFFE - the result 

should be 10 indicating a negative Sign bit in register AI. 

Re pea t the rout i ne usi ng the hexadec i ma I pat te rn 7F F F - the resu It 

should be 11 indicating an Overflow condition in register AI. 

3.45 If the expected result is not obtained for any of the patterns, repeat 

that pattern using a Data Probe to check the couse of the fault. 

3.46 ALU Data Path Check 

Use the following routine to check the data path logic of the ALU: 

• Select a memory address on the DATA switches and load it into register AD. 

• Set the DATA switches to hexadecimal pattern 394i and push the lM 

button. This loads the instruction SLL AI, 1 into memory. 



• 

• 

• 

• 
• 
• 

• 

• 

• 

• 

• 

3.47 

Set the DATA switches to hexadecimal pattern 207F and push the LM 

button to load the Halt instruction. 

Set the DATA switches to hexadecimal pattern 5F06 and push the LM 

button to load the RB instruction. 

Set the DATA switches to hexadecimal pattern 0001. Set the 8 4 2 1 

switches to address register Al and push the lR button to load the pattern 

Load the memory address that contains the SLL instruction into register AO. 

Set the 8 42 1 switches to address register AI. 

Push the RUN button. The routine will execute the instruction and stop 

at the Halt instruction. 

Push the RR button and check that the contents of register A 1 have been 

shifted one place left. 

Alternately push the RUN and RR buttons and check that the contents 

of register A 1 are shifted one place left for each operation of the buttons 

until the register contains zeros. 

Repeat th~ routine using an SRL instruction hexadecimal pattern 3961 

and test pattern 1000 in register AI. 

Repeat the routine using a DLC instruction hexadecimal pattern 38Cl 

and test pattern 0001 loaded in register A2. For this test the contents 

of both register Aland A2 should be checked for left shifts. 

Repeat the routine using a DRC instruction hexadecimal pattern 38El 

and test pattern 0001 loaded in register A2. For this test the contents 

of both register A 1 and A2 should be checked for right shifts. 

Control Unit Fault 

If the microdiagnostics indicate a CU failure check that the CU address on the 

DATA switches corresponds to the address sel up by the U links on that particular 

CU card. If the two addresses correspond use the following routine and check 

the state of the MAD lines and timing signals: 

• load any memory address in register AO. 

• Set the DATA switches to either of two hexadecimal patterns: 4980 plus 

the device address for a TST instruction, or 4180 for a CIO Halt instruction 

• 

• 

(these two instructions are always accepted by the CU irrespective of 

the sequensor state); then push the LM button to load the instruction 

in memory. 

Set the DATA switches to hexadecimal pattern 5F04 then push the LM 

button to load the RB instruction into memory. 

Load the memory address that contains the I/O instruction into register AO. 

• Push the RUN button. The routine will execute the instruction repeatedly 

(because of the RB instruction) until stopped by pushing the INST button. 

Whilst the routine is running check the state of the MAD lines and timing signals 

both on the Backpanel and on the CU card using a Data Probe. If the fault cannot 

be found on the CU card addressed by the Bootstrap ROM, remove the other CU 

cards one at a time until the fault disappears then troubleshoot the lost card 

removed. If the fault persists with all other CU cards removed check the printed 

circuit backpanel and the operation of the CPU Condition Register. 

3.48 SOFTWARE IPL 

The type of IPL used by the customer will depend on the system configuration, but 

all IPLs perform a similar function in that they load programs from a chased device. 

The three IPL listings given are all used by the Standard Test Programs: the IPL52S 

is a Stand Alone program loader which prints out the program IDENT, the IPL52H 

is similar except it has a Halt feature, and the IPL52N is the same as the IPL52S 

except it does not print out the program IDENT. Only the IPL52S will be described 

here and like all IPLs it is in iwo parts, the Low Core IPL and the High Core IPL. 

3.49 low Core IPl 

The Bootstrap loads 80 characters then jumps to location hexadecimal 84 which 

is 'he start address of the Low Core IPL. The low Core IPL has three functions: 

• 

• 

• 

It computes the size of memory and subtracts 400 wards which gives the 

first address of the High Core IPL. 

It modifies the contents of some of the Bcotstrap instructions then jumps 

back to Bootstrap (as necessary) to load the High Core IPL. 

When loading is complete it jumps to the start address of the High Core 

IPl. 



3.50 High Core IPL 

Once loaded b~ the Low Core IPL and Bootstrap the High Core IPL loads the 

Object Program and enables: 

3.51 

• The peripheral, whose address is on the DATA switches (and has been 

stored in register Al5 by the Bootstrap), to be used as the input device. 

• 
• 

• 

The IDENT of the program to be printed out on Operator's peripheral. 

The program to be loaded into its designated place in memory (overwriting 

the Bootstrap and Low Core IPL). 

The program to be started either automatically or manually. 

Verification of the Low Core IPL 

This can only be carried out if loading stops before the message IDENT 'Name' 

has been typed out on the Operator's peripheral. To verify that loading is taking 

place (even if the input device is apparently operating, the Bootstrap may not 

actually be loading the IPL data) try the following routine: 

• 
• 

Stop the CPU by pushing the INST button. 

Load the hexadecimal value 84 into location 84 (the start address of the 

Low Core IPL) and try to load the IPL again. If the CPU loops on location 

84, the Bootstrap is not loading the IPL and the status of peripheral will 

be found in register A7. 

• If loading takes place beyond location 84 but still stops before the Iden.! 

is printed, load hexadecimal 80 into register AO. 

• Push the INST button and check the contents of memory by comparing 

the data displayed against the IPL listing. Repeat until each location 

of the Low Core IPL has been checked or the faulty location found. 

3.52 Verification of the High Core IPL 

This can only be carried out if the messages EOS, EOF have not been typed out 

on the Operator's peripheral. If the program loops in the High Core IPL the 

loading address +2 will be found in register All, otherwise compute the loading 

address by subtracting hexadecimal 400 from the mel'10ry size, then use the 

following routine to find where the loading aborts: 

• Stop the CPU by pushing the INST button. 
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• 
• 
• 

3.53 

Stop the CPU by pushing the INST button. 

Load the start address of the High Core IPL into register AO. 

Push the INST button and compare the displayed memory contents with 

the IPL listing. 

If both the Low Core and High Core IPLs and the program appear to be 

loading correctly but the program does not start, check the contents of register AO 

to find out where the CPU has stopped. This check should indicate whether the 

program has tried to start or if the fault is due to the IPL. Another possible fault 

that points to a malfunction of the IPL is if the Operator's peripheral or its CU is 

malfunctioning. 
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() 11 0 ''is'; 5 
000'11 Otl2 811.0 LOn A9,/FCOO HIGH CORE -/1l00 

(11 I U FCOO 
ono,,!;! () 11 6 t PUll 0 e~u '" 0005'3 0116 1J7;:'1 STR 1.7,1.9 
000511 0lt8 H2" CWlh 41.4" II' THE LOCATION CA9) fXISTS,(A1).CCAQ" 
000'59 011 A 501'l6 IIII'CO) lPL020 IHTCH 
0005b ottC Q"AO StlKL H,I!OOO ~O,NFXT LowER ALaCK OF ilK 

OIIE !OOO 
00057 0120 'SI"OC R" TPLOIO 
000'38 0122 In (lilO I!'t)U '" OI')O'lq 0122 8Jell LDR All,A9 ,AVE RASP.' AODR OF HIGH CORF IPL 
OOOe/\ 1')12U Cl3 A I') ADKL A II ,1. STUT Aon. 

01211 OOO! 
OOObl nl211 e4/1b LDA 1.12,49 SAY! LOAD ADD. 
000b2 o lilA '1704 AI' IPUIO 
000113 ot2C tPLI 00 !:QU '" 000l1li I) 12C q/IAO Ann AIl,eo 

012E 00'\0 
000&5 '" LO.'" AI)DRfSS OF NEXT RECORD 
OOOllll 01)0 t PI I I a fOU * 0001>7 1'11"0 11111' LOR A1,H5 RFSTORF r.tn INST rN BOOT 
000111\ 01'\2 H)F ANI< • 7 ,Ill" 
00069 11114 91'-1') AOK', L AT ,/41CO Cln INSTRIH':TION 

01 Jb IIICO 
00071) 1')138 linD STR AT,H 
00671 • 
OOOH ol3A 051)7 LOK A5,/";7 CHANGI" LOC~ ISA OF BOOT IN ORDER TO 
00073 n13C E"IUI sc 1.5,154 CANCfL LEADING CHARACTER fLAG 

o 1 ~1F. OO'5A 
00014 '" AI" INtTtALUf 1.5, At. 
00015 01110 0550 LDI( ~5,en II OF CHARACTERS 
OOOH Otll2 111111. LOR U,At2 LOAD ADDR~ 
00077 '" CHECI< IF COUNT DONE 
00011\ 0111U qoaR 1M CNT"I.G-tPL,AIO 

o I lib 00118 
OOOH 0111~ 1190~ AflRC" ~ I t 
00080 OIU OFU! A8 1111- START flOOT ABAJN 
onOlll 01ljC C"ITFlG EQU * • NUM6fR OF RECORDS OF HIGH CORE IPL 
0008~ Ollie FFF5 !>A TA t-NRREC 
00011'3 OlliE /.101)0 DATA 0 
oooe" 01~0 0000 DATA 0 
00011'5 I)llI]l 001')0 DATA 0 
OOOllb 01'54 0000 DATA 0 
000117 0111]6 (01)0 DATA 0 
oooe8 1.1158 oono DATA 0 
OOOIlc/ OI'U 01')1)1') I)ATA 0 
00090 OISC 0000 DATA 1.1 

00091 Q1SE 0000 DATA 0 
ooon QlbQ OOl)n DATA 0 
0009J 01112 (01)" DAU 0 
00094 016U 0000 DATA 0 
00095 Olbb 0000 DATA 0 
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OOO'>/) OI~1I 1)000 DAU 0 
OQO'>T OlbA 0000 DAU I) 
000'>11 QUt: oO~O DAU 0 
O!WJq Ol~f ooon DATA 0 
00100 0110 0000 DAU 0 
00101 tl172 1)000 DAU 0 
OOIO~ 0114 nonn DATA 0 
00103 OJ7b 0(1)0 DATA 0 
OotOIl 01711 0000 DAU 0 
OOto~ (ttTA ~Ooo DAU ~ 
0010/) 011e 0000 DATA 0 
00107 011E 0000 DAU 0 
001011 0180 0000 DAU 0 
~.,!.,o ~!A~ noo!) DAU 0 
00tl0 OtlHI (101)0 DUA 0 
00 t tt 0111" 0000 DAU 0 
00112 011111 0000 DAU 0 
00 I 13 (HilA 0000 DATA 0 
00 I III Ollie I)ono "ATA n 
00115 I)llIf oonn OAU 0 
OOllb ot.,o O!llln "ATA n 
00111 Oln 0000 DATA 0 
ootte (11"" oono !)nA 0 
0011., O19/) 1)000 DAU !) 

OOt!~ 01911 (tOI)O DAU 0 
001iH Ot9A 0000 DATA 0 
OOI!Z 01"C QOtlO DAU 0 
001 Z3 ~1"E 0000 DATA 0 
001211 1AO 0000 DATA 0 
00J~5 01 AI OOon DAU 0 
OOt!6 OtA4 OO()O DATA 0 
001;>1 0\ Aft (lOnn DATA 0 
oOlze I)IAII OOrlO "ATA 0 
OOU" nlu 1)000 rHU 0 
00t11) ope onOn OA14 0 
ooni OlAf OOon DATA 0 
OOlll ~IBO 0000 DATA 0 
Ootn 01A! 1)000 DATA 0 
00114 0184 1)000 DATA 0 
onl15 OIBII 0(01) DATA 0 
001311 01811 ~OOO DATA I) 
00117 OIBA (001) DATA 0 
oone o tI'II: 1)01)/1 DAU 0 
001H OlfH: 0000 DATA (I 
OOllln Oleo 0000 ""U 0 
OOtol 1,I1Cl Q 0 ()I', DATA 0 
00142 011;1l 0(1)0 "AU () 
001113 ()t~" ?OOO "AU 0 
00\111/ olee 0(01) ""TA 0 
001115 O\e- QOl)O DATA 0 
0011l& Otee 0000 DATA 0 
OOl1l7 OIC~ 1)000 DAU 0 
OOIIl/l (lIDO 0000 DAU 0 
001119 OtDl 0000 DATA 0 
OOI'iO OtD4 1)000 DATA 0 
001'51 OtD6 001}0 DATA 0 
OQt'z OtDIl 1)000 DATA 0 
001'53 010- oono DATA 0 

,c---"", 
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0015(1 Oloe 0000 llATA () 

OOl!;S I)tflf oono DA T.l I) 

0015h OlfO 0000 ClATA 0 
OOl57 01f2 OOno nATA 0 
OOl58 01EII 0000 nATA n 
00159 01 ft. 1)000 OAU 0 
0111110 0lf8 OOno DATA I') 

001111 OlfA 0000 04 TA 0 
onlll~ I) IFe 0001') OATA Q 
00163 !)Iff 0000 OATA 0 
001btl 01'11 noon DAU 0 
onlb'i 0,1"2 00110 DATA Q 
OQ I fib QII"/I I)O~O OA TA 0 
001h7 OIH nono DATA 0 
001b8 01"8 OOno OATA 0 
00lb9 01'1. 1'101)0 OATA I) 

00110 otFe 1)001'1 !)AU 0 
00111 ~11"f nonn nAU 0 
0017'2 0200 1')00n DAU () 

OOtH 0202 0000 OATA I) 

00171.1 01!01l ooon OATA 0 
001'15 UHT 
0011b HIGH CORF TPL 
00117 oono PTR fOU n DrvICf AOOR WILL RI' J~rTTAlIZED BV HCIPL 
00178 nOlO ASR F(HI 111) 
00179 0001 S fQU I 
OOI/\n 0000 H f"U 0 
0(1181 1)001 RO" EClU 1 
00t8? nooo SA fOil 0 
On18' * onl8(1 /loon "oDE EO!.! SA FM MFS8AGF OUTPUT 
00111'5 ~"Rr; "IPL+80 1111 RfCORD 0' H!r.H co~~ IPl 
on\8b 1)1')0 ,"CIPI. t EClU * \8T wO~o Of THF CURRFNT RHORD 
O()I~7 01'50 HPf OAU IFHE 
0(1111/\ "10;2 He YPI E~U * 
O(ll~9 Ot'52 11'5'0 LnKl 411, OIITM5G .. Hr. IPL 

"t511 OOEA 
00191' Ot"ib 1J5Af. AnR An,At! LOAD A t3 WIT'" AOnR Of OtJTMSG ROLITINF 
00191 1)1'58 "b8E' Lnl't AI/I,AlI 
01)\92 01'!A "bAO AnKL A14.eFZON .. Hr.YPL 

015C OOEII 
0(1\9'\ .. AODR OF STACIC 
0011J4 01'3£ 811E LOR AT,AtS GET DEVICE APDR 
00t90; 01bO ~7CF ST AI,!,~'VAI5·HcrfDL,AII SAVE 4*4 fLAG 

Otb2 03<;4 
OOt9b Otb/l '!bl)b RF(f» *./\ 
00197 O\bb "oaF 1M CO~fNfl+2·HClfDL.Atl 

0lb6 03'5A 
0OII1~ o lIlA ~COb RA(II) ··11 
0019Q ntbC ??",f ANK 

J..7 """ 0020n • INn 10 T N!I TRue TI ONS 
on.,,,, t) 1 I>f' Q711F A ('HI A7 ,CTnfDT".HCTPI , At 1 

ot70 01/12 
00202 n In 9711f ADS ".1NP2-HCIPL,All 

0\'74 nll\~ 

0020'3 I) 17& 9711f lOS ".fND2-HCTPL,All 
I) 1711 O\CF 

002/)/I 0174 "1t1F A!'I~ .,.fNDI-HCIPL.Alt 
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1l17C 1l21l/l 
00205 01'Tf ~llIF AOS A1.tNR/l4.~CI~L.AII 

01110 OUi! 
0020b 111112 81i~ LOR AI.At5 
00201 ote4 .,?r/l He Al,/I TI"5T MULTI-SINGLF !)EVler CONT. 
0020/1 01116 'bQ~ RFCIt) MeU'!..2 
00209 o t 1\8 ?TOF ANI( A7 .I~ ~ULTI DEVICE CONTROLLER 
OOZ,o o lilA MCI"L! F.Q\,J • 00211 0111A ?llIF An.S A7,!lH~LX.MCrpl.Alt 

otlle ~tlll" 

00112 Otlll! ,111F AOS A1"!lTPRZ-HCIPL,All 
0190 I)I~e 

00213 On2 ,1IIF A08 A7.SST'TR~HCIPl,All 
111911 0100 

00!1Il 01C)b q1IJF AOS &1 •• STPRI-HCI'L,All 

OOr;'5 
n\9/1 Q2(lA 
019A 1FIII IILL. A7.t 

OOilib 01C1e .711F AO.8 A1.W£RI-HCIPL,AI1 INtT W~R/RER INST 
riif/£ onA 

00217 01AO 'H/.IF AO.S &7.wfR~.HeIPL,Alt 
iliA! onc 

002111 I)IAII 'H4F AD.! A7.RI"R-Io4CI'L.Atl 
n, All onc 

0(\219 01"'8 '5He RF ~KOlC 
OOUO OIU /.IF II 7 SVSMSG OATA 'OBJeT TAPF ON Rf' 

ntAC UaJ 
nlAE 0;420 
OtAO "/.Ill 1 
I\tR~ IIJOII"i 
01811 20aF 
0111#1 4(20 
111118 ''Jj! 4 0:; 

00221 OlBA /11111.1 DATA i ADElf, THINK OF SI 
OlEIC 450:;2 
IlIAF. 2E20 
n 11:0 "!L1IlA 
I)HZ 1IC)1lF. 
OICIi IIB20 
1'1 n:6 llFIJ" 
nice 20ql 

onzn OICA lJl';l !)ATA jAil!! , i 
Olec 4S20 
OIC~ 2Pl) 

aoti3 t; i u\j 0004 !)AU 1000' 
002lIJ 0102 !lTAD f:I'3U • 
002~5 QIDl 115IJl ECMSG DATA i EC i 
oon" 01011 IlDIlA nATA )tlOO04' 
oo~n Il'"'' IIFOjb OFLM!lG OATA iov",,' 

Olnll lJb57 
01)2211 OtDA ODOA DATA 10l)OA 
OOVI) oloe RUFf" FlF8 )9 
0023n nUA ~FFF DATA IFF"" 
00231 022C nO(lo "'ASTFG D'U 0 
00212 nZ?f Ilonn 5AVfHS "ATA ('l 
OOlB 1)230 RFB 6 • SUCK AREA 
O"i!H "BA CFrON rrrw .-2 
(1)23'5 r)2~r. f)UTto15G ".,)11 • 

.""\ 
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OQBb I)Z~C 031)£1 LOI( ,n.1I 
00217 1'12'E 113(1) CTn A3.S.A!lA 
oo;ne 02110 F3;>11 LCR 43. A 1 
00239' 02112 11310 nTR OHI AJ.O.ASR 
002 CO 021l1l '5CnlJ RR(II) •• 2 
OOZ'lt n211b t t n I AnI( AI. 1 
002Q? O~lI8 tAOl SilK A2,t 
002113 0241. scoe IIIB(Ql OTR.? 
002QII I\~CC nHo LOK A3.0 
002115 "211E 113qn cro A3.H • .lSR 
on;>1I1> 02'50 IlBno 55T A3.ASR 
00241 1)252 ~CI)II RB(II) • .. l OOll.l/l "l,\11 "O'U RTN AlII 
002119 • 
01)250 • 
Ot:J251 nZ'\b CI(OI< ~g~~L • 
(1)252 Q25& 11141) Aq.O SFT I,OAnING ADDRESS 

n2"i1\ 1)000 
00253 • 
01)2511 • 
00255 * (;0 LOAn SYSTfM 
002~b 02'54 811A I) LOK:L Al'-.MNLO .. Hr.rPL 

n;tSC "2qr. 
002'\7 OZ5' 'III/IF AOR A12,Alt 
002'511 OlbO "/)'n erR ,li4.A\? 
O"2SCj * 0021>0 * (1)21>1 02ft2 81n1 LOR At"lIQ TPST STAAT ADDRESS 
002ft? (')2611 IICOll iRRtI'" AI fnS OR EOP HAS BHN RHO 
002/)' 02r.b zon HI T NO START ADDRESS 
Oll21t1J 02611 "000 IHODR DATA 0 
002115 O!U 1)300 RAf'L lDK A3.0 
on26b O;!bC 1)100 LOI( A1.0 
00207 OlU ~5?O lOK'.l A5.8lJFF .. HCIPL 

0270 "O!IA 
OOlb~ 0272 9OS(lF .lOR A5. Atl 
002bq 02711 !IOCE' 1.0 A6.SAVA15.HCI'L,Att 

0271:1 03'511 
OOZ70 02'T!I 'HIIO ~F(r., INPA 
00211 027A nbOIl lrlK Ab.1I lUll SO ASR 
002T1! oaTe o I II LOK Al.111 SEND X .. ON 
0021'3 0211! 11&00 cto Ab.S.4SR 
IlOna alllO 'Hln OTR AI.O.AIR 
Qn215 02112 '5COII RBCII) ".2 
on2'Tb 0264 Q2qo era A2.H.ASR 
00217 I):!! 810 I.IA" n SST AZ,ASR 
002H Ill'ell '!cnll RACC) ·.z 
OO!H 02114 I...,PA P'QU " 0026n 021\A I)b50 LOK H,.80 LENGTH 
002111 1)211C 7bOO WERI WfR 4b.0 INtT MLX WHATEVER 
O02e/? ozeE' 75nl wERl WER A'i.t CHANNEL IS 
00283 02410 M02 LrlR Ah.AII 
01')284 0;14/2 lEhll SRL A6,8 
002/15 IlZqll CTOPTR EQU " on2/10 n2qll IIben ero Ab.!I.PTR AVAILABLE ON THE PAPER READER 
(HIZII., 1'1 2'1 b ~cnll R8(1l) *-2 
0028e 1)2qll 8211F lO 42.SAVA15.HCIPl,Att 

02 q A 03'511 
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OOl89 onc :JAO SLC A2.1 to1LX 1 oone O~.! '2'" IIF(~) TNP~ NO 
001', 02AO SSTMLX E~U ,. 
OO~"l OZAO 4"1:0 SST 41.PTII 
00293 O~Al 'COli AtHO) ··z oouo ozu TMTP:1!T !()U " 002"5 QlU !l?Q ANl(l At.lt007 TAPE MARl( OR FATAL ERROR 1 

OlA, tOOT 
0029b 02A8 'OtA "F(O) ~l Xt. NO 
oonT UAA U01 ANI( At, IT I!:ATAL ERROR 1 
OO19~ OlAC ~4IH, R~CO' f!CeLS YfS 
002.9 • 
00300 ouP: 8lZ1'1 lOK:L AI,'if i PUT EO' IN BUFF 

t)l~O 3A4'!! 
00301 028l 8115 STR, Al. A'3 
0030'" 11'114 .~!~., t!'lK.L •• i,...' ... " •. u,- . 

Oll'l" 4'"6 
00303 0i!I'J8 "15'3 'T AI.Z.A'!! 

QlllA OOOl 
onoll Ollie 0704 U)I( AT.O tJPOATA POINTRfRS 
00305 ozef '5fC AOR H. A7 
00306 o~eo ,,1fJr: Rlf PRUct 
00307 • 
0030' OICI """. RA'L3 R8 RA'L RfLAV TOWARDS run 
003Q9 ,. 
003SQ 0lC4 '1LXl !QU ,. 
003JI o~e. tt ]4 LeR AI. A5 
00312 oze" ""20 eWK Al 01111 III IT Ascn 

nce 00;11 
01l3U OleA '551' A lin., , IInAY NO 
00314 ozce 01'50 lDK A7.80 nil 
OOJt5 UCf rEDO RfR RfA A".O RfAD R!MAINING L"NGTH 
00316 O~OO Ui'O A"IK'.L A6 .I'" OZDZ OF" 
00311 OlO4 ""11 SUR AT.U COMPUTE TRANSMITT!D LOT 
OOlt II OlD" ''31e AD" A5. AT UPDATE (lU'" POINT!R 
003t' 0208 "!'T1I6 R" ~IIAscr 
OQHQ OlOA IIAOO t"lPZ I~II U,O,flU 

iN~ HAS BErN ACCtPT!D OOlll 020C "(1) A RF(O, SWtT~H 
OOll~ • ~ROCEIIS TH! CHARTER 
00313 OlDf IIACO S5TlfR2 5ST AC!.lfTR TR~ ~ SST 
O(l3!4 021!0 ~coe RIH4) INPZ. T_V AGAtN INR WHPN SST Rf'U8I!D 
00325 Olf! ~t()8 LOR At. AI 
OQ3U O~fQ POO AOI( ~l,O CHECK W!THfR AScrr OR 08JfCT 
003n OZfb ,nil R'(Z) ",uscr RrCO_D WAS ABCII , PRINT IT 
OQHII QUII 061)0 LOK 46.0. STORE A NON ASCII CHARACTER AT 
003H 02fA II"'~ aTR Ab.4"1 THE END 0' BUFF!R , 
OOBo • TO At USfO IN MX! 
00331 n;!I!C IJI"/u RA TMT!ST 
oonz ()21'P: OBJINIf I!QU ,. 
003B ()ZEr 80112 LOR AII,A8 
00314 02FO '560C RF(,,) fHHH 11-1\ DO NOT INPUT 2ND CHARACTER 
003'5 Oll"Z l20" ANK A'''' OOH" 02'4 4fOO tNR44 INR A~.O,PTR 
003]1 OZ"6 ,COII R8(1I) ,..z 
00B8 0[1'8 UOF ANI( '6 01 If 
003H 02"A "1A~1I SlL Ai?11 
001110 nZFC 'Z,I\ AIH! Al ... JOIN THf TWO HALF CHARACTERS 

,..----.." 
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0034\ 02F~ nr.HT E~U • 
OOHl 02H !,;I'01l CWR A7. At 
00311] 0300 "iOtl" RPeO) fNDl 
003Qjj' OHI! 1!!35 SCR A2.A5 
00345 ()3011 PIli I) e )tRR AII.U 
OQ3111> 030b isol AOK A5.t 
003117 O:5tl 8 I'''~Q CWK A1.! 

030A 0001 
OOH8 03QC r;1I~1I IU' (4) MJJNI 
003"9 030f 01100 LOK A4.0 
003'11) O'U 0 ~Inl\ LOR .... l! 
00351 0311 'lOS ADR A I, A2 
OQ3C;! 03 !II ,101 AnI< AI,] 
00353 a3ll> 1701 !)BJINI AnI( AT" 
003'511 ry3111 "I'IJO INP2R All INP2 
00355 OJ IA 2207 FIRST A "II( A201' 
003"10 03tC 01')0 lDK AI.80 
00151 Ollt 51'n IU:lO) (l'fGHT 
003511 nno 11260 END2 ero Al.H.PTR 
OQ3'59 n2? !'lSTPTR EQU '" OOHO olU 49CO !HIT H.PTR 
003/01 0)211 scnll RR(II) .-2 
0031>l! O'Jl!b 8062 LQR AII.A8 IF ASR WAIT 
OOH3 0328 511011 "'(bl •• 8 
003/>11 032& !J01l1" PI eORfND+Z.Hr.JPl.AII WAIT 

oue o 3 'HI 
003&5 Q3i!f 5COII A8(lIl .-11 
003/>1I 0330 ~4FF ANI( A4.1". 
0031.17 033? OjODII RFCO) PROlOl+2 
00'51011 01311 ECCUI !QU • 
003119 onll 1)1110 lnl( AI.ECMSG .. HCIPl 
00370 (lUll 'top: ADR 41.AlI 
003'11 0318 Ol!n4 LOI( AliI! 
OOH2 03H SUO LOK'.L AI'2,nUT"4SG .. HcrPl 

O1:JC OOPA 
0"3n (lHE !JII~E ADR A!l,.tt 
00:5111 0140 I'b!J3 CF'R A14.AI2 
Otl31'i 1)3112 lO7F STOP HU 
OOSH Ollill ~,~C RB ('7, RVl 
OOH1 nu, ~.i!0 ASCtNP CWI( 42.1"D 

0148 OOOD 
00378 OJ'" 'JOOF. RF(O) "NOt 
003H 03UC ~I';to CWI( &1,b8 

0311f 00114 
00180 OJ!)O 'S818 RB(O) tNP! 
00381 OS'!I2 I!Z',! SCR 42.4'3 
OOH2 03'111 1501 .01( A5.1 
00383 03'511 110 1 AOI( AT'! 
003811 OJ'''' ~I'80 ABC?) INPl 
Oosa!) 03''IA 42110 ENDI CTO AZ.H.PTR 
OQ3e/J O!'iC 53TPRl I!QU • 
00387 in5C uco SST A!,PTR 
003811 OJ~I': '!IeOIi FU3(Q) ... ! 
0~3/lq 03100 !"RASey EIW • 
OOHo OlllO OI~A LOI( AI."UFF .. HCIPL 
OOHt 1131>2 ,lnf lOR At.A\1 
OIl39? Q3b4 e21C LOR 42.A.1 
OOH] 01;'10 l)"pO LOI( A~.no 
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OO:5ltll OJ&/I ~~V; SCR A!,Ar:; 
01\]«)0; nJ/,A Pin 1 Ank A'5 " 003% OJbC II]lO LDK~L A],/ODOA 

O]/,E OO~A 
0031t7 0310 ~:n5 STR Al.A" 
OOJ'1~ OJU 120'5 AOK AZ,J 
003Q'I 0374 JA&I SRL Alot 
OO/HIO OJTb J All I. l11.L A2 " OOlillt oH8 11082 LI'IR A!I,At! If' ASR DO NOT OUTPUT ASCII 
00401 I\3TA ,!bllll Rf(6) PRASC .. A SHOND TIME (ALRrADY PRINTED w"'EN READ 
OOlinJ one "OIlF 1M CO~~ND+2."'CIPL,AII BUT WAIT .... HT 

1I1H OY'HI 
00404 0180 '5COI,! "Btll) .·4 
00110'5 03112 '5102 RF "'USC~ 
OOIlOb I) JII II PRASCA EQU * 
OQII01 03114 ·~l,!lt1 CFR AlII.A1J 
0011011 I\J/l6 ~!U!lC!I I'QU " O(lllllf/ 03811 (l211A LOK Al,8t1fP ..... CIPL 
00 11 10 1)11111 f/ZO~ lOR A2,AII 
001111 O]IIA 113211 UHh AJ,lZ 
0(l1l12 OJlle ~~20 CWK Al, /lAII'! " rE 

OJIIE lAlJ5 
001l1! oHO "Icno RR(II) fU"LJ 
0011111 019Z t2,,2 AOK A2,2 
Olllll"! OHII IIJZS L"~'" Al,A2 
OOlllb 0]9& ~e21) CWI( Al, /111"11'. *OF 

I)Jltll QFlJb 
001111 019A SCI,. RIH4) fun J 
Oo"le • .. 
O(llllf/ ,. 
00112(1 ,. SET RETURN PARAMfTERS 
001121 ,. 
00llZ2 nJ'C 112n Ln AIO.CO~END.Hcr~L,Atl HART ADDRFSS IN AIO 

OlH IIl"i6 , 
OOIl"'l 01A0 IIUII UH( • L Al1.,MNiD':'HCTPL 

OlU n2'tC 
0011211 OJAQ qll[li! An" AI~,AII '1NlD ADDRESS IN Al2 
001125 nJA& IltC!" LD AQ,8AVBAS.MCTPL,Atl LOADING BASE IN Aq 

flHII oonc 
0011(1'& OlAA 1I0Cr: LO A8,BAonR.;. ... Cr~L.AII ~NDING AOORfSS IN A8 

lilAC 1111& 
oOlln o:HE IlTaE LO A1,MA8TFG.HCIPL.All MASTfR FLAG IN A1 

I) JI'I 0 ~on4 

tl (lll 211 • 
001l2Q ,. 
001130 Oll'll "OlA RTN Atll A~TUAN TO CALLING 
00a31 " OOQU 03811 ~I'F q IUfL~ RA IU"U . • RELAY TOWARDS RAfL 
004:51 031'1& '110;0 Rn A Y AP PROLnt+l 
001l1a " OOIlJ"i 011111 ;300 SWITCH 4nK Al,O 
nOlllb 031H 'FIe F RR (t) n8JIN~ 
001l:J1 nJiIIC ~2'" ANI( Alol'7F 
0011]8 OlliE: lillr.6 RAtll) INP;! 
0011'" I)JCO "A~n CWI( '1..11" 

03C;! 0011" 
0011110 I)]CII 'I8,.C "R(") TNP/! 
0111111' OlCII IJI')O AnI< 43,1) 

t ~ \ 
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0011112 
0011113 

0011110' 
onoll,\ 

n04116 
001101 

00114/1 
OOllllq 

001l5n 
001151 
0011'12 
0011'5' 
00U54 
0011'5'1 
QlIlI'ib 
00U51 
OOIl"i8 
o 1'1 II ,!q 

004/10 
00Ub1 
00llb2 
004b~ 
00111>11 
001165 
aOtlOb 
004&1 
01'111&11 
OOllbq 
001110 
00411 
001l7? 
00413 
0011711 
01')1115 
001l1b 
onll77 
Oll/478 
OOU'1II 
001180 
0011", 
00482 
OOIl8~ 
0011811 
0011115 
001186 
001187 
OouM 
00118'1 
Oollqn 
OOllq, 

3-30 REV. 1 

I'll r. 8 
1)30 
03r.C 
03CE 
0300 
0302 
113D4 
0'51')& 
OlOe 
OlD. 
030C 
(,)30E 
n3fO 
('13£2 
nlEQ 
1'131'11 
OJFII 

03EC 

03H 
ova 
Olf2 
03fll 

''iA II u 
I"A?o 
nOIF 
') It/, 
I"A20 
00 til 
"il0C 
I!AlO 
OOne 
520b 
I!A20 
/lOIC 
~CCA 
nnl 
'!FCC 
t 8/lt 'I" AU 

01F.A 
5FU 

nlf'F 
"11011 
0200 
liZ"" 
OJ'll> 

ASCII 

'* 
'* * MAIN 

* • 
'* 
* • 
• 
'* 
'* 
• • 
• 
* 
* 
'* 
'* 
'* • 
'* 
RAFU 

* 
'* 
'* CLcot 

• 
'* • 
'* MNLO 

RFI (n 
(WI( 

RF ( , , 
(WI( 

RF ( 1 ) 
CWI( 

RF(2) 
rWI( 

RB(II) 
AnK 
RA (7) 

8111( 
RA(7) 
EJEI':T 

LOAnING 

Eau 
RA 

EQU 
LOR 
LOK 
51 

TFT 
)(1" 

OBJf(: 
UtllO 

JNP2R 
n.t 
FIRST 
Alot 
ASCtt.lP 

PiAT ENTRY PARAMETFRS t 

Al .. MASTfR HAG 
Aq • BASE AOOAfSS 

too O"TPIJT M5G REQUESTING UPf ON REAOfP 
2.- PI'"RI"M""S A 'HALT' .. T~E USER HAS THfN T~E 

pnsSrRtlTTY Tn ALTER THF 8AS~ ADDRrss (REG.A4) 
AND THF ""ASTFR FLAG (REG.AI) 

(Al1l:0 ""ASTER) 
CAI=1 llSER) 

1. LOAnING PRoerss STARTS WHEN US!R O~PPRfSS START 
BIIHON 

• 
IUFL2 

FRPONNOIJS CLUSTER,PRINT PRR MI!SSAGf 

• 
All, A! 
A2,0 
A2.CORENO-HCIPL,All 

SAVE MASTfR FLAG 
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0050'S 

0050~ 
0(1501 
OOSOIl 
0050fJ 
0051(1 
00511 
OOS,Z 
(051) 
00 5111 
00515 

005if> 
005,., 
005tll 

0051fJ 
OOS!O 
005U 
OOSU 

005il 
005!1I 
OOS!"'! 
on5!b 
00511 
00"'!!/5 
OOSZfJ 
005'S0 
0(1531 

005'1 
005B 

OOSH 
005~5 

0651b 
on'n7 
005111 
0053fJ 
OO'Ho 
005111 
005QI' 
OO'iQ"S 
0051la 
005115 

onsc~ 
005Q7 

005/18 
005119 
005<;0 
00551 
00552 

IIIlOO 
OliO! 
ncoll 

01l0t. 
01l01l 
OIlOA 
OIlOC 
O/j~'" 
OIlJO 
Oil U! 
Olltll 
nll!b 
elite 
"IIIA 
OIlIC 
Oil!" 
nll!O 
nllZ2 
till I! II 
Oll~" 
Olllll 
01l2A 
nlllC 
Oll!f 

tlllln 
0412 
01l1/! 
0113& 
n1l1!! 
I'ILJ1A 
01l3C 
OIlJE 
OIlLJO 
1l1I1J2 

IIteF 
nOOC 

tllAI) 
00110 
~I!I\F 
ooon 
IIICF 
nllb 
70111'" 
I')llnb 
,,,. t E 
IIPO 
nt'!lH 
'lIOE 
nil II I 
0300 
1'3'-" 
t 101 
nlOO 
p;nQ 
tI ~ I 
EB70 
0001 
'iOnF 
~B20 
OOnll 
~O'U 

"B20 
0007 
505f 
"'!I'"7A 

11311" 
0090 
"'!C10 
II Jil " 
IIOIIF 
AJI I 
'50ntl 
Bot 
nn" 
1\5"1I 

• ,. ,. 
,. PROCfS~ ,. LOADTN!; I TI4Y~ MODtiLE R[ AD 4 ,CLUSTER 

AND BRANC~ 'CCORDYN!; TO THE CLU~T~R TYPE 
nN P:)(IT Al II ellFF' ADDRI':SS +1 

AI! • WORD COUNT 

.!U 

PROGLO 
PROLOI 

A3 a TYPE' 
THf TYPE' MUST B~ ],11,1 

LD~.L AIO,STAO-HCIPL 

'OR 
LOP( 
LI"< 
lCR 
AD~ 

LDI( 
LCI! 
AfH( 
CWI( 

RF(n) 
CWI( 

ItF(II) 
CWI( 

Rf'( I') ) 
RRn) 

410,A1I 
(I 

l~,AADOR.Hr.rpL.All 

• 
IUPl\ 
Al,BIIFF .. HCIPl 

AI,AII 
"q.t 
"1.0 
n.H 
At .t 
AZ.O 
Al. AI 
A l.t 
A3.1 

CLEN" 
P""LOI 

~ •• * •••••••• ~.*.-* ............. **. 
,. t:L"STf'R COO". TYPP" 

l~ NOT THIS ;HAlT 
EN" ADORFSS 

BADOR aBASE ADDRESS 

A3 • TVPE 

A? • WORD COUNT 

RRlNCH ON CLUSTfR CODE 

TNTEI!NAL MODIFICATION 

f:ND/~TART 

• UPON ~NTRV' At-ADDRESS OF BUFF+I (RAK 
• A ~.WClRD COUNT 
,. A9.fHOORESS 
,. A I O.I':NOADDRP;S~ •••••• ,.,. •• ,. •• ,.,.,. •• ,.,.,. ••• ,..*.,..,. •• ,. •••••• ,. •• ,. 
CLCOOF LO 43.IWrF+fI .. HCYlill. A t I 

nCOIA 

"'1 
Rr(n) 
)(111( 

AOR 
LOR. 

PROLOt 
A3.RUFF+q.HCIPL,Atl 

43,AII 
C:Lcoa 
A3d 
43.49 
A5.AI 

FMBK SET SKIP THE CLIISTER 

TS IT ~FLOCATA8l~ SFCTION 

4'5o:(RBK) 

REV.. 3-31 
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005"il 
Q(lS'i1J 
005";'5 
00551>· 
00557 
005"\/\ 
OO"io;q 
00560 
00561 
0()S6l 
OOSIt, 
OOSloa 
OOSb'i 
005b.., 
005h1 
005"'1\ 
005bCl 
0,)1570 
011571 
OOSH 
005H 
OO'i711 
00575 
O1l51b 
00577 
00518 
OOSH 
01)';110 
00511\ 
0"582 
005e1 
005114 
0058'5 
005111> 
00587 
OO'5IlJ:l 
00511'1 
005'J(I 
005<11 
1)(')5C12 
oo<;q, 
OO"l'lu 
00""5 
OO,!Q6 

00597 
005.11 
005<1<1 
OObno 
onllOI 
0111,0., 
00b01 
OOIlOU 
01)605 
OOIlOh 
onll07 

OObOIl 

3-32 !\E:V.I 

n4411 
/I a II.l 
na4e: 
QlluE" 
IIU'50 
01J'i2 
011'34 
OI,lSb 
I) II '!II 
01J5A 
OIl'5C 
Ollljf 
111,11>0 

041t2 
011611 
nt/lib 
lIt/b8 
n4bA 
r.~/o.C 

1\ 4 t.E" 
0(170 
nun 
11471l 
0(116 
/lu78 
IIU7' 
na7C 
Ou7E 
n(ll\O 
null2 
I)ulla 
nullb 
I) a 1111 
llallA 

0411e: 
lIuAE 
OU'lQ 
/lun 
nu'lll 

OU'l1> 
1llj<l8 
OllqA 

OtlClC 

\101-1 
lAOJ 

lCFl 
IIb~U 
fBoA 
5/1"u 
A"i II 
'iOn? 
Clb!lb 
8b?I') 
It O? 
13112 
tAnt 
setll 
'iF..,1I 

1\70t 
~'52U 
I A II I 
'CEt 
ttll? 
1132 4 
011') 
0;0011 
BOt 
<lJnh 
F B IH 
'i811F 
II Q2 
116?u 
A'511 
C;0l1~ 

'II>OIt 
IIbiJ() 
11.112 
'len 
'iF<)? 

IIJ;>1l 
0;0(') A 

43t t 
"i00? 
'HI16 

OU9" 
~JlI" 
03<;/, 
BtllF 
1)0<)0 

* 
* 
" CLCO'i 

CLC.17 

• 

AnI( 
SI/K 

SRC 
I.Olh 
CIoIR 
RAUl) 
TM 
RFCO) 
lOR 
STR 
AOK 
1."1< 
51/1< 
ARCU) 
~R (1) 

A \. b 
A?3 

u,t 
46.A, 
.I."\.Ato 
CLCOI 
4'5. A II 

CLCOT 
AiI.ACI 
lb.B 
'1.2 
Al.1! 
Al,t 
CtCO"i 
PROl.O 

A,= AOORf'SS nF ST COOF 1oI0RI') IN 1\1IFF 
42= N(lMRFR OF ronf. WORO 

A3= STORAGE AOORFSS 
AI1= MASI( FOR RBK 
AIt= ConE WORI') 

COMPARF LOAn AnORFSS WITH An OF JPI 

STORE COOf W-RDS 

••••••••• **.*, •••••• * ••••• **.*** ••••••••• *** •••• *******.*** •• 
• HITFIHJAL MnOTFYC:ATtO'-l CLtJSTFR 
.** •• ** ••••••••••••••••••• * •••••••••••••• * •••• 
CLlMnn LI')K ,'.1 A7= MASK FOR ADDRESS 

U'Ilh A5.AI A5=(RRK) 

CLIM! 

CLY"'? 

SilK A~.I 
SRC A4. 1 
AoK At.2 
LIHh " •• q 
T" .3.A7 
RP(I) CUMl 
XRK 
At)R 

(WR 
RA(O) 
.HW 
lOR. 
TIo4 

R'cn) 
.lOR 
STR 
SilK 
R8(1,I) 
RR (1) 

A~.t 

.I.3.'&CI 
A3.A10 
CLC~Ot 

A! .? 
Ab.AI 
15,AII 

CLIM' 
J.b •• C) 

Ab.A' 
4(>.2 
ClYMI 
PROLO 

•• ** ••• ******** ••••• *.**********.* •• **** 
• ClljnfR nm/~TlRT 

A3=AIHIRESS 
IS IT RELOCATARlf 
NO 

yES AD flASf' 
.DORESS OK 

TAKE cnOE WORD 
IS IT RELOC1TA8LE 

AD IHSF 
STORI'" CODE WORD 

•• **** ••• * •• *.* ••• *.*.~*.** •••• ****.***.* 
rlENO LDR. 4l.At 

• 
• 
CLEN! 

RF(O) CLfN'A F!NISH WO ~TART 

T"4 Al. AU 
RF(n) rLl'Nt 
AnR A3,AQ 

* 
Al.CORfND-HCTPI.Alt 

A 1,I\IJFF.b .. HC {PI. A 1\ IIPDATF RASF ADORfSS 
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00110' "II'E '!II1" AO.1I Al,8&ODR-HCIPl.Alt 
0111.0 0116 

OOblt1 fllU!' '11111 AOR A',AI 
00611 04A4 SI"'C RS PROlO 
0061~ • 
00'11 ,. 
OOllt4 nlUb nOl)n ~.VAIS DATA 0 
001115 ,. 
OObH ••••• *,.~.*.*.**.***** ••• ******** ••• *.*.***.*.** ••• * •• ***.***** •• ****.*.* 
OObiT ,. 
OObI II O/JAII (01)0 CMEND nATA /) 
00111., • 
006ll) • 
OOftll ••••• *.* •• **** •• ****.*.**.* ••••••• **.** •••••••••••••• * •••• * ••••••••••••• 
OObU IlClAA DOno DATA 0 
006~J OIlAC ·0000 DATA /) 
OOlll/J /IlIAI': nono OAU 0 
0061'5 1)480 oono DATA 0 
006l,, Olll'l 0000 DATA (I 
OOUT n484 OO{lO DATA 0 
OOblll OIHlII OOno I)AU 0 
006~q 041'111 0000 DATA 0 
00610 0481. 0000 DAU 0 
OOlllt 1)111'1: ,,0(10 DATA 0 
006H O/J"[ 0000 OATA 0 
OObH 04eO 0(1)0 DATA 0 
006JQ O/JCl 0000 DAU 1\ 
00611j O/Jell (01)0 DATA 0 
DOUtt ~OC6 1)000 DATA 0 
006]1 1)4ell OOtlO DATA I) 
006'311 0110 0000 DAU 0 
001119 (loce 0000 DATA 0 
on6/J0 1)4e~ nOtln DAU 0 
OOttOI ,,/Joo nono DATA 0 
O(l611l 01102 tlOOO DATA 0 
OI)6/J~ 0000 0000 DATA 0 
006411 !)IIDII 0000 DATA (I 
001111115 011011 0000 DATA I) 
006116 OllnA 0000 DATA 0 
006117 OIlOC 0000 DATA (I 
OOUII OIlDf noo(l DATA 0 
OO~II" 0111':0 0001) nATA n 
onbSn OIiU QOl)o DATA 0 
00b51 Ollf:ll nooo DATA 0 
oottu 1)4fft 1)000 DAU 0 
onb'i~ o II!" II 0000 DATA 0 
OOUII Q4F.A QOOO DATA I) 
o Oil'S'!! OIH'C OOf)tI DATA 0 
00/,'", OIlH 0000 DAU 0 
OOf}!I1 OIlFO 1)000 DATA I) 
0011.,11 olin I)ol)n DATA I) 
(1)65' 04'" (lOot) DATA 0 
OOb/,O QII" OOQO DATA 0 
01)1111, 011,." 1)01)0 nATA 0 
00b/o2 nll'A tlOOI) OAU 0 
I)Of>b3 OIlP'C 0000 DATA II 
I)OHII Olll'r 1)000 DATA n 
00665 0500 0000 DATA 0 

REV.. 3-33 
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OO&bb OS02 QOOO nATA II 
OObb' 05011 nooo OATA 0 
OObbS (I'!Ob (l0!,0 DATA 0 
OQII&'I. 0506 0000 nATA n 
00"1Q Q~OA 00~0 nATA (I 

001>11 osoc 1)000 OATA I) 
001172 Q50f: 0000 DATA 0 oou, 0510 ~OO(l DATA 1'1 
001>7" Q5\2 0000 DATA 0 
(1)1>7'5 . 1l'l111 0000 DATA 0 
00&7& OS!/) 0000 OAT4 /l 
001>11 n'!t8 001)/\ OUA 0 
0011'78 05iA 0000 DATA 0 
O~6T41 O'!JC 0(1)0 OAU I) 

001180 051E 0000 OAU 0 
00681 0520 0000 nATA I) 

OObe! fJECT 
00683 0522 YPL411 Erw • 
001.811 05!! a30e: LOt< A3,NRRfC 
00118'5 0524 81120 LDKl U,8TPL 

0'121> 0100 It 
OOllllb I)'!ZS 01e"5 LQK 47, I~S 
001187 • BA!lIC W~fTE 
OOlle! 052A /lOA 0 LOKI AS.OECRIIII 

1152e n5e~ R 
OOf,Sq O!l2f. PIjNCHIi I'QIJ * OObqO O'5?f n5"50 LlH( A'3,SII 
0011'1 1')5'30 1Ht!0 lOKL Ab , 811FIIII 

(11)32 (')'18£1' R 
00llq2 oSH "t;Hllno flHl • 
OOH] 0'3311 1)100 lOK A 1 10 
0011911 053b 020/l LOK A2.0 
001195 0538 F,ll0 lell AI.A/,I 
OObQb o 5 'SA Hbll II ilL Al,II 
00U7 Q'BC ~9lt eCK At.O 

o'n! /lOt\o 
OObge 05/,10 'SOOb "I'CO) PCHlln'5 
oon. OSIIZ ,.q~1 eCK Al.1500 

0'31111 0'500 
00100 t\5U '52(12 RF(2) PCf.j410 U!lS THAN" 
OOTO! t'lSIlII "CHlln" fQU * 00102 0'5"8 ~910 ORK Al./to 
00103 05U PCHIiIO I!l3lj .-
001011 0'!4A nils IIlL AI 18 
00705 O'JIIC p.nn lr:~ AI. All 
0070b 054! H~O ANKl Al.1FFOF 

05'30 FFnF 
00707 O'!i'!il ~9?1 ceK Al.0 

~5~1I 0000 
00706 055& 500b RI'CO) PCHIJ t"1 
00109 o 'SCi 1\ !9~t eCI< 41.1<;on 

055A 0500 
00710 05'5C '32n? RF(?) "CHHO 
o01q n55F PCH/,Il'5 EQII .. 
0t\71.~ 115'5E ;:t910 "NK Al.110 
007\3 os*,o PCHII20 EQU .. 
o/l7\a (111)&0 IIntl STR Al.U 
00715 • II HIRE WaR~ 

3-34 REV.I 



IPL52S 

OO"t~ 056! 160? AnI( 46. i! NEXT wORO TN BU,.FER 
00717 ~5ftll 11101 AOI( AII.t N!:XT CHZR'. IN IPL 
00718 ll"Jbft H)lH SUI( A,.t 
0011" 
OOTZO 0"l6t1 '59~6 "IH I' ,"CHIIOO 
ooal O"lU 1:820 CWK n.t LAST R~CMD , 

0'36C /l001 
00722 05H "11106 ""(II) PCH4'0 NO 
OOT!] 0"110 010 LDI( Al./13 XOFF 
00H4 O"! 11141 lIT Al , 8U"4IHt5t1 

05 'fII 06U R 
00125 05H PCHII30 P:QU * 001<'6 OSr6 28('14 LI<H 
OOH1 Q"J1& 0001 DATA 1 
OOHt' ('1"17 A IBOI SUI( B,I 
0017" ""I1C "1'''1('1 RB(t) PUNCH4 
00730 * 00131 n"ln 28nll LI(M 
00132 0580 IIOOJ DATA J 
011733 * 00730 05/'12 OHBIIII EQU * 007'55 1)'382 001)3 DATA :5 
00H6 0"J84 0581! R D~TA "U' /IQ 
0(11'31 0''''16 0040 DATA 160 
007311 05118 0000 DATA 0 
00'13'1 o "111 A 1)000 DATA I) 
OOT 4O OS8e 0000 DATA 0 
007111 n"JIII! BU"4Q RI!8 110 
007IJl * .007113 * 0('171111 * on711"1 END IIIfIlpR 

SYMROL TARLE 

ABA 0000 ~ ASCn ('I~r6 R ASCIN" 0346 " ASIt 1)010 A 
!lAOOR 0268 R BIH nloo R RIPLPR 0000 R ao'" 0001 A 
!lU"44 n"ltlE R ,w",. O\D(; R CF'lO~ Ql'U R CInltTR Ol'JII " CI(OI< Q25ft R CLCOI 03FC R nCOIA 1)416 R CLCOII 0441 " CLCOS 1)4118 R CLC01 ('11156 R CLCODE 01130 R eLEN1 01l9b R 
CLI!NH 011"4 " CU'Nn ('IIl8C R CllMI OIlU " CLlMl OIlTA R 
CLlM' 011 I\IJ R r.UIoInn 0llb2 It CNH'LG OIIiC R CORENO oue II 
"HB nnH' R "£C BII II 0'51\2 R OECBIlIt OOlO R HClII 0334 R 
"'C"IIIG 0\02 R OCHT ('IlFF' R "'NOI 035A II I"Noa 0320 " FIRST 1)314 II H 0000 4 ~Ct"L H '2 II He I"Ll OUO R 
HeJl'LL' 01 1U II INP2 OlnA R INP2R 05J8 " INPA 021U R 
JNR/JII 021"11 II T"\" 0104 R IPlOIO 0116 R IPL020 Olll " r"l100 nln R IPUIO ont) R IPL411 05!2 " IPL88 0000 II 
Lf)Flt: 0100 II! MASTFG 022C II "IL)( I OlCll R "'NLO 03~f R 
Moor 0000 • NBREC nooc A ORJ£C nF2 II OBJINI 0316 R 
ORJINp OlEE R "FlMSG OIOb R OTR 1)211l R OUTMSG 02'C R 
"CHIIOO 0'534 R "CHilO'; 0511t1 II pCI-11110 O,U R PCHlltS OS,! II 
"C1-1420 l)'5bO II! "CHino 05H R pRASCA 03811 II PRASCS 018. " "'USCI OHO II! PROGLO 011011 R PROLO 03". R PROLO! 0406 " PTA 0000 A PUNCH OOIlC R PlINCHIi 0'5 zr:: II! RArt 021>4 R 
'HFL I OJr:A II! RAFL? t)llHi R RAFL3 OlC2 R RELAY 01F'\6 R 
RER Olcr II ~ 0001 A SA 0000 • SAVA15 01lA6 II! 
SHIH S 02U' R 5STMLX OlAn R ~ST"RI nl'lC II SSTPRl 0201" " SSTPTR OJ22 R SHO OlD? R !lTn" 0342 II! SWPCH 0388 II 
~YSM!lr. 1\ t AA II! TMTEn nZAli R WI!AI Olec A WEAZ n28E II 

R ~\I 1 ( :; r;: 
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00000 IIlE,"T IPL5~H 
nOOOI ENTRY IPl611 
OOOO! PJTRY JPlIIIl 
00003 * 00004 ,., Rfl IfR tPL CfNfRATJON 
00005 aooe IolFlREC ~~u t? 
00006 ,., 
00007 0000 BtPlPR ~nlJ * 0(1008 OO?n IPLIIII Fill) .. 
OOO!)q 0000 OI()C Ll'H( , Al.N~RF( 
000 in 0002 1)2;>0 L'H( .l V.fHPL-80 

1'1004 nOBO R 
OOOtl 00011 078'i lOI< 47 '/~'5 RA!'IIC WRITF 
00012 0006 /)OAO Llll<l AS,DECR 

OOnA OOtE R 
000\1 OOOC PUNCH p'nlj • 
0001" onoc tj!~o Ai'll< 42.81'1 
011015 QO~f 8241 5T A2.0fCRU'- !'1fT RliFF AnOR 

0010 0020 R 
00016 00 ti? 281)4 LI(!j PUNCH ONP RECORD 
onOl1 1)0 I. II 1I0QI DATA I 
000Ie 0010 190\ Sill< 'I d (OIlNT I)ONE ? 
0110\1) 110111 .,QOF RIHIl PUNCH NO 
000<'0 nOI' 2804 1.1<'1 YES 
000?1 OOIC 0003 DATA 3 E)( T1' 
nOO22 .. 
00023 nOIF "H8 Enll .. 
on0211 ootl" nOl'l3 DATA " FILE CODf 
OOO!"5 00;>0 DHBIII" RFS I 
00020 1'11)22 1)0'50 I)ATA 110 
00027 nn24 (l01'l0 OHA n 
OOOL'6 1)026 1'I0l'ln nATA 0 
00029 11026 !lono DATA t) 

00030 EJECT 
00011 RORG RIPLPR+/IOO 
00032 .. 
OOO'B 11100 RIPL fQU .. 
OOOlli • I~T RECORO • LOW CORE IPL 
0003S • lOW CORE IPL. I RFCORD,LOADED AT 18n AND 
OOO'H • IlURTfD 4T 1114 
00031 • 
00038 1)100 FFF" LoFlG OATA IHFF lDFLG = .. , IF JUST LOADED 
0OO3'l 0102 0000 nATA (') NOT 1)51':0 
00040 !) 1 nt.I fPL EQU • 
000111 ~ OM OF IPL = RASE ADDR 
OOOlle 0104 112An LDI<L lln,/8lJ 

01na 00114 
oooal • CHFCl< IF JUST LOADED OF! NOT 
00044 0108 ~OqR 1M LDFLG .. TPl.Atn 

010A F'FH 
000"'5 IIIOC 'lltF' RF (I' I Pll 00 ~O,NOT TME 1!IT TIME' 
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000111> .. 
000117 * 0001111 * VB,COMPUTE HIGH CORE LIMIT 
OO(lllq .. 
00050 010~ eno LDK'.L A7./'55"5 PATTprRN 

OttO ';5"5 
000';' 011 Z ~IAn LOKI. "q,/"COO HIr,H CORE -/1100 

01 tIJ FCt)O 
0005~ nUb TPLOIO £t3U * 0(1053 o II I> "727 STR A7.A'1 
000511 0118 r.",.1> CWIU A7.Aq IF THE LOCATION (Aq) EXISTS,(A1'.C(AQ» 
OOOS'5 01 U 'JOOb RI"(O) IPlOZO MATCH 
00D'56 01lC '1I1AO SIH<L AII.nooo NO,NFXT LOWER BLOCK OP 11K 

01H' ~OOO 
onO'5T nl~O '5"OC R" IPLOIO 
00058 0122 TPLO?O EQU * 0005'1 11122 83M LDR '".49 SAvE BA!I~. AD"R 0" HIGH COR~ IPL 
OOObO 0124 cnAO AOn A 11 .2 !!TART ADD. 

OIZI> aooz 
OOObl nl2e 114ft/) LI)" AU!,n SAVE LOAD ADO. 
OOOb? ('lIlA '1\7 n II A" IPUIO 
0001>] Ol2C IPLI 00 t!OU * 000b4 OIO'C 'JIIAO 'DKL A12,M 

0121': 0050 
OOOb'5 * 'OAD A"DRf~!I OF NEXT RFCORD 
00010., 0130 I PU I 0 EQU .. 
OOObT ono IITt! LOR 47.At5 R!9TDRE CIO INST IN MOT 
0006e On2 2731" ANK AT ,/3F 
000'9 1'134 qT2('1 A!ll('.L U,/lIl!"O CIO IN!lTRUCTTON 

01:1' IIICO 
00070 01311 IHtI" ~TR A7,Al 
OOOTI .. 
OOOH 01 ]A 05'51 LOK A5.1'51 CHANGE LOC~ 15A OF BOOT IN ORDER TO 
00013 nnc 1"5111 lIC A5,/''U CANC!L LrADING CHARAtTEN PLAG 

nnE OOo;A 
000711 " RE INITr AU I!' A5 •• /) 
00075 (l1QII n550 LDI< A5.IIO " or CMMUCTfR8 
00076 0141 e6t/! LOR ./).AtZ LOAD ADOR. 
00077 • CHFCK IF COUNT DONE 
onOTe 01114 '101HI 1M CNTnG-II"L,A10 

0111. 004e 
OOOH ot~1'\ ~I)np.: A8~ (ll All 
oooen 01 IU O"1l2 AA 1112 ~T4RT AOOT ASAIN 
000111 nlac CNTfLG ~QU ~ ~ NUMAFR OF RECORDS OF MIGH CORE IPL 
0001l! 1)141': "FF'I "AU t.NMH 
oooe~ Oillt! oonn DATA 0 
00064 1'1150 1'1000 DATA 0 
000115 0152 0000 DATA (l 
0001'\/) 01"4 nOnn OAU 0 
00081 nl'l41 nono DATA n 
OOOIl~ 01511 noon "ATA tl 
oooell ~I~' ?0(l0 OATA 0 
000"0 nl"iC 0000 DATA 0 
000'11 OIS!! 1)000 DATA a 
000'12 0160 0000 DATA n 
nnoq~ nill/! 1)01)0 DATA 0 
000'111 nihil no!)o DAU 0 
oooq'l 0166 nono DATA 0 
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0(1096 0lb8 ~oon OAT A 1'1 
1'11'1091 I)IU 1'101'10 DATA 1'1 
0009~ nlbC 01'101'1 /'lATA /l 
1'11'1099- 1'I1b[ 1'101'11'1 I"ATA n 
0011'11'1 1'1171'1 1'11'11'11'1 rlAH 1'1 
1'11'111'11 1'1\72 1'11'100 DATA 1'1 
0011'12 1'11111 001'11'1 DATA 1'1 
1'11'111'13 niH 1)1'101'1 nATA 1'1 
0011'14 1'1178 0001'1 OHA n 
01'111'15 ~PA Qono DATA 0 
QQIQb Ql7e 111'100 /'lATA n 
1'1011'17 Ol7f 01'11'11'1 /'lATA 0 
nnln{l. 011\1'1 1'101'11'1 OATA 0 
nnl(,)9 I')II\~ nnnn nATA n 
1'11'111 n 1'11811 1)01'11'1 nA TA 1'1 
1'1 I') I' I n IIlb nOon DATA 1'1 
QQII? (111'18 1'1000 OATA 1'1 
no 11 , 1'1111& Ilonn nATA (1 

1'101111 nille nOon DAH n 
on 11 "i Olllf 1'1000 /'lATA I') 
ootte> 1'1191'1 nonn DATA 1'1 
00117 1'1192 I)Onn nATA 0 
1'11'1116 1'1\94 1'11'11'11'1 /'lATA 1'1 
1'11'1119 0\9b 1'101'10 OUA 1'1 
01'11211 019/1 1'11'11'11'1 DATA 1'1 
01'1121 01 'H 1)1'11'10 DATA (I 

1'10127 1119C noot) DATA 0 
1'10121 nlCJf 1'10/11'1 DAH 0 
QOI?II olAn 001'11'1 DATA 1'1 
0Ol!5 01A2 oono DATA 1'1 
nQ1>b 1)1.44 nonn DATA 1'1 
QOln 01 Ab noo~ nATA 0 
01'1121\ nlAII 001'11'1 nATA n 
nnp9 OIU 001'10 DATA 0 
1'11'1131'1 I'll AC 001'10 nATA 1'1 
on I 'H nlAF 1111110 !)AU 1'1 
001 H 1'1 plO /lOon nATA 1'1 
OOt :n I')IR2 ooon OAT' 0 
(1) lJQ OIF!1I 11000 DATA II 
00135 018b 0000 nATA 0 
00t1b otB/I nool') OAT~ 0 
QOll7 nlSA aono OATA 1'1 
1'11'1116 OIAe 0000 DATA (I 

OOtH ote! nooo DAU (') 

001a!) Qteo ono!) DATA 0 
1'11')1111 ote! 01'11)0 "AU 0 
001112 olea noon DATA n 
1'10141 Oleb 1101)0 OATA (I 

0011111 niCS QO()O OATA 0 
Q01/j1l5 OICA 1'1000 OATA 0 
ont'lh ntcc lIonn DATA n 
QOJ/j7 OICE 0000 DATA n 
00111/\ nino nonn DATA n 
nOlllCJ OtD2 ooon DATA 0 
01'110;0 0100 /l001l DATA 1'1 
001'31 nlDb 001'10 OATA 0 
OOI'5! 1)108 001'10 OATA II 
ol!151 n 1'"),\ 1'10011 DATA 0 
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(lOI,Q OIDC ~O!ll) "ATA II 
00'55 Ol"t 0000 I)AU 0 
001'36 I)'~O 0(l1l0 "AU 0 
00,IS1 OIEe! 0000 ':lAU II 
nOl58 IIttO ~oon DAU 0 
0015q Oln. 00110 D4U 0 
001410 011'11 11000 DAU 0 
0016J 01FA 0000 DATA 0 
001b2 (lIEe 0000 DATA 0 
OOI6~ OIH' (01)0 DAU 0 
001ba OtFO 0000 DAU 0 
00165 011"2 0000 DATA 0 
00166 011"0 ~OOO IHU 0 
001b1 Q1Ft. 0000 DATA 0 
001bll 01~1I 0000 DATA 0 
001~9 01FA 0(1)0 DAU 0 
00!1Q 01FC 0(1)0 DAU 0 
00111 oln: 110(10 D.lfA I) 
on172 0200 0000 DAU n 
00113 I)ZOl ~OOO DATA 0 
OOt'Ta IIZ04 nooo DATA 0 
00175 F,n:r.T 
00116 HIGH CORf IPL 
00177 nooo PTR F.t3U 0 Dtvler ADOR WILL BF INJTIALIZI'D flY HCIPL 
OOt'TR 0010 ASR Et3U 110 
001111 0001 S F"U I 
001110 0000 H 't3U 0 
0011l! 1)001 ROM EQU 1 
001112 1)000 SA I't3U 0 
0(\1113 ; .. 
00184 0001 MODf tau !JaM . FOR ME$S.lGf OUTPUT 
00185 ROAr. BI/IL+80 19T RtCORD OF HIGH CORE JPL 
OOJllfI 01'50 HCIPLI Et3U • 1ST WORD OF THE CURRFNT RHORO 
00181 OI"!O f"f F f' DATA IFur 
001118 0''52 HCIPL P't3U • 
00111" nl~2 8"1AO L"Kl. An. OUTM!!G .. H(':J PL 

0154 000 
OO'~O 01511 "5111'': ADR All,AII LOAD An WITH ADOR OF OUTMSG ROUTIN~ 
00 Pit Ol"ill Ab/l". LOP A1Q,Al1 
OOIIJl OI'5A qUI) AOKL A tt~. CPON.HC I Pt 

Ol5C OOf8 
OOIH A""R.OF !lUCK 
OOlqa OI'5E IHIE LOR 41.At5 GH !)EVICf ADDR 
001~o; OlbO ,..,C,,- H AI"i,84VAI5-HCIPL.All IIAVF. IUQ FLAG 

Qlb2 0366 
001~6 0,60 "IbOb RF(ft) .+8 
001~1 " 166 "OIH' II! COR~NO+2.HCIPl.All 

01611 O'Jl, A 
OO!~8 016A ,:,!COb FHI (a) .-ll 
OOI~IJ OlftC ;tTlF ANI( 41./~1" 
0020(\ INn 10 INSTRUCTIONS 
OOlO! OIM' "HI' ADS l1.CIOPTR-HCJ~L,AI1 

0170 01112 
01'1201' II'Tl <)7111" AOS .,.tNP?~HCIPt"lt 

(117Q 01118 
01'1(11)3 litH q1IJF Ans '7.E NO?_HCTPL.&ll 

01711 01eF 
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00201J 017. (171JF Arl!l A7,(Mn 1-HCIPI,AII 
~t1C I) 2 IHI 

01)20'5 017£ Q1IJF AOS A7,I~PIJ4.HrrpL,Alt 
1)1110 nlA? 

0020b Ol~l 81.1 £ LDR 'I,A15 
00207 01611 nC8 SI. C A 1 ,II TEST "'UUI .. SINGLE nfv!CE CONT. 002011 01111\ ~bn2 RFell) HC!PLZ 
00209 0188 2101' .NK A1./F HULTI "FVIC£ cnNTRnLLfR 0021 I) . 018' HCTPl" ~QU • OOlI! . 016A nil" AD.II '1,SIlTHL~-HC!PL.AII 

I)llIe 1114fT 
00212 0111£ m4F Ans A7.SIlTPR7~HCrpt,AII 

0190 Ollie 
00213 0192 9741' Ans A 7 dISTPTR .. HC JPI, A I I 

n 1 'HI otno 
00211J 019b 974F ."8 A1.SIlTPRI-HCIPL,AII 

1)198 OZII.4 
002\5 ~ I cu 'lFal 5L l A 7.t 
Ot'!;tlb Ol9C 974" AD.!! A1,W"RI"HCYPI.AII INTT WER/RFR INST 

~t91': I)IH 
00217 OIAO 9741'" AD.!! A7.lo/fR2-HCIPL,All 

OIAZ t)nc 
002111 OIAIJ 971l" .0.11 A1,UR-HeIPL,AI' 

t)\Ab nl7e 
00219 OlU '37AC IIF r;KI'\K 
00220 OIH 4"42 IIVSMSG nATA IO~JCT TAPE nN Rfl 

(ltAC /JALn 
OIAE SQ,?I) 
I) til 0 5UIII 
nlf1~ "'iOQ5 
OIBIl ;:OOU" 
111111> Qf?O 
1)188 'iZ4'i 

iAOf'R. 00221 nt!1A 1J14Q OATA THINK OF AI 
t'!IIIC uS,! 
OlAf 2f:?0 
nlco '544e 
I'l1r2 Q9QP' 
01CIl 4B20 
01el> qFllb 
III 1:/\ ~O1l2 

00222 01 C4 IJj'i3 DATA lASE I' 
01CC ll520 
01CE ~I~O 

002!3 OIDO ODtlA DATA 1000A 
011224 t110~ STAD FOU • 
011225 0102 4543 ECMSG DATA 'EC' 
002!b 61011 nOnA DA TA ~IO[)t'!AI 

00227 OIDI> 41''''1> OFLMSG DATA 'Ol/FRI 
OIOl! 4&92 

0022e GIDA OOIlA DATA 1000. 
00229 OIDe BUFF ,.'S ,. 
00230 02;>A FFFF DATA IFFFF 
OOZH Q22C oono M.STFG DA.TA 0 
00232 022E ooon SAVBAS DATA 0 
O(l2H ono Rn b • STACK ARB 
002\11 OBA CnON I!QU •• 2 
o o 2 '\'5 1)2,e nUTMSG FOil • 
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OOI!H 0i!3C 0304 UH( 4',11 
00231 on~ luno CIC A3,S.AS~ 
Oon& 02110 n~4 LeR A3.l1 
oon' o VIZ 11310 nTR OTR n.O,AIIR 
OO!llQ 02114 ~eoa RIHII) .. ~ 
002al ozab III) I AOI( & Itl 
002112 02a6 1 A 0 I SUI< A! .t 
0l)U3 M!IIA 'SCOC R8(1I) OTR-2 
OOlllQ 02ac 03110 LOI( Al.O 
001ll!\ 02af IIno CtO A:'I.H,ASR 
OOlll" 02'50 9B,,0 sst. Al.ASR 
002111 0251! 'COli RA(lO .... j! 
CO2!!! ~~~IJ "'I)~A RTN AlII 
002119 • 
00!'50 • 
00251 Ol,6 CI(OI( !:QU, • 002"12 02'5' elAO LDI(.L A9.0 8ET LOAOING AOOR~8S 

025& 0000 
O!l!~n • 0!l25Q • 
OO!"!"! • IHI LOAO SY8HM 
00256 OZ'3A !lQAO LOI('.L ltl,MNLD-HCIPL 

t)zosc oz.e 
002'17 tlz'S!: ~Ilell: AOR At?Al1 
OO!,)8 OltoO ~"3 C"R AI4,AtZ 
002'59 • 
00"60 • 
00261 0262 "tOA LOR. AI,AIO TEST START AOORESS 
OOUl ,,;J61l "Ctlil A8~(4' Al EOS OR 1'0" HAil "EEN RHO 
00263 026b ;t07,. HLT NO START ADDRESS 
ooua 0268 0000 BAOOR IHTA 0 
00Z6'5 02U 03t)0 RAF'L LOI( u.o 
OOU~ OUC 0700 LOI(, A1,o 
00267 Olb!: 8!J20 LOK.L A5.81JFf'eHCIPL 

OlTO 008' 
0(!Zb6 t)Z71 9S0!: 'OR A5,AlI 
OOH. OlTa eOCE LO AII,SAVA1"l .. HCIPI ,At t 

02760 0:166 
00270 IlHII .,flio R"(b) IN'A 
00211 OUA O#lQ4 LOI( Ab.1I 11.4 110 ASR 
00271 OZ7C I) 11 1 LOI( Altltl S!:NO X-ON 
OOtH O(lH 11600 ClO A'.8.A~R 
00214 (lzeo II It 0 OTR AI,O,AS~ 
00215 0282 ~el)lI RR (II) • .. 2 0021b OZIlIl IIZo;O ero A2.H,ASR 
on277 t).,1}6 IlM10 sn A2,AU 
OOZ18 tlI!1I8 "ICoa R~(II' •• z 
002'79 Ol". TNPA ['OU • 002110 02l1A 011'0 LOI( 46.80 LENGTH 
OOllll Ollie 16no WI!:Rt Wl'R A6,O JNIT MLX WHATFVf-R 
00182 Olllf 7!!OI WfRl W!R A5.t CHANNEL 18 
002'" Ol"O 11601' LOR .6,AII 
002"" 02~2 1£:u ~Rl Ab.l! 
00211'5 1l2 .. 11 CI(1PTR fQU • 00ll1l1> n29Q IIbeo CIO Ab.S.PTR AVAILABLE ON THE PAPfR READER 002117 tllq6 "lCOII R8(1I) ··2 002ell 0298 !l24! LO A2,~AVAt'5.HCIPL,Alt 

0211' 03#)" 

""",-', 
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002M 029C lAn He AZ. J Ml)( ? 
OOZ9n 029F" ~234 RF C;» INP2 NO 
002Ql 0240 ~STMLl( EOU • 00292· IlUO 1l9Cl) SST Al.PTR 
00/!91 02A2 ~C04 RBCA) .-2 
002Qll I)ZAQ TMTE!lT Et)IJ '" 00295 112AII ~I"O ANKI. Al./tOO'l TAPE MARK OR FATAL ERROR ? 

02AIt tOQ1 
002Q/) 02Aa ~ou R"(I)) IoILXI NO 
00291 Q2AA 2101 ANK A 1./7 FATAL F"RROR ? 
OO29S OZAC "illlll> "Fell) teCL!! YES 
OtlZ9Q * 00100 ()/!Af 11121') LnK'.L AI, I I f I PUT EOI' IN BUfF 

n2R(l JA4'i 
00301 02R2 81'0; STP 'I.A'i 
001(\1 021114 "HO LOK'.L AI. I OF' 

OlS/O 4F4b 
011103 (1211111 1115"1 ST 41.2,A"I 

028A oon 
00104 02Ae 07,,4 I.DK A1,4 IIPDUA POINTIH'RS 
00305 02Br: QSIC AOR A'5, AT 
0011)/0 02CO ~'fCIE' RI' PRASCI 
00307 * 00308 OUI! C;F'iA RAFLJ RI! R"L RELAY TOWARDS RAFL 
00309 • 00310 021:11 /<I Uti l"tlU ,. 
OOlt 1 02e4 '-nil lCR Al.A'5 
00312 02ell 1'91!0 eWI( A\./IS IS IT Ascrr 

nus 00111 
00313 02CA "15ft P'C'l) RELAY NO 
00311l 02ec 07'i0 LOI< A1,80 YEll 
0011'S 02Cf 7r:OO RER RF.R A/O.O READ Rf'MAtNtNG lFNGTH 
0011/) Q20n 41)20 j,NI<'. L AfJ,I'FF 

o21H~ OFFF 
00'511 1)2DIJ 9F\8 SUR 41,h COMPtlTE TRANS"IITTED LGT 
OOHI! 020/0 Q5fC j,OR A"I,A7 UPOATE 8t1FF POINTER 
00319 02011 ~7Ab RF PRAse I 
00'520 02010 UOO INP2 INR A2,o.PTR 
OOUt OlOC sorIA RF(O) SWITCH INR HAS BEFN ACCEPTED 
00322 * PRnCESS THF CHARACTER 
00323 020E I.IACO SSTPR2 SST AZ,PTR TRY A SST 
0t)124 (l2EO ~e08 RBCII) tNP;! TRY AGAIN rNR WHEN SST RF.PUSED 
00'525 tl2f:Z ~lnll LOR Al,A2 SAVE STATUS IN AI 
OOH/) 02FIJ 1'500 1001( 43,0 CHECK WETHF.R ASCII OR OBJECT 
00327 1')2£/0 '5278 ,H' (2) PIUSCt RECORD WAS AeCtI , PRINT IT 
00128 (lue 0600 LOK Ab.O STORf A NON ASCII CHARACTER AT 
00'529 (121':4 lib'S'; HR Ab,A'J THE ENO OF BtlFFER , 
00330 '" TO sr USFO IN '"'XI 
00331 O?EC "'IU RA TMTfH 
001l'- 1121!E ORJINP Et)U '" 00333 02f.'E /I01It! LO" AII.AII 
00H4 n2FO '1eoe "F(b) p'rGHT a.1I DO NOT INPUT 2ND CHARACTER 
OOlVI 02P2 221'1F ANI< A2.1F 
003J1o 021"" IIEOO INR44 tNR Ab,O.PTR 
oo:n7 1)2fl> liCn4 RII(4) ,..? 
on3311 02FII >'bl)' ANI< Ac.lF 
0033'1 02FA 14£14 SlL A~.4 
00340 n2FC QZIII AOft A2.A6 JotN T~E TWO HALF CHARACTERS 
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003111 nlF" FIr.HT !'(W .. 
003112 02"£ fl:I'1l1I eWR A1,AI 
01l311J 0]00 'JOt!! RI'(n) l!"'Ol 
003114 OlO;;! 1':2J!i sen A2,A'3 
001115 0304 '1411/1 XRR AIl.A2 
01l34b ()30b PIn t AI'K A!itS 
OO:J41 nlne ""';>1) CWI( A7.t 

Illn A Ilont 
003118 Olne ';1108 RI'(4) OFIJIN! 
00311Q 03QE ·01100 LOK AII.O 
003'5n 0310 I'll lie LOR _1.V 
1l03Sl IlJU QIQ8 AOR Al,A2 
003'52 0314 11 113 4r>K .'1.3 
O~!~~ e~tb ".,. .. 03JINl AOK A7 tI l'" I 

Ill) 3 '5 II 11318 '51'110 JNPi'R R!! INP2 
00lS5 OJIA ;»'207 FIRST ANI< A2.!7 
1l03"i6 031C 0150 LOI(. '1,80 
00357 n3H' 5F2;:> RII (7) f:IGHT 
on3511 03?0 IIZIIO PIO 2 CIO A2.H.PTR 
0015'1 032~ SSTPTR I'QU • 003"0 03l2' ~QCo SST AI.P'" 
OOHI 0324 '1C04 RR(4) ... 2 
003/)2 n32/) 110112 LOR A8.AII IF AlIR WAIT 
00]63 03i!8 '5606 RFCb) •• 8 
0113611 032A Q04F 1M CORI!NO+2-HCIPL,Atl WAn 

onc O]U 
001/)5 nHE ~cn6 R8(4) •• 4 
003blJ OBO (IIII''' ANI< A4./FF. 
00367 tn32 50!':/) ; RF(O) 'ROLOt+2 
0036/1 n:nll F'CCUJ EQII • OOH'1 IlHII 0180 LDI< Al,[CMsr; .. HCIPL 
00310 OBI> '1lnl' Ar>R Al,Aft 
00371 03111 O!OIl LOI(, AZ,4 
00372 03lA 6 III 0 LOI<.L At 2, OUTMSG .. HC IPL 

o:nc OO£A 
00373 Q33f "II liP: 'OR At~,AtI 
003711 0340 F:bQJ C'R AlII,AIZ 
00:575 1)34Z ~O7' !lTOP HLT 
OQJ7b 0344 5"I)C R8(T) UFL 
Otl317 tl3/16 ~A~O A,CINP CWK A2,/IlO 

I)J411 0000 
(0)76 034A 0;001' PF(n) ~NOI 
on]7,) 0341:: £1';-0 CWK A1.611 

OJ4~ 00411 
00380 OJ';O <;11111 R'Hn) INP2 
00]111 03'52 1:2''1 SCR ~2,A'5 
00182 039/1 !501 AnI( At;d 
1103113 03";6 1701 AOI< A1,f 
OOJ!'lIl o v; II 5fllO It" (7) INP2 
0038~ OJo;A 112110 I'N/'), CIO 4",H.PTR 
003116 IlJ'lC SlHPRl EQU .. 
003111 OJliC UACO SH Ait,PTR 
OOJM 03'5f <;COII RfH II) "'-2 003M rlJbn PRAsel P:()U '" OtlHO 0]60 IlIAA Lr>1( At ,BIIFF-HCTPL 
003</\ n"H,2 1)\ nf' AOR A\,All 
OOJq~ nlh4 1121C LOR A2, A7 
00]'1] 0]6b 11320 1,.01< o.no 

RFV 1 ' ) 
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OIl'J9q 031>1\ F~nt; SCR A'.At; 
OIl3Q"i OlhA 1'51'1\ AnI( A'5.1 
OOHb 1'13hC 113?0 L/')I( '.l Al,/onOA 

(31)f 001'1 A 
00397 0310 ~H,) STR A).A'i 
00398 0372 1203 AOI( A2.3 
00399 0'514 HI>! SRL 42. I 
00400 0176 'JAllt 8Ll A2.t 
0040t 0318 110112 LOR A8.Ae IF ASR 00 IIIOT OUTPUT ASCII 01'1402 (\'S14 '1(1)11 RF'(6l PRA5t:A A SEeONb TIMf (ALRFAOY PRINTED WHEN READ 004(\'S Q3ZC 90llF 1M COR~ND+2-HCIPL.Atl BUT WAIT ARIT 

1'1 'HE IlJbA 
0040/1 1I"l80 "!eOh RIHIl) *-11 
00411') 0311;> "!711~ RF' PRAsrR 
001l0*, 03/11l PRASe. fQlI • 
0040'1 0311Q "3'100 RF .+2 ••••••••••••••••• 0040/\ 1\3/11. PRASCB [>QU • 00"09 03116 !I!8A l(,)K A2.811FF-HCIPL 
OOUIO 1)'\8/1 92(H' AnR A2. All 
00411 OJIIA In)' II LOR. AJ.A2 
00"'1 OlllC I:B20 CWK 4301H45 • IE 

1l'S8E 'HIPI 
oo"n 0390 'Icna JHHQl RAFU 
00414 0392 121)2 0401< 1.2.2 
004t"l 0394 11328 LOR. A3.42 
0041& 0196 ~B20 eWI< HoIllFIII> .OF 

IIHII qFuh 
0041\7 OJ'H 'icrH RR(4) I'UFU 
004111 .,. 
004119 • 
00420 • SI!T It[,TIJRN I"AlUMFTfRS 
00421 • 
00422 039C IIUF U' AIO.COREND.~eJPL,At1 START ADORFSS IN Al0 

1l3qr 031>/1 
00/1'" 01AO /IlIA n Lnl(~L AI2."'NLO .. ~CTPL 

03A2 1l2'1C 
01l4?4 03A4 94M: ADR U2.Alt ~"'lD AODRESS IN A12 
004l'5 03AII IIICF LO A9.:UVBAS .. HCTPI,All LOADING BAl\f IN H 

() ''US oone 
004210 03H 80CE LO A8.BADOR-HCIPL,All fNIHNG ADDRESS IN A8 

IlJAC 01 t I> 
00427 OlAE 117/lF LD A7.~ASTFG.HCtPL •• l1 MASTER FUG IN .1 

o3eo notH 
OOIl?8 • 
00429 • 
()043n O'JR2 FO'H !'!TN At4 ~fTURN TO CALLING 
00431 • 
0043" .,3B4 ')FFIl RAFL2 RS RAFU • RELAV TOWARDS RAFL 
oOlln O'Sflb 'iH::! REI AV RF PRnL01+2 
0114'4 • 
001115 03B8 nno SWITCH ADK .3.0 
004lt> 1138. '19Cf R!H\1 OBJtNP 
004:\7 OlBC fllll' ANI< A2./H' 
00/138 OlBE '18£0 Ae(O) fNP2 
(l1'l1l3q 03CO F' A2/) CWI< A2,/7F 

03e2 007F 
001140 01(11 '56Ee R~(O) tNP2 
00441 O'CII 1300 ADI< A3.0 
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OOI/IIZ o '3 PI '5AIII/ RBC;:») ASCPJP 
00411J 03CA t'Ai!O CWK A2,/1' 

olCC nOIF 
0041111 03CI': 'HI/J R' (t) ASCU 
0011115 0300 I':A20 CWK A2,/ tQ 

n~O;! 00111 
00111110 03011 '51 0 C R'(t) OBJI!t! 
001141 OJDh I"A;:tO eWK A2.6 

0308 oooe 
00/1111\ 030A "lOb R!fel) OIlJEC 
OOllllq 030C 'A20 CWK A2,/IO 

010E OOlO 
Onll"lO n3fO 'JCCA RB(II) IN"ZR 
0011151 03EZ Dnl DeJEC AOK AJ.l 
001152 03fll "'CC RII (7) 'IRST 
DOli" 03H leo I ASCtt SUK A3d 
ee!!~: 

... .,.. .... ,. RiH;) ASCINP V.JL v ,,. .. -. 
00115'5 fJECT 
O!ltl"lb " 001157 " 0011511 " MAIN LnADING PUT [NTRY PARAMET'''S I 
OOIl'5Q " OOilbO " Al • MASTfR 'LAG 
OOllbl .. A~ - BASE AODR£SS 
00llft2 .. 
001163 .. 
OOilbll " (lOllft"! .. 1 .. OUT'''T M!!G ~I':Qur!l Tt NG TAPE ON R[AOr" 
OOllbh .. 7. .. PI':"'O"MS A 'HALT' • TH[ US[R HAS THfN THE 
OOtlftr .. POS~I"ILITY TO ALTER TH, !lASE ADDRESS (RfG,H) 
001l.8 .. AND THE MUTfR FUG (REG.Al) 
OOIlt-1t " (AIaO MAlITER) 
OOIl'!' " (.\1-1 USE'O 
001111 " 3- LOADING PROCESS START!! WHEN USER OFPPR!!SS START 
001171' " BUTTON 
001173 .. 
Onll711 .. 
00117'5 " OOIlH " 001117 031". IUF"U fQU .. 
O/lIl18 IIJI!A 'InA RIl RAP'l2 
OOQ'TIJ .. 
OOIlIH) " 0011111 ~ I"RRONNOlJS ClIISTI':R,PRJNT ERR MESSAGE 
OOQ8(! o:n:c CLCOI fDU .. 
001l1\3 03fC 'I"'" R!I HCLl! 
00111311 .. 
OOQIl"i " o OIl/H. '" OQII87 " OOQ~I\ 03ft'" MNLD [DU lit 
OQIIII? o'Jn: 1111011 LOR AII.AI SAVP: MAST,.R nAG 
OOIlQO (131'0 1)2(10 LOt< .'.n OOIlQI 03F2 l3i!al' Sf 

OV'/j I)]bll 
Al.cnRENO-HClPl,Alt IUZ START AODRI'SS 

OOlln H'T. MOOf-fJOM 
00llQ3 OJ'h 11120 L/)I(.L AI,SY8MSG-HCIPI 

03"8 I)or;~ 

/.----
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001194 
OOIlIl~ 

OOIl~1> 
0011'17 
004Qll 
oOllq~ 

00500 
00!!01 
0050? 
0050:5 

005011 

01100 

01102 

011011 
011011 

IUIO 

2071' 

1114" 
ilonA 

00505 (llloe ~tCF 
OllnA nonc 

0050/) 
00507 
005011 
005Q' 
00510 
00511 
00'5'2 
005\l 
oosu 
00515 

0051b 
00517 
o05ie 

005tQ 
00520 
00521 
00522 

00523 
005!11 
0052'5 
005jJI> 
00527 
005!8 
005;>11 
005~o 
01'115'1 

OOIH? 
00533 

005311 
0053'5 

005H 
00517 
0053/\ 
005:39 
005110 
00'54i 
00'542 
00'5113 
oosall 
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olloe 
OIlOE 
0410 

011\2 
/'J4111 
Olllb 

ntqe 
OlltA 
OlltC 
Olilf 
04;>0 
0422 
011211 
Ollt'b 
1)11211 
042A 
OQ2C 
OQH 
(11130 
0032 
QIIJII 
(llilb 
011311 
OIl"lA 
o 11"1 C 
OlllE 
OIlUO 

112AO 
OOM 
I)ZIIP 
0000 
IIIU 
011b 
20RF 
011111 
'51<'\0 
IIpo 
OOIlA 
'HoI" 
OIiOl 
03/'J1) 
~3?a 
It 0 1 
1'121)0 
f.2?4 
t1 0 I 
["";ill) 
0003 
'JOO~ 

EB20 
nOl\4 
50 'A 
~820 
0007 
'30'51" 
,)F2A 

* 
* 

* 

* .. 
* 

.lOR 
LOK 
RI'" 

lOR 

HLT 

Sf 

XlF 
ST 

At. A 1 t 
A2,/28 
.+2 

A I. All 

." ......... ,.****. 

RfSTOPF MASTER FLAG 

HALT FnR EVENTUAL RFGI5T~RS MonJF 

.. PROCESS LOAIHNG I THIS MODlILE REAn A CLUSTFR 
• ANn BRANCH ACCORDING TO THE CLUSTER TVPE 
• ON DIT At II BIIFF ADDRESs.t 
• A2 • WORD cntJNT 
• A3 • TVPF 
* THf TVPf MtJST RE 3.4,7 IF NOT THIS IHALT 
ppnLn LDK.L A10.STAD-H(IPL fNn ADDPESS 

ABA 

"RnGI D 
PROLOt 

.lDR 
fl'W 
~T 

INH 
E~tl 

RB 
l.nK'. L 

HlR 
UlI( 
LOK 
LCR 
AnI( 
LDK 
LCR 
A 01( 
(WI( 

RI'"(n) 
CWK 

RF'(O) 
CWK 

''''to) 
RB (7) 

AIO,llt 
o 
A9.BADDR-HCIPL.All 

• 
RAFLI 
At.l'tlF'I'"-HCIPL 

At ,A, t 
Alld 
4].0 
A3.Al 
Atd 
A2.0 
A2. At 
A t.1 
A],! 

CLCOOF 
43,4 

CLIMOD 
A3.7 

Cll"NO 
"ROUlt 

•• *** ••• ***.****.*.*****.** •• * •••• 
• CLUSTER COOF Tv~e 1 

BADDR .AAS' AOOR~SS 

A3 z TVPE 

AZ • WORD COIlNT 

BRANCH ON CLUSTF~ CODF 

INTERNAL MODII"!CATION 

f:NO/START 

• lJPON FNTRy I At zADORESS OF BIlFF+ I (RBK 
• A211wORD cnUNT 
• H."AODR~SS 
• At O=ENOAnnRESS 
•••••• ** •••• * •••• * ••••• **.*.* •••• **.*.** •••• 
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005115 011112 ~311E r:LCOaE LI) A3.eU~F+b.HCtPl,All 
041111 0090 

00511b Ollllb '5C'50 RlHII) PROLet EM8~ SfT SKIP THE CLUSTER 
005111 011118 83tH: CLCOtA U) A3,BUFF+II-HCIPl,AII 

OllIlA OO~I': 
005411 nllllC 43 t 1 TM 43, A4 UIT RELOC4tABLf SfCTION 
0054' nil III': "iO(l1l R~(O) CLC04 
005~n 011'50 nOI )(RI< B.t 
005'11 045l "3(1b AD" Al,A, 
005'32 o II lIS 0 !\'3~1I ncoa LOb A§,At '5a(RSK) 
00553 011'5& !IOb ADK Al,6 AI- AD~~fS8 0' 8T eODf WORD IN BUFF 
005'311 011'56 tAO] SUI( A2,3 A2- NUlolBfR Of CODE WORD 
00555 ,. Ua STORAGf ADDRESS 
005,& ,. AlIa MA9~ fOR Rill< 
00557 • A&a CODE WORD 
00558 01154 lCP!1 CLCO'S SRC All" 005'59 OIl'5C 116)!4 LO"" U,At 
005100 04'51': fBOA eWR 43, A to COMPAR!': LOAD ADDRfS! WITM AD or Y'l 
00510, O4bO ~W7b RA(O) ncot 
005b~ 01162 A51 t TM A"lfA4 
005&) nllbll '5002 R"(O) CLC01 
005bIJ 04b6 '1&nf, AOR Ab.4" 
005'5 (l1lt8 ~6l!> CU~07 STR Ab,A3 STORE COD! W~RDS 
0056b 046.6 1102 AOI< At.! 
005b'T OUC nOl '''1( '],2 
00568 04H lAOt SUI( A!,t 
0056. 01J10 5Ctll R8(4) CLC05 
00'570 0412 '5Fb6 R"Cn "ROLO 
00571 *, 
00512 * ••• ******************.**** ••••• *** ••••• **** ••• ** •• * ••••• * ••• 
00513 * INT!':RNAL HOOTFTCATION CLUSTE~ 
005711 *~~*** •••• ****.*.* ••• *.*.***** •• * •• *****.* •••• 
00575 011711 !l70t r:t I MOO LOI( Ud U- MHI< I'OR ADDRESS 
00516 IIIJ'Tb ~5~1I LOR. A', " A'-CR8K) 
00517 01118 tAOI SUI( 42d 
00516 OIl7A '5C~t CLIMI SRC Uti 
005,. Oll1C II 02' ADK At, ~ 
00580 1)41£ 83)'4 LOR. A], AI A)sADDRESS 
00561 Olleo niD TM All A1 IS IT RELOCATA8LE 
OOOS8;! 011112 500~ R,,(n) CLJM2 NO 
00563 0/1"0 nOl )(,,1< A3d 
005114 01111" ~)O& AOR Al,A4J Vf.S AD 8ASf 
00511" OIJIIII ~811A CWR 43,A10 ADDREIlS OK 
0056b IIlIeA ,UO R,.(O) CLeOt 
00567 OIJIIC It OZ CLIM;! lDI< AI,l .......... 

~::e:: !!~:~ l~IH 410. AI TAKE CODf' ~ORD vV'JOQ 

OO!HI't 011'0 4511 TM A51A1~ IS IT "P!LOCAT'8L~ 
005'0 011'12 5002 "no) ellH] 
00591 o In II '''Ob AQR Ab, A9 AD aUF 
005'?l 011'" II/)~O CUM) STR Ab, AI STaR!': CODE WORD 
00593 Oll'?e IAQ~ !lUK ~l,l 
Ol'JS'JQ II"" "Cl~ R8(4) CLlM! 
0059'5 OIl4)C 'IF'Z RB(7) f>ROLO 
005'?,, *********** •• ***.** •• ****.* •• *.*.*.*.*.~ 
00591 " CLUST!':R END/STAin 
005'18 ••••••••• **.******"***.*** •••• ** ••• ,,.* ••• 
OO'S'?9 olJn 113211 CLENa LD~. A3,H 

/~~-~ 
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001100 OIUO ~OO" R~(O~ I:LfN," FINTlIH IOn ~URf 
OObOl OIiU 431 I Ttool .U.A4 
006(1~ 011.&4 '!Ool RF(O) CLFNI 
00110' , OlUb ctJOb ADR Al.AQ 
006011 • 
001105 • 
OObO. 0llA8 CLfNl fQU * 00607 01148 $14F Sf A3.CORENn.HCIPL,Att 

04U UbI! 
006011 Q I.IA e /lIIH' ClfNH L" Al.8Uff.bwHCIPL,All UPDATE BASE ADORES!'! 

rillA!' 1)0110 
006n9 04BO 9111F AO.lII Al.8AODR-HC1PL.A'1 

OIlB! Ollb 
001110 011811 911111 .lOR A"'. At 
0011 I I 011811 '1FA!: '''' PROLO 
00b12 * OObl! • 
Ol)b I,ll 0488 0000 SAV ... I') DATA 0 
00b15 • 
OObib ••••••••••••••••••••••••• * •••••••••••••• *.** •••••••••••••••••••••••••••• 
00 6 17 * 
00611l OIlIU ilOilO COREt-1D DATA 0 
00619 • 
00620 * 
00621 *.* •• * •• *** •• ****** •• * •••••• * •• **.*** ••••• *.* •••••••• * ••••• **.* ••• * •••• * 
001122 04BC 0000 DATA 0 
OOb~' 048f 0000 on ... 0 
006211 OIiCO 00110 DATA 0 
00625 04tZ I)OQO DATA 0 
00626 0llC4 1101)0 DATA I) 
DOIIl., 04ell 0000 DATA 0 
oOIl"e 0llC8 0000 nATA 0 
00629 OIlCA 0000 DATA 0 
OOuo ollce 0000 DATA 0 
OoBI OIiCE 0000 DATA () 

001132 01ll'l0 0000 DATA 0 
oOlln OIlD£! "OQO DATA 0 
006,\4 0404 oono DATA 0 
OOU'! 0111)11 0000 DATA 0 
OObH OIlDII 1)01)0 DATA 0 
00B7 OIiDA 0000 DATA 0 
OOBe OliO!: (1000 DATA 0 
OOllH OIlD! 00(10 DATA I) 

00640 QllfO QOOO DATA /) 

00041 04!!! 00011 DATA 0 
006112 01l!1I 0000 DATA 0 
OObll~ Ollfll 0000 DATA 0 
OOb/lQ 04[11 0000 DATA 0 
OOb4l'S o lirA 0000 DATA I) 
OOUb 04!C 0000 nATA /) 

00641 OIlEE 0000 DATA (\ 
OOU/! OIl~O I)O~O DATA 0 
0060') IlIlFi! /)01)0 DATA 0 
OObSQ OIlF'O oono nATA 0 
OObS1 Ollf'b 0000 DAU 0 
0011"52 04F6 1)000 nATA 0 
OOb'S:! OIiFA nono DATA 0 
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00654 04"t 0000 OATA 0 
00b55 OIlF'E nono OAU 0 
OOb'$b 0'500 ooon DATA 0 
OOb'7 0502 nooo "AU 0 
001.58 05011 nooo DATA 0 
00". 0506 0000 DAU 0 
0116"0 1)5118 0000 IHT' 0 
OOUt 050A 1)000 DATA 0 
OOU! o,oe 0000 DATA n 
0066l 050£ nooo DAU Q 
OOHIl 05,0 0000 I)AU n 
00665 05It! oono DAU 0 
00b66 (15 til ooon DAU 0 
00667 051b 0000 DAU 0 
00"b8 051 8 0000 DAU 0 
00669 05,. 1)000 DAU n 
OOHo 051e 0000 DATA 0 
00"'1 n'5tE oono 0414 (I 

00672' nno nooo OAT. n 
00613 052Z 0000 DATA 0 
006111 05?II nooo DATA 0 
OOf>75 0516 0000 DAU 0 
00616 OSl8 nOQo DATA n 
on"11 O'5ZA 0000 DAU 0 
00618 05!C 0000 OATA 0 
006H os-..r nooo "AU 0 
00b80 o'nO nono "'TA 0 
on"~i n5~t! 1)000 OAU 0 
0068Z EJHT 
006!H 0'5311 Ip'LlI1I I"QU " 006811 05311 O~I)C lDI< ':'I,NeRf.'C 
00"11'5 nSl6 84;»0 LOI<L U,I!IIPl 

0'5!8 I)lno R 
OOb"" 053A 0765 lIH( A1 ,/85 
00681 " 8ASIC WRtT~ 
006811 093C 80AO lOl<l AII,DHI'4l1 

O'BE OS911 R 
00b8CJ 05110 PUNCHlI FQU " 00690 O'lIJO OS';o LOI< A,,),60 
006'11 OSlI2 111020 LDKl 46,1!I1JI"1J1I 

051111 OSAO R 
00b'12 0'511/0 peH400 l'~U " 006'JJ nSlI6 01no LOI< At,O 
0t)b911 0548 0200 LOK A2,0 
OOb"«; O'5I1A I!no lCR A I, A II 
001>96 0511C H~II ~RL Al,4 
OD69' 054£ I"CJ21 eel< l t ,0 

o~SO 0000 
006ge os'S;! "IOOb RF'(O) PCliOO') 
00699 05S4 !':9l1 CCK Al,/'500 

0'5~6 "5~~ 
007()o tiS';/! q2t12 RF (?) PCHlilO LfSS THAN !'! 
00101 nS,,)4 PCH40'5 !,QIJ ,. 
0070<' OS5A ;>910 nRl< 41.110 
0070"' OS<;( PCH410 l'OU * 00"011 055C Hlle ~lL A 1,(\ 
0010'5 0'5"1r. "nn LCR 'I,AII 
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'~ 

OOTOb (l5bO ~t,.O ANl(l AI.lHOP 
05b2 PFr)F 

00T01 05bll "'9?1 eCI< Al.0 
Q51t& 0000 

00'7011 051011 ~OOb RfCO) PCHIIIS 
0070' (I"IbA "~i>1 CCI( AI.I')OO 

O'5&C 0500 
00710 oSH "'1202 RI' (in PCHU20 
00711 (1570 PCHlIIS fDU '" 0071? n570 2'\0 ORK '1,/10 
00713 0572 PCH1I20 fOU • 
0071 4 0572 I'll J9 SfR 41,A6 
OOT,s '" STORF. WORD 
01)7111 n'5711 ,"02 AOI( Ab,l ~f.)(T wOR!) IN BUFFER 
00117 0'5'1& 11101 401( Ud NEXT (HZ". IN TPL 
00718 /)5711 t01l1 8111< A5.t 
0071' 
OOHn 05H "'I. 'H. RJII t!) PCHIII'lO 
OO'Tl1 o '5'7 !: 1"111'0 CWI( Hot LAST RHORO 1 

OSH 0001 
OOT?Z o'!!IIO 'Un/) RF(U) PCHII10 NO 
00723 05112 I) t!l UH( 4\.11'1 )(0"" 
007i!" 05114 8111\ !J1' 41 ,BIIF1I1I+158 

n5h Ob:5! R 
007/i!S o '!! 811 PCH4JO EaU • 007210 0566 28011 LKM 
OOn7 n51H I)onl OATA 
007!8 0511( tBnt SUI< 4'J, 1 
0072' 05Af "q"l) FIB (I ) PIjNCHU 
oono '" 00131 oS9n ;>80a LlO4 
001H n592 0003 DATA "\ 
007H * 007H 05'/j OHBUII "Oll '" 00B5 1)5qa (01)3 DATA } 
OOnf, 0511b 05 ... 0 R OATA RUF/j/j 
OOTH nsq& oOAn O.TA IbO 
007]& oS" noon DATA 0 
OOT3~ ()S9C nnno I,.U 0 
0(\7"0 (l5<1E noon OAT. 0 
007111 OSAO RUF QII Qf'8 110 
001112 * 00743 • 
007U4 • 
007115 END IHPLPR 
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SYMAOL TARlf 

ABA 0000 0\ Ase II 113"6 R ASCI"'P 1I~1J6 R ASR OOtO 4 
!UODR 026" ~ BIPL 0100 R AIpLPR oono R ROM 0001 4 
AUFIJ4 1)540 R RUFF olne R cno'" 0230\ R rrOPTR O?/HI R 
eKO/( ()25b R CLCO' 03FC R CLCOIA Ollila R CLCOII 01154 R 
CLCO'3 OIl'5A R CLC07 0468 R (:LCOOE 04112 R CLF"" OlU8 R 
CLfN3A (lilAC R ClfN!) OllqE R CU"', 01lH. R CLY"'2 1'lI18C R 
CUMJ nll'?6 R Cly",nD 0474 R CNTHG n tllC R CORf."ID OIlSA R O[(:e ootl': R OFCflIJII O§IJII R DfCRUF 0020 R FceLS 033IJ R 
fC"'~r. 0' OZ 'q fIr.J..fT n2'" R ENDI O]'U R EN02 0320 R 
FIRST OJU II H 0000 A HCIPL nl'52 R HelpLl 1)150 R 
HCIPL2 opu R TNP;> 0204 R I"IP?R 0318 R INPA 0211' R 
TNRIJII n2FII R JPL 01011 R IPlnlO 0116 R IPLOL'O n122 R ... , " .. 017e R ! Pllt /) n 1311 R TPLIIII n"nll R TP/./HI nono R ... ' '- .. " v 

LOP'LG (1100 R "'ASTFr. onc R Mllt 1 02C4 R 104"'1 0 03Ff R 
"'OOf onol A NBRfC (lOOC A MJEC II3E2 R ORJINI 0:.\16 R 
O"JPjp tl2H R OFLMSG 0106 If OTR t)~112 R OlJTM5G 023C R 
PCHllllO 1151lb " PCHIlO,) 055A R PCHIlIO O';C;C R PCHIlIS 0570 R 
PCMII!O /)'57Z R PCHlno 05118 R PRASCl 03811 R PRASCS 03/16 R 
PRA~CI OlI.O R PROGLO niH ~ R PROLO OIlOC R PRnllll Olltll R 
PTR 0000 .l PU"'C~ nooc R PUNCHII 05110 R RAFL 026A R 
RAFLt tl3!"A It RAFL;J OJRII R RAFL3 112C2 R RELAY n3B6 R 
RER 02CE R S oont A SA 0000 A ~AVAI5 nll88 R 
UVflAS 1)2i!f' R SSTMlX 02&0 R SSTPRt OJo;C R SSTPR2 020E R 
SSTPTR Oln R !lHO 01"2 R ~Tnp 03112 R SWnt:H OJ~6 R 
SYSMSG 01 A4 II TMTEH 112411 R WERl 0211C R WfR? 028E R 
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ooono JOFNT J"l'521N 
00001 ENTRY fPL88 
onOll2 f'NTRY JPL40 
OOOO~ '" 000011 '" BEl IER IPL GI'N'-RATJON 
000n5 nonc "IRRF-I': Enll Ii? 
OOOOb '" 00007 0000 BIPlPR fl3U '" 00008 oono t'1I~8 ~nu .. 
0000'1 oono ninc LI'lI<, At ,~H\REe 
00010 0002 "2?n Lnl<.l A2,8JPl .. 8n 

OOO/j OORO R 
000 It oono 0111'5 LI'JI< A., ,/8'5 IUIHe MRrTE 
00012 n008 "OAO LI)I(I UI, DI"CR 

OOOA 001~ R 
ooon 1l00C PUNCH ftlLJ '" 000\11 none 12~0 AnI( A2,M 
0001'5 OOOE "2at ST A2, DECAl)'" SET eUI'F AOOR 

0010 OO?O R 
onOlo 0012 ?SOIl ll(M PUNCH ONE RHORD 
000 t7 Oll!/j nool I)ATA 
0001~ 00\11 tqlll SUI< AI, t COIINT DONE ? 
OOOtq 0018 "'Inf R8 (I ~ PUt.leH NO 
OOO!O OOIA ;!81l11 LKM YES 
OOOl! OOle 0003 DATA .. f)(JT 
00022 '" 
OOO~3 ~OIE 'H::C8 fQU • 0OO2/j ootE 0003 DATA 1 FYLE CODf 
00025 QOi!O DH8U,. RES 1 
I)IlO2l> (Inn 1)0"i0 I)ATA M 
0(\021 002a 0000 'lATA 0 
00028 1)020 1l00t') DATA 0 
0002'1 0028 ilOilO DATA 0 
00030 EJECT 
00031 IInRG ~tPLPR+/l00 
01)0'52 '" OOOH "lnt') BIPL E~LJ " OOO~II • 1ST RfCORD c LOW CORF IPL 
0003'5 '" lO~ CORE tPL,l RECORD, LOADED AT 180 AND 
OOOH • STARTED AT 184 
0003'1 • 
00038 0\00 F:FFF LOnG DATA I~"F LOf'LG • -1 If' JUST LOA Or:O 
0003'1 0102 nono '''14 n NOT USED 
OOOCIO o trl4 IPL fQU '" 00041 " AOOR OF !Pl • fUSf ADOR 
00042 01011 1124" U)Kl .10,/8Q 

OIOb nOlla 
0(10113 '" CHECK Tf JIJST LOAOfD OR NOT 
0001111 0\011 QOQ8 1M lOFL!l .. YPL,AIO 

01114 FFFC 
00011'5 OIOC 'IltE IIF (1 ) JPL100 NO. NOT THF 1ST TIMF 
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000111. " 000117 .. 
000111\ " n:S,rOMPIITF Hlr.H rORr l HIlT 
000119 " 000':10 QI()E ~120 LOI<'.L A7.1'5'>55 PATTf'P"I 

OltO "iSS':I 
0005! 0112 81AO LOI(L A9./FCOO HIGH CORF -/1100 

n 1111 "C~O 
0005Z .. ,. i 

U 1 lit TlOt I)' 0 fOU ,.. 
000'53 0111. 81;!7 ~TR ';,AI:I 
000'311 0118 ~FZb CWP* AT, A~ If THF LOC_TION fA9) fXJST~,(A7)2f(Aq» 
00055 01 fA '501)6 RFCO) JPLOlO MATCH 
0000;" OtIC 9'Hn SlIl(l 49,0000 NO,NfXT LowEP RLOCI( OF III( 

II 11 ( ZOOO 
00051 ()I?O "iFOC RR TnOIO 
0(!0"i1l nln IPlOl'O EQIJ .. 
on059 0122 In86 LOR 411,49 ~AVE !lAS~ lOOR OF HIGH CORE IPl 
00060 Oli'li HAO AOl<l A It, 2 !\TART ADO, 

nU'" OOIl? 
00061 nl~!I 811A6 LOR '12.49 SAVE LOAD ADO. 
0006? 0121, "11011 RF IPLtIO 
0006~ Ol2C IPLtOO rOl) " 0006a nHC 'Hun AOI<I. 412.110 

OllIE 00'>0 
on065 ,.. LOAD ADDRESS OF NElCT PfCMO 
00066 Ilno t PL 110 t'Ol} " 000'" 01'0 11111': LOR 11,Al'> RESTORE CIO INST IN flonT 
0001./1 01 Ji! lnF U-ll< A1./JF 
000"9 tlnu 91>0 '01<'. L A1,/1I11"1) crn TNSTRucrrON 

nn6 alen 
OOO'/) on8 872D Sf It ",A1 
0/)011 .. 
00012 IlI'U n5'>1 Lnl( A5.!'>' CHANGE Loe: 15A OF BOOT IN ORDER TO 
00013 Il13C ~'5l1t SI: A~,/"i. CANCFL LEADING CHARACTER FLAG 

onE nO'iA 
000'11 • liE INtTIAU!f 4'!1,Ab 
0007'5 Oiao n'550 LOI( A5.1I0 1/ OF CHARACTERS 
OOOT/, Ollll 8.12 LrlR A6,"12 LOAD AODR. 
00077 • r:HHK IF COUNT DONf 
000711 Illllil 110111'\ Iloi CNTfl G-IPL,"'O 

()lllfl noall 
00079 Olal\ e90E' H\R (t) All 
1)00/10 lit II" nl'a? '8 14;0 ,TART AOOT ABAIN 
oooel QIIIC C>.JTI'tG Fall • - ~UMeER 0,. -rCORDS OF ~IGH CDRE IPL 
000112 OtllC FFF'> DAU I .. N8REC 
00011'5 ~IQE' n(')oo DIU 0 
0001111 QI50 nooo DATA 0 
00011'3 ()I"? nonn I)AU I) 
OOOA/) 01511 000(1 nATA t) 
(1)0111 1)1'56 1)01)0 I)ATA n 
0001111 01511 0000 DATA 0 
0001111 QI"i A 1)000 DI T.l a 
00090 OI')C (01)0 DATA 0 
000'1 nl'll' nonn nAU n 
0009l QII>O 0000 DATA 0 
O(lat)~ fll&l flOon nATA 0 
OOoqa O\&a 'lonn rUTA 0 
O(loqa; (lIM (lann nAU I') 
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OOOClt> 0lb8 1')000 nATA 0 
OOOCl., I)lbA nonn DAU I) 
00098 OlbC 01)00 nAU 0 
OOOCl' . I)tbE I)ono "ATA I') 

0(1100 1')170 000(1 IHTA 0 
00101 0172 oono IHU 0 
00102 0\74 0000 OUA (I 
0010' onb ooon nATA 0 
001011 QI78 oono nATA I) 

OQlnc; I) 17 A 0000 !'lATA 0 
OOIOb onc 0000 DUA 0 
aOlO7 I) I 7f 00(1) nATA 0 
00108 QI80 ooo/) DATA 0 
OOIQCI 0182 nooo 'HU 0 
001 I I) 0184 001)0 'UU 0 
00111 Oleb 0000 nATA 0 
00 t 12 Olell 1)000 DAU ° 00 t I :5 !l18A oono DAU ('j 

00114 I) I/IC 0000 DUA 0 
001 15 n181' 0000 DA TA 0 
0011& OtClO 0001'1 DAU 0 
001 \7 tlltlZ 1')001) DATA 0 
OOlle ~IClU oono DATA 0 
01111 CI ~1O!Jb nooo '}AU 0 
00120 QIClIl 0000 nATA 0 
Oo!?! ()!9A 0000 DATA 0 
001 Z? nl9C oonll OAU 0 
00!2! il\ CIt' nooo DATA 0 
00!24 OIAO 110(1(1 ')AU 1\ 
Oall'S OIAZ nooo 1)1 TA 0 
OOI?1> OIAII OOnn DATA 0 
00 In QUb oono "AU 0 
001211 oue 0000 DATA ° 00129 OIU oono DATA I) 
Olll JI) OIAe 1)()r)1'I DATA n 
0013 t !'IIH 1'1000 OATA 0 
~Ot H OIRO ~O(lO 'HU 0 
001 n ~t8a Clono DATA ° 001311 OlA4 nooo onA t) 

OOI:§5 OIBb 0000 04TA ° OIl13& o lee 0000 ",U 0 
00n1 01BA OO~O OATA 0 
oone Olec 1)0(10 DAU 0 
00139 QI~f 0000 DATA 0 
00140 oleo OOQO DATA 0 
00141 01C2 0000 DAU 0 
00\112 0lC4 1l0O0 DATA 0 
OOIIl"S OICb 0000 DATA 0 
001l1li (lICS 0000 nATA 0 
001115 OltA (01)0 I)A TA 0 
1)01111> ~ICC 1'101'10 "A TA Il 
00\117 OICE Ilono "A TA 0 
001118 0100 (1000 DATA t) 

OOIIlCl 0102 noon DATA n 
001'50 Oln" t)I)OO DATA 0 
0010;1 IlID& OOtll) DATA 0 
OOISl 0108 noon !'lAU n 
olno;~ I)tnA nnoo OATA 0 
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001<;41 Oloe 0000 DATA 0 
(1)1'5'5 OIDE II Oil !) DATA I) 

OOt'5" OlEO Ooon DATA 0 
001'37 

" U" ~ 0000 OAU 0 
001"18 01[11 (001) !')ATA 0 
001'51:1 !)!f'b 0000 DATA 0 
00160 OIEII noon "A TA 0 
JOl61 I)I1'A 0000 DnA 0 
(1)162 01 EC 1)000 "AU 0 
001&3 nIH . (1)00 

". U 0 
001"41 OIFO 1)0011 DAU 0 
001b5 0lF2 0000 I'HU 0 
onlb& O\F/I noon DAU 0 
001b7 ot'. 00/)0 "AU n 
OOifJo liP'S ';OQo DATA 0 
001'1:1 OIFA 0000 DAU 0 
OOPo 01FC nOon I)AU 0 
00171 atl'"E 001')0 ''lATA n 
onn!? I,lZOO 0(1)0 DATA 0 
00113 O~Oil I)onl'l OA TA 1'1 
OOt71l "'011 oOl\n DATA n 
00175 E,JI':C'I' 
OOtH HIGH. eME tPL 
00177 1)01'10 PTR rnu n DfVTCE AOOP WILL 8E INTTtAlIlfD BY HCTPL 
01117" 1')010 ASR Fnu ItO 
00119 nOll' S EPI) 1 
Olltlln ""0n H "flU n 
OOlll! oon\ "O~ FfllJ I 
001112 oonn SA f(W 0 
0111113 .-
001111.1 nonn hlOOE I"QU III FOR MESSAGr OUTPIJT 
001"~ ROFIG fnPL+80 liT AECOA~ 01'" HIGH COR,.. IPL 
0016/. 0150 HCTPU EflU #I 1ST WORD OF THE CURRENT AEeORD 
00l!~7 01<;0 FUE DATA IFI'H 
OOIM !)1W;~ I-!CIPL Enu #I 

0OII1? 0152 A~A(\ l")KI. At ,\, Oun1S0 .. HC I Pl 
1'110;4 OOFA 

0011:10 015t. 95AF AOR An,'ll LOAD All WITH ADDP OF OUTM~G ROU'I'JNf 
001'11 010:;1'1 ~t.~F LI')R Atll,ll1 
O!)t'lZ 1I15A 'IbAO AnKL A 14,U7.0N .. HctltL 

OI'5C OOFII 
onl"J ADD" 0" !lTACK 
0019(j 01"iF ~7'F LOR 41.AI5 en DEVICE AODR 
001'1'5 !)I~O /l1CF ST Al'5,~'VAI~.Hr.IPl,Alt ~AVr: 11-" HAG 

nib:! 113511 
on'.,~ I'Il#,Q "~n" RFCfI' •• 11 
001'17 Ol~~ 1:I01iF 1M eORfNO+2wHCIPL,AII 

01611 1'13";/1 
onl 'H3 QIU ";(06 R8(1I) ... /1 
001'1'1 (l1"C ?nF ANK A1",,, 
OOZ(I(\ #I PHT 10 J NSTRUC T ION8 
002nl OlbE '17/Jf ADS AT.crOPTR-HCIPl,All 

1'111(1 otll~ 
0021'1<' !')IH 'I71l~ ADS A7,!NP2-HCIPL,Alt 

(It 1Q ('11l1l'i 
01'120' "116 nllF ADS A7.~N"2-HCIPL,Ati 

017" 01ff 

,~-~ 
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~OZoU () 17A fI'7I.lF 4/') 5 Al.E~Ot-HCtPl,Atl 
~\1C 112Qe 

00~n5 OIH: q7IJF HI S A7.INRa4~~r.TPL.A't 
~t80 I)U2 

002 06 0le2 I" If LOR At.Al5 
OOlO7 01841 l'~ce SlC At, /I TEST MIJLTI .. SINGlE nfvICE cnNT, 
00208 otH "Ib(l~ RF(", HC1PL? 
OO?~., nlee nnF AIIIK A7 .1' "'UlTI OfVICE CONTROLLFR OnelO nt/u HCIPl2 frlU • 002 it 018A 'nap AD,S A7dl!'lT MllC' .. HCTPl,AII 

olec IIlaE 
01)212 ollie "7IJP ADS A7,SIlTPR2-Hcr Pl,AII 

0190 OIIlC 
onZI1 0192 HIJF ADS A7,SSTPTR-Hcr'l,AII 

OIQIl Oino 
0021IJ 0190 974F AOS A7,55TPR1 .. HC!Pl,Al1 

0198 nZH 
00215 019A 3F4t !Illl A7.t 
on2!b Ol9C Q74F AI).8 A7,WPRj.HCTPl,.I' TNIT WER/RER INST 

OlflE ot'H 
1)021' 01AO 91QF AO.S A7,Wf~2~HC!Pl,Alt 

01A2 one 
0021e OIU 914F AO.S A7,RER-HC!Pl.Att 

OlAf> I)UC 
o02i9 OIA& '57AC RP' CKOK , 
OOUo 01U 4PII2 SYSM!lG I,. TA 'OBJCT TAPE ON Rfl 

tit AC IjAI.j:J 
01AE 54?0 
OPIO ';i41J1 
nl!!2 0;045 
01B4I 20llft 
nUb 4UO 
01ee "ii?IJ'5 

0022\ OIBA 1J14U DATA iADtR~ THINK OF BI 
OIAC IJS52 
OIB! 2E?0 
nlCO 5448 
1')1(2 4911f: 
01C4I tlB.,," 
(I I !':b tlFtli> 
01C8 ~OQ2 

OOZ?? n 1 r:A lJl'B DATA 'ASE I j 

01eC 1J520 
(ItCE ~IZ0 

00223 ntno nOnA DATA 10nOA 
OQ!!4 01"2 SUD fr,JU • 
00215 010l 45lJ3 ECMSr. I)A TA ifC' 
On221:> 0104 nOOA "A TA l!'OOOAi 
00221 01010 aFr;& "FLMSG DATA 'OVFP' 

(\\0/1 lJb5Z 
on228 1)10A ODOA DATA 1000A 
OQ2n o H:lC 8uFF RfS 'Jq 
OOBo 022A FFFF DATA IFFFF 
00211 Q2i!C 0000 MASTFG DATA 0 
002:JZ 022f nO(lO S4VBAS DATA 0 
ooen 0250 IiIES i> '" STACK A"H 
002JQ 02"U CP'10N !"rw .·z 
OOBr; n2'\C OUTMSG fOll '" 
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oopn 02~C 1l'51\/J LOK A3,II 
00211 02'U' 11300 etc) A3,!I.A~R 
OOlJII 02110 DZII lCR A~,Al 
002H 02112 113'0 OTR OU 13.0,ASR 
00240 oP1l1I ~COIJ RB(/J) ··2 
002 41 0246 t 1 III AOK Aid 
002112 ~P1I8 'AO I SlIK A2 " 
OOZII!. OZIU ':ICoC RB(4) MR.;> 
0021Hl 02111':: 031\0 LDI( A3,O 
00245 OZII! 11390 CIO A3.~.A!lR 
OOlll6 QZ'50 (HID 0 S~T A].ASR 
00247 02'52 ",COli ReCII) .·z 
002118 02'511 FOH RTN 4111 
0024., ,. 
0025() " 002!), 1\2416 CI(OI< !QU, • 0020;2 025& ~tAO LDK.L A'J.O SET LOADING AOO~!!!S 

O2~8 ooon 
0025!. • 
0020;/J • 
00250; • (';0 LOAD SYSTf'M 
0025" 025A 81UO Ull('.l A12."'NlO-HCIPL 

02"11: "l!"C 
00257 02tH: 9118F H'" AU,Att 
002511 02bO ""CJ3 C""~ AIIl,·t .. 
00iS9 • 
IHI2bO • 
002/'1 02hZ 1I10A LOR, 11.A10 Tf!!T START A~ORE!!!! 
002b2 02bll I'Icna AI\R(4) At fM OR Eor HAS BErN READ 
001'63 02~fI ~01F I1LT NO START AnDRESS 
002100 02be 0000 RAnOR D.U 0 
O()l!b!J ~1!6A n300 RAr'L LDK A3,0 
002b6 026C I'HIlO LnK, AT.O 
OO.,b1 02b~ 1152n LOK.L A'5.llllfF .. HC1PL 

0210 008A 
002bll n272 IJ"inf AO" A5. A t 1 
002'9 0270 IlOr:f' LI) Ae.5AVAI,·~eIPL,Att 

0276 OJ"i1l 
00Z10 0218 '510 I. 0 RF'(b) YNPA 
otln, ('IZ1A ""1)0 lOK Ab.1I 4.4 SO,ASR 
001''12 n21C 011' lOI< ".Ill SEND X .. ON 
002'13 nnE lJ&r>o cto lb.5,A~R 
002T1l 02110 4110 OT~ Al,O.A!lR 
00275 02112 5COU RIHII) .. ~ 
nnZ7b 021\4 42"1') ero A","!."~R 
00211 021\10 IUOO StU U.A~R 
00 .. ,11 028e "'COli RAC/J' ... ? 
OOZH OZII. TNP4 !QU • OOlllO 028A Ob'5n LDK A",eo I,ENGTH 
00211, IIlllC 7bnn W!'RI W!!R Ab,O tNIT MLX wHATEVER 
OOl!lIz OZ8F 7'3(1 I WERl! 101"" ''1.1 CI1ANNfL IS 
nOlll' "2"0 IIbn" LnR lb,AII 
n02"a n?,q~ ~fbl\ eRL Ab,1I 
002115 Ol"(1 r.tnPTIt P'QU • onll'l" ~~qll abcn CID Ab.!!,PTR AVAIlABLf ON TH~ PAPER RFlOER 
O(1'1tt.1 02'1b "Il:na RR(II) .-? OOll\/I 02'18 1124F LD A2.SAVA1S-HCJPL.All 

02'H 0'5'51l 
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onZ69 O2Qe HC' SLC 42,] '1UC 1 
oonn 029E .,214 RF(?) tNPZ "JO 
00291 02AtI llSTMl. X EQU • 00292· 1)2AO QClCO sn Al,PTR 
OOi!q'J 02A2 '5t04 RIICII) ".1 002'111 02'" TMTfllT FQU • 
002q5 02A4 '120 HJI(I 't./l007 TAPE MAPK OR fATAL fRRnR 1 02A6 t007 
tlI)2'1b OlA! '51)!, H(n) "'L)(I "10. 
002C17 02H 2t07 ANI< At .11 FATAL FoRROR 1 
001118 02Ae: '548b RF(II) feelS YB 
0029Q • 
00300 02AE IH20 LOK'.L .q.tJl~i PUT EOF IN BUFF 

0280 ""5 00301 1)2112 8n'i SfR ~t.~5 
00300! 02114 11121'1 Lnl(', L AI, 'OF i 

02B6 lIfQb 
on30'S n288 !\1'511i ST ·q,2,A'5 

02BA n002 
on3011 I'I?RC 07011 U'll( 47.4 IJPOAU POINTRERS 
00305 OlBE ClS1C ADR A5.A7 
01'1301> n2CO '57 II f:' ItF PRA!!el 
00307 • 
00306 02(2 "iPo;A !UPl , R8 It 4fl'L RELAY TOWARDS RAFL 
OOJQq " 00310 nU4 "'U( 1 !':QlJ • 
003" 02e4 EOL! LeR Al.A5 
00312 02CII ,.~o CWK Al.118 18 IT AIICU 

02(8 0018 
01'1313 02eA '55"A RF('i) RELAY NO 
005111 02CC 01~0 LOt< AT,IIO YfS 
00'51~ 02eE 1[00 RfR RER 'b,O READ REMAINING LENGTH 
0031& OlOO lb~1\ ANK', L Ab,I'FF 

0202 OFFP 
OO!" 02011 "Ill ~lIR A7,lb COMPIlTF TRANSMITTED LGT 
003111 Cl21'l/j "'lIC AOR A'l,A7 UPDATE BUFF POINTER 
003111 0206 576b RI" PRASCI 
oOHn O~OA 4At)C. INP2 INR A2.0,PTR 
OO12l OlDC "IODA Rpun ~WYTCH tNR HA~ 8fEN ACCEPT~O J 
00322 '* PROCESS THE CHARTER 
oon~ o!or: /lAeO 1l~TPP2 s~n A2,PTR TRY ,. SST 
003211 tl2EO 'iCoa RR(Il) TNP! TRY AGAIN rNR WHEN SST REfUSED 
OOH5 021'2 $t(l~ LnR At,A! 
0(ll2~ 021'4 t~oo AOI( ,U,O CHECK W(THER ASCII OR OBJECT 
OO:U1 02H 'l27~ R'!!) PRAIlCI RIiCMO WAS ASCII , PRINT IT 
00328 0!f8 nono LOI( AI>.O STORF A NON ASCII CHARACTER AT 
oon' tl2"A ~b'5 Slit Ab.A'! THE END 0' BUFFER , 
01l~,\0 • TO BE 1l8EO IN MXl 
00331 02EC '5FIIA RR TM1'ST 
00331 n2FE OAJINP EQll • 
003'53 02fE' 60llZ LOR 4~.AIl 
OOHu 021"0 ~/jnc RFCb) fJGHT 8~8 00 NOT INPUT 2ND CHARACTER 
on:B5 02F2 l!2t1P ANK j,l.lf 
OOBb 02'4 IIEnn INR4/j INR AI>.O.PTR 
00B1 021"& scnll RII\(II) •• ! 
onnll 021"8 zan, ANK 'b./F 
OO)Jq 02'FA ,A1I4 ~LL A2,1I 
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00]110 02fC '?2 t 1\ ll'lR A2.A' JOIN THE TWO HALF CHARACTERS 
003111 OU'E "TGHT I:r3U * 00H2 "2"" "'011 CWR A7.AI 
00JII3 0300 r;o tI! RFeG) £N1'l2 
003~4 0302 l'Z~5 IICR Al.A'I 
00345 03(l1l ~1I011 XRR A4."2 
00311b 1'1306 I'S~I Ai'll( A5.t 
003U1 Inoe E"20 CWI( A 7.t 

03(lA nool 
00:548 n30C '1111'18 "I"(a) O"'JINI 
O(lJIIQ OlO" "1100 Lnl< AII.O 
O(')]'SO Q310 111,,8 LOR AI,A~ 
003"i, 0312 !Jllle ADR AI,A" 
00]5" 1)3111 PO] A (')1( At, J 
003'13 03.1 b 1'7 Il I OBJINt A (')1( A 7.t 
0035u OJ18 '51'110 T~P2R R,. YNI'lil 
01)355 HIA ~207 FIRST '~I( A2.17 
0035/1 031C 01'50 Lnl( AI,IIt) 
003'S7 IlJIE '!~U IHI(7) EIGHT 
0035f\ n:po IJ 211 ('I ENnl Cto AZ,H,PTR 
00]5Q 0322 ~STPTR E"U * 003/,0 1)322 aQCO SST AI,PTR 
0036\ 0'5211 'Scou RB(lI) ·-2 
003bl 032' "08l LnR AII,AII " AIIR WAn 
OOlB 1)328 '56"6 RF(b) *+e 
00364 03 ... 'Joa, 1M COR£N(,)+2wHr.IPL,Atl WAn 

032C 1)3'18 
00365 OJZE r;C06 IHJCII) .-/1 
0036/1 !:i'no 211F"F ANI( AQ .IFF 
01l]67 0:\32 r;on/J ""(0) PRnL01+2 
00366 1)3JLI HClS EQU • OOH'J 03'511 1)180 LOI( At, fCMSG.HC I PL 
00:510 0336 111 Of' AOR AI,AII 
01'1311 n'B8 I)ZOIl LOl< A2,/I 
0031ii' 033A III1A f) UH('.l All,OUTMSG-HCIPL 

03JC nOfA 
OOJ1'5 o:n~ QQllf AOR All,Atl 
oona 03110 f'loQ3 C'R A14,412 
OO'UO; 03112 2011" STOP HlT 
0031b OJLlIl 'lfl)C RIH1> 'UFL 
00H7 ('I'llb FA)tO A5CHlP CWI< HolM) 

OlLie 0000 
003111 03U .,OOF RF(O) t!'~Dl 
OOJ7q OlllC fl"20 CWI< A1. loll 

0311£ OOllll 
003110 03'50 '18111 R8(n) IN''Z 
003111 OJ52 '-"''1 !teR A2.A'I 
001/ll! 01'5Q ISo! ADI< 4'5.t 
OOJ,I\'5 OJ'5/' lHI Ai'll< A'Td 
OOJAII OJ5e '5"80 IHH1> TNPl 
003115 O~'5A a~1I1\ !'Nnt CTO A2,H,I'TR 
OOle/l OJSr. RST"RI fQU • 003117 OJ5C 4ACO S~T '~.I'TI'l 00311/\ ()J'5' '!eOQ I'lB (10 • .. 2 0038'? 0360 "RASCr fDU • OOHO "HO I'IIIIA LOI< AI,BI)fF-HCIPL 
OOHI OJ62 qlt'lf AOR AI,AlI 
OOH2 OJbLl lIt'tr. LOR A".A1 
OOHl 1)166 03'1) LOI< A301;>0 

r-" 
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OO:'l'H~ Olbl! 035 SCFl 43.45 
on3Q'5 I)3bA 151'11 A ('II( A'S.! 
0039& 0311e ~3~0 LOI('. L Al.lODnA 

0341' (01)' 
003Q7 OHO 6335 STR A3.45 
0/)3~6 0372 I!tn A Ill( U,3 
OOH9 03711 3A&1 SRL 4l.1 
001.100 Iln& 'H41 SLL 42.t 
O~II(lt 0378 110112 LOR 48.A8 IF 45R DO NOT OUTPUT ASCII 
00402 OlTA "iIlOIl RF(6) "'UIIO. A Sf'C('!t>J9 TTMf (AL.READY PRI~TE'D WHf'N "~AO 
00"03 037C 90llF rM eORfND+Z-HCIPL,All I'IUT WAtT Aen 

037~ 03'58 
OOIlOU olllO IIlCt);, Re(lI) ·-4 001105 OlH 'iT02 RI" PRASCR 
001106 n)84 PRASCA EI'lLJ ... 
OOIlOT n-S811 II fit'! 1.01( Al,O PASS WAS CFR 4111,A\3 IN IPL'5?S 
oOlloe ... TO AVOID PRINT Io4PSSAGF 
0(1409 mil II PRASCR F.i')U • 
00"10 IllU 028A L.nl( A2.Bl)fF.HCTPl 
0011 II 03M '120F .lOR Al!, A t I 
on/liZ 036A 81H l!'IR* A3.A2 
001113 03SC e:8~O CWI( 4J./'H1I5 ,. If 

03M! "SUO; 
(1)11\11 0'\90 ,CIlO R!!Iell) RAFL' 
(1)4,5 OH2 t20! AnI< A?? 
01)11111 OH4 "3~1! LDR* n.AZ 
onlln on" I'ft~O CWI( A3.111FIIO *OF 

0398 111'1110 
001111'1 nHA r;cr,. RI!(II) RAn3 
001119 ,. 
001120 .. 
0041\ ... SF.T RETUR~ PARAMPTfRS 
Olllln * on4ZJ ~3QC 8UP' LI) A1O,r.OR~ND-HrIPL,AII START 400RFSS IN AIO 

nHf 03'36 
004211 03AO 81lAO LDI(~L At<"MNLO-HCIPL 

03A2 1)29C 
00425 03A4 94~r:: ADR AI2,AII "'NL.O ADDRESS IN 1,12 
0042. 03A& 81CE LO j,9.SAVfUS-HCTPI,Alt LOADING I'USE IN Aq 

03A8 OODe 
00427 nJU 80ef LD Ae.8'DOR~HCIPL •• II fNDING AnDRESS IN A8 

OlAe o lib 
0011211 t)3A[ 87tH' LO AT, MAST"G-HC tPI , All MASTfR FLAG IN A1 

0380 00"4 
0042Q ... 
001130 ... 
0043\ OlR2 F03A "TN 4111 RETUR~ TO CALLING 
001l3! • 
O(HIH 0384 5FFII RAFL? R8 PH'L' ... RfLAY TOWARDS RAfL 
001/:$11 03f1& 5750 RHAY RF PROL01+Z 
OOIl3~ * oonll al88 OtlO SWtTCIi AIlK 43.0 
onll:n 038A ~qCF Rf' (t) OBJrNP 
001138 03RC ?21P ANK AZ.ITF 
001139 038E 58H Re(O) TNPl 
00440 n3eo ~.i:'O CWK A2./7F 

03C? /107F 
0011111 03C4 58FC RBcnl INP? 
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0011112 
00114, 
001U1l 

0011115 
001111& 

0011117 
004118 

00114'1 
onllSO 

0011'1 
OOIl~2 
001153 
0011511 
00115'5 
0040;11 
001151 
0011'11" 
00115'1 
001160 
0011"1 
001l~? 

00llb3 
00111111 
0011115 
00116" 
004"7 
00£1,,/\ 
OO£l/)'I 
oocno 
001171 
001112 
001173 
0011711 
00117'5 
001176 
001177 
001178 
001174 
onilllO 
001111\ 
001l8i' 
00118' 
onQII/J 
OOUR'S 
00ll8" 
OOll81 
0011118 
00111111 
OOlll/O 
0011111 
Olllll/? 

03ell 
Olee 
03eA 
03ec 
II 3e I': 
03"0 
0302 
03"11 
Q30b 
nlO/\ 
030A 
030C 
030~ 
01fO 
0'E2 
031'11 
031:6 
03r8 

113Fl 

03EE 
031'"0 
0'1'"2 
031'"11 

nno 
5AI\4 
I'A20 
OOIF 
'HI/) 
I'A'O 
00t4 
'HOC 
fVO 
00011 
'521)6 
I"A20 
OOtO 
"CCA 
130 t 

·,}p'cr; 
IBOI 
"1" .&IJ 

n3rF' 
/llIn/l 
0;>1)0 
112111" 
n3O;b 

OIlJH 

ASCIl 

.. .. 

.. MATN .. 
#I 

* 
* 
* .. 
* .' 
* 
II 

* .. 
II 

II 

* II .. .. 
FUFL t 

.. .. 
CLCO! 

* ,. 
II .. 
MNLO 

AOK 
"AOO 
r;wl( 

RF (I) 
r;wl( 

RF (t) 
CWI( 

RA(Q) 
AOK 
RIH7) 
SUK 
RA (7) 

EJECT 

LOAOING 

Et3l1 
LOR 
LOI( 
ST 

Tn 
leYF 

A3,0 
ASCI"'P 
A?rllF 

ASC IT 
A2, It Q 

O!lJH 
A2,1\ 

OBJEC 
!2,/10 

TNPlR 
A3rt 
!'IRST 
"3rt 
ASCI"''' 

PART ENTRY PARAMfT£RS I 

A1 - MASTfR !'LAG 
All - BASE AnD~ESS 

,. OllTPUT MSG REt3UfS T I NG U"E ON RfAOl"R 
2- PFRFORMS A /~ALTI • THE USER HAS THfN TH! 

POSSIIIILITY TO ALTER THf AASE ADDRESS (REG,A~) 
AND T~E HAST!R FLAG (REG.AI) 

(AI-O HASTI'~) 

CAl-I USER) 
J. LOA~TNG PROCESS 3TART3 W~!N USI'R OEPPA~S3 3TART 

(lIIHON 

.­
IUI"L2 

'" 
AU, At 
A2,0 

I':RRONNOlJ3 CLIIST!R,PRfNT fRR Io4ESSAGE 

A?',CORI"N"-~(TPI ,Atl 

3AVE MASTER FLAG 

~AZ STAAT ADDAfSS 

RFV" 3,·,,1 



·2N 

I)050h 03r6 81CF 
O"5F/\ ooor 

00<;('17 
0050/\ 
0050<) 
00510 
00511 
OOSU 
0051' 
005111 
00515 
00511> 

00517 
0051A 
0051Q 

005/.'0 
()05~1 

005?2 
0052l 

005?/j 
on'l?"! 
00521. 
oosn 
005H 
onS29 
005~j.1 
005', 
00532 

00533 
005'4 

on5~5 
on5~b 

005" 
0053e 
OOSH 
00540 
005111 
00542 
00543 
005114 
005115 
005111-

005Q7 
o0511~ 

on549 
nOS"iO 
005<;' 
00552 
001)5' 
00554 
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IlllnO 
0402 
OQIHI 

04011 
Olin!! 
OliO" 
IlIIOC 
OlinI.' 
1)1110 
nllt! 
"IItcl 
Otll/' 
Olltll 
OIlU 
OIlIC 
Q411' 
01120 
0422 
OIl?4 
I') II 2/, 
OQ211 
OIlZA 
IlIlU 
1')1121.' 

1'111'0 
Oll!l 
0°'11 
OI.lJIJ 
01138 

Oil'" 
()IIJe 
OlllE 
01140 
0442 
0444 

~2An 

OO/\n 
928f 
ooon 
IHeF 
~ 116 
209F 
OIlOe 
"'I" tlr 
1lli'0 
OOIlA 
QtOF 
o/jOI 
0300 
!;;3/.'1J 
t t 0 I 
0200 
F.2~1I 

t t " t 
I"A20 
001"5 
'500F 
F'B?O 
001)11 
'501" 
fB20 
001)7 
505F 
5F;!4 

tnaF 
('Il')qo 

'1C'O 
AJaF 
!)OSE 
nil 
'5001.1 
'nOl 
Q306 
I!"!?U 
l1tl/, 

• 
~ 

• 

ST 

• PRnefS~ I.OAnIN~ I THIS MODULE MEAD" ClU~T~R 
• ANn BPANC~ ACCORDING TO THF CLUSTFP TYPF 
* 0"1 ElCIT A I = HIIFF AO[)PFSS +1 
• A2 :I wORD COIJNT 
>It A3 10 TYPE 
• THE TYPf MIJST ~F 3,11,7 If NOT THIS tHAlT 
PROlO LnK~L AIO,STAO.HCfPL END AonRFSS 

ABA 

PROGI " 
PRnlnl 

ADR 
EQU 
ST 

ADR 
lOK 
LDK 
LeR 
AOK 
lOK 
LCR 
AOK 
CWI< 

PF(n) 
(WK 

RF(n) 
(IolK 

PE(O) 
RI'I (1) 

AI0,AII 
n 
A9,RAOOR-HCIPl.AII 

• 
RAfLt 
AI,8IifF-HeIPI 

A I. HI 
Atj. I 
A3,Il 
A"\. H 
A 1.1 
42.0 
A~.At 

At. I 
"3.3 

ClCOI'If 
A3.4 

(lEND 
PROlOI 

~**** •• * ••• * •• **.*** ••• ***.***.* •• 
• ClUSTfR COO~ TYPE) 

~'OOR =BASF AD[)PFSS 

A3 :II TYPF 

A2 .. WORD COIINT 

BRANCH ON CLUSTER ConE 

INTFRNAL MODIFICATION 

END/START 

>It UPON ENTRYt A!drH)RESS 01' ~IlFF+t (RRK 
• Ai'a:WORO COUNT 
.. A1hRADDRESS 
• Al O=FNOADORfSS 
••••••• ****."' ••• *.* •• ***** •• *****.*** ••• *"' •• 
rLCQOF LO A3,8ltFF+lteHCtPI.,Alt 

CLCOIA 

CLCOtj 

RACtj) 
LO 

TM 
RF(O) 
It'RK 
AOR 

LOP. 
AnK 

PRnLOI 
A3.8 1IFF+II-HCTPI,AIt 

43. A 1.1 
rlCO/j 
A 3. t 
A3,AC) 
AS,At 
AI. It 

FMRK SET SKIP THE CLUSTfR 

ts IT RELOCAT"BLf SECTION 

A5=(RBK) 
A1= ADORESS OF ST COOF WORD IN BIiFF 
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oot;'i'3 
OO"i"i6 
00551 
005'511 
00"i'3~ 
00560 
005"1 
005"/! 
005~3 
005"11 
0051>5 
005/t6 
00'51>7 
005&8 
00569 
00570 
00571 
005Tl 
00'573 
OI\STQ 
00515 
005110 
00'511 
005711 
OI)'H~ 

011580 
005111 
oo~e" 
00583 
01\'31111 
0058'5 
005/16 
00'5111 
00'568 
0051\~ 

00590 
00'391 
005"2 
005'n 
005911 
011595 
00596 
00597 
()05~/I 
005q~ 

01')6011 
1')01t01 
Otl602 
001>03 
00601l 
0060"1 
00606 
00bl)7 
001>011 

OQII6 

1)4118 
01J1I4 
OIlIlC 
tlllll! 
01150 
01152 
tl 115 II 
0115& 
011'511 
01151 
oll,e 
005f 
11060 

001>" 
I)ll/'II 
OIJ66 
1)11"6 
01l6A 
01l6C 
Olll>f 
0410 
(l1l7t> 
na7a 
01176 
1)1l'Ye 
047A 
01l7C 
01l7E 
(111/10 
OIlIlZ 
1)11114 
01111& 
OQI\6 
nllllA 

I)llec 
(lillII': 
nll~O 
OllqZ 
01l~1l 

01196 
011911 
OIl'H 
Oll9C 

3cn 
IJb?1l 
~ 81'! 1 
'1S,,1l 
A'511 
'301)2 
91>06 
~b20 
ItO;> 
1302 
lAOI 
'1C \II 
'1fbe 

071)1 
1I'521l 
UOI 
3CI':1 
11(12 
113;>11 
BII) 
'30011 
'Bol 
9Jt)b 
1:804 
'HI II f 
It Oil 
6b~1J 
A'5 I I 
'301);:> 
910910 
"620 
I A (I;> 
"le22 
'1fn 

Apa 
'101lA 
A 31 I 
':Ion2 
9Jn6 

n1l9t, 
A311F 
n3'56 
1\ HI I" 
nOQf) 

.. 
• 
• 
r. U: 0'5 

CLcn1 

.. 

~IJK 

SFIC 
LOR" 
CiolFI 
RR(O) 
TM 
RF'(O) 
aOR 
STR 
AnK 
ADK 
SIJK 
R~rq) 

RR (1) 

Alld 
Ab.At 
43. A I 0 
CLCOI 
Ao;.U 
CLC07 
Ab.AOJ 
A&.A3 
,tl.Z 
n.l 
"lot 
CLCo~ 
"AOLO 

A2: NIlMBER Of I':Mf WORO 
13= ~TORAGE Al)nRfSS 
A/II: '1A~K F'OR RRl( 
At.: CODf WORD 

COMPARE LOAD ADDRESS wITH AD or IPL 

~TORE conf W~RD8 

••••• * .... * ................ * •• * ••••••••• * •••• * ......... * .. ".* ...... **** .... . 
* INTERNAL MnDIFICATION CLUSTER 
* ............ * ................ * .................. ** ....... .. 
CUMt'lO LI)l( 47.t ATa MASK fOR ADDRESS 

LOR. A'S,A, ASa(RSl() 
SUI( A7.01 
SIIC All 01 
'OK '1,2 
LOR. 43.Al 
TM Al,A7 
RF'C(I) Cl 1M;> 
XRK A3,1 
AOR AJ.A9 
CWR B,AI(I 
RllleO) CLCO! 

CL IM'2 AOK At,2 
LOR. 'b.AI 
TM AS,AIl 
RF'cn) CUM' 
""R A6,AOJ 
STR lb. n 
SilK A'2. Z 
RA(/!) CUM! 
FlA(1) PROLn 

• CLUSTER END/START 

43aADOREflS 
IS IT RELOCATARLF 
NO 

Yf8 AD FlASE 
ADDRESS OK 

1AKE CODF WORD 
IS IT RELOCATABLF 

AD BASE 
BTORE CODE WORD 

••• * ••• * .. * ••••• * .......................... . 
CLEND LDR* A),AI 

• 
CUNt 

Rrco) CLEN3A PINISH 1010 START 
TM A3.1O 
Rrco) CL~Nt 
lOR A3. A9 

fill) 
~T 

\.0 

• 
AJ.eORfND-HCIPL,Att 

IJPnATf RASf' AnnRFSS 

RFy, 1-!') 
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OOoto Olll)f 9111F 40 .5 Al,A40nR-Hr.tPL,4tl 
OIiAO 11111> 

OOb II 01lA 2 911Hi AnR A9, At 
00b12, IlUAII "iFAr RI'I PR(lLn 
OQot:3 * 
OObll1 * 
00015 OUAb ooon :'IAVA15 DATA (\ 

OO/db .. 
onl>17 ***********************.*********.*.****** •• **.*** •• * •••••••••• ***.*.*.* 
oOole • 
OObl'1 OilA8 noon C(lRf"lO DAU I) 

00020 • 
00/,21 * 
onon ********.********** •• ** •• *****************.******************* ••• ******* 
00021 nllH nOl)o DATA n 
000211 OIiAC noon !'lAU 0 
00"25 OIlA~ 1)01)1) "AU n 
OOb2b ~IJRO nonn DATI 0 
Ol)on QlIRZ noon DATA ('t 

GOb28 OIlBII 00('10 OAU 0 
0002'1 Oll'H. nool'J DAU n 
00030 0488 000('1 !'JAU {) 

O(!o~t OIlAA ~Ot'n nATA 0 
0001i' OllAC 0000 DAU 0 
OObB OllAI': nOnn DATA I) 

0011'4 nliCO 00110 DATA 0 
OOblS OllC2 nO~O nATA II 
nOb'H. nllc" nonn DATA 0 
001,17 OIlCb nOOn DATA 0 
OOb~8 ~"r.6 non('l DATA n 
001,39 0110 1)000 DATA 0 
001,40 OIlCC oono DATA 0 
001,41 n"CE 0000 IHTA 0 
00b42 1)400 1)000 DATA I) 
001,43 QIIOi! oon/\ I)ATA 0 
0001111 0004 ooon nAtA 0 
OOIlO~ 04nb noon DATA 0 
OObllb 0408 gOQO OATA 0 
0011117 Q41lA nooo DATA I) 

00111111 ollnc 0000 DATA 0 
001>119 Oil!)! ilOilO DATA 0 
001>'50 n4Fo ~OO(\ DATA 0 
0011'.11 1)41"2 1'1000 nATA 0 
00b52 04f'1I 1'1001) nATA Il 
OO/!~~ ~lIfFb nono DATA 0 
0041511 OllF8 0000 !)ATA n 
OOb'S&; i)4~A 0000 DATA 0 
004l'lb ~4EC 000(\ DATA /) 

00b57 OQEf 0000 OATA II 
00b'.\8 QII"O 000 0 I'JATA 0 
OObSq 0111"2 Ilonn nATA 0 
(lOUQ 0""" lIoon DATA 0 
OObbl Q4",/! OOQO nATA (\ 

OOb61 04"8 1'I0on nATA 0 
OOb6l OllFA OOQO DATA 0 
OObU Q4fC 1)000 DnA a 
OOU'5 ~Q"E 00110 DATA I) 

OOb(>1> 0500 0000 I'JATA n 
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00661 0'5n2 1)01)(1 fl'TA n 
00668 o ';I\IJ OOno !'lATA 0 
006f1q 0506 0000 DATA 0 
"o61n l')'iOIl l'Ionn nATA n 
00b11 "'50A Oo"n OATA 0 
001>12 1)51')C "ono ')AU " 00613 oosor 0000 DATA I) 

00674 0'510 1'101'10 DUA 0 
0067'5 O'51Z oono DAU 0 
{ln6H "15'4 ~onll DAU I) 
00677 0'516 0000 OAU n 
0061/1 0'5111 0001') DATA 0 
0061C1 051A 00110 OATA 0 
00611n I')~'C 1')01'11) DATA 0 
00681 OOStE 0000 DnA ('I 

006/1" 1l'5~0 11(1)0 DUA 1'1 
OOb83 f JI"r.T 
01\6/1/1 05n JPl44 ~I'3U " (1)68<; n'5<'2 I)ll')C lOI( A'\,NRREC 
OObM 0'5"" IIlIlO LlH<L A4,BIPL 

1l'i"6 QIOO ~ 
006117 0'i"11 07115 LI'l1( A 7 ,/115 
006118 " fI'!!!C w"tTf' 
0061lQ n'5~A !lOAO LI'lK\ .,1,OFCR44 

(lIPC "'511~ p 

00690 OOS?F: PUNCIo4I1 E"U " 006", ,,52f 115'51) l.nl( A5,80 
00(1)~ 0530 116;:on LnKt A",RI/FII4 

/)~3~' n511" p 

o Obl/J 0'534 PCHlI(lO ~131) " on694 0'5311 ('11)0 L "1( AI.O 
OObQo; n5H 02no LPI( AZ.O 
1)('6'" 0'5"11 I!no leR A I , '" 006<'11 05:54 1964 ~"L A I , II 
nn691l 0'53C I"Ql!1 eCI( A I .0 

053E 0000 
00"99 05110 'J01')6 ,,"(n) PCH41')'5 
(1)700 05112 n?I eeK Al 01';00 

ll'5U4 "51'11) 
00101 0'546 nn" "I"(n I'CH410 u~s THA~ 5 
on102 I)~LJ8 PCHllns EI'3I} " 0070'5 05118 2<'110 OR I( "0110 
007011 n51JA PCH410 fl)U " 0011)5 n'5IU 3""/\ !ILL • I , /I 
007nl> 0511C F.:no LC" Al,AII 
n070'T n511f A PI) ANI([ Al,/I"'Ol" 

I) s«; 0 F,..O" 
00711/\ 1)552 1!921 cel( At.O 

1)'5'14 nono 
007nQ 1)'5511 51)n6 "1"(0) PCHllt5 
00110 1')>;'58 ~1'I2' erl( 41 oI'50n 

055A O'l(lO 
0(1711 n'5'5r: 520,) IH' r')) PCHII"O 
00712 f)5~t': PCHlJI5 f~U " 00711 1)5SE 2910 (')RK AI.1I0 
on1,11 05"0 PCI4I1,;>O Et1U " 0011'5 0'5/'0 lin'? nR AI.AI! 
0071f> " 8Tn"F WOR" 

-'-.~ r· 

PFI 1 l t.:.. 



L52N 

OOH 1 n'5*,~ 11>02 AOK Ab.2 "'fXT wORn TN BUFFER 
0011 e 05114 t 4 t) 1 A file: AO. I NEXT rHZR. I!oj TPI. 
00119 n5bb f 00 1 SilK A5,1 
00720 . 
00121 n~be "len & Rill C \) pe:Hano 
0072? 051>1 F'Bt'n CWI( 4101 UST RF'ceRO 1 

lI~be: 1'I0nl 
00723 05bE "S40b RPCIl) PC:~4'\0 NO 
001.'0 05'10 n IIJ LOI( Aloin XOFF 
On'1211 0'572 ~1Qt 5T 1\,fll)'IIII+\5/\ 

05'111 Ob?C R 
OO'1?& 057b PCHlno E"U * 00171 1)51& 281\1.1 LKM 
00H8 0578 QOQI DATA I 
0(J72C1 1\"5'1' 181)1 Sill( 41.1 
oono OIlj1C II\C)"!/\ ABC I) PUNCHII 
oonl • 
Ooni! O'i7f ?8nlJ LI<'" 
007H 05/10 00113 DATA '\ 
00'1'51.1 * 007J!! n'>112 OfCRIJLI FQl) • 
007'51> n"l~2 oon) OATA 3 
00737 0584 0511£ R ra TA I\tJFlI1.I 
01)738 0581> OOAO DATA Ibn 
007}9 0588 QOQO OAU 0 
007IJO n58' lIolln DATA n 
0071.11 osee: (JOOO I)AU () 

01l11J2 058£ 1\111'1111 RF'S flO 
00111~ * 00144 * 007115 * 007116 ENO BIPLPR 

~Y"'BOl URlF' 

48A 0000 A ASCIT OlEb R ASC!NP OlLib R ASP noto A 
!lADOR 0i!b8 A AIPL 0100 R AJPLPR 0000 R AO" 0001 A 
I\U,/j4 OS8E ~ RIIFF' OIOC II CFZON 02'H R Ct(IPTR 02<14 A 
CI(OI( D25b ~ CLeOI 03FC R CLCOlA 0111& R e:LCOIi 0442 R 
CLeOS 0/j1l8 ~ CLCOl (l/j5b R CLCODE 011'\0 R. CLfNI II II 91> A 
ClEN3A Oq'u R rLFNI) 01l8C R Cl 1"'1 0111.6 A CLIM2 047A R 
CUM] 0/1811 R (LYMO Ollb? R CNTFtG 01l1C III CORf:NO 04A8 R 
f)EC:B OOIE A oECBIHI 1\562 R nECBUF 1)020 R feClS 03311 R 
Fc:M~r. 0102 R FIGHT 02F[ R ENOl 035A R FN02 0320 A 
FIRST n]tA R H 000(l A MCfPL OI~2 R HCTPLt 0150 III 
HctPl2 018A R INP2 020A R tNP?R OH8 R INPA 1)28A R 
INRII4 02fl.l III IPL 01011 R tPI.OIO 0116 R IPLO?O (lIn R 
T Pl 100 Ot .. c III YPl110 ono R TPLIIII 0'l?2 A IPl88 0000 R 
tOIl'LG 0100 R "' .... TFG one: R MLXl 02ell R "'NLO 03H R 
"ODE 0000 A NBREC oonc A OBJEC OlE2 R nAJtNI O'HII R 
ORJINP Oi!FE ~ OF'LM!lG 0101> R OTR ()242 R OUTM5G 023C ~ 
PCM/jOO 05311 R PCMllllS 0'108 R PCH410 n511A R PCHIlIS nr;~f' R 
PC Mu 20 05110 R PCHIIJO 0511> R PA4SCA 03811 R PRASCB 0386 A 
p~ASet 1)360 R PROGlO 04011 R PROLO OlF! R PAOL01 0401. R 
PTIII 0000 A PUNCH oooe R PUNCHII 05i'E R RAf'l 021> ... R 
IUFLt n'Hr A R R4f'L2 03811 R IHF'L~ OZCZ R REt 4 Y 031'11. R 
Rllt OZe! " II 0001 A 8A oono A !lAVA15 0111.& R 
!'iA\le .. ~ 02lf " SST"'LX OVO R SSTPRI 035C R ~STPR2 020r: R 
SSTftn 0322 It sqo 0102 R STOP O'J42 It SWITCH 03B8 R 
SYSMSG 01U R TMT~!lT (I?AII R WERt 02~e: ~ WEIl2 028E II 
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3.54 SIMPLE TEST PROGRAMS 

The Simple Test programs that follow this paragraph are all Stand Alone programs 

that can be loaded into memory direct from the Control Panel switches. They 

should be tried if the Standard Test Programs either cannot be loaded or will not 

run. To ovoid errors which may be introduced when loading the programs by hand 

it is suggested that once the program has been loaded and tested it should be 

reproduced on a suitable input media so that for future programs on an input media, 

together with suggestions for producing more sophisticated programs, will be found 

in paragraphs 3-64 to 3-74 of this section. 

3.55 Me mory T est Program ME MHA N 

If the Standard Memory Test Program either cannot be used, or if you wish to 

test only a certain area of memory with a particular test pattern, try the following 

program which can be loaded either by hand from the Control Panel switches or 

by the IPL routine if it has been reproduced on a suitable input media. If the 

program is loaded from the Control Panel switches it can be loaded into any area 

of memory, but if i~ is looded by the IPl routine the addresses of the instructions 

will be as shown in the program listing. The program loads the Test Pattern into 

A 12. When all the required locations hove been loaded, the program reads each 

location and compares eoch with the dota in register A 13. If an error is found 

during the read part of the program it will stop and the address where the error 

has occurred will be found in register A9, the pattern read will be found in register 

A8, and the expected pottern will be in register A13. If you wish the program to 

continue after on error has been detected press the RUN button. If there are no 

errors the program will run until the contents of A7 are zero. 

3.56 Program CHECK 

This program enobles you to check the type of input from the Operator's device 

i. e. 8-bit data no parity, 7 -bit data with parity etc. The program can be loaded 

by hand with the control panel switches or by using the IPl routine. Once loaded 

it is only necessary to load the start address into register AO and then push the 

RUN button. You can now type in any ten characters from the keyboard which 

are stored in the Buffer (address 00A8). When the buffer is full the program branches 

bock to the start of program and you can check the codes received for each 

character using the Read Memory Routine. If you wish to check more characters 

push the RUN button and repeat as necessory. This program is useful if you 

wish to check for certain characters in your progroms. 

3.57 ASR, PER3100, and Display 

If the Standard Test Program either cannot be loaded or will not run, one of the 

fallowing programs should be tried. They can all be loaded either by the Control 

Panel switches or by the IPL routine. Two of the programs (LINE and NOECHO) 

have been written for devices that have been wired for Even Parity so if your 

device i~ wired for any other mode of operation the parameters loaded into register 

A2 must be changed accordingly. 

3.58 Program LINE 

This program can be loaded either from the Control Panel switches or by using the 

IPL routine. If the program is loaded by hand it can be loaded into any area of 

memory, but if loaded by the IPL routine the locations of the instructions will be 

as shown in the program listing. The program enables a selected ASCII character 

to be sent to the device a selected number of times (the number of times selected 

MUST NOT exceed the maximum number of characters per line specified for the 

device being tested), then it sends the Carriage Return/Line Feed characters and 

branches back to the start of program and stops ready for a new character to be 

se lected. If you wish the program can be modified to run continuously by chonging 

two of the instructions as follows: 

• 

• 

Change the LDR instruction in line 27 to lDK A4,64 hexadecimal value 

0440. 

Change the RB instruction volue in line 41 so thot it branches back to 

line 24 of the program by using hexadecimal value SF24. 

Once the RUN button has been pushed it will then run and continue repeating 

the same line until you stop the program b'y pushing the INST button. 



MEMHAM 

!) (I r (l n 1 of "I T "~MHAN 
,,011 n I ,) 0 1)0 AH;IN f rJII * 1 ('! (~ () f-' RnR(; ~tGINt/8(l 
il (1 (\ i1 ~ • 
I~ ,-),' n I * rHIS PRn(;RAM F'IIAHU S T Hf t NGINH'R TO wRIH AND CHfel( RI-.AO 
no,' n" * A Sfl I- (TlO PATTERN [NTO A SFLFCH.O ARfA OF MEMORy AND TO 
I) n f' () , ... • I-IFPfAT THF Tr:ST A SFl [(TEO NIiMflER Of' TIMES UP TO ?55 
"n, 07 * 
II (\ i"1 h [(1AI) THf "'""1~EII 1)1' TIMFS Y(1lJ wANT lHF TEST REPfATt:O INTO 
0\",0 r. () R[[;{SHR 14.1 fROM THI' rONT~OL PANEL 
;1'\ r, 1 (, * 
~ n n t I * LnAf' THE START A()ORfSS OF THE ARfA TO Af TfSno INTO 
() 1 (\ 1 ? ~Fr.TSHR A I J FRClM 1 Hr CMIfROl PANEL 
,~ Cl i\ t , * 
1\('111-. * L'HIl H,r ~ NO A()Oi-lfSS nf THI' AREA TO AI' TESTfD I"ITO 
Ij 'I 0,', RFGTSTUI Ali> FIHlM THE rnNTROL P ANf.l 
,; ('I \' 1 f 

[', Ii ,~ 1 7 I. nAn ThF TFS T PA TT£RI' H'TO Rfr.rSTfR An fROM THf CONTROL PANEl 
1 n n I " 

n ~ 1'1 <; tnAn lH" START Af)OIlFSS (1f THE PRnr.RAM INTO R~GISTER AO FROM THf 
:') (l (I~" I * rnNTRnL I'ANFt THE'" PIISI' lHr t.lIIN BIITTON 
:)O( ? I 
I) n I.? i' 
II (I i'? , r) () H (' Frn l)h T A II-HI' 
:l ('If ?i' f', 41 P ,I ,) ,', (1 (1 nATA I) 

) 11 ~I" o Itl~ ,) 0 If STAIJT HI T 
;'I {'II' ?t, I)()~n Al flf ",w'lf lnR A9, A It l.OAO S HIlT AOORESS INTI' Aq 
i1 or.?7 ('j l~ Mt1 ~'-iAI I (JAO STt.I A I " Aq HnRF T(ST PA TTEN TNTU "IFMnRY 
/I ~ \-,? .~.I A 11 Ill\ '1IH· AflKI Aq,2 <IPOATE Mf",nWY AOORESS rOil", Tf R 

0M~r "0 ,)? 
n no?', Ill)flF ~'1c)? ( "R A'I,AI2 rHECI( FOR F ",n AI)ORfSS IN Aq 
t'Old,' 11 n'ln "II I) A RHCNGl ,01.0 IF NOT EfllJAL LnAD ND T AODR~SS 
(\ j) t ~ 1 1)1 1 '1,> '11 A r lDIJ Aq, A II LOAD START ADDRESS INTO A9 
il (\ i) ~? 0Ilq~ Ailh6 IIEAD lllR* AIl,Aq tOAD CONTENTS OF Aq,S MFMUIlV AOOR~SS 
I' ('I (' ~'t, f\ (j 'In f'ile)" C"'W A8, A t \ AND rOMPARt wITH PA TTERN IN AD 
L: Ojl-;i.J n '\'/'" '';0 ();, PI' (7) CONT IF I:QUAl CONTINUE iIIlTH RfAO ROIJTINf 
-"if) \, t, ~ '"'.) q It ,)(l7F HL T H NnT .. (JUAL STOP 
() ('I I; 4,r- nil'l( '.1140 rO~J T AOKI 49,2 IJP!)A Tf ADDRfSS COUNTFR 

(\ 11 'il I) n ()2 
nIH n I) nA I) F'J'I? r.wR A'J,At2 CHECI( FOR fND ADORt'5S IN A9 
0('1 (I \r. nllh2 "['1 11 i-lA C"'r, I RUD IF NOT H1UAL RtAO NE XT .. ORO 
00(' )Cl OOb4 Hill SilK A 7,1 SURTRACT 1 FRO'" REPEAT COIINTER 
11) ("I( onA" '-i C;>;> Q" ( ~'7.1 wRITf AND SPRT Nf l( I W/R rvcl.!, IF "'OT lfRO 
c (I( 111 00AI\ '-if;> I- Pfl START WHEN FlNISHEO GO TO START OF PROr.RAI<1 FnR 
:1 ~ I, {J r) * POSSIALf. NEw PARA"IfTFRS 
,) 0 n", I- ~'O START 
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CHECK 

on (J (l [, InUIT CHF:CK 
Pilonl IlOI1(l RFr;p, ff'lu • 
OO('ln~ RnRr. ALGPJt/80 
OI\()O~ '" f)'lOOLl THt~ PROGRAM FNABU 5 THE FNGINEER TO CHECK 
OOf)nc; '" THE CHARActER cnOF FROM THE OPERATORS DEVICe-
OO(1nl- '" OOOll7 • 
o Il(, I'll '" LOAn THE PROr.RAM ~TART ADnRES~ INTO AO FROM THE 
Oon(lC) '" cnNTRnL PANEL -TH[N PU5H THf RUN RUTTON 
non 10 • 
no (II 1 • 
1\('(11 ;> (\011(1 FfFF DATA I~FFF 
nn (II' OOR? OOIlO OATA n 
I) nOlI! f10l'1J ?(lTF ~TART HI. T 
(\ 0 (, 1 ') OOR., ;>O~F TNH 
01)011- • 
00 (, 1 -, ('I(lI\A 'l3llo LD'" A3,0 !FROYSE RUFF cnUNTrR 
0(\('1 R nOl<A I1?nt InK 42,1 LOA!) PARAMFTfRS fOR INPUT CHARACHR 
(lO(,\ q '" WITH NO 
n op;>,) I1tlHr I,<,nn ctn A2.1,/IO S~ND START cn"'MA"'O TO DEvICf 
Il Of·? I rqp.f- 'iCnll RR (~IA) .-2 
n 1)(''>;> 1l'1'1(1 lID I" r"rHAR Plf~ A5,0'/1~ 5E "'0 J"'R INliTRUCTJnN TO OOlef 
nOO? .~ nn'l'> 'iCnlJ RR("'A) .-? AND WA[T FOR CHAR TO AE INPUT 
n 'l (,? Ll on"<l F 0; 11r, 5( A5,RIJFF',A3 STORE CHAR IN RllFf 

(l(lQh 'III All R 
(HO<' Iln"l1 1 S ,11 AnI( A3,I "POA TE BIiFf CflllNHR 
OIlO;>h f'lllllA Ffl)n Cwk Aj,\ ~ CHfCK FOR RUFFE R FlILL 

nl)'IC l1(1nA 
Oil (.? 7 on<Jf t;Cln f.lR ("Jf') TNCHAR ACnPT NEw CHAR IF NOT FULL 
f) n (,;> r n040 "'>'1" eTa A2,0,/IO STOP I "'P1}T FUNCTION 
1)1\~?q nf1A;> I, Ann SST A;>,/IO ANn GET liTATUS 
IJ00~r OOA4 ";(114 RA(NA) .-;> 
I)f'lO~1 (lOAh 'i~ ,>lJ PR liTAPT 
nl)f'~2 no Ail HIIFf: l:nS 0; 

(If'l()'~ END START 
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LINE 

n 11 n () II I1)ENT LINE 
00(1)1 I) 0 ('I I) RFGIN EIlIl * 
OOO()? RrJRr; BEGIN+/80 
I)O()O~ * 
(1)(, n IJ * THle; PROGRA"1 fNAflLfS THf f"'GINtER TO Sf NO A SEl.feTfO 
(1)0°" ASC IT CHAR TO THE OPERATOR I S OHICf A SELHrE£) 
() 0\) ()" * NIIf04HER OF TIMf S 
000(1/ * il 0 0(\ ,; 

* norn" • LOAf) THE A SCI I CHARACTER INTO RfGISTER Ab fllOM THF 
n (! I.! , {'I * COl<TRf)[ PANfL 
00 n I I • 
nO))l? * lOAf' THE NUMHfH (IF T{Mf1i VOII WA"JT IT REPEATED 
I) () C' 1 , • PHO R[r.15TFR A7 FROM THt CONTROL PANfL 
I) () (\ 1 (.l 
OO(r'c, • LnAO THr PRnr.RAM ST Aln AIlORfSS INTO RfGlSTfR AO 
I)('IC1" * FROM THF r:nNTROL PA"'FL ANO Pll1iH THF RUN RUT TON 
n () (I 1 7 

non" * 
0001'1 O()II(1 FFFt' OATA IFFfF 
I~ 0 C?" ()"Ac! ~!li)() OA 14 0 
nOn?1 OolllJ ",on <;TART HLT 
('()(,2? on,,/, ?!lllt' INH THIS PROGRAM RUNS IN INIiHH T MODF 
(; ('I G? , • 
oon;>~ I) (I Ii/\ 1l?'l'J LI)~ A;>,4 LOAD PARAMFTfRS FOR OUTPUT CfURACTfR 
(lOO?" * "'ITH fVFN PARITV 
O()(,?!- 11 r II A 'J<'I),1 r:Tn A<,,1.1\O SEND START COMMAND TO O~VICI: 
nnri'? Ilnllr "iCI)LJ RA(NAl *-;> KEEP TI~ VI NG UNTIL ACCEPTED 
I) 0 11?~. O()R[ A(JIC LflR AIJ,A7 LOAD COUNt !tHO A4 
(l(\r?q 1\0'10 LJhlO nUCHAR I')T~ AI>,O.IIO OUTPUT ASCII CHAR TO OF\llCf 
n (\ \) ,(, IVl'!? ')C 1\4 RH("A) *-? TRY AGAIN TF NOT ACCEPTED 
n I) 1,\ \ 11 I) 'I IJ t r n 1 SilK A4,\ SUBTRACT ONF FROM COIINT 
n (11;'" () (191\ ',[ 1'\ M Rf1(NIl 1')1ICHAR SEND CHAR AGAIN If NOT IE iiI') 
000'13 * tF ZERO 
01)0 ~4 'l li'lH A I,.?!) fRI f LnKL A'i./OAOIJ LOAD (R/LF CHARS 

IjA'lA 'l AIlI) 

01) f, ," ,111 'Ie il') to n"rRtf OTR A,),O.lIO SENDe; CIULF CHARS 
noo)" O,jOf C;C l'\ I~ RH(NA) .-i' 
(1)(,-'1 1\040 ~nbH SRL A5,8 POSITIONS OA CHAR FOR SENOIt..r. 
(\ ~ ') -~I' Illih? 'iCOH fHl(~ll) OUCRLF RRANCHES FIRST TI"f. TO SfNf) SErDND CHAR 
1)(\ n ~'l 11 ,) A i. Il?<'ll) cln A2,O,/I0 SENDS STOP CO"1MAND Til D[VICf 
nl\011o nOAn 4AI)0 SST 42,110 AND THEN GfTS STATUS WORO 
00001 IlI)AH 'i("1)4 RA{,-lA) *-? 
I) Ii (dJ? O()AA "iF?H RA START Rf_ TURN TO START COUNt DONf 
I) 0 (J I, ~ ('10 START 
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3.59 Programs N OEC57 and ECH 057 

These programs enable you to verify the input/output functions of the peripheral 

ond the V24 Serial CU and they can be loaded either by hand from the Control 

Panel or by using the IPL routine. The only differences between the two programs 

are the parameters loaded into register A2, and with ECH057 It is the CU that 

sends the charocter back to the device but for N OEC57 it is the program. In both 

programs 7 data bits with even parity are selected so if your CU has been programmed 

a different type of data (by means of the U-links) you will have to change the 

parameters in register A2 to aggree with the type of parity and number of data 

bits being used. Once loaded, put the start address in register AO and then push 

the RUN button; thereafter the program will run until stopped by pushing the 

INST button. Any printable characters typed in via the keyboard will be 

reproduced an the console log, and any control characters (e. g. CR LF) are 

accepted and executed. 
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NOEC57 

011000 T"PH "oFe'57 
oonnl 0000 "Fr.TIV ~ fW • 
n~nn2 Q{Wr; Rfr;Y"+/RO 
nnOnl * onooa • T~Te; PROGRAM FNABl.E~ THr FNGIIJEF:R TO VER IfY TI1E tNPIiT/OUTPUT 
O~O/l" * .'lllirTTONS OF THE ell ANn tTl! P[RIPI1ERAL 
onOOI> • 
1)0007 • 
00008 * I 'JAn TI1E PRnGIHM 51 ART HlnRF.5S PHO AO FR('IM THf. 
Of100Cl • CONTROL PANEL -THfN PIISH THE RUN IlIITTO!J 
0001(1 • 
0(\01\ • 
n no I? f)IIRO FFFF I'IA T A IFFFF 
00013 00R2 0000 /'lATA n 
OOOltJ nnRa ::>n7F ~TART .-4LT 
onOl5 1)0111> 20'lF" tNH 
onOl1> * 
on017 0011/\ o2n~ T'I!OHIl LOI< 42,5 LOAD PARAMfTFRS FOR INPUT CHARS NO Ec",n 
nl)Ol11 • "4 ME '"TT~ 7 DATA BITe; NO PAl/lTY 
Ol1nlC1 0111\4 tJ2nn eto 42,\,/10 SENI'I SHRT CO·..,.4A,"0 TO DEVICE 
CIIO?tI OOIlC '5COIJ RI'\(~IO *-2 
0110::>1 ol1AE an,o T'I!R A'5,0,1I0 SF-NO INR I "ISTRI.ICTION Tn OEVICE 
nl1o;>? III)Qo "CIIIl QR("'A) •• ? ANO WA tT f'nR CHAR TO BF I"IPIJT 
non?, on Q 2 1J2qn rTn A2.0.1I0 STOP I'I!PIJT FUNCTION 
f) 0 021j nOClIJ "Ano Sc;T A2,/10 ANn r;ET STATIIS 
n0025 noCl~ 5Cnu {HI( '"0 •• ? 
on02,; (I 0 ClII 02ntJ I.I'\K A2,1I LOAD PAIU"f.TfRS FnR OUTPUT CHARACTER 
00021 • WITH FVf"J PARITY 
O()O2~ nOtH 112 n o (':TO A2.t .110 :'JEND START C","MANI) TO IlF:VICf 
00029 ()09C "COli RA(N,q .·2 
00010 OOqe- ,,'510 nTR 45.0,1\11 C;FNO CHAR RACI( TO DEVICE 
OOOJt (lOAO '5Cou PR(NA~ •• ? 
oon32 nnA2 112C10 no 12.0./t(l ~F"Jn STOP r'I(lTPIiT F'JNCnON COM"A"J!) 
(lI)OB OOAll IJA/)O S!lT 42,/10 HIO GET ~TATLIS 
OOOH nOAo '5C I) 1.1 Qf3("''' .-2 
nooJ''i 00111 "iF?'2 RR SHRT+II RfTlIRN TO START OF !"JPUT ROliTIN[ 
1l00JI> 1"'11'1 !lTART 
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ECH057 

00000 
(lnOOI 
on002 
onOOJ 
000011 
0000'5 
onOOb 
00n07 
000011 
000011 
nooto 
n0011 
O(l()'2 
onon 
nOOIQ 
0001"i 
000111 
I) (lIlI 7 
00011'1 
0'101' 
n002" 
on021 
onni';! 
00023 
0007.u 
on025 
000211 
O"on 

OOM 
00112 
001111 
"01111 

noll6 

008. 
nOIlC 
nDIIE 
nnCJll 
00112 
001111 
n01l1l 
OOlle 

oonn 

FFF, 
11000 
7.0" 
201111' 

1J20" 
'iCt)/.I 
/.10'" 
'Scnll 
IIZlIn 
I.IA n 0 
o;CO/l 
'iFI/! 

Rr::GI~ 

.. .. .. 
• 
• .. 
• 
• .. 

rOF.NT 
E~U 
QORr. 

[CH0'57 
• 
RfGPI+/lln 

THJ~ PROGIU'" I':NARLF~ THF fNGPJEER TO VERIFY THE INI'IIT /OUTPUT 
FIINCTIO~S OF THE OPI!Q~TM '5 PERTPHERAL IN ECHO "'nOF 

LOAO THE PROGR.~ ~T'RT AonRf.~~ INTO At) FRnM THF. 
CONTROL PANfL • THE~ P"IIH THF RUN SUTTON 

!)AU IFF",. 
('lATA n 
Hl.T 
PIH 

1:10 
RR (NA) 

INR 
RA(NA' 
eto 
5~T 

RRUU' 
RR 
P'" 

"Z,/2'S 

&2.1,/10 
... 7. 
A'i,O,/to 
."2 
A2,0,/10 
AZ,/IO. 

.-2 
JNCHAR 
~URT 

LOAD PARA~F.TER5 FOR ECHO MOOF 
WITH 7 DATA erT~ Nt'l PARrTY 
SEND START CO"''''ANO TO OEVICf 

!lFNO INR I~STRUCTlnN TO OF-VICF 
~Nn WAIT FOR CHAR TO BF INPUT 
STOP INI'UT FUNCTION 
ANI') GH ~UTIJ5 



3.60 PROGRAMS FOR THE MCU3 CARD 

The MCU3 card.can control the operation of a Paper Tape Reader, a Paper Tape 

Punch, and a Serial Device. Parts of the logic are common to all three devices 

so if one of the suggested programs runs without error you can almost certainly 

eliminate the common logic and look for the fault in unique logic of the device 

whose program does not run. No programs are given for the Serial Device. You 

can check it using the examples given in paragraphs 3-57 to 3-59 modifying them 

as necessary for the device concerned. The programs to check the PTR and PTP 

are: PTR57, PUNCH, PCH57, and CHKTRD. The first two can be modified to 

run continuously by changing the displacement value of the RB to START instruction 

so that it branches back to the first instruction in the program instead of the HLT 

instruction at START. The listings of the programs give the instructions for operating 

them and the function of the programs is: 

• PTR57 - will read any type of coded paper tape and the correct operation 

of the CU logic and the device can be verified by checking the contents 

of the buffer against the holes punched in the tape. 

• PUNCH - will punch a selected areo of memory onto tape and you can 

either load the data into memory yourself (using the Control Panel), or 

3 -74 

use an area of memory that you know contains data. The correct operation 

of the CU logic and the device can be verified by checking the tape 

produced against the data in the area of memory selected. 

• PCH57 - will cause the punch mechanism to select every possible 

combination of punch pins from all holes to blank tape; you can also 

modify this program to punch a selected punch combination continuously 

by changing the value loaded into register A5 and replacing the SUK 

instruction by an RB to CONT instruction (hexadecimal 5F06). The 

correct operation of the device can be verified either by checking the 

tape by eye or by using the following program. 

• CHKTRD - will check if the tape produced by PCH57 was correctly 

punched by adding the value of each character read into register A3 

and when all the characters have been read checking the value in A3 

against a check sum for correct operation. The only precaution 

necessary in using this program is that the tape must be accurately 
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positioned so that the first character read is the all holes character and 

not blank tape. If the checksum is correct the program will halt on 

location /86, if the checksum is wrong the program will halt on location 

/AA. When a wrong checksum has been detected try the program tW() 

or three times more and check if the result in register A3 is the same 

every time, then check the tape to see if all the combinations have 

been punched. If not check the punch logic again. If all combinations 

have been punched check the reader logic. 

In principle it is unlikely that either the PTR or PTP will be operated via the 

lOP channel so no programs have been given for this type of operation. However, 

if your system uses the lOP for either of these devices you can modify one of the 

programs suggested for the MCU2 card devices. 



PTR57 

0001'11'1 
t')non, 
onon2 
OOOn~ 

on(\oa 
00005 
nnool> 
0001'17 
noone 
onnl'lq 
onn, 0 
001'1' I 
On(\'2 
01'10 tJ 
onnlll 
1'11'1015 
onnll> 
00017 
01'1(116 
nnO'" 
onoi'n 
nnn?1 
onn;>;> 
onon 
nn02a 
o 1'1 0 i''5 

nno?" 
onon 
onn2e 
nnl'li'Q 
ono",n 
01'1031 
on03i' 
nno:n 
nnOJa 

n(\/IO 
nOll2 
(lO~1l 

nIHIl> 
nnll6 
n011A 
nMC 
nOll!: 
nn'lO 
01'1'12 
1'1 o 'HI 
OO'l1> 
nOlle 
nO'lA 
(lOIlC 
nO'H' 
nOAO 
nOA2 
onAIl 
O('lAI> 
11(1 All 

nntll'l 

~FF'F 

nnnn 
?01~ 

?OI\F 
I\/) , r 
1'131'11'1 
021'1' 
a21'n 
'iCna 
a020 
r;cna 
fS'JO 
nOA/I 
I H, 
1 E I) 1 
r;CnE 
02An 
aAF:!) 
'iCno 
C;F'''1l 

R 

BEGr" 

• 
• 
• .. 
* 
* 
#I 

* 
* 
* .. 

J"JPT 

FlII~F 

~Y"'ROI TARLF 

nnoo R RUF'F 

PTRS7 

T~T~ pROGRAM F"JA8LES T~F E~GI"JEFR TO VERIFY THE 
J"JPIJT FIINCrroO" OF THI=: CU AND IT!! DEVICE 

UlAO NIJMBER OF CHAR~ TO Af READ INTO A7 

LOAn THF PROGRAM START AOORE~S INTO An 

LOAn TAPE ON REAOFR TfJE'" PUSH RIJ"J BIITTO"! 

nATA 
nATA 
HI T 
INH 
l r)P 

L!'lK 
Lnl( 
no 
1'11'1(111" 
tNR 
RAPH) 
SC 

AOK 
~"I( 
PR(NZl 
CI0 
s'n 
RR("JAl 
1'lF1 
RES 
pm 

004/1 R 

IFFFF 
n 

A/),l7 
13,0 
• 2.t 
A2.\,1i'0 
*-2 
As,b,no 
.·2 
A5, BIJI'""', ,n 

A 3.\ 
A/) , 1 
TNPT 
A2.0.l20 
A2,120 

--2 START 
110 
START 

fNPT START 

THIS PROGRAM RUNS IN INHt~IT MOnE 
LOAD CHAR COllNT IN "h 
7.EROtSF. BUFFER CHAR COIINT 
LOAn PARAMETfR FOR rNPUT CHARACTFQ 
SEND START COMMAND TO OEVICf 

TNPUT CHAR FRnM READER 

STORE CHAR IN ~UF"'FR 

'JPIHTE BUFFER C~AR 'COUNT 
!!UATRACT ONE FRO~ CHAR COUNT 
RETURN TO READ "III0'H~R CMAR IF NOT Z~RO 
SFND STOP COM~ANO TO DEVICE 
AND GET STATUS 

r.O TO START 0,.. pROGRAM 

00114 R 
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PUNCH 

01'101'11'1 
1'11)1'11'11 
1'11'11'1111' 
Onnl'l3 
I'Innna nnno 
ooon" 
onnn/> 
001'1111 
/'I 1'11'1 nA 
oonOQ 
a 1'1(1 10 
o no 1\ 
o on 12 
I)I)(llJ 

01'11'1 I tJ 

nOOI" 
n no 1/, 
nno 17 nOlln ;l01F 
O"OIA 1'101\2 AlP 
Ol10tQ nOll4 021'11'1 
nnn;ln I)I)I\/> ~2FI1 

1'11'1021 111'111/\ 'iC 1'1 4 
/'Inn?? nnllA F'iI'IJ 
nnn;n nnlle lJ530 
1'11'1024 nOf'.F SCOu 
nnO?5 nnqn II n I 
00021> nOn "QnF 
on021 OOqlJ scoe 
1'11'1028 onql> IJ?An 
onO?Q OOqll a~Fn 

0"0"'1'1 nOH 'iCIIIJ 
non",! noq( <;FtF. 
1'10031' 

nonn R 

3-76 REV.] 

* 
* • 
Rrr.J'" 

* 
* 
* • 
• 
* • 
• 
• 
• 
• 
~TA~T 

TI'IENT 

fnu • 

lnAn THE FIRST ADDRfSS nF TH~ AREA TNTO RFGJSTFR AI? 

LnAD THF LAST AnDRfSS 0' THE ARFA INT" RECISTFR AI\ 

PII" THE RIIN AIiTTOIo.J 

HI. T 
,-OR AI.At2 
L')I( J.2.0 
nn A2.1.1",n 
RR(NA) *-2 
LCR A'5, At 
nTR 45,0.130 
RA(~IAl * .. 2 
AOK A I, \ 
CiliR AI, A I I 
RA PIE) CONT 
eTO A2.n.I'~0 

SH A3.130 
RI\ ("'ll .-2 
qR ~TART 

pm START 

nClIIA Q 00111'1 R 

SAVE THE START AonRFSS tNTO .\ 

LOAn THf CHAR TNTO A5 

UPDATE AREA AnnRrss FlY ONE 

r.HECK TF LAST CHAR HAS AnN PlI"lCf<FC 
N01 GO ANn r,FT NFxT C~.R 



PCH57 

ollonn 
noon 1 
OOO('l:! 
onon, 
oOooa 
onons 
ooon/­
nOOn7 
onoo/\ 
oonoq 
0001 n 
OOO! , 
00012 
noo \3 
onOla 
00015 
00011-
00017 
0001/\ 
onOlq 
0002n 
00(121 
ooon 
01)023 
nnO?a 
0110:>5 
ann:>" 

OO~I) 
nOll2 
00 11 1\ 
nOl\6 
0088 
OnllA 
nOIlC 
I) 0 1If: 
ooqo 
ooQ2 
o.nQa 
noq" 
noq/l 
OOH 
OOqc 

Ilonn 

FFFF 
0(1)1) 

201" 
nSFF 
0200 
1.121"1) 
o;CO/J 
lJ9"30 
o;CI\/J 
1 Dill 
5£(111 
IJ2AO 
OBFO 
o;cn/J 
0;1"1. 

nnno R 

* • 
* 
* ,. 

rO~JT 

r.~u * 
RnRG AfGI~+/eO 

r')ATA IFFFI" 
nAU n 
~l T 
lOt( 
Lf)1< 
cro 
RA(~" 
nTR 
RR P.'A' 
5111< 
RR(~N) 

CT(1 
~~T 
RA(N', 
FIR 
f~O 

1l0llF R 

A5,/FF 
A2.0 
A2.! '/"30 

·-2 
'5,0,/30 
*-2 
A'i.t 
CO"'T 
42.0.1'0 
&3,1"30 
.-2 
~URT 

lIIT'RT 

LO'" IHU TO PIJNCH ALL HOlf'S 

!'lEND P"~CH CClMMANn A~D CHAR TO CU 

MODIFY ~nlE PATT~RN 

NOT Nf.GUIVE? GO AND PIINCH NEXT PUTfRN 

PI 1 ~-, 



CHKTRD 

1111000 T I"IF~IT rHKTQn 
nllnn, no~o') ArC; I ~I f ClIJ * I\OOO? R('lRr. AfGT"+/1'IO 
nnoo~ • 
on004 * THT~ PRnr.rH" Ilsr~ THF TAPF: ppnf)'lrFI"I flY pc"'" TO VFRTFY T"" "Tf? RFAn rn 011(1)<; * I"l" r: n I. • ,_ "An THF PRnr,PA" STAPT AnnRF'S'I ,,"TO All 
00007 • 
0(\n01l • l ('l AI') TAPf OM Rf ArlFQ THf·' PII!'iH QllloJ A'ITTO'" 
OOOllq • 
n (10' (\ • 
000' , 1I(\f\O FFFF ()A TA IFFFF 
1111012 nOA;> 1I0lln nATA n 
II I\~! 3 on~4 ?OH ~T4RT HI T 
illlllllJ nORb ;>OA" J .'., THIS PROr;ru" RlINS TN INHTlItT "'nnF 
00015 (1011/\ ObFF' 1 i"lK AIl,2"i" LOAD CHAR COIINT TN Ab 
(\11016 nOAA 03no L!"IK A3,O 7fRnTSf AllFfFR CHAR rOIlNT 
on017 nOI\C n2n, L!"II( A 2, I ,-04n PARAt.lF'TFQ F'OR INPIJT CHARACTF'R 
~I) (\ 1/' 1l0l\E IJ 21" II nn A?",/?/) SE~!O S14RT (nM"AMr) Tn nEvICE 
onOlQ nnQO "iC(\/J IHI ('JA , *-;> 
onO?1I onQi? IJn;>n ''IPT T 'I R 4<;,11,1;>0 TNPIfT CHAR FRO'" RonfR 
n0021 noqlJ '5CIIIJ QR(MO --2 
0(\(\22 '111'1/1 '131/\ A'lR A3,AI> Al'n THf CHAR VAl liE Tn AJ 
nnO?3 noQII 1 EI'I\ ",, 1K 4h,1 ~lJBTRAr:T ONE FRn'" C~AR COliNT 
onni'1J nO'H C;CnA Q R (~I" 1 r "PT RE TWIN Tn REH\ AMOTHFR CHAR IF !\jOT lfRO 
000?'5 nnqC 1l2AO r:T('I A2,n'/70 3fNn STOP rO"'''Allin TO D£VJCF 
ono?/<, OI'lQF QAF'n C;C;T 42,11'0 ANn GFT <;TATUS 
onon n(\AO C;Cnl/ QI'1('-I4) ·-2 
0(\07/\ 1\(\42 FR;>!, r"'K A3,3?b1JO (n"'PARf VAIIiF n, n WITH CHf(1( :;11" 

(\ (\ lIJ 7F'lIn 
0110;>'1 1\04f, <;I\~/J Qq eF) START TF fOUAL r;o TO SURT 
1'111031'1 1'11\48 207F '"I r 
011031 F'Jn c;TART 

n(lOO R T'-IPT !llART 001\11 R 
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3.61 PROGRAMS FOR THE MCU2 CARD 

The MCU2 cord- can control the operations of a Cord Reader and a Line Printer. 

The remarks concerning the common logic of the cord given in the previous 

paragraph (second sentence) also apply to this cord. Both devices can be operated 

on either the lOP or Programmed channel so a program for each type is given that 

will enable the basic functions of the CU logic and the device to be checked. 

They can all be modified to run continuously by changing the displacement value 

of the RB to START instruction so that it branches bock to the first instruction of 

the program instead of the HLT instruction at START. The listings of the programs 

give the instructions for operating them and the function of the programs is: 

• CRPROG and CRIOP - will reod one card each time the RUN button is 

pushed (unless you have modified the program to run continuously) and 

the two programs operate on the Pragrammed Channel and lOP Channel 

respectively. You can verify the correct transfer of data by checking 

the hales punched in the cards against the data stored in the buffer. 

• LPPROG and LPIOP - will store the two selected characters into the 

buffer (tot~1 of 78 printable ch'aracters in the unmodified version) until 

it is full then stores the Line Feed/Carriage Return characters and prints 

the line of characters_ After each line printed you may change the two 

characters that you want printed; you can also send the other control 

characters to the printer but in this case you must modify the number of 

times they are loaded into the buffer. The two programs operate on the 

Programmed Channel and lOP Channel respectively. 
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CRPROG 

01'100(1 
01'11'1(11 
oo~n2 

onon .... 
~/)~04 

01'1('105 
nnonb 
01'11'107 
oooOS 
001'1011 
000\1'1 
nl\(\, 1 
00012 
onol3 
000111 
01'101" 
oontl> 
000 t7 
o no 1 II 
oonl9 
nn02n 
on021 
00022 
nOO?3 
no02o 

onn2'i 
onO?b 

00027 
000211 
000211 
nnoln 
OOOll 
n('l032 
on033 
OOO'll 

00035 
00031> 

00031 
on~lll 

000''1 
nOoll/\ 
nOOlll 
0(\042 

nooa .... 
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00110 
onll7 
00114 
O(\l\b 

onAII 
nOIlA 
nllAC 
OOIlE 
nn90 
00Q2 
onllu 
009/) 
n0911 
n09.l 
1l1)9C 
009f 
n~AO 

OnA2 
nOAll 
onAb 
OOA8 
onu 
oOAe 
nOAf 
nOF\O 
nOR? 
OORIl 
nnAb 
nORII 

nooo 

FFFF 
oon('l 
;>07F 
;>~"IF 

(121\0 

0' no 
1124'5 
nOR8 
, 1(1:> 
1:'1;>0 
OO;>A 
r;coc 
nlnn 
ObOI 
IlbCb 
'iC04 
aOl'lb 
C;C1l4 
lI'5IJ'i 
OOA/\ 
1102 
F.Q2n 
ooc;n 
'iCl0 
Ilbllb 
UCCb 
'1enu 
'ina 

R 

SV~AOI TA"ILF 

nooo 1'1 
nOI\C I'l 

AIJFF 

.. 
* • 
• 
• 
• 
R£G I~' 

• 
• 
• 
• 
• 
• 
* 

!'IURT 

• 

RIIF F' 

Tf)F"'T CAPROG 

THIS PAnGRA~ RFADS A CAAf) vrA THE PROGAA~~En CHA"''''fl AND STOPS AO THAT 
UII\!TPITS OF THF RIJFFfR CAl\! ~f CHECI(ED AGUNST THf PIJ"'r:HED HnLFs TN T ... " 

l.nAn THf CARD(9) TO AI' PfAD INTO THF CARD RfAnfl'l 
ANn ~TART THE CARD RfjOFR 

!>IISH THI' RUN I\UTTO~I 

nAU IFFFF 
I'IATA I) 

HI T 
T"t" 

RF\CNf\ 
Lnl( 
Lnll 
CIn 
IIRCNAl 
!"JR 
AI\(NA' 
ST 

AnK 
CWK 

RR(Nn 
cro 
SST 
R!\(NA' 
1'1"1 
QFS 

f'ln 

RfAO 

A2.0 
At.O 
42,811"1' ,At 

STDRF. 
Al,O 
All.! 
Abtl,1> 
*-2 
A!i,O,b 
*-2 
A5,RIIFF,At 

At,2 
At ,/50 

READ 
Ab.O.b 
AlI,b 
.·2 
START 
112 

SURT 

STAAT 

LOAD ZERO INTO A? 
ifROISE WORD cnUNTI'Q 
STORE lERO JNTOAUFF AonRfSS 

IIPDATE wORn COII"'T OF fWI'F ADDRESS 
CHfCK IF LAST WORO AEACHFD 

NO? GO AND STORf NfXT WORD 
ZFROISF CHAR COII>JTFR 
LOAC PtRAMS FOR TNPIIT FUNCTION 
SEND CIO START CO~MlNO TO CARO RfADER 

GfT CfiAR~ FAOlo' ell 

ANS STORE TN ",lIfFER 

IIPOI. TE AIJFFER ,"nilE 58 
CHECI( IF LAST COLUMN REAn 

NO? GO AND READ NEXT COLUMN 
Sf NO STOP CnHMANf) TO CU 
GET STATUS FROM CU 

GO AND WATT FOA NfW DATA 

OOl\lI R 



CRIOP 

n(lOOo Tn,,~JT rRTnp 
00(11'11 • 
(\1'1(\1'1;> 

" 000(1, • THY:,! PRn(;PAM Rf.Ar>~ A cUln AND STOP5 SO THAT THF" r.nr.JTOITS 
nllOl')/I • 0" THF RII"FfR CAN liE rHHKEn AGAINST TMF PU"'CHEn ~H)I.E1! 1"1 THf CApn 
Ollon'5 • 
I)(lnn" " (lno07 noo(\ REG I 'I fill! " nnon/l RnRr. REr.PJ+/1In 
OOnn9 " (lnnll' " n n n 1\ • t.nAI) THF: r:A R')( S) Tn RF 'HA[l 1'-1Tn THt' CARD RfAnER 
nOOI? • A'll) START THE eARn RfAnFR 
ono I ~ • 
OOOla • PII'IH THf' P"N RIITTON 
01101'5 • oon q, 
011(117 nl)1I0 FFFF nATA IFF"FF 
nn011\ OM\2 nOll/'l nATA n 
OOOIQ nOfl/J ;>011' <;UtlT \.I T 
1')1)0;>(1 nnAb ;>(nl" Tr.JH 
nll!)?\ * I)() 0;> 2 noRII (12M) l ''\I( A2.0 LOAn 1fRf) tNTO A2 
onO?3 nnAA Illnn Lnl( A \ .0 1f:RnJSF. WORD cnlHJTER 
1'I0o?a nOIlC 11205 <;rnRF ST A;>.I3I1Ff,41 '1TMf' URn IN AliFF 4r>MESS 

nOllf OnRI) R 
O(lI'l?'5 nn9n 11 (I;> A 11K A I .2 IIPn! Tf WMO COl/NT OF RUFf AI)IlRfM; 
nn02" n1)9;> ,,9;>n CWI( AI. /j2 C Hf'K IF LA:'lT wr)l~n RFACHEI) 

OOqlj I\O;>A 
I'Inon 1'1091- r;cnt: RII('JE) STfJRf "'01 GO ANn STNlF NflCT WORI) 
nO(l;>R nn<l~ "!?I') Ll1KL A I .1"nO:;I) LOAn PAR'M!'I "OR FIRST wER 

1\09A 1100:;0 
00(1;><1 nOQ( 7IIlC wFR Al.IC ANn SENT TO Tnp 
nOO'n I\O<lF "pn LOKI 'I.B""F LOA!') BUfF AOORF:5S fOR SECOND W"F1 

OOAO nl)l'In 1'1 
onn', nOA;> 1\01) .,FP AI./r) hiD SENO TO TOP 
000';> onA/j 1\601 t.nl( Ab.1 LOAn P'PA'4~ FnR TNPUT FUNCTION 
non" nOAb IlhCh CTO 'b.t.b !lEND CIO START cnlol""NO TO CARD RElOfR 
on(\H nnAI\ c;Cna 1'111("10 .-~ n Iln V; no AA acc/) SilT A~.b r.fT STATIIS FROIoI Cll 
Oll(\'h OOAC 'iCI\/J PI'I(MA, ·-2 
I\on'n OOAf O:;F;>r FIR ~TART roo ANI) W'IT FOR NEW !lATA 
onn'A nnAO RIfFF PI'S /12 
1\00qQ ["In ~URT 

SV~ROI. TARlf 

'1EG1" l'Iono I'? RlifF (lopn 1'1 !'ITART 1'I1\1\/J R ~TORI' /'IOI\C 1'1 
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LPPROG 

IIIIOOn 
OOon, 
on002 
onon, 
OOOOIJ 
~noo'i 

~ooo" 

ono07 
01)01111 
00011'1 
onolo 
00011 
nOOl2 
onon 
nootu 
onot5 
OI)Olb 
1)0017 
onOl1l 
onOl'l 
~n020 

OnO?1 
I)non 
I)I'lO?3 

onO?1J 
00025 

ono?Io 
onon 

nOO.?1\ 

ono;>'l 
01\0'30 
ono" 
000'32 
00033 

on0'34 
on03S 
ono,/, 
01)0'7 

1)00'11 
OtlO''l 
nnOlln 
OOOIJ! 
000112 
iHl I) 1J'3 
on004 
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00/10 
00112 
001111 
n01l1> 

00/111 
nOll4 
nose 
nnAF 
1)0'lO 
nO'l2 
1)0911 
notll> 
0098 
Oo'l. 
OOtlC 
nO'lf 
nOAO 
nOA2 
0044 
no AI> 
onA8 
nOAA 
OOAe 
nOAE 
OORO 
nOR2 
nnRIJ 
OORb 
nOll8 
OOIlA 

OOHe 
nORF 
ooCO 

no()o 

FFFF 
0000 
?07F 
?ORF 

85ne 
1'111'111 

1151J'i 
I)nr:n 
I I n2 
Ftl20 
nOIJ!, 
sene: 
115;>0 
nDnA 
11505 
noeo 
nIno 
1\/)00 
/.jbr.7 
*,CnlJ 
F5IJIJ 
noell 
IJS07 
"ielllJ 
11111 
E9;>1I 
00<;0 
'ieln 
IIbl'l7 
'leC7 
'ieoll 
'if'C 

R 

* 
* 
* 
* 
* 
* IIFr.IN 

• 
• 
• 
* 
* • 

• 

I PAUl' 

InnJT I.PPROG 

THIS PROGRAM STORFS TWO SFLEeTfO CHARACTERS INTO A RUFFER 
THFN PRT~TS THEM ANn STOPS WATTING NEw CH4RACTlRS TO ~E SELECTEn 

fnll • 
RORr. Rfr.J~+/An 

LnAn THE Twn CHAR.CTERS TO PI' PRINT"D INTn REG(STFR A3 

PI'SH THf RIJN !lUTTON 

nA TA IFFFF 
nATA II 
HI. T 
PIH 

I. OR 
I.nl( 

ST 

AnK 
(WI( 

ST 

lOK 
Lnt( 
CIa 
Rf\ (NO 
LC 

nrR 
RA(~O 

AnK 
CWI( 

RII (Nn 

I:to 
'iST 
RA (N A) 

RII 
RFS 
f'''O 

A5,A' 
Al,O 
AS,LPflllF. At 

AI.2 
A! .7'" 

REPT 
4'5./00nA 

At.O 
Ab.n 
Abel./07 .-? 
A'i.LPBIIF.4! 

4'5.0.7 
*-1' 
AI, I 
A 1.60 

nllCHAR 
Ab.O.7 
AQ.1 

.-? 
'>TART 
110 

(lono R 
nOAil R 

LPlltjF no!"!') R 

LOAa DATA tNTO A., 
ZERO!!E CHAR COUNTFR 
STORE THf CONTFNTS OF A5 INTO LPAUF 

IJPOATE LPAIIF AOORfSS 
ANn CHECK JF LTNf FULL 

LOA I) LINE FFfn eARRAIGF RfTURN CHARS 

lfROISE CHAR cnUNTFR 
LOAO PARAM FOR OUTPUT I"llNCTyrw 
SENT 5T.RT COMMANn TO PRJNT(R 
TRY AGAIN IF NOT ACCEPTEO 
GET CH4R FROM LPBlJf 

AND SEND Tn LINE PRINTER 

IJPDATE LPBlIF AnDRESS 
CHECK IF LAST CHAR SENT 

NOT (OUAl? GOANO SEN!) NEXT CHAR 
SEND STnp COMMAND TO LJNE PRINTFR 
r.fT !'ITlTUS 

(1110UP nOA8 R RFPT nOIlC R 



LPIOP 

onnnn TfH"IT I P Tf'P 
nnnnl " IInllll;> • nooll3 • THT5 PRnGP"'! ~TnRFS TwO 5HHrr:n CHUACTfPS INTn A ~I-'FFFP 
nnnoo • THF.'" PRlNT5 THFM 'NI'I 5Tnps WATTI"'r. "If 101 CHAPACTERS Tn "E SELfCT[1" 
oonor:: • 
Ollonf, • 
flOno7 01'11'11'1 AI':r.YN Enll " 01'1(1(18 pnRr. "F.rlJ "1+/81'1 
nOon'l .. 
111'11'1111 .. 
1'11'\(\ I I • LnAI" THF Twn CHUIACTEQ5 H1 FlF PRTNTFD I ~ITn RFr.Y5Tf.R A~ 
nfllll;:> .. 
oonn • PflSH THF plJ"I "IlTTn"l 
onOl/J • 
00015 
OOO'/'! IInAO I"FFF rJATA IFHF 
nno 17 nnA? nonn nATA n 
000111 II 1lI1/J ;>n7F SHIH HI T 
n(\f\1'1 1'10/16 ?nAF pJH 
!lntl;:>n .. 
onn?l nil 11./\ 1150C I nR AS.AJ LnAn DATA TNTO AS 
flnnn nollA nln!l 1.('11( A 1,0 ZEROrSE CIUp COUNTER 
nnnn nOI\C 115/Jr:: PI:PT 5T A5,LPI\IIF,~1 8TME THE CONTf'ITS OF AS INT('I , PBUF 

nl'l/IE (I CHI A R 
onn?/J nnQn " 1'1;> AnI( Al.2 111'1)£ Tf LP8UF AODPf58 
O~(\?'i OOCl2 F'I;>n CWI( Al,7,., ANO CHFCI( TF LJ~'E I"UlL 

1III'lil nO/JF 
onn?b no'lb 'icnc PR(NO PFPT 
nnn?7 nO'l8 115;:>1'1 I nl<' A5,/nnOA LOAD LI"IF FEF:O CARrUIGE RETUPN CH -'HI 

on'll nnnA 
nnn?1I noClC 115 Il I; 5T A'i,lPIIIIF.AI ANO STORE TN LPBlIF 

nn'll': nOR,., p 

nlln;:>'1 n(\AO 1\ I?n L('1l<l AI./lln'5n LOAO PAlH"'~ FOR FIRST wER 
n042 Ilns;n 

nnn'lI nOA4 71nE wFR A I. IF ANI) ~fND Tn TOP 
onn" nl)A~ Al?1) tnl<' AI.LP~IIF LOAD FIR~T A"DRESS OF ,-PBUF 

nOAa OORII P 
n~n:v (lnAA 71nF "FR Al./F ANI) Sf NO Tn top 
onOl, nOAC obOO tnl( Ab.n LOAD PARAM FM OUTPUT FUNCTION 
n~(\3/J (loAf ~6C7 CTn Abo! ,/(17 SFNT START C(l~"'AND TO PRINTfR 
nno3'i ('InAO 'iCn/J PR PIA, .-;:> TRY "GAl'" IF "'OT ACCEPTEI'l 
nnn'h (101'2 'lr:r:7 ~~T AIl.7 GET STATUS 
noo'7 I)r)RIl 'iCI\LJ RR(NA) ·-2 0 11 0311 fInRb r:;na PR START ron Al.J1) wAtT F'(1R l.JfW nATA 
onoJCI nOR8 r PfHIF RF5 AO 
on n IJ,., FoJl) START 

~Y"ROI HRLI': 

QFr.T" onl1o Q '- PRIll" IInfHI p RFPT (I(lIIC P !HAJH i') i') /Ill R 
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3.62 Program COpy 

This program ef.1ables you to punch a copy of any paper tape. It can be loaded by 

hand from the Control Panel or by using the IPL routine. Once loaded push the 

FEED HOLES button on the Paper Tape Punch to provide a leader of about 10cm, 

then load the paper tape you want punched on the Paper Tape Reader and push 

the RUN button~ The program will read the tape and punch a copy simultaneously. 

When the Reader and Punch stop push the FEED HOLES button to provide a trailing 

edge for the tape. NOTE; The program has been written to reproduce any length 

of paper tape so no character counter has been included so the program must be 

loaded for each tape you wish to reproduce. 

3.63 Program DUMP 

This program enables the engineer to dump a selected area of memory on either the 

ASR or PER3100. It can be loaded either by hand from the Control Panel switches 

or using a program tape that contains the MIN I-IPL (paragraph 3-72) and program 

produced by one of the methods described in paragraph 3-64 to 3-70. If the 

MINI-IPl method is used care must be taken that the program does not overwrite 

part of the area you wish dumped. The instructions for operating this program are 

given in the program listing and when the last address has been dumped the 

program branches back to the start ready for possible new parameters. 
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COpy 

()OO(\(\ In~NT roPy 
onnr) 1 
(1)0(\r' .. rHIS PRnr.AM READS A PAPER TAPE AND C PI)NfHES A COpy 
on()(\~ * 
n nOI) II 1'1000 flEr.(N ~nll .. 
0000', RnRr. HEr.PH/SO 
00(11)" I)OlllJ ?I)H ~TART HLT 
OOP07 nOli? n 10 I Lnl( AI, I 
nl) n n II n n II I~ 121)n Ll'lI< A2,O 
noon'l 1)1)116 ulFn READ CIO Al.t.li'O 
no 0 I r I) IPI!, ,)Coa IHHNA) *-2 
n I) n, \ nOIlA Iln;>O TNR A5,O.l20 
OI)()I;> o "'ll ')( n~ RA(NA) .-? 
(\nOn l1oRf. 111 An rl(1 AI,O,I20 
on I" U nn'ln 'I(T n S~T Aq.l?O 
n(\(l1" no'l;> ',r. n (I RA(NA) .-? 
I) n (\ ! " n n(j'i ?i.J;>1I A'IK AQ,/20 
(\ no 17 nO'lh re?n r"ll( AIj,/i'O 

O,,'lR nO;>(\ 
(1)(11 f< ".' 'I A ',R I r RH(f) !'ITART 
n nl'l" n'!<ie {J?r I) CTn A2.t,/~O 
() I) I' ?I' {I II {},L "tl1/j RR(NA) *-2 
1)"");>1 nObO 'J., .\ (1 OfR A<;,O,/'O 
(l'lO?r' () (, A? r;Cn/j RR(NAl *-;> 
on,?, ill)A Ij ai''''' (tll A2,O,/~O 
nor.?, 'l!lAh IJAr 0 ~!'ll A3,1<0 
Ii 11 [l?~, nrh/1 C;C(lLl Rfl('1. ) '-2 
nlle;>h nnAA 'i~ ;>f1 RR READ 
()n ("';>7 ENt) ~TAR r 
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DUMP 

onoon IN "'T nuloip 
non 0. I oono RFr;r'" f. flU * 
00.0.11;> IWRC HEGPH/fln 
nooo, * 
"I) 0 n ~ • IHI5 P~OGR4'" ENAlllfS THF ENGINHR TO OUMP A SELfCTED 
1)000'> * AREA OF MFMORV ON EITHER . HF ASR OR PFR 3100 
oooo/-. * o ('i (, 0 7 * 
on r·IlA * LOAO THE STARTING AOllRE!'5 OF THF ARU TO At 
OI1(1I)Q • OIII'Pt'O INTO RFGtSTfR A7 FROM THF CONTROl PANEl 
nor. I' 
,)()I) 1 1 * 1.0AI1 THF F'H)J NG AOI1RF.SS Of THF ARFA INTO 
onOI,: • RfGrSTER All ~RO'" THE: (O"lROL PANEL 
n 1\ r t ~ * 
OJl(;I" * LOAn THF PROGRAM STA~TING AnDR~SS PH 0 
0(101'> Rf[;rSTfR AO ~ROM THE CONTROL PANEL THfN 
01\111 " PI/SH THF RU'" AUno" 
00017 
!J0t111< 
1)001<) O.)il (J "'~FF OATA IHfF 
o I\n~(1 onl1<' nooo DATA 0 
noo~1 OnHIJ i>OfF STAIH HI T 
000?? I}OHn 20Uf INH THE PROGR.l'" RUNS IN INHIRJT "!ODE 
11 1)02' • 
I) II r,,> I. I) ')Hlj '\'II1L1 '- OK AIJ,IJ tOAO PAIHl'1FTfRS FOR OUT Pill CHAIU(JfR 
0'102'> * wITH EVEN PARITY 
'OP2b OOHA 1J '_n!l CIO A4,\,/l0 SEND START COMMAND TO I1EvIn 
OOo?] OOIlC 1113C WORD lOR* A I, A 7 LOAD THE CONTENTS OF THE '"!'MORV AI)DIlEsS 
nOn?!' CO"JTA {''If.O T" A7 J"TO .l1 
Jl ~ (I 2'1 1'1 (lR~ nc'()~ LOil A2,4 LOAD CHARArTER COUNT FOR "ORI) 
OO('~P l'IofJ(l ,16'11' CONT Lf)t< Ab,/F LO.lO MASK PATlFIl'" 
000'1 00'1;> Ahl'lLl A'JR Ab,At FIND THE PR{NTAI:lI.E CHAR ADI)RES!' IN T-fllt 
OOu'2 a O'll.j r.~',11 u: A5,T'!'HI.E,Ah ANI1 LOAD INTO IlfGISTFR .l'" 

nO<)1> 1'10(0 R 
00(05 , o n'l/I F'>'j'-l SC A,:>,!lilF~+I,A? THfN STORE IN HUFF 

I) 119 A 11011\ P. 

nOr, ~ lJ O[)Q( 3"f: lJ SI~(' AI, II SHIFT TO ISOL A Tt: NF Xl CHAR 
001'3'> 0(,9t 1 A J) 1 Slit< A2, I SUBTIHCT ONE FROM CHAR COUNT 
o Ill' ~~ 6 110h(\ ',e I? RIl(Nll CaNT AND RRANCH BACK TF I\jnT UST f':'. -, 

,-"MIi iN wORD 
OO(,·n I)OA? F3lJI1 OUChAH l C A"HUFF,A2 LOAD CHAII FROM HUFF INTO A' 

(lOA4 ~OI1I) U 

(\110'11 noA6 Ij 310 OTf( AJ,O,/IO ANn SEND TO THE DEvICE 
0003'1 OOAI' "'('nlJ R8 OIA) *-? 
(10040 onAA 1201 AOII A2 tI IIPO.l TE HUFF CH'!'R COUNT 
0(1)4) lloA( FA;:>O COli<. A2,1, AND CHFCK fOR LAST CHAR st NT 

() nAt 00'11> 
0(104': 0111<(\ ";(,I!l ~R(Nf) OUCHAR . AND RRAI'oCH !-lACK IF NOT LAST CHAR 
00(141, 1l0fl;> 17n;> AOI< A',2 IIPI)ATF MFMORY ADOIlF.SS COliN TEll 
000 IJ IJ .10R" fF(I;> CWR Al,Ai', AND CHF.CK FO~ LAST AODRFSS DUMPf n 
O(101J5 (JOHh '5(J2(' RH(NGl wORD H Nf UST OUTPUT NFw WORO 
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DUMP 

anoo/, 
onOll7 
000118 
onOIl'l 
000<'0 
000<'1 

'l((; 1" 
51AkT 

: l f')~ 

001-18 
OOI-\A 
()OHC 
OOA~ 

ooco 
00r:2 
f')OCil 
(1)(6 
011(8 

OOr:A 
noce 
oon' 
nono 

IlQqo 

llCI'lO 
';COil 
'5H( 
~oq 

'~B 
'Q ''1 
'1>'7 
313H 
II til? 
lJ1lJij 

115111> 
!lA nD 

f}un­
TABLE 

.. 
CIa 
SST 
RA(NA) 

Rfl 
DATA 

AliFF DATA 
END 

oono R 
1)0(0 R 

rnNT 
WORD 

PRr1& ~I ~P5fl) llMFI OOH-00Io4.005-000MS-

AII,O,/10 
AII,/10 
··2 
START 
'012~Q~1>789AHCO~F' 

10AOO 
llTART 

IF LAST ADDRESS THEN 
SEND STOP COMMAND TO THE DEVICE 
AND GfT STATUS 

DUMP FINISHED GO TO START OF PROGRAM 

0090 R 
OOIlC R 

nU('HAR 00A2 R 

p,rV,1 :1-~-



3.64 PRODUCING PROGRAMS ON PAPER TAPE 

F or short programs (less than 80 characters), the tape produced can be input using 

the normal IPL routine; for programs with more than 80 characters MINI-IPL, 

suggested in this section, will have to be included before your own programs 

which can then be loaded using the IPL routine. 

3.65 Using the ASR Punch in LOCAL Mode 

If the ASR is fitted with a punch the hexadecimal characters of the program can 

be input from the keyboard provided the following rules are observed: 

• The LOCAL/REMOTE switch must be set to LOCAL and the punch must 

be switched ON. 

• 

• 

• 

• 

• 

The punch will treat any input from the keyboard as data and will 

reproduce the appropriate code on tape so if you make an error while 

typing in the instructions there is no way it can be corrected and you 

will have to begin again. 

To produce the tape leader and the trailing end of tape press the HERE IS 

key three times. 

The number keys 0 to 9 can be used normally but the letter keys ABC D 

E and F MUST NOT be used, instead use the J K L M Nand 0 keys 

respectively which will produce the correct hexadecimal code on the tape. 

If the number of characters exceeds the line length the punch must be 

switched OFF before you press the CR and LF keys, and it must be switched 

ON again before you continue typing in the program instructions. 

The resulting program tape is in 8-bit ASCII but the Bootstrap can only 

decode Object code (either 8+8 or 4x4) so to load the program tape using 

the IPL routine the Control Panel switches must first be set for 4x4 mode 

(i. e. switches 0, 3 and 10 set to value I). The program will then be 

loaded from the PTR. 

3.66 If the program produced is less than 80 8-bit characters the Bootstrap 

will keep on reading (looking for the missing characters) until all the tape has 

passed through the read head. This does not affect the instructions that have been 

loaded but you must stop the CPU by pushing the INST button, then push the MC 
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button to reset the devicp. and CU logic. Any paramele.s can now be loaded 

into registers and the program will run norrna!l y . 

3.67 Program ASC4x4 

This program allows you to write programs using the operator's peripheral. The 

hexadecimal characters of the program can be entered in a similar way to that 

described above using the number keys 0 to 9 and letter keys J to O. However, 

the program is more flexible in that efroneous characters can be ignored and 

certain other characters are recognised which make the production of a program 

tape much easier. Once the program has been loaded put the start address of the 

program into register AO and push the RUN button. The program will run and in 

addition to the keys mentioned above the following keys are significant: 

• 

• 

• 

3.68 

t or 1\ - The symbol and position of this key will depend on the device 

being used but its function and 7-bit code (/5E) are the same. The use 

of this key is to delete a character typed in error. When the program 

recognises this character it down dales the buffer counter and branches 

back to the input routine to accep~ a new character. 
• 

Space Bar - The Space Bar is used to tell the program that the four 

hexadecimol characters of the program instruction are valid and that any 

corrections have been made. When the program recognises this character 

code (/20) it branches to the translate routine and stores them in the 

output buffer; it then branches back to the input routine for four new 

characters. 

# - This key is used to indicate that the last program character has 

been typed. When the program recognises this character code (/23) 

it branches to the C R/LF routine. 

The program translates the valid characters received into 8-bit ASCII 

format and store them in a buffer until 40 valid characters have been received or 

the character has been recognised. II then sends the CR and IF characters to the 

Operator's device and starts the punch routine. If the last character code has 

not been recognised the program branches back to the input routine to accept new 

characters; if it has been recognised it branches back to the start of program and stops. 



ASC4X4 

noooo Y"'F"T ASCtllUJ 
ononl .. 
on(l02 .. THY" ppnr.Ph'" ALLOWS f"Jr.T"FfR~ Tn wPTTF PI'lf'r.p.M5 n~1 THE OPFRATMR'S 
oonn, .. PFRtPH~RAI ANn TI-IEN PII"lrHFS THF PIlOr.RAM r ~I ASC IT FOR «XII lO.OYNr. 
onOnu • 
0000'> nono PEr.I" fr:lll • 
nonn~ Ilnllr, I'IFr,T"J+/AA 
00001 .. 
OI'lO(\~ .. THJ'I pnllT T"F ACCFPTS OHCH(TFPS FIlO'" THE 
0(\00'1 .. nPFRATOIl'S Pfl'lIPHflHL I" THE "JON FCI-In ...nOF 
o n(ll n .. 
(I (1011 .. 
nnn'? 01'1 AA ;>1)71" '\TAlH "'1. T 
0011 1'3 OOA( ;>OpF P'''' (lnOILl nllAF n I n I) OIITCT Lnl( AI, n f')UTPUT RIIFFf.R COUNTER ZE~otSrD 
(lO(l15 001'10 1)3n(l 1'-1CT ,-nl( 63,0 ZEROrSF INPUT BlJFFER COUNTER 
on(l1/, (10'1;> I'II!nI HIPT l nl( A I, , I 
0(1017 onRlI lll>no crn AI>,loIIO 
onOl~ (101'11> '>Cna PRell) .~;> 

OOOIQ OOAII Ijl') 10 pill A<;,O,1I0 
nOn?!' OORA r;CI)LI I'IR(/J) ·~2 
on(l;>1 OIlRC 116'l0 eTn 61>,0,110 
n(lO?? n(lAF IJC!')11 'lilT ,ILI,/IO 
on(\;>"5 noro c;cnu I'IR(/J) .-2 
onO?1J nor;> n6nn '- nl( A~,I) 

on025 onCII IJ6no CTn AI>,t.ll0 
01'l0;>/) OOCI> <;cna P1HU) .~i' 

ooon OOCII 1.1510 nTR As,n,lI11 
DnOi'1l noCA ')cou RF1(ll) .-? 
onn;><) nocc lIb'ln CTn Al>,l),lIn 
llon1n onr:F II C I) 0 S~T AO,/IO 
Onl'l" oono SOLI PR (In .-;> 
000';> 1'1 On;> ;>511" A"I{ A5./7F 1.400TFIE"S CHARACTER TO 7 OUA ~ln 
nOOB • 
oon'll .. T~l~ pnIJTT"lF CHf'CKS FnR FRRnNF"'II~ CI-IARS A~n E"O nF PROGRA'" 
onl'l''> * 01'1°'1> nona Ff);>O r.'~K A5,I';!' CI-IFrK 11" UlIT CHAR WAS TVPP-D IN ~RqOR 

1'101')6 1'10<;,,-" 
01'1017 nnnll 5L1 I) II I'IF(Mf) ~prF 

000.111 0(l{)A tAl'll SilK A 3, I TI-IF' UST rloiAR WAS TYPE!) IN FRROR SO 
nOOVl nl'lnc r;F;>C QA T"lPT O(1wNI')HE CHAR rOliNTER .",n RE 41') IIIFXT CI-I'~ 
nonlJn onnr FD?O SPCf CWI< 45,/21'1 f';HI'(K FOR SPACE lUll CHAlHCTER 

onFO 00;>0 
"noo, onF;> r;(lllf PF(f) TRA"l GO Tn TRA"I IF a VALID ('HARS INPIIT 
nooa" I'lI)FIJ Fn;>1'1 r:WK 45,/23 rIolFC\( FOP F"l£) ('IF PPD{;R'''' " OOF!> 00;>3 
1)0Oln OOF'/\ r;n,A I'IFfF) rR,-p 
nnn/Ja .. 
1'I00ae; .. THTS 1'10111 PH' :'ITORES J"JPIIT C~UIlS 1111 Tf"'POIHRV RUFHR 
nooa/,- .. 



.C4x4 

nOOLl7 n nF A F'i(lf' SI: A5.TF~R\lF,A:~ 'HfHlf CHAR r ~: TF"'fIIlF 
nOfC (11';/\ R 

on(lll~ onFf 13/1 1 AnI( A ~. 1 IIPnATF P'PI'T HIIFFF.R rnll'"T 01)0 UR- OOFO ,>F<Jn RR T'I!PT (;0 Tn PIPIIT RnIlTT'lf" 
000')0 • 
oon", " THI1'\ RnllTTNF TRAN"ILATF'l C"ARS I 'IT () A'lCIT Fnp"AT 
000<;2 .. 
nooo;, 00F2 11300 T>lAN InK A~,O 7FR n rSE TF"IBIIF rf'I"ITER 
000'>1j OOFu F!21l/\ TRANI )(pR A2,A? CLEAR RfGT~TFR 
nons" onFb E51lr lC Ao;,TFMRIIF,l3 r;n CH'{R FIH'IM TF "flilF 

OOF8 nl'i~ R 
00051> nOFl 1121U LnR A2,4o; SAVE CHAR 
non57 naFc 2<; 1'1 F A 'II( A5,/oF ~AVF. RIGHT MOST H TT~ 
00('1511 oon: ?2 fJ (\ A "II( At!, III n 
(loo<;Q 0100 fA?O C"I( A2,/IJO CHf(K IF CHAR IS nfCTM4L 

1'1102 00(10 
0001>0 nlO/l 'ill Oil RF (~Ifl nECI" 
00001 olnb I'iCIl 41'11( AS,/I:O ALPH4 CHAR 
OO~b2 0108 ~71'1? RF STnRF 
1)001>3 I'III)A ISRI1 nfrY" '1'11( 4'>,/ RO I1£CI M U CHAR 
onObU .. 
OOOhr:, .. THIS POIITT"IF STMF!I THF. PRnGRAM CHARS 11.1 AIIFFER 
OOObb .. A "In 5F"Ins CR LF AFUR III) V 4t Tn CH4R~ HlVF RfF."1 IH.:CIfVF.O 
01\0h7 .. 
('10008 n I (lC F5IJ<; ~T(\RF !lr A<;,RIIFF,.1 STORr:: VALIn CHAR 

01(1f "'''if R 
OOOhq 0\1 " l11l! Hll< A I, I IIPOATf CH.t.R COlliljTFR 
(1)071'1 0112 Ill'll AnI( A 3, I IfPI1ATF Tf"RIJF COII~IT 

00071 o t IIJ fB2(1 C'JI( A',a CHECK IF ALL (I CHARS HAVF. BEft.! TRlt.!SlATE 
°ttb OOOIJ 

()I'I072 01111 'I(?h '1RC'"!:' TlH"I\ TR4N5LATF IJEW CHARACTER IF NOT ZERO 
()Oon O"A fq?O C"K AI, an COHPARF FOR fHlFFfR FlIl.L 

011 C 00;>/\ 
nl\(\71J Il II f 'S1l02 RF(F) CRI.P tF Yf~ Sf>')n CR/LF CHU!S THEN PlIl,Jr.H AlIFfF 
00075 0120 <;f72 RR J "Ir.T IF ZERO GO Tn INPUT ROUTINE FOR NEW CHAR 
I\n07f. 1'\ 1?2 f'o7,.,A r'll.p 1.1)10( AL/IlA LOA!) LF CHAR 
00077 0124 Ijbl10 no Ah,I,ItO 
1\0071'\ 11126 IJ710 nTR A7,0./l11 A "If) Sft.!r'I TO TYPEwRt TER 
00n7Q 0128 SC04 RRC(I) .-2 
01\0110 nl2A n10n Lnl< A 7 .Ion I.OAO CR CHAR 
0(10111 Ol2C LJ 110 nTR A 7,0, It I) ANO SENO TO TVP!:wRTTfR 
no ('I A;:> OPE c;cnIJ RA(Ul •• ? 
000113 1\130 IIbQo CTn Ao,O.lIo 
01\01l/l on2 IJcnl'l $C;T U,/\O 
o (In/I .. 0134 'SCOll IIR(IJ) .-? 
nooll/. * 
1\1'10117 .. THr~ ROUTT'IE PI)"ICHfS THF ASCn PROGRAM I')IIJ TAPE 
000111\ • 
1100llQ Ot3b 11201) 1.1110( A2,O ZEROISE flllFf COII/,jTFR 
OOOQI) 0138 IIbFO CYO Ab,\,/30 C;HRT PIINC~ 

OOOQ\ 01 JA scn4 RRta, ... 2 
Ol\OR2 one f348 rO~JT LC A3,8I1FF,A2 L040 CHAR FRn~ RllFf 

I) DE 1')1'51': R 
01\0113 O\UO 1J3'l;0 0TR A3,0,/30 AIIJI) PUNCH 
(l1'l(lQU 01112 C;COIJ RP.(IJ, .-7 
(\OOR<; 01IJIJ '2111 Af\K ~?, I IIPOATF flllFF COUNTER 
oonql> 1)1116 , R/\ I S!IK A I • t ~IJF\ TR AO 1 FRf1M CHAR COIJIIT 
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ASC4 x 4 

011(1'11 n IIII'. '5(1'11' :(~(ll) rO"T ANI) OiF(K F n~ I AS T (1oI4R nnoq/l I'IllJA IH,~~ rTn A". ". ,,,1'1 THF~I 5T('IP PIJNCH nnn'll:) l'lUC I.ICFn ~~T AIl.I'" nnl(1(1 n IIlE 'iC n IJ P~("A' *-i' 
n n! n I Ol'in 1'1);>0 r'~1( 45.0:5 (HFCK Fnp I AS T pp(,)r.pAt.< (HAP 

n!'it' OO;>J 
nOli'll' I'll <;11 'iCAA R~(ll) nllTrT NO? AUfPT "(1~f CHARArTFRS on\llJ n 156 'iF AI' p~ STAPT 
1'l111 Oil Ol'iA TE. "'AliI' I'll'S 

"' TEMpnRARY AIIF"FF~ 1)1'1100; nl'if AI.'FF' PF'S 75 
n n 11'1" ""II) START 

~Y"Rnt TARtI' 

'Iff'; T " nnon P RIIFF I'II<;F P C0NT nne P rql. P nlU P 
'IF(: T'" OIl)A ~ TNrT nOA(1 P PIPT nOR2 R OIITr. T "OAF P ')PCF 1)0"''' P 'qAIH nou p SrnpF nl'l(' Q If "~III' "1<;11 p 
TPAN nOF,? 0 lOHII nnFU R 

D F\! j 'l (\! 



3.69 The program has 74 instructions and in the program listing the start address 

is shown as OOAk. This is so that if your only means of producing program t<;lpes 

is by one of the examples given in this section you can include the MINI-IPL in 

front of the program and load it using the 4x4 IPL routine. If you have access to 

on Assembler and Linkage Editor you will have no trouble in producing a master 

tope of this program, but if you have to load it by hand from the Control Panel 

switches before reproducing it by one of the methods suggested in this section 

great core must be token that you do not introduce errors into the program whilst 

it is being loaded. 

3.70 Program HEXTAP 

this program operates exactly the some way as the program ASC4x4 and all 

instructions regarding the use of that program apply to this program. The only 

differences are that this program operates in Echo mode and the output tope is 

punched in 8+8 hexadecimal format. If you include the MINI-IPL in front of 

the program it can then be loaded from the PTR using the normal IPL routine. 
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HEXTAP 

Ol1l'On 
00001 
1100112 
onnn, 
I)n(1nll 
(lOOI1S 
01'l0n6 
00007 
01'10011 
ooonQ 
oonln 
ono 1 I 
nnnl? 
on01:3 
ono 1 ~ 
!)OOI'S 
00016 
fl0017 
nnOl8 
I)/)OIQ 
0l1n2n 
I)nn?! 
Onn?;? 
1\0023 
()O(l2Q 
(1)025 
nOO;>/' 
on021 

On02/1 
nn02Q 
11111'30 
()n03! 

1)0010 
ono,,; 
0003b 
00031 
000111 

nnnlQ 
onnun 
000£11 
I'nou? 
1l00U3 
000411 
I)nnUr; 

00 AA 
I\OAC 
n114£ 
flnAO 
00R2 
OOl\u 
OOAb 
nOR/I 
OOI\A 
onAC 
n~RE 

noco 
00C2 

OOCU 
nnCb 
nOCIl 
oor: A 
nocc 
nnCF 
nono 
nM)2 
nol'\o 
OM)b 
001'\1\ 

OOI'\A 
nnl'\C 
nonE 
nnfn 

(lOf? 
nOFlI 

noon 

201F 
?OAF' 
t\11)1) 
nJnn 
OIl?1 
Ubl'\O 
'5cna 
linIn 
'5C110 
ObQO 
IJCon 
'5cna 
2Ci1F 

F:021'1 
()O";f 
';/1011 
18111 
'5flC 
FI'\21) 
1\020 
'5nor. 
fD20 
00<'3 
'50?C 

"SUO 
1)111: 
!Jill 
'5Flfl 

1\ 

1\ 

1\ .. 
RfGIIJ 

.. 
1\ 

1\ 

• 
START 

n'ITCT 
1"'CT 
PIlOT 

• 
• 
* 

speE 

• .. 

THIS pRnGPA~ ALI.nws FNGT~fEP~ Tn WPITE ppnr,RAMS ON T~' OPfRA,nRis 
PFPTpf.I[pAt HlO PIIIJC'"B THF pRIlGRAM TAPE IN I1fXADECIMAt Btl! FOR'4AT 

EfJIJ * 
pnpr. RFr.T~+/AA 

T4H'~ RIlUTT~F ACCEPTS C~ARACTER~ FRnM THE np[PATOP'S pERIPHFPAL 
J"I HHO MnOE 

HI T 
TIJH 
Lnl( 
U)I( 

Lnl( 
CTn 
R~ca) 

TMR 
RBca) 
r:Tn 
~S' 
PRell) 
A >.II( 

CWI( 

AF(Nf) 
SilK 
RA 
r:'~K 

PFeF) 
(WI( 

Al,O 
43," 
46, /;?t 
AIl,f,/t 1'1 

.-2 
4'5,1'1,111'1 
·-2 
At.,n,IIO 
All,/10 
·-2 
45,/1F 

AS,/Sf. 

llpCf. 
A 3, I 
'N"T 
A5,/20 

'RHJ 
&'5./2"5 

RF'(F) CRlp 

Ai'll( 
RA 

A3,\ 
T~PT 

IlUTpllT RUFFER COIINTER ZERotsED 
TERnTSf t..,""T !lI'FF!':R COUNTER 

~OOIFIF~ CHARACTER TO 7 DATA BITS 

CHECK TF LAST CHAR WAS TYPED IN fPROR 

THE LA~T CHAR w.~ TyprD TN FRRnp SO 
OOWNOATE CHAR COUNTER AND READ ",F~T C,"AR 
CHErK FOR ~PACE RAP CHARACTER 

GO TO TRl", IF II VALIn CHAR!! JfJ"tlT 
CH[CK FOR END OF PROGRAM • 

STnPF CHAR I~ rEM/HiF 

'IPI'lATf INpliT RUFf'ER COUNT 
r.0 Tn TNP!)T ROIITtfJF 

ZERorH TF"AUF COll>.lTFR 
LOAO SHIFT COUNTER 

Rf" '1 <:'1 



TAP 

1)1l0~h nOH, R2 1'1 II TR A '11 'tIRR A2.A? r:Lf All IIfGT~T"P nOO/J7 OOF/\ l A IJ U SI L A?IJ .,"'tFT C>-lAIIS a PLACFS LfFT 
()O~/JR onFA I'.,ar. u: 45.Tf'<II'IF,A5 r.n rHAR "111'1'" Tf"'~IIF . 0 nFr nl'''' q 
OOO/J9 oOFF ;:>501' A'JK A5./nF SAVE JHr.HT MnST fiJTS 
O/\O'5~ noFI) <1214 AnR A2.AO:; Ann II RIT rHAR fROM .1.'5 INTO A? 
000'5\ nO"2 I 3n 1 AnK A 3.1 IIP!)ATf H'H\\.IF C 1)11'" Tf' II 
on057 noF4 t ro I SilK A 4. 1 I'II'1WNOATf SHTFT rnlJ"iTFR ANI) IF NnT lERn 01'0'53 noF6 O:;Cln RR(N1) TRUJI +2 RIHNCH 4N!) TRANSLA Tf. Nfw CHAR 
nn05!1 * 0000:;'5 * THIS ROIITT~IF ~ TORE' 5 THf. PIII'IGRAM CHARS IN R'IFrFR 
nnO'5h • A 'If' ~FNns CR LF AFTfR un \I At TI') CHAR~ HAVf FlFPJ RfCIF.vr:o 
000'57 #< 

IInO'5" 001'11 112~"i STnRF ST A2.RlIFf,4t I'iTI'IRF. T.,I'I 1\ RtT "r'ICAnfCIMAL CHARIi I'" RIIF 
ooF.!. OjlJ4 "I 

ClIlO'i\) n OF/: 1 1I1? AI'll< A j ,2 IIPI)ATf CHAP COIINTfR 
00000 OOFf" F920 C"II< A I .20 rn"PARf fOR RllfFfR FIILL 

nlOO nOI U 
01\1\/'1 n,1I2 'i00? RF (f) CRlP Jf YES SPII' CR/LF CHARS THE'" P'I'ICH RUFFF o OM.;:> olnu '51"'51. IIR T 'JeT TF lFRn GO T(1 ,,,,pur ROllTJNf FOR NEW CHAR 
on()b3 nl/\/) 1l70A (III P lOI( 47./OA I 0.1.0 LF CHAR 
Ol1061J nInA Ilbnn Lnl( 4h,O lnAO SHRT nUTPUT FOil nf!VICE 
onOb5 01 n A !JbOo Cln 46.1./10 
OOObb n I oC !I 7 10 nTR 47.0./ln ANO Sf"'!) TO TYPFWRtTF.R 
000/,7 nlllE 'lCOII PR (In •• ? 
OOObll 0" 0 1l70n t"l( A1./(ln LOAO CR CIoIAR 
OOOl.q o I 12 41'0 I)TR A7.1l./IO 4o.jl) SENI) Tn TVPfwRITER 
00n70 0114 "iCOll <HI( II) .-2 
110011 n ,'6 111.<10 CTn Ab.II.110 
('1001;:> OItA 4Cl'ln C;5T AU./ln 
Onn7] I11'A 'iCn4 pRell) .-;> 
(\ (1 0 7IJ .. 
0007'5 * THTS ROIITT"IE PIiNCliES THF ASCn PROGRAM 0'-1 TAPF: 
011071> .. 
ot'l077 o I I r. n;>no 11'11( A2.0 7EROrSF RlifF COUNTER 
0007A 011 f 111.1'0 (TO 41..1.1'0 START PUNCH 
non7q 111211 'Ie 1'4 QRCQ) *-2 
I)I'I0lln 0\?2 FJIJA r""T Ir- 43.8'1FF,A2 lOAD CHAR FRO'- HIIFF 

0124 1l11J1J R 
on O/I! n PI> lJ:nn nTR A"5.0./30 ANn PIJI.iCH 
()I)OI\2 0128 "lcn~ RR(4) .-2 
OOnA] n \?A 121'11 AnI< '2.t liP'''' TE ~IIFF cnUNTFR 
nOOll1J 012C I 'In t SilK A I • t SURTlUCT I FROM CHAR COUNT 
onOll5 npf liCI1J1' QR(4) rONT ANI) CHfCK FOR lAST CHAR 
00t'lll6 0130 4bR/\ CTn 4b.0';'S0 THFN STOP PUNCH 
1ll10A7 1\1'\2 UCFI1 ~!\T AlJ./'SO 
000"" 1\"11 'iCIlLJ PR(NA) .-;> 
01'101\'1 nl'6 (1);>0 ("IK 1'5.03 CHfCK FOR UST PROGRAIoI CHAR 

nl'SlI no;:>'S 
1)00<10 nIH 5CIIF: RR (II) oUTcr NO? ACCEPT MORF CHARACTERS 
nl'l'IQI onc 'iF'I1J R~ START 
01'10'17 onf TF~BliF RFS l TFMPOIURY IWFFFR 
nnn<l] nl/j/j 'I'll''' PFS ?c; 
()OOqlj F ~jf) START 

5"'''801 Hill f 

'Ifr.r hl ol'lno Q RUFF 1l1/J1J Q rO~IT n I?? R rill P (11)b Q 

T"'CT OORO P T ~IPT 1'01'2 p nllT!':T oOAE 11 sprF nOC'. R 
~TAQT nOAA Q ~TnRF (lOrA R TF"RI!F onE R TIlAM !)OF2 R 
TQH, 1I1)~f, Q 
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3.71 SUGGESTIONS FOR SOPHISTICATED PROGRAMS 

As a general rule sophisticated programs perform more than one function and are 

longer than 20 instructions (so cannot easily be loaded by hand). An easy way 

to produce these programs is to take routines from simple programs (or routines you 

have written yourself) and link them together adding specific routines to perform 

the tasks you want. The two previous programs are examples of this technique. 

They comprise routines for the operator's device, the Paper Tape Punch, and a 

linking routine that translates the character codes input into either ASCII or 

hexadecimal character code. Make sure that when the same register is used for 

more than one function you do not carl upt data needed in another part of the 

program, that the buffer address is the same, that the displacement value of branch 

instructions is correct for the new program, and that all superfluous instructions 

from either routine have been omitted. The program examples that follow have 

all been produced in this way and should enable you to produce your own programs 

capable of performing specific and more complicated tasks even with a basic system. 

3.72 MI N I-I PL 'Rout ine 

For programs longer than 80 characters some form of software IPL is needed to 

load the final part of the program into memory. You will remember that the 

Bootstrap is programmed to load 80 8-bit characters from the device (whose address 

and input mode are set up on the DATA switches) before it branches to address 84, 

so if we start the MINI-IPL at this address it will then load the rest of the program. 

The first four choracters of the IPL (jFFFF ana 0000) are not used by the routine 

but are needed to make sure that the first instruction of the routine is in location 

/84. This instruction loads the number of characters the IPL has to read into 

register AS. To calculate the character count loaded into A5 count the number 

of locations needed by the MINI-IPL (starting with data /FFFF) plus your program 

and multiply the result by two to give the number of characters. Now subtract 

80 (which is the number of characters loaded by the Bootstrap) and the remainder 

is the number you need to load into register A5. If this number is greater than 255 

you will have to change the LDK instruction into on LDKL putting the count into 

the second word. Make sure that the count is accurate otherwise thelPL will 

either not load all the instructions (count too short) or will load the blonk tape 

of the trailing end as all zeros. In the latter case if only one or two such 

characters are read it should not affect the program, but if the End of tape is 

detected then it will almost certainly cause the program to abort. The rest of 

the instructions form a simple routine to read characters from the PTR and store 

t',em in the address pointed to by register A6, which is the register used by the 

Bootstrap to load the first 80 characters. When this routine has read all the 

characters (register A5's value equals zero) the PTR is stopped and, unless the 

first instruction of your program is Halt, your program is entered and starts to run. 

You can modify this routine to suit your own requirements, for example the start 

address of the program can be changed to any location in memory greater than 

/9E (which is the normal start address) by inserting a Load Constant instruction, 

as the first instruction of the routine, that contains the new start address of the 

program. You will also have to insert an RF or ABL instruction (with the new 

start address as the displacement value) after the RB instruction in location 9C. 

The remainder of the first 80 characters must all be zero otherwise the modified 

IPL will overwrite part of your program. 

R F\!, ) r 



MINI-IPL 

OOOlZ ... 
00013 ... TI<IS IS A MINt TPL FOR IOAOlt.Jr; PAPF~ TAPF r~ ~+A HFXAnECJMAl FnFHUT 
OOOIIJ • 
nOOI'5 0060 FFFF DATA /FFFF 
OOOUl 0082 1)000 DHA 0000 
0('10 t7 00811 1)550 LOK A5,8O UlA.D r,HAR rl')tlNT FOR REST OF PRnGRAM 
ooote 0086 1)101 L()K • t.t LOAn PAfUMF TFIl8 FOIl CIO !'IUIIT 
il~O\9 QO~6 IJlfo CIn Al.1,/?O 4"10 !iF"IO Tn r.u 
flOO<'O (\(\8A r;C~/I RBCN." .-2 
1)0(121 (lOIIC /lFilO INR TNR 47,0,/20 SEND PI~ TO ell 
00022 008E 5COIJ 1lF! (NO .-2 
00023 01)'10 Enq SCR 47, A" !HORF: CHAIHCTEIl ltv LI')OTtO"l 
00024 00'12 \61)1 4nl( Ab,s IIPnUE MF.o.tnRY 'onRFS!! 
n0025 00'14 101)1 Sill( A'5,t nECRf~ENT CHAR CO~NTF.R 

1)002b 00<1" 5CIlC IlA(Nl~ INR AND READ ANOTHER Ct-t.R I' NOT ZFRn 
00021 011<18 /JIAo CTI') .\ ,0,/i!O SEND STOP COtocMNAO TO CII 
OOO?" 00<1' /JFFO SST 47 ,/20 ANn THfN SFNI') SST COMMA NO 
ooo?'1 noQC r;CnIJ RRCNA) .·2 
00030 .. 
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3.73 Program MINDUM 

This program is an example of how to link the MINI-IPL to a program longer than 

80 characters (in this case 82 characters), so that it can be loaded using the IPL 

routine. The program chosen for the exercise was DUMP and the first step was to 

count the number of characters, including the two dummy instructions Data /FFFF 

and Data 0000, which was 82 and therefore two characters too long to be loaded 

with the IPL routine. The number of characters needed for the MIN I-IPL (excluding 

the two dummy instructions shown in the listing) is 26 so the total number of 

characters to be loaded by the MIN I-I PL is 28. T he program tape was produced 

using the program HEXTAP starting with the two dummy instructions, then the 

MINI-IPL and finally by the instructions for the program DUMP (excluding the 

two dummy instructions shown in the listing). The completed tape can now be 

loaded using the IPL routine and the instructions for running the programs are the 

same as those given for DUMP. 

RF\' 1 .()~ 



MINDUM 

00000 
00001 
onl)ll? 
00003 
OOOOIJ 
000015 
I)nol)/' 
ollon7 
onool\ 
OOOOQ 
nllOln 
01'10 I. I 
OOO~2 

ooon 
OOOIIJ 
01l01'5 
00016 
01'1017 
onol8 
OOOlq 
001'1;>0 
000?1 
ooon 
nno:", 
noo?1J 
OOO?S 
011026 
onn?1 
01'1028 
0002q 
I\I'IOlo 
00031 
()0032 
00033 
000311 
00035 
1)01)36 
ooo:n 
0003~ 

1l00H 
1"10040 
00041 
OOOIJ? 
00043 
On0411 
OOOIJS; 
oona/, 

001\0 
0082 
OOI\/J 
OOllb 
nOAll 
00114 
OOIlC 
008E 
onqn 
oon 
ooqa 
00Q6 
00Q8 
nocH 
noqc 

OtH2 

OOA/I 
OOH 

FFFF 
0000 
O<;IC 
01 n 1 
IJIFtl 
<;COIJ 
IIF?O 
<;C1l4 
Fnq 
1601 
101)1 
o;Cnc 
1J140 
IJFE/) 
'\COII 

;>07F 
?OAF 

00047 nOAS 02114 
000411 OOAA n61lF 
OOOlJq OOlC A6nIJ 
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* • 
• .. 
* 
• 
* • .. 
* .. .. 
* • .. 
• 
• 
• 

* • 
• 
START 

• 
• 
\.I 0 IH) 

• 
cnNT 

HlENT 
E()l) 

RnRr. 

""[NnIIM 

* 

THIS PRnGRAM ENABlES THF FNGINEPR TO OUMP A SfLfCTfn 
AREA OF MEMnRV ON EITHER THf ASR OR PER 3100 

TT CO~TATNS THE MfNI-TPI AND CAN AE LnAnEn 
II~[NG THE IPL ROUTINf 

Ln4n THE ~TART!NG AnDRE~~ OF THF ARFA TO RF 
nllt.iPEO INTO REGTSTER A 7 FIIIOM THE CONTROL PANFL 

LOAn THE ENnt~G ADDRF~S OF THE ARfA I~TO 
"FGISTER A8 FROM THE rONTROL PANEL 

PtlSI-l THF IWN ~IJTTnN 

THI~ 15 A MYNT TPL FOR lOADING PAPER TAPE TN ~+R HEXADFCIMAL FORMAT 

nAH 
OATA 
1 nK 
LnK 
no 
RR(NAl 
TNR 
RR(NAl 
SCR 
AnK 
SilK 
RReNZl 
CTO 
~ST 

R!,(NAl 

IFFF" 
0000 
1.<),28 
41, t 
A\,1,/20 
*-2 
A1,O,/20 
.. -2 
A7,A" 
A6.! 
AS.! 
TNR 
41,0,/20 
A7,/20 
*-2 

THE PROGRA~ STARTS HERE 

ero 
lOR. 

'/1.1,/10 
1.1,.117 

LOAD CHAR COIINT FOR REST OF PR(l(;RAM 
LOAn PARA~FTER~ FnR elo START 
ANO SEND Tn CII 

SEND J"IR Tn CII 

STORE CHARACTER t~ LDC'TJO~ 
IIPOA Tf HEt.inRY Anl'HlESS 
OFCREMENT CHAR COUNTFR 
AND REAO ANOTHFR CHAR IF NOT ZERO 
SENO STOP COt.it.iNAD TO CU 
ANO THFN SENn SST eOt.iMANO 

THE PROGR'~ RUNS IN TNHIBIT t.ionf 

LOAD PARA~fTFRS FOR OUTPUT CHARACTER 
WITH EVEN PARTTY 
Sf NO START cnMMANO Tn DEVICE 
LOAD THE CONTENTS nF THE MEMORY ADDRfss 
CONTAINEn JN A7 JNTO At 
LOAD CHARACTER COUNT FOR WORn 
LOAD MASK PATTFR"I 
FIND THE PRTMTAflLE CHAP AOOPFSS It.j TARI F 



MINDUM 

noo." 

ooo';t' 
onO'l3 
00054 
noo<;<; 

011051> 
00057 
000';/\ 
OI')O<;q 

0('1060 
(111061 
I)nol.~ 

OnOb3 
onl)(,/J 
000(,'5 
00066 
I)nnb7 
1)0068 
I')nOhQ 

1)0071'1 
on071 

onAF 
nOllo 
nOA? 
nnA/J 
0(11'11> 
nOAII 
nOAA 
(lI')RC 
OORE 
ooro 
00C2 
onC4 
00C6 
nore 
nOCA 
(lnCC 
nor E 
oono 

001')2 
OODU 
onn6 
I')OD8 
oonA 
none 
nonf 
OOEI') 
00"2 
O()E 4 
00E6 
OOfR 
oorA 

P;<;fl 
nonA 
F50Q 
nOfR 
VII': 4 
IAn1 
<;CI2 
FloA 
OOfA 
IJ310 
5Coa 
120\ 
FA?O 
non/) 
5Cl0 
17n2 
Hot' 
'lOU 

/Jllql) 

acoo 
"iCnll 
'inc 
10JI 
'2·n ,0,,; 
1"17 
18"3q 
01112 
/)"5 a a 
IJ'iIl" 
nAnn 

SVMAOI TAAU: 

RfGI'J ooon R 
OIlCHAR OORC R 

RUFF 
START 

• 

l r: 

SRC 
Sill( 

IH3 (NZ) 

I.C 

nTR 
R II PH ) 
AnI( 

CWI( 

RR ('-If) 
AnI( 
CWf:! 
RR('-IGl 

eyO 
SH 
RReNAl 
RR 
nAH 

CO~IT 

TAALF 

ACj,TAHU',Ab 

A<;,fl IlFf+I,A2 

AI. II 
A2.t 
rONT 
A3,AIIFF,'2 

A3,0,l\0 .-;» 
A 2. I 
A2.6 

nUCHAR 
1.7.2 
A7."~ 
WORO 

AII.0./10 
"".1\ 0 .-2 
START 
'Ot21Qr;67eqA~C~EF' 

/OlOO 
START 

THEN sTORF IN RUFF 

SHT"T TO t~OL4'E NEXT CHAR 
5UATRACT nNF FRnM CHAR CnUNT 
ANO BRANCH RACK IF NOT LAST CHAR IN WORD 
I.OAD CHA~ FRnM BUFF 1NTO "] 

AND ~FNO Tn THF OFvrr.~ 

I)pnATE AliFF CH4R COll"'T 
"Nn CHfCK FOR LAST CHAR S~NT 

"NO 8RANCH flACK JF "'OT LAST CHAR up""" MEHO~V ADDRESS COUNTER 
ANO CHf:CK FOR UST ADDRESS O'jMPl'o 
IF NOT LAST OUTPUT NfW WORD 
TF LAST AODRFSS THEN 
~ENO STOP COMMA~O TO THE OEvtCF 
ANO GH 1lT HUS 

DUMp FINISHED GO TO START OF PROGR"M 

nOlle R 
0046 R 



3.74 Program MEM57 

This is another example of how to link several routines to the simple program 

MEMHAN to produce a sophisticated program that will carry out a check of the 

entire memory without intervention from the engineer unless there is a detected 

error. It is more of a confidence program (after a memory fault has been repaired) 

than a specific test of a selected area whilst trying to locote a fault. The routines 

used are: 

• The MINI-IPL routine so that the program can be loaded using the IPL 

routine. You will see that the only change necessary {from the other 

two listings in this section} is to load the character count register A5 

with a count of 176. 

• A routine to check the size of memory in an unknown system without 

• 

• 

doing a physical check on the cards. The routine assumes a maximum 

memory size of 32K and tries to write in the last location. If unsuccessful 

it subtracts 4K from the address in register A9 and tries to store the pattern 

in the new address. In the original routine when the size of memory had 

been found it branched to a Halt instruction so that the memory size 

could be read from register A9; so for this progrom the Halt instruction 

became the first instruction of the next routine. 

A routine to store the Start and End addresses of the area tested into a 

buffer called MEMADD. The previous routine has already computed 

the End address and this is store in the first ward af the buffer; the 

Start address is the first location after the end of this program and it is 

stored in the second word of the buffer. 

Four Test Patterns and a Software Timer so that the series of test patterns 

will be repeated a number of times (in this case 25). 

• The program MEMHAN slightly modified so that the Start and End 

• 

• 

3 -1 00 

addresses are taken from the buffer MEMADD instead of from registers, 

and the Test Patterns would be selected automatically. 

Routines to compute the New Start and New End addresses, to compute 

the New Load Area for the program, and to compute the New Addresses 

for the buffers for MEMADD, Test Patterns, and Timer. 

A routine to transfer the program to the New Load Area {which will be 

REV. 1 

in the top end of memory) ond to re-start the program MEMHAN so 

that it checks the bottom end of memory. 

Once the program has been loaded it starts automatically and when it has 

checked the complete memory it stops on a Halt instruction that has been loaded 

into the last address of memory. If an error is detected during the running of the 

program it will stop on the HLT instruction in the Read routine and you can use 

the same technique, to check the location in error and the Write ond Reod potterns, 

as described for MEMHAN. 



MEM57 

Onnlll1 ynplT "["'i7 
ooonl .. 
1'1 (I n 1'1;> .. nn'l PRnr,PA" TF!'IB THI'" niT IRE" '"F"'nRV 
onOIl' .. 
onnou IInnn R I" G r~' f'nll .. 
00000::; I1npr. Rf:r.I>J+/RO 
onO(l1- .. 
on007 .. T~T'l TS A "HIT rPL F()P I nAnyw; PApfP TAPf Jill R+II HF'l(Anu: PUt Fnp"'AT 
00(\1\11 .. 
()nonll OORn FFI'"F '''laTA IFFFF 
onn In nnA? 1)0(10 nATA nono 
nn (\ I I nnAIJ n51'1n t nK 65.17/, , (1 A {) r~AP rnl'~'T "OR RE'lT OF PRnGRA" 
onnl" OI')A" n, III InK A I • 1 I nAn PARA""TfPS FOP CIn START 
I)nn'3 nnAA /J I" 0 ("Tn A I. I ./?O ANn SEllIn Tn CII 
Olin III nOAA "i( 1')11 111'1 ('lA' .-? 
011(\1<; (lnRC IJF?o T"P T"IR A7.0./?0 ~F~'r" T"''1 Tn CII 
00011- nnH "iC nlJ PA (~JA' •• ? 
(111011 nnllo F7"\Q :'i!:R A7 •• " STn!?f CHARAClr:r~ TN LOCATION 
0 11 0111 OOIl? '/,n, AnK A/,. I l,pnATE ",,,"'MY Ar)()PF:SS 
0001 0 no'lLl Inn, 'lilK A 5. I nEe RFMF NT ("HAR CnU"TFR 
ono?n 00'11, "iCor: OR("'?, HIP HHl PfAD A"OTHFP CHAR TF "1'11 ZFRn 
nOIl?1 IlI1'lA II tAn r:Tn At.o,/?O SfND ST!)P r:O .... "'.n TO ell 
nl'ln?;> nllQA IJFF n S'!T A7./;>0 Alllr" TH"'" s""n ~ST r.O~"A"'n 
nO();>' OOQr: "cno PA(MAl •• ;> 
on(l;>LJ .. 
Olln;><; .. T4I~ RO"TTNF rO Io4 PlfH:'i T HF Io4FlAnRV ~ T 7f 
Ollll;>/- .. 
0110;>7 nOqF P.1;>1I 'lTART l. nKI, A7./<;55'5 TEST PATTI''''''' 

nOA(l ""'i'i OOO?R no A? lllAO l n~1 AQ./Fr:no LnAr" "'.Xt ... ,,104 "F"r"RV SHE 
Ol'lAO FC/l1I 

ono;>Q OOAb 117;>7 rn"p STR A7.AQ TPY TO ST!)p~ PATTFRM 
onn,(I I'I0AA 1"1"'" CI~R. 47.AQ (:H"CI( TF LnCATTo'" FlCTSTS 
nil n" /lOU <;001- I>F(O~ OARl"S vB7 (;0 Tn PROGRAM 
Olin,? I) n U: QQAn '\111<1 AQ./;>nn() "'07 Sl)RTRACT LJI( 

I'InH ?OOO 
nl)n,,~ nOl>o "iFnI: PR f(l"P Hlf) TRV A(;AJN 
nil n ,IJ .. 
olln~<; • T4T!'l RnIITT"IF I nADS THf ~TAPT Allin F~m 'onRESSfS 
nno,,., .. 
0/l~,7 nn~;> AIr I PAPAl-'S 'IT AQ.'-'FIoIAnn ~TOQf PJI) Af')nR"S~ 

OORLJ l'Iorll P 
QOn'V nO"1> 1\ 1 An I r'lli I AQ,/1I1n ,-OAn STAP T Ar)ORfSS FnR WRITf/R"An PI)IIT'''I 

oORa II 1 lin 
non,Q I)/lRA '11r:1 '\T AQ,"F'4Ar)n+;> H1n STnRF IN Mf"'A(ln RUFFER 

IIoRe IIl)r? 1'1 
nil n IJ n OOAF "i711F I'll" (1' I nAn .r.n Tn 'ITIHT I'll' WRtTF/RFln RO'fT T"'F non IJ 1 .. 
1)11 OIJ~ it 

Oil n /1"\ II/\r:~ /\1111(1 "f",('In nA TA 0 RtSfPVF TO lnr:ATTn~'s 



EMS? 

1)(10411 On!:2 00110 r14 TA 0 FO!) "E"Mnlly Ann!)FS~FS 
onnq" • 
OO(llJb OOC4 "5<;<; PATU' nATA 15')<;'5 Tf ~ T 
nooa7 00C6 AU A I'lATA IAbAA PATTFIlIIIS 
OOO/J/\ nnC6 FFFF nATA IFFfF FOil WIlTTF 
OOO/J9 norA onl'll'\ t'AlA 10000 RE"4n 
000<;0 '" OO(1'il nnrc 1'\(\19 TIMf!) nATA ;:>5 SnFTWARE TT'1fll r('\II~IT 
ooo,);? • 
Of\o,)~ .. T'1fllf IIIISTRIICqO"lS PRfPARF TOll' PIlI'lr.I'UIo! PARA"'FTEIlS 
OOO'i1J • 
000"'5 non oron l "AD l nK 47,0 7fRorSf PF.PF.:AT cnU'ITF.'Q 
O(lOS/oo oonn n2~n I I')Anl UlK A2.0 7ERO'Sf PATH'RIII CI'lI)IIITfR 
onnC;7 11M)!, I\srA LI')PAT II) At"\, PA n:lII, A2 I 0'" TFST PATTFR"J 
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