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EXTENDED ARITHMETIC UNIT DIAGNOSTIC 

This diagnostic program confirms proper operation of the HP 12579A Extended 

Arithmetic Unit (EAU) option for the HP 2115 and 2116 computers. 

The program tests the EAU instruction set (i.e., OLD, DST, MPY, DIV etc.) by 

running non-EAU subroutines and EAU instructions with the same arguments and 

comparing the actual results with the expected results. 

HARDWARE CONFIGURATION 

This program runs on an HP 2115 or 2116 computer (4K minimum core size) with 

the HP 12579A EAU option. A teleprinter can optionally be included to report 

diagnostic messages during execution of the program. 

FUNCTIONAL AND OPERATIONAL CHARACTERISTICS 

Since the actual EAU results are compared with the expected results obtained 

by running the non-EAU routines, the diagnostic should be executed only 

afte:r the following diagnostics have been successfully executed: 

Il Alter-Skip Instruction Test 

Il Memory Reference Instruction Test 

Il Shift-Rotate Instruction Test 

Il Teletype (TTY) Diagnostic (if a teleprinter is used) 

If the teleprinter is used, the SIO teleprinter driver is loaded and con­

figu:red first. Then the diagnostic program is loaded and optionally con­

figured by setting the SWITCH REGISTER as shown in Table EAU-1. The con­

figuration process loads the hardware SWITCH REGISTER bit settings into an 

internal switch register, which is read by the diagnostic during execution 

(if hardware SWITCH REGISTER bit 0 is set OFF). 
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To modify the program options during execution, set the SWITCH REGISTER bit 

0 ON and set the other program option bi ts according to Table EAU-1. With 

SWITCH REGISTER bit 0 set ON, the diagnostic ignores the internal switch 

register and reads the hardware SWITCH REGISTER to determine program control. 

The program can be reconfigured at any time by starting the program at loca­

tion 111
8
*, setting the SWITCH REGISTER program option bits and pressing RUN~ 

(See Operating Instructions, step h.) 

To avoid reconfiguring the driver and diagnostic before subsequent uses, load 

the SIO System Dump program and use it to punch a paper tape copy of the con­

figured driver and diagnostic. 

To start a run of the diagnostic after configuration is complete or after a 

configured tape has been loaded, set the computer to the starting address, 

select program options by setting the SWITCH REGISTER as listed in Table 

EAU-1 and press RUN. 

If an error is detected, the program can print a message on the teleprinter 

and/or halt with a value displayed in the computer MEMORY DATA Register, 

depending upon the SWITCH REGISTER settings. (See Diagnostic Messages.) 

If a trap cell halt occurs, the computer displays 1060xx (xx = the trap cell 

location). The cause of the halt must be determined by the user; after the 

error is corrected, the user restarts the program from location 100
8

. 

LIMITATIONS 

This diagnostic is a unit diagnostic. No system interaction with the Direct 

Memory Access (OMA), Memory Protect, or Memory Parity options is checked. 

*The program can be configured starting at 2
8 

only after loading and before 
the SIO System Dump is loaded or the program is run for the first time. 
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This diagnostic does not check the EAU in single cycle operation. 

This diagnostic does not test that the CRS signal resets the EAU option. 

PROGRAM ORGANIZATION 

This diagnostic consists of ten sections; each tests one of the ten EAU instruc­

tions: 

Test 
Number (octal) Name 

1 DLD (Double Load) 

2 DST (Double Store) 

3 MPY (Multi ply) 

4 DIV (Divide) 

5 ASR (Arithmetic Long Shift Right) 

6 ASL (Arithmetic Long Shift Left) 

7 LSR (Logical Long Shift Right) 

10 LSL (Logical Long Shift Left) 

11 RRR (Rotate A and B Right) 

12 RRL (Rotate A and B Left) 

The diagnostic executes the ten sections in sequence. One pass through the 

diagnostic is defined as 1500 loops through the ten sections. A loop is 

defined as execution of all ten sections with a new argument generated for 

each section (program option bit 6 set OFF for all ten instructions). If 

program option bit 6 is set ON at any time before or during any execution of 

the ten sections, the loop is not counted toward the 1500 which constitute 

a pass. 
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MEMORY ALLOCATION 

The arguments generated before each instruction test (as long as program option 

bit 6 is set OFF) are Located in specific areas of core. (See Figure EAU-1.) 

Before each EAU instruction test (except DLD) the A- and B-Registers are loaded 

with the contents of RNA and RNB respectively. For DLD, RNA and RNB are ex­

pected to be in the A- and B-Registers after the instruction is executed. 

Bit 0 of the contents of RNE and RNO are set Into the E and OV Register, respec­

tively, before each EAU instruction. RNM holds the multiplier for the MYP 

instruction and the divisor for the DIV instruction. 

The expected and actual results of each instruction test are also stored in 

memory in fixed locations. Figure EAU-1 shows where they are stored. 

To check an instruction using specific arguments (supplied by the user), the 

argument storage locations can be set manually through the front panel. Once 

the arguments have been loaded into core, the diagnostic is run with program 

option bit 6 set ON. For shift/rotate tests, the shift value is set in SHFT 

(memory location 1178). 
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112 

113 

114 

115 

116 

117 

RNA 

RNB 

RNE 

RMN 

RNO 

SHPT 

A-Register contents 

B-Register contents 

E-Register contents 

Multiplier/divisor 

OV-Register contents 

shift count for shift/rotate instruction 

# indirect addressing levels (0 = direct) 

working arguments 
before instruction 
is executed 

120 IL# 

121 EA 

122 EB 

123 EE 

124 EO 

125 AA 

126 AB 

expected A-Register result } or expected double store 
result expected B-Register result 

127 

130 

131 

132 

132 

expected E-Register result 

expected 0-Register result 

actual A-Register result 

actual B-Register result 

AE actual E-Register 

AO actual 0-Register result 

SA } 
SA actual double store results 

SB 

Figure EAU-1. Fixed Core Locations For Arguments And Results 

The E-Register (loaded with bit 0 of RNE before the EAU instruction is executed) 

is not expected to change after execution of the EAU instruction and an error 

condition occurs if it does not remain intact. 

The OV-Register (overflow) is loaded with bit 0 of RNO before execution. The 

OV-Register is tested after instruction execution in the same way as the E­

Regi ster, with the expected results shown in Figure EAU-2. 
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DST 

DSD 

RRR 

RRL 

LSR 

LSL 

ASR 

MPY 

DIV 

ASL 

} 

should not change 

should always be 0 

should be 0 unless a divide error occurred, then it should be 1 

should be 0 unless a significant bit was shifted out, then it 

should be 1. 

Figure EAU-2. OV-Register Expected Results 

DIAGNOSTIC MESSAGES 

Two kinds of messages, general and error, are typed on the system teleprinter. 

The general messages are typed only if program option bits 1 and 10 are set 

OFF. The general messages list as follows: 

Message 

EAU DIAGNOSTIC 

EOT x 

END OF PASS x 

EAU-6 

Description 

An introductory message printed only at the beginning 

of the diagnostic. 

This message is printed before an "end-of'test" halt 

(program option bit 15 set ON). xis the octal test 

number. 

The "end-of-pass" message is printed at the end of a 

diagnostic cycle where x is the decimal pass count. 



Error messages are printed if the hardware includes a teleprinter and only if 

both program option bits 1 and 11 are set OFF. All error messages are prefixed 

with "E-x," where xis the octal number of the test where the error occurred. 

The prefix is followed by the mnemonic instruction name. If the instruction 

test is in the shift/rotate group, the octal shift count follows; if the in­

struction was not shift/rotate, the indirect addressing counter, IL = x, is 

indicated, where x is the number of indirect addressing levels. 

If the register or core results fail to match the expected results, the 

actual contents and the expected contents are printed. Only registers that 

failed are printed; all others are assumed correct. For all instruction 

tests except DLD and DST, the original contents before execution of the B-

and A-Registers are listed as part of the error message, whether the regis­

ters failed during execution or not. The E- and OV-Registers are never listed 

unless they failed. 

For Example: 

E-1 DLD IL=4 B,A = 052352 122516 SB 052352 066421 E=O SB 1 OV=l SB 0 

This message occurred in test 1 (DLD instruction) with the instruction 

executed at the fourth indirect addressing level. The B,A,E, and OV results 

did not compare with the expected results. 

E-11 RRR 20 B,A WAS 000007 000003 B,A = 000003 000006 SB 000003 000007 

An error occurred in test 11 (RRR instruction) with the shift count set at 

208 . The original B- and A-Register contents are shown, regardless of 

whether or not they failed (which they did). The current values and the 

expected values are both shown to indicate that the registers failed. 

E-5 ASR 20 B,A WAS 154056 166602 OV=O SB 1 

The error occurred in test 5 (ASR instruction) with the shift count set at 

20
8

. The B,A Register contents before execution are reported, but they did 

not fail. Only the OV-Register failed. 
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The abbreviations used in the above messages are: 

Abbreviation 

A 

B 

E 

ov 
M 

SB 

IL 

A-Register 

B-Register 

Meaning 

If at beginning, signifies error message; 
otherwise, E-Register. 

OV-Register (overflow indicator) 

Core memory 

Should be 

Indirect addressing level 

The B-Register contents is always listed before the A-Register contents. 

Memory, B, and A-Register contents are listed as six octal digits. The 

octal shift field is two digits. 

COMPUTER HALTS 

If no teleprinter is available for error reporting and if program option bit 

14 is set OFF, the computer halts when an error occurs with the actual register 

results loaded into the A,B,E and OV-Registers. (For a DST instruction, A,B 

contain the results actually double stored.) After an error halt, check the 

memory locations listed in Figure EAU-1 to find the working arguments and the 

expected results. 

Other halts and their causes are listed below in Figure EAU-3. 
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Memory Data 

1020xx 

102076 

102077 

l060xx 

107000 

107077 

Meaning 

Error halts (xx = test #) 

End of test halt (A+B +test #) 

End of pass halt 

Unexpected trap cell halt (xx 

Start of configuration halt 

End of configuration halt 

Figure EAU-3. Computer Halts 

select code) 



Table EAU-1 

, ___ ,,__ Program Options--SWITCH REGISTER Settings 

6 5 4 3 2 

Bits Function 

0 Set ON to use the external hardware SWITCH REGISTER 
settings. Set OFF to use the internal switch regis­
ter settings. 

1 Set ON to indicate that no teleprinter is available. 
Set OFF to indicate that a teleprinter is being used. 

2-5 Spares 

6 Set ON to suppress the number generator at the begin­
ning of each instruction test. Set OFF to generate 
new arguments for each execution of an instruction 
test. 

7 Set ON to suppress the indirect addressing portions 
of the instruction tests. Set OFF to execute the 
indirect addressing portions of the instruction tests. 

8 

9 

10 

11 

12 

13 

14 

15 

Set ON to repeat the current test with new arguments 
if bit 6 is set OFF. 

Set ON to break out of any test which finds an error. 

Set ON to suppress non-error messages. 

Set ON to suppress error messages. 

Set ON to halt the program at the end of a pass. 
(MEMORY DATA Register = 102077 8.) 

Set ON to repeat the current test with the same 
arguments each time. 

Set ON to suppress halting the program upon finding 
an error. 

Set ON to halt the program at the end of a test. 
(MEMORY DATA Register = 102076

8 
and A- and B­

Registers contain the octal test number.) 
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OPERATING INSTRUCTIONS 

a. If a configured version of the diagnostic is available, load it with 

the Basic Binary Loader and skip to step e; otherwise, if a teleprinter 

is included in the hardware, load and configure the SIO teleprinter 

driver. 

b. Load the binary object tape using the Basic Binary Loader. 

c. If an internal switch register is to be used, then configure the 

diagnostic as follows: 

1. LOAD ADDRESS 2
8

. 

2. Press RUN. The computer halts with 107000
8 

in the MEMORY 

DATA Register. 

3. Set the SWITCH REGISTER according to Table EAU-1. 

4. Press RUN. The computer halts with 107077
8 

in the MEMORY 

DATA Register. The internal switch register now contains 

the desired options. 

d. If desired, use the SIO System Dump program to punch a copy of the con­

figured diagnostic (only if the teleprinter driver was loaded). 

e. LOAD ADDRESS 1008. 

f. Set the SWITCH REGISTER for any desired options according to Table EAU-1. 

g. Press RUN. 

1. If program option bits 1 and 10 are both set OFF, the diagnostic 

types a preamble message and starts the first test. 

2. To access a specific test, set program option bit 15 ON. The pro­

gram halts at the end of each test with 1020768 in the MEMORY DATA 

Register and the test number in the A- and B-Registers. Press RUN 

to continue to the next test. If necessary, set program option 

bits 11 and 14 ON to suppress error halts and error messages until 

the desired test is reached. When the desired test is reached, set 

program option bit 15 OFF, and set program option bit 8 ON. The 

test ~s looped with new arguments each time. 
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3. Normally, the program should be run with all program option bits 

set OFF. If an error is found, the program prints a message. If 

no error is found, the program cycles once approximately every 

minute. If errors do occur, set the program option bits according 

to Table EAU-1. 

h. To reconfigure the internal switch register, LOAD ADDRESS 111 8 and perform 

steps c-2 through c-4. 
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APPENDIX A 
DIAGNOSTIC CONTROL 

The following is a description of diagnostic control within the OLD, DST and 

ASR tests. Control for the MPY and DIV tests is similar to the OLD test. 

The ASR test is representative of all shift/rotate instruction tests. 

OLD Test 

OLD Tests the "double load" instruction as follows: 

a. If program option bit 6 is set OFF, the program generates new arguments. 

If program option bit 6 is set ON, then previously generated arguments 

are used. 

b. The indirect addressing level counter is cleared. 

c. The expected results (obtained by the non-EAU routine) are computed for 

later comparison. 

d. The actual EAU instruction is modified to reflect the level of indirect 

addressing (level 0 is direct). 

e. The E- and OV-Registers are loaded with bit 0 of generated arguments RNE and 

RNO respectively. 

f. The A- and B-Registers are cleared. 

g. The DLD EAU instruction is executed and the expected results compared 

with the actual results. 

h. If no errors exist, the program continues with step i; if an error is 

found, DLD test performs the following: 

1. If program option bit 1 is set OFF (indicating that a teleprinter 

is available) and if program option bit 11 is set OFF (indicating 

that error messages are to be printed), then an error message is 

printed on the teleprinter. If either program option bit 1 or 11 

is set ON, the error message is bypassed. 
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2. If the program option bit 14 is set ON, the program jumps to step 3. 

If program option bit 14 is set OFF, then the program halts. Press 

RUN to continue the program. 

3. If program option bit 9 is set ON, the program jumps to step k. 

Otherwise, the program continues below. 

i. If program option bit 13 is set ON, the program loops back to step e. 

Otherwise, it continues below. 

j. If program option bit 7 is set ON, the indirect addressing tests are 

skipped. If program option bit 7 is set OFF, then the program increments 

the indirect addressing level counter. If the counter value is less than 

5, the program loops back to step d. If the counter is equal to 5, then 

the program continues below. 

k. If bit 15 is set OFF the program jumps to step 1 below; otherwise, the 

following occurs: 

1. If option bi ts 1 and 10 are set OFF, the "EOT l" message is printed. 

If either program option bit 1 or 10 is set ON, the message is by­

passed. 

2. The program halts with 1020768 in the MEMORY DATA Register. The A­

and B-Registers contain the test number (1). Press RUN to continue. 

1. If program option bit 8 is set OFF, the program continues on to the next 

EAU instruction test. If program option bit 8 is set ON, the program 

loops back to step a. 

DST Test 

DST tests the "double store" instruction as follows: 

a. If program option bit 6 is set OFF, new arguments are generated. If 

program option bit 6 is set ON, then previously generated arguments 

are used. 

b. The indirect addressing level counter is cleared. 

c. The EAU instruction is modified to reflect the level of indirect 

addressing (level 0 is direct). 
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d. The expected results (obtained by the non-EAU routine) are computed and 

stored. 

e. The DST EAU instruction is executed and the expected results compared 

with the actual results. 

f.. If no errors exist, the program jumps to step g. If errors are found, 

DST performs the following: 

1. If program option bi ts 1 and 11 are both set OFF, an error message 

is printed. If either bit 1 or 11 is set ON, the message is 

suppressed. 

2. If program option bit 14 is set OFF, the computer halts with 1020028 
in the MEMORY DATA Register. The program continues when the oper­

ator presses RUN. If program option bit 14 is set ON, the program 

does not halt. 

3. If program option bit 9 is set ON, the program jumps to step i. 

If program option bit 9 is set OFF, then the program continues 

below .. 

g. If program option bit 13 is set ON, then the program repeats the test 

using the same arguments (loops to step d). If program option bit 13 

is set OFF, the program continues below. 

h. If program option bit 7 is set ON, the indirect addressing tests are 

skipped. If program option bit 7 is set OFF, the indirect addressing 

counter is incremented. If the counter value is less than 5, the pro-

gram loops back to step c. 

i. If program option bit 15 is set OFF, then the program jumps to step j; 

otherwise, the following occurs: 

1. If program option bi ts 1 and 10 a.re both set OFF, then "EOT 2" 

message is printed. If either program option bit 1 or 10 is set 

ON, the message is bypassed. 

2. The program halts with 1020768 in the MEMORY DATA Register. The 

A- and B-Registers contain the test number (2). Press RUN to 

continue. 

level 
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j. If program option bit 8 is set OFF, the program continues on to the next 

instruction test. If program option bit 8 is set ON, the program loops 

back to step a. 

ASR Test 

ASR tests the "arithmetic long shift right" instruction as follows: 

a. If program option bit 6 is set OFF, new arguments are generated. 

If program option bit 6 is set ON, then previously generated arguments 

are used. 

b. The shift counter is cleared if switch 6 was OFF. 

c. The non-EAU subroutine is executed to obtain the expected results. 

d. The actual EAU instruction is modified to reflect the shift level. 

e. The registers are initialized. 

f. The EAU instruction is executed and the expected results compared with 

the actual results. 

g. If no errors exist, the program jumps to step h. 

If an error is found, ASR performs the following: 

1. If program option bits 1 and 11 are both set OFF, then an error 

message is printed on the teleprinter. If either program option 

bit 1 or 11 is set ON, the message is bypassed. 

2. If program option bit 14 is set ON, the program jumps to step 3. 

If program option bit 14 is set OFF, the program halts with 1020058 
in the MEMORY DATA Register. The program continues when the 

operator presses RUN. 

3. If program option bit 9 is set ON, the program jumps to step j. 

Otherwise, it continues below. 
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h. If program option bit 13 is set ON, the program loops back to step d. 

Otherwise, it continues below. 

i. If program option bit 6 was ON at the beginning of the instruction 

test, the program skips to step j. Otherwise, the program increments 

the shift counter and checks to see if the counter value is equal to 20. 

If it is less than 20, the program loops back to step c. Otherwise, it 

continues below. 

j. If program option bit 15 is set OFF, the program skips to step k; other­

wise, the following occurs: 

1. If program option bits 1 and 10 are OFF, the "EOT S" message is 

printed. Otherwise, the message is bypassed. 

2. The program halts with 1020768 in the MEMORY DATA Register. The 

A and B registers contain the test number (S). Press RUN to 

continue. 

k. If program option bit 8 is set OFF, the program continues on to the 

next test. If program option bit 8 is set ON, the program loops back 

to step a. 
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EXTENDED ARITHMETIC UNIT DIAGNOSTIC 
(REV. B) 

BINARY TAPE 24186-60001 

SOURCE TAPES 24186-80001 
24186-80002 

SOURCE LISTING 24186-90001 
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TITS 1111199 
AIRL 1981111 
AAAC 11111ee 
AlttR f~lll84' 
AIR! f811ll6• 
Al•U tJtlt tee 
AIR! faette• 
TITS t9121t0 
AILL 11811 ti 
AILC Cllltt 3 
ASLR 11811 t "I 
AILI 1182121 
AILt CHtl133 
AIL! ltltt37 
TIT7 tHJlt43 
l8RL •tatt.t5 
L.IRC 111149 
LIRR ttllt92 
LIR? &Jiit 941 
Ll•t tJltt•• 
Ll9'! .,.1112 
TIT ti ,,,,t 18 
LILL 1~11111 
LILC IJll21l 
LILR 1111119 
LILI 119211'1 
Lilt ltlt211 
LILE IJfJlll9 
TSTtl 1181231 
ARAL 1181133 
RRRC eiett34 
RRRR CH3f240 
ffR-. I ~•t2•2 
"RIH e1112e.i 
~RRf l'UJt281 
T8Tt2 All2t14 
~RL\. 0131266 



PAGE CHJ86 

RRLC 1"1112&7 
R•L~ 112113 
RRL! 111279 
ttRLI 111317 
"RL! 111313 
IOP ltl3JI 
NIXT2 111131 
DON! (1111399 
!0'1 111381 

· EJUtTN .111313 
!NO 111381 
•• NO !R"ORI• 



PAI£ llJl!t7 #CH IAlJ DIAGNOIT!C 

8011 
IH3 11111 
1114 ••••• 

ASMl,A,l,L 1 T,C 
ORI I 
IU, IUPPRlll !IT!NDED STRINGS 

lllf• A T!LIT''' OR LIST D!VJC! II OPTIONAL • IUT ftlCOMMEND!O ... ,. 
1111• S011'TWAltl R!IUIRIMENTS AR!t 
lltt• llNARV C).l'JICT TAPE 
tltl• 110 D8f~ER 'OR LIST DIVtCI (0,TIONAL) 
Ill I• /./"'/ 
lltl• TMf~~oN,!IURATION ADDRfll JI OCTAL I OR OCTAL 111 1 

1113• TMl! DIAINOIT!C ITAltTS AT OCTAL LOCATION tit ••t••"_, 
1119• NOT[ • RUN THIS DIAINOIT!C ONLV A,T!R TM! 'OLLOWING HAVE BEEN 
1816• 8UCISl,ULLV EXICUT!OI 
1111• ALT!A•lklP INIT•UCT!ON TEST 
Ill 8• M!MORY ftl,!JtlNC!' tNITRUCTIO.N T!IT 
lltt• IHl'T ROTAT! tNITRUCTION T!8T 
1111• DIAGNOSTIC ,OR LllT O!YICt Cl' A LllT D!YICI IS TO BE Ul!D> 
18111• 
1111• .,.,. ...... ... ,. 
••••• 8111• 
1111• ••••• 

C!OMPUT!R HALT I 
T•l911XX !~RO• MALTI (XX•TllT#) 
T•tltl11 !NO 0, TllT HALT (A•l•TflT#) 
T•tll117 !NO 0, 'All MALT 
T•tlfllX UN!XP!CT!D , •• , CILL HALT ex~ 
T•tl1111 ITART OF CON,IGURATION HALT 
T•tl,117 !ND 0, CON,llURAf!ON HALT 

• IEL!CT COO!) 

1831• 8W!TCH S!TTtNOS 
1131• 
1131• .. ,,. 
113~ .. 
183l'* 
11!1• 
1131• 
1131• 
1139• 

••••• •••t• ...... ... ,. 
••••• ... ,. 
•••&• 
18•7• 
••••• 

l9WITCH 
l ft 
t• 
13 
t2 
1 1 
10 

9 
8 
1 
6 
9 
.c 
3 
2 
1 
0 

M£ANINC I, SET OR UP 
HALT AT ENO 0, TEST (A•B•T!ITI) 
SUPP•!ll ERRO• HALTS 
RfP!AT LAST TllT WITH IAMI VARIABLES 
HALT AT IND 0, PAii CHLT 17) 
IUPPR!ll !AROR MEllAlll 
IU,,R!ll NON•!RROR M!llAC£8 
8R!AMOUT O' Tf IT ON !RROR 
LOOP tN TflT • NIW DATA IF SW. e IS DOWN 
9K!P INDIRECT ADDRllllNO T!ITS 
SUPPR!SI TH! NUMl!R l!NIRATOR 

INDICATES THAT NO LIST D!VIC[ II AVAILABLE 
US! !XT!•NAL SWITCH R!IJSTIR 



PAG! 0188 t~1 !AU DIAINOITIC 

1111• 
1111• 
1111 ... , 
1114 

•••• •••• ... , 
•••• ... , , ... •••t 
1113 

••••• 1119 

•••• ... ,. 
•••• ... , .. ,. .. ,, .. ,. 
1113• .. ,. .. ,. .. , .. 
1177 .. ,. .. , .. 
•••• 1111 
1111 

'AU MACRO COD!S WITHOUT BIT 15 

e•111 

••••• 11111 .... , 
11111 ..... 
Wtl·41 , ..... 
lttlf' ,,,,. 

""'"' 
98110 
CHttll 

1111·1 
11117 
11e111 
llllt 
lll•tl 

11118 

111416 

ftl99fJI 

••ti! 811387 

11117 
11117 181383 

11111 
lltSI ....... , 
18! t t "'"''' 

DLD !CIU •1119 
DST !GU •4111 
~PV !IU 1111 
DIV !IU •Ill 
AIR !IU !1119 
AIL !IU tll 
LIR !GU tl.fll 
LIL !CIU •II 
ltrtR !IU lllll 
ftRL !GU tlll 

JM' CON,I 

ORI 1118 
JM, START 

LllT !IU 1111 
!JCIC EfJU 1111 
A rou " 8 llU t 
CRL' !CIU 84111 

0110 1118 
D(' !ND 

O"G 1178 
DI' !XttTN 

ORG tlll 
NOP 
JMP CON'S 

DOUILI LOAD 
DOUILI ITORI 
MULTl'LY 
DIYJDI 
ARITMMITIC IHI'T RllHT 11 
ARITHMITIC IHl'T L!'T ti 
LOl!CAL IHl'T •ltHT ll 
LOllCAL IHl'T Ll'T 16 
ROTATI IUIHT 11 
"CITATI t.l'T ti 

CIO CON,llU•I 

10 ~UN IAU DIAINOITtC 

LINK TD 110 LIST DRIY!R 
LINK TO O!AINOITIC MONITOR 

AICll CARRIAG! lt!TURN/LIN£ ,!.!D 

LAIT NORD ADDR!ll • fOR 110 DUMP 

RITURN AOD•Ell ,ROM lk!C CALL 

l!CONOARY ENTRY POl~T • NOT US!D 
00 CON,IGUR! DIAGNOITIC 



PAGE ~·~o #It CONSTANTS, VAR!AIL!8, M!llAIEI, !Tc. 

918• 
1111 
1111 
1117 ... ,, 
•••• •••• 1191 •••• 1113 ... , 
•••& 
•••• llt7 
llt8 

•••• 1191 
lllt• 
ISll 
1113 
1114 
IUJI 
Ill& 
1111 
1118 
118t 
11111 
lltt 
ltll 
8113• 
ltt• 
llll 
1118 
llt7 
lttl 
ltlt 
8111• 
1111 
8111 
1113 
811• 
ltll 
8111 
1111 
11118 
lllt 
ease 
It JS 
BISI 
1133• 
113• 
llJI 
ltJt 
lt37 
1131 
ISJ9 

Al :l l I 11 11811 
··~l 13 1111111 
111l t' •••••• 
811l 11 1111111 
11n te 1111e11 
••1t t1 •••••• 
••t~lfJ •••••• 
lltlll •••••• 

111t21 '''"' llttl3 111111 
llSI• 1111111 
18t2! ,,,, •• 
811f26 , ...... 
fll 1111 tt9G811 
•• t, 3f'J ,., ••• 
111.31 , ••••• 
01t.32 •••••• 

11133 110131 
9113, •••••• 
llt39 •••••• 
81131 llftltl 
91131 •••••• 
81148 •••••• 
llt4l 171717 
eet•I 11tt111 
11143 ...... . ••t•• llfllll 
11!41 , ••••• 

ees .ae 111•1•1 
11141 •••••• 
81191 l llJ 'I 41 
••tit ,.,,.,, 
111,11 1111111 
91193 101191 

81194 811817 
19191 811111 
111ee 111111 
'"' ,, 181111 
111 •1 •••• l' ., .i. t 8 t ., •• , •• 
11111 •••• ,. 
11181 ••• , •• , 
111\811 ,,,,,. 
11159 ... ,.,,, 
llt 18 IHHl!lf 
l'IHl1 8111317 

,. t :,. llttll 1 
llt:,t tlll 18 
011'.J't ,,.,,. 
18 H' 3 II UJll 
Bit:'" Alllll 
lfJ t '.,8 t Bll8fJ 

RNA NOii 
RNI NO, 
RN! NO, 
ftNM NO, 
RNO NOit 
IH'T NO' 
!l..# NOii 
!A NOii 
18 NOP 
!£ NO' 
!O ftifOP 
AA NOP 
AB NOP 
AE NOP 
AO NOP 
SA NOP 
SB NO' 

DIA O!' SA 
'Lii NOP 
llR NOii 
LCNT NOfll 
RI! NO' 
II NO' 
llCNT OCT 177777 
TIT# NOP 
Tl Niii 
Tl NOft 
T3 .. Ofl 

Af'T 
DAD 

87 
810 
!Ht 
811 
lU1 
818 
13• 
If I 
871 ,,., 
e>ee 
8377 

DI, DAD 
NOi' 
OI' ••t,I 
DI' ••t,! 
Ol' ••t,I 
01, ••• ,1 

OCT 1 
OCT ti 
OCT ti 
OCT ti 
OCT t7 
OCT 11 
OCT 31 
OCT 111 
OCT 11 
OCT 11 
OCT 3tl 
OCT 371 

8lTIJ OCT t 
BITI OCT tll 
8!T1 OCT tll 
B!T9 OCT t811 
81Tl2 OCT tllll 
81Tl9 OCT 111181 

INIT~UCTION 8H!'T F!ILD 
# !NOtRICT ADORllS!NI LEVELS 
!X,!CTfO "!lllTIR R!IULT81 A REG 

I RIG 
E ftll 
0 R!O 

ACTUAL R!lltT!R A£8ULT81 A REG 
I R!G 
[ RIG 
0 RIG 

CONTENTS 0, DIT MACRO 
CONT!NTI O' DIT MACWO 

I M!ANI aw, e DOWN DURINI LOOP 
INTERNAL SWITCH RllllTIR 
COUNT ,, LOO'• WITH aw·. I DOWN 
RllllTI• IRAOR INDICATOR 
STAT.I e, SWITCH e 
COUNTltt UllD WITH IMITCH 8 
TllT (!lttO•> # 
T!MPO-AIV STORAGE 
TIMPORA•Y STORAI! 
T!M,OIARY STORAll 

DIRICT ADDtt£11 
t INDIWICT LIV!L 
I tNDl .. CT L!VILI 
3 INOlllCT L!V.!~8 
• INDl•ICT LIVILI 

AICll I 



PAI£ llt"1 Htt CONSTANTS, YARIAIL!I, MEllAl!I, !TC, 

1141• 
1141 81178 177717 Ml DIC •I . , .. 11177 177173 Ml blC •• 11•1 ••••• 177171 fl41 DIC •• 1144 ••••t !77111 Mii DIC ••• ., ... 
11•1 .,,,., .1 !IU llTI ,,., 11182 •••••• .2 DIC t ., .. 11183 ..... , .3 DIC 3 . , .. ••••• •••••• • • DIC 4 ,,,, tttfJ9 ..... , ·" DIC 9 
1111 e111e ..... , •• OIC I 
ltlt lltl• ·' !OU 87 
1193 91199 •• !IU IUI 
IS9• .. ,,., .se !IU 812 
1199 , .. ,,, lllltl .11 DIC tl 
Ill& e11e1 .11 !IU 811 ... , '"'tte •••••• .11 OIC te 
1191 ftl2tt llfHI•& .JI DIC 31 
1199 0lltHI ,13 !IU 877 ., .. 1111'2 .,,,,. • t 911A DIC !911 
1111• 
1111 11213 1131111 All AIC t,11 t Alt It ••• 1113 8llt• ttll841 All AIC 1, t AIC!! l'AC!I 
11&4• 
1119 91119 111112 Allll OCT 1111 ,, .. 11118 114112 14811 OCT •••• 1117 lltt7 139111 Dlllfl OCT 39111 
1t88 11118 ,,, .... "'''' OCT 3'1•11 ., ... 
1111 11111 118111 HLTI OCT 111111 
1111 ••ttt 118877 MLT77 OCT 111177 
1111• 
1173 11113 UHIJll AIRI DI' Alft 1 I AIR WITHOUT IHl'T PIELD 
117• 1112~ tlltlll AILll DI' AIL,t AIL WITMOUT l+tl'T 'llLD 
11119 11119 tlU!l41 LIAI DI' LIR 1 I LSR WITHOUT IHl'T 'llLD ,,,, 1111e 101141 LILI DI' LIL,! Lil WITHOUT IHl,T 'llLD 
1177 11111 tlttll """' DI' l~R,I RRR WITHOUT IHl'T 'llLD 
1171 ftll31 tlltll RRLI O!, FtRL, I RRL WITHOUT IHl'T '!ELD ,,, .. 
1111 88131 1111181 AM•MA "'' AMWM 
ltlt 11132 11128• RAMA DI' BAM 
1112 19133 111111 8AWMA ,,,, 8AWM 
1183 ... ,. 111242 MIA OE, Ml 
11•• 119139 •••••• MA77 01, ....,, 
1111 11131 111113 MA178 DI' "41179 
1111 91131 111112 ftNAA DI' ""' 1187 111.itlt 911Jl t I f004A "'' "NM 
•••• ••••t 111179 ST9'MA DI' STttM 
1111• 
1111 91242 818411 Ml All CRL' 
1111 811'93 1•1111 AIC 7,IAU DIAGNOSTIC 
lttl• 
IUl3 01292 eJ42lH e MG77 AIC &,!ND 0, PAIS 
11•• 11281 es•t311 MQ77A AIC 3,xxxxxx 
1119 11183 19•t30 Ml178 AIC t. , xx 



PAG! llftt #ti CONSTANTS, YAA!AILll, HlllAIEI, !TC. 

,., .. 
ltt7 1ttre.i e•tt94 8AM Alt s,1, 
1111 ••1!11 1•11•9• AMWM AIC ... , ... WAI ., ... 
•••• tlt!7t .. ,.,, IAWM AIC .,l,A WAS ... ,. 
1111 18GP79 ll'lll• ITltM AIC 81 1TOR!D WAI 

••••• ••••• •••• .•. , 
•••• •••• lltl 
lllt 
lttl 
1113 .,,, 
llll 
1111 

AlttI LABL! TABL! 

11313 111311 ALT 
llUJl4 141ilt t 4t 
••~tee ••tttl3 
··~itt •••••• 
113Jtt ••lttt 
113Jl. •••8913 
••l~te •••111s 
H~Jll l•tU13 . 
113111 ••••• , 
11311• ., ll lll 
11111 eenttt 

DI' ••I 
AIC l1DLD 
AIC l1DIT 
AIC t,M,Y 
AIC 1,0IV 
A8C l1AIR 
AIC f ,All 
AtC l1LIR 
AIC l1LIL 
AIC l1ft9'R 
AIC t,ltftl. 

1118 Billi ~11333 OBU' D!, IU' 
1111 11331 111111 8,T NOP 
1111 11332 110118 8CNT NO, 
1111 ees33 110111 euF 811 31 

l 
I 
3 

• • e 
7 
I 

' SI 

8UF,!R AODRISI 
90,FlR ftOINT!R 
IU,,IR CHARACT!R COUNT 
71 CHARACTIR IU,,!R 



'Al! ftltl #~l 8UIAOUT1N!8 

8113• 
••••• 1111• 

••••• ... ,. 
••••• ••••• 1111• 
1111• 
1111• 
lll~h 
Ill•• 
1111• .. ,. 
1137 
1138 .. ,, 
11•1 
ll•t •••• 11•3 •••• ... , •••e 
12•7 •••• 11•0 
1111 
1191 
1191 
1113 
119• .... 
•••• 1117 .. ,. 
•••• 1111 
lllt 
1281 
0183 
118• 
8289 
1116 
8187 
1181 
1169 .. ,. .. ,, 
1171 .. ,,, .. ,. 
1115 
1278 
8211 
0278 

SUBROUTINE TO GEN!RAT! N!W ARQUM!NTI 

t' SWITCH 8 I• DOWN, &!N!R~T! NIN NUM9!RI ANO 'UT TH!M IN 
RNA, RNI, RNM, AN!, I RNOe 
l' LCNTal, RNM•llll91 I ANA•N!GATIV! 
I, LCNT • 11 ANl•l81111, RNA•Slllll, RNM•llllll 
I' LCNT • 2 1 RN8•111111, •NA•tlllle, ~NM•t77177 
!' LCNT•l3 1 ll1,ttl, ••• , RN1•171771 
I, LCNT•l• 1 tll,ltl, •• ,, RNl•llllll 
<I' SWITCH e II U,, IUllTITUT! llCNT ,0. LCNT) 

R!TURN P•t 
I' SWITCH 8 !S UP, 'Ll8 • NON 11 R!TURN '•t 
81377 111111 

"'''"' 1141511 18411 lllt1l 
IHJ•lt 181112 
0C·•l3 11113 .. ,,, ......... . 
e-a•ee tl4371 ••••e •••••• .... , ..... . ... ,,, .,., .. •••ts 1711 ti •••ti lll7•• 
11413 171U 13 
,, .. ,. 111711 •••ti 111tt9 
1141& •• , ••• 
81411 1llt'11 
••••• IJ11tt• 
ll•tt 111118 
M•tl lll'IH •••ts 111111 
••••• 11111• 
•••• , 1149,t ••••e •••••t .... , .... ,, 
ee•J1 1•11•1 
11431 ..... .. 
11•31 1111•t 
•••33 811911 •••3• 1tlfJt3• 
18439 •••••• 
19436 , ••• ,, 
11•37 11lU t 9 
11••1 ee•ttl 
fll4•t 1111111 
,, •• , 117110 
••••3 174ttt 
, ..... 114377 
'11448 191171 
88448 flllftll 
11447 11••s• 
"'''""' fl1••72 
1141!1 ""''"' 

RNG NOP 
Jl8 GIR 
AND BITI 
llA 
ITA f'Lll 
llA 
JMP "Nl,I 
LDA ftNI 
ADA "NI 
STA 'fNI 
STA ftNA 
AL' 
ITA RNI 
AL' 
ITA RNM 
RAL 
ANO llTI 
STA ltNI 
LOA ftNM 
RAL,ftAL 
ANO llTI 
ITA RNO 
Jll Cll 
Rll 
JM, RNllC 
LOA llCNT 
!NA 
STA llCNT 
••• RNllC LOA LCNT 
IZA 
JM, RNIS 
STA •NM 
LDB lltNA 
Sll,,.11 
CMB 
ITI ANA 
JM .. RNl,I 

"NGI CftA .t .... 
JM, RNQI 
JIB 'tN8A 
CLA,!NA 

GIT SNITCH RIQllT!R 
CHICK INITCH I 

U, • 'Lii ·• NON 8 

U, ·• RITUWN ft•S 

SAY! NIW BAI! 
N!W RNA 

NIW ftNI 

NIW RN._. 

NIW AN! (llT I ONLV) 

NIW RHO (111 I ONLY) 
CHECK INITCH I 

LCNT NOT t 
RNl~ANA • 111191,111811 



PAI! 0113 #11 SU8ROUT!N!I 

1279 •••92 171J111 ITA RNM RNM • 111181 
1180 1'8•93 tl4J377 JMfl' ffN1·, r 
1111 11•9• 1111112 RNG2 Cll'A .t 
1111 81499 lllUHll .... 
1113 ... ,, .... ,, JM, ftNl:t LCNT NOT I 
1114 ,,,.,, et••11 Jll ltNIA ANl,RNA • 118111,111111 

•••• ••••• e11••• CCA 

••••• 114tt 1,1111 If A """ RNM • t71777 .•. , ,.,.. tl•317 JMtt ltNl1 1 

•••• • ••• , 1111191 ANll ANO 111 
1111 ........... , llA,ttlt I' LCNT ... ,, .. ,, .. , ... ... , 

91481 "''''' 
ITA RNI RNI • •••••• 1191 01t418 fJl1••• CCB 

1111 ••••' e111e1 Cl'A 171 I, LCNT • IJ,111,ttt, ••• .•. , .,,,,. 87~tt3 ITI PfNI l'tN8 • 177177 .. ,. , .. , . tl•317 JM, ltNl,I ... ,. 
•••• 0IA11 ..... , RN8A NOi' .•. , ,,.,, ••e••• CLI 
•••• 1141,4 '''' l·I ITI .. ... RNB•llllll 
1111 •••19 •••t'• LDI llTUJ ., .. , •• ,, 17~111 ITI "NA RNA•tlllll .,., ... ,,. ,.,.,., JMtt "NIA,! ., ... 
1313 819111 141783 RN! DIC •l•3t7 BAS! 
1314 81911 ., .. ,, Jf N2 DIC 14111 CONITANT 

1311• 8UflROUTIN! TO G!T SWITCH RlltST!R IN A 
1317• 
1311 lllil2 •••••• GSR NOP 
1310 199113 111111 LlA t START WITH EXTERNAL SWITCH ~IG, 
1311 919114 lllltt ILA,•81 CHICK SWITCH I 
13tt 118119 •••t39 LOA !I" IP CLIAR, RIPLACE WITH INTIRNAL 
IS ti ••1~1e t·l•lfll JMflt llR,I RITURN P•I WITH I INTACK 

Ill•• IUIROUTIN! TO CH!CK ,OR AN IRROR H!llAGI 
1311• RITURN ~~t ,OR NO M!l8AIE • SWITCH 1 OR tt U' 
1316• tltl 1,URH P•I 'OR AN !.WOR MllSAll • IOTH IWJTCM!S l AND 11 DOWN 
13·l7• 
1111• 11,~0Al RETURNING 'OR AN !RAOR M!SIAI!, lNITIALIZ! THI MEISAG! BU'' 
1311• •AC~ !•TSTt, MACRO MAM! I IH,T (I, A SHl,T "OTAT! INITR.> ., ... 
1311 
1312 
1313 
831• 
1319 
8318 
1317 
1329 
l:tlt 
1331 

8891~1 
ee9U!I 
0llH1 
lfHJ'.l2 
119'l 3 
ltt99:l 4 
tJ19UJ 
lll'.l'5 
119~l7 
leltHI 

118111 CEM 
lltllll 
119116 

•••••• 114987 ., . .,., 
114737 
111111 , ••. , .. , ,,,,,, 

NOP 
J81 .... B!T 8M!TCH RllllT!R 
A·NO A4•tl CHECK IW!TCH!I l AND tt 
SIA 
JMP C!M,! EITHER UP • RETURN P•l 
r1z C!M l!T TO RITURN P•I 
Jl8 eeu' BOTH DOWN • !NJTIALIZI M!SIAB! 
LOA ·.1 
LDI l!DMA 
Jl8 MOYI PAI< •I•" 



PAO! 

1331 
1131 
1313 
111• ,,,, 
1131 
8317 
1338 ,,,, 
13•1 
1141 ., .. 
11•3 ., .... ,,,, ., .. 
13•7 ., .. .,., 
1311 
1351 
1392 
1313• ., .. 
1399 

fJlt4 #Ill IUl"OUTINf I 

e11at •••t•a LDI TIT# 
11912 111111 Jll CUTOX 
11113 1184tAI LDI TIT# 
••••• 119111 ILi 
11111 •••313 ADI ALT 
11116 •••••• LOA ... 
•••• , •1•711 JIB MOVI 
11931 ••• , •• LDI Tl'# 
11-931 •••t77 ADI Ml 
11911 •••••• ••• 11933 tl.t911 JMfl CIM1I 
•• ,,. 114111 LDI IM'T 
11939 ••••• , 111,,. •• ..,,. 11••1•1 ADI ell ... ,, .. ,, .. LOA ISi 
81941 IUJllt AND I 
119AS 111111 IZA 
11s•1 11•s•e JMI' CIMI 
11843 •••tt3 LOA 981 
•• ,.. 11•111 Jll PAM 
119•9 llllll C!Mt Jll CUTOX 
ll!iU' t 1•917 JMP C!M,I 

•• ,., 111911 !OMA DIP POM ''''" ,.,.,, !OH AIC t,I• 

CONVERT & PAM TIT# 

NOT IHt,TIROTITI 
IMl'T COUNT 

MAKI 11 I' I 

,AK A LIAD!NG 0 IF IHl'T COUNT 
!8 c ti OCTAL 

CONYIRT AND PAt< 
ftlTURN 11•1 

1317• SUIROUTIN! TO CHICK ,OR AN NON•!RROR MlllAIE 
IJll• RITUAN ~•t ,OR NO MlllAI! • IWITCH l OR ti UP 
lllt• R!TURN '•I ,OR MlllAll • IOTH IW!TCH!I I ANO II DOWN 
1111• 
1311 11911 111191 C~t:M 
1312 ••••• 914911 
1313 18913 •••••• .,.. ..,,. . .... , 
.,., 11999 .,.,,. 
131t 11998 tlAllt 

NOi' 
Jll Gift 
ANO Allll 
IZA,Rll 
II! CNIM 
JM' CNIM,I 

GIT INITCH R!G!ITIR 
CHECK INITCH!I t ANO ll 

BOTH DOWN • R!TURN P•I 
EITHER UI' • RETURN ,., 

IJfll• IUIROUTJN! TO CH!CK 'OR NIKT IND!R!CT LIY!L ADDRfll!NO 
1111• lfTURN P•I !' SNITCH 1 !I U' .,,,,. !LI!, IT!' !Lii I' 81 R!TURN P•IJ !LIE RITURN P•t 
1311·• ~ITURN W!TM IL# IN A .,, .. ,,,, 11517 ••• ,., CJA NOP ,,,. .. , .. '''"'' JIB .... 
llJI 11911 t!tlt 11 ANO IUT7 .,,, 11982 182011 llA CHICK SNITCH 1 
1117 tl913 114987 JMP Cl Al Uf' • RITURN Jt•I ,,,. 88984 •1•tllt llZ !L# 
0319 91969 0•0111 LOA JL# DOWN ,. IL# • IL# •1 
1311 11eee °''"''' c,, ~9 

8381 0lUJe7 034997 Cl Al !ll CIA IL# • I, R!TURN P+2 
ISll •• ,,, 11•111 JMll etA,! ELI! •!TUAN ft•t 



PAG! llt9 Ill 8UIROUTIN!I 

0314• IUIROUTHI! TO CHICK SWITCH 8 TO LOOP ON TllT 
1111• I' l!T1 RITURN '•t 
1311• I' Cl.IARt llCNT•t71777, tltlTURN trt•I ... ,. 
1111 11111 111111 caa 
1111 1e112 es•e11 
1111 91973 891717 
lltt •• ,,. 8111tl 
1311 11179 tl•97t 
1113 91919 113••• 
.,.. ..,,, 17•t•t 
13t9 Hte1 1341111 .,.. ••t•t tlt97t 

NO' 
Jll llR 
A·L', AL' 
ILA 
JM, Cl81I 
CCA 
STA llCNT 
11z cse 
'"' c11,1 

CH!Ct< IWITCH 8 

l!TI 
CL!ARt 

R!TURN P•t 

ilCN,•177777· CR!llT> 
R!TURN fa•I 

1118• .,, .. SUBROUTINE TO CH!CK tWJTCH t 'OR AN !RROR 8R!AKOUT 

•••• •••t •••• ... , 
•••• •••• 

... ,. 
1418• ... , 
1411 ••It 
1•11 ... , 
•••• 

••••• ... ,. 
••••• ••t•• •••• •••• •••• ..• , 
•••• •••• 1416 ... , 
1411 
1419 
1431 
••3t .. ,. 
9413 

11611 ,..... cso ••••s ,,,,,. n••• 111111 
llf19 ••••• , 
"••e e:s•e•t • ••• , ti•••• 

NO' 
Jll llR 
AND llTI 
llA,l•I 
!II tit 
JM' Clt,I 

CHICK SNITCH I 
UP • llTUtllN l'•t 
DOWN • RETURN P•I 

SUBROUTINE TO CHECK IWITCH 13 TO "!,EAT A MACRO CALL 

llllm 111818 Clll 
11111 1u•111 
81811 llttll 
•••t3 911111 
811t• ISAltl 
lllil tl•ttl 

NO ft 
Jll GIR 
ltAL,RAL ........ 
!IZ Clt3 
JM' Clt3,I 

CH!CK IWlfCH 13 
U,, • RITURN P•l 
DOWN • RITURN P•I 

8UIROUTINI TO CH!Ck 'OR AN IRRO" HALT 
I, SWITCH t• !I DOWN, R!ITORI THl ACTUAL RllllTIRI AND RETURN P•I 
,Ort AN !ftftOA HALTI It.II RITU"N fi•I 

11811 •••••• 
11117 •••••• 
•••:11 lltt•• •••;11 911111 
111:12 , ••••• 
118113 13Attt 
111:2• 114616 
1ee:1e 111111 
11e:2e 111113 
01e:11 113111 
llfJ:SI Ill t JI 
111'.Sl 911111 
111:11 !11111 
••e·s3 11111e 

CIHLT NOi' 

Jll ''" "AL 
llA,ftll 
JM, C!HTt 
llZ CIHLT 
JMI' C!HLT,I 

CIHTt LDA Al 
CLl,R•R 
CLO 
LOA AO 
ILA 
ITO 
LOA AA 

&IT IM!TCH RE&JITIR 

SWITCM 14 WAI UP 
RITU•N P•I 

RllTOltl ! 

AllTOR! OY 
•llTOttf l 



PAI! Wlt6 •It IUIWOUTINEI 

043• 1883• •••ti• 
0,18 11&39 tl•&tl 

LOI Al RllTOWI I 
JM, C!HLT1I •ITU•N , •• 

.. ,,. ,,, .. 
••••• ••••• ••••• ••••• .... , ..... 
19'4'1 

•••• .... , ... , 
•••• •••• •••t It.tit 
•••! 
•••• 1•11 
•••• ..• , 
•••• •••• •••• •••t• ..... 
8413 

1419• , .... ,,.,,,. 
••••• ••••• .. , .. 
••11·• .. ,. •• ,3 .. ,. 
8418 .. ,, ... ,, , .. ,, .,.,, 
~··· 8411 ... , 
8413 

!NO OF T!ST ROUTIN! . 
CMICK IWJTCH lit I' DOWN, RETURN '•I 

ILi! CHICK IWITCH!I tllll I' IOTH DDWN, PAK ANO PRINT 
!NO 0, T!ST Ml89All (IOT WX>, 

TH!N ~!TURN '•I WITM TIT# IN IOTM A & I R!lllTIRI • 

11138 •••••• ..• ,,, .,., .. 
••••• • ••••• ••••t ..... .. 
,.... 13•&31 
11e•:s 11••3• 
ese•• 11••111 
, .... , ''''"' ,., •• , •t•111 .... , , ..... 
Hiii 81•111 ···••t ., .• ,, • 
lll191 ••• , •• 
llf93 ltlltt 
11814 .,,,., 
11119 •••••• 
11118 ••• , •• 
••• ,, tl•831 

!OT NOP 
J·ll llR 
llA 
J·Mll !OT1 
Ill !OT 
JM' !OT,I 

!OTt Jll CNIM 
JMP IOTI 
Jll ceu' 
LDA ~· LDI !OTHA 
Jll MOY! 
LDB TIT# 
Jll CUTOX 
Jll ... u, 

fOTI LDA TITI 
LDI TIT# 
JMP !CT,! 

Pllllfl 11ese1 !OTMA DI' !OTM 
eeeet ••19t1 !OTM AIC 2,IOT 

CHICK INITCM ii 

DOWN • ~!TURN '•I 

U' •· CHICK 'OR NON•IRROR MIG. 
UllR DGllNtT WANT MlllAI! 

CLIAR '""'" 

,A~ •IOT• I l'AC! 

ftAt< TITI 
,llNT IOT MlllAll 

SUBROUTJN! TO INITIALJZ! RllllT!RI l!,OR! A MACRO CALL 
! • [£ • RNl(I) 
nv .. "NO(I) 

A • RNA 
8 • ANI 

R!TURN P•t 

18113 •••••• !RIC NO' 
••••• 113111 CLO 
11ees 1e•11e LDI ft NO ••••• ••••t• ILB 
•••• , lllttl ITO o~ • RNl(I) 
1·1171 181114 LDA RN! 
19171 111111 AND 11?8 
11811 17ettlS ITA !E EE • l'tNf (I) 
18873 811181 !"A ! • fltM!(I) 
18874 111111 LDA SltNA A • tltNA 
91179 114!13 LDI ft NI 8 • ftNll 
114578 tl•tl3 JMll IR!C,I R!TUttN lt•l 



PAGE 1117 #ll IU8ROUT!N!I 

•••8• ••••• ... , . 
•••• •••• •••• ... , 
•••• ,,.,, 

••••• ••••• IAIJ• 
••••• ••••• •••• 1111 
1112 
1113 
8('9' ... , 
•••• .,., 
•••• 1119 
1111 
lll1 .. ,. 
1113 .. , . ••.. , 
1118 
1111 
lltl .. ,, 
•••• •••t lltl 
1113 ,,., ... , 

llT AND IAVI TH! !X,ICTEO OY RElllTI• 
TMIM CALL 1Rf4 TO JNtTIALlll TN! Rl•T 

• •• ,,, llillttl 
,,,,,, •••• 11 
..,,., lllt71 
91111 11tUl4 
11,'13 It •t6f3 
•• ,~ ... ll,••17 

t•roo NO, 
LOA "ND 
AND If Tl 
ITA !O 
Jtl !118 
""' !ftl80,J 

ID • RNO(I) 

SUIUtOUTIN! TO SAVI THI ACTUAL RllllTIR RllULTI 
T•llN TO COMftA"I THIM WITH THE IJCNCT!D 

"t,rURN P•~l WITH A I ftll INOICATJNI ANY ltttOAI 
8fTI(!••> • ov,1,1,A !tt•OR llTI •11.-1ettYll.Y 

88,81 111111 CHICK 
•• , •• , 171119 
18,'17 17 •I t·ll .. ,,,, ...... . 
1111 t 1141 ,,,. 
•• ,,,, 111111 
•• ,, 13 ,,,, ••• 
•• ,, t. ., •• , t 11 
.,,,,, 1141'11 
•• ,, t 8 ••••• t 
•• ,'t1 11111• .. ,~ ........ . 
11'-'lt lltlll• 
11,'lt 11«Ul1 

'''''' •••at•a •• , ••• lllllt 
••. ,,., 14011• 
.,,,,.. 118411 
11,'11 t II.Ill .. ,,, ... , ... 
''''3t l74Jl31 
tl·''Jt ll~J t t• 
"'''' llltllt 91,~34 l~UH 19 
11139 IJ7CH37 
,,,~,e t 1411e 

NO, 
STA AA 
ITI Al 
CLA 
CPI !I 

'"' ADA ,I 
LOI AA 
CPI !A 
.. .. 
fNA 
CLl,111 
!NI 
ITI Al 
C,I II 

"'' ADA ,• 
CL! 
IOC 
!NB 
ITI AO 
C,I !O .... 
ADA ,I 
STA "£! 
JM' CHICK,! 

IAY! ACTUAL A 
IAYI ACTUAL I 
AllUMI NO IR•Ofll 

I OK 
llT t INDICATll I IRROR 

A OK 
ltT I INDICATll A IRROR 

SAY! ACTUAL I 

f OK 
llT I INDICATll ! ERROR 

SAYE ACTUAL OV 

OY OK 
llT 3 lNDJCATll OY ERROR 

IAVI allllf!R !RttOW INDICATOR 
RITURN ft•l 



PAG! 1118 #It M!llAll PACKING ROUT!N!I 

S517• IUIAOUTJN! Tn CL!AR TH! 8U~,!R 
9911• 
1911 11,37 111181 CBU' 
1111 ,,,., •••••• 
lllt 11:1•1 171331 
1111 •• ,.. • •• ,,. 
1113 117•3 11•Sll 
.. ,. • •. , •• 11•117 

NOi' 
CLA 
ITA ICNT 
LOI OIUf 
ITI lftT 
JM' e1u,,1 

llt!llT CGUNTIR 

ltlllT llOINTIR 

1138• IU8ROUTJNI TO· PRINT 9U,,!R • R!TURN P+t .. ,,. 
1131 11149 ••••••• "'U' NOi' 
1111 .. ,., ••1331 LDA ICNT t CHARACTIRI ,,., .. ,, .. ., , .. ,,. LDI OIU' IU,,IR ADDRlll •••t ,,,,., tiAtll Jll LllT,I •••• 11191 1·1•7•1 JMll lllU,,I ltlTURN ft•l 

18•4• SUIROUTINr TO ADD CHARACTER IN A LONER TO THI 9U,,IR •••ts• •ITURN P•t WITH I UNCHANGIO • ••••• ... , 11111 •••••• PAK NO' •••• •• ,,, .,.717 ,,, ··' IAY! I lllllT!ft 
•••• 1179• 111111 AND 1117 Cl.IAR Uftftltt ·MAL' 
1111 11799 •••331 LDI ICNT IU,,IA CM&•ACT!R COUNT 
lllt 11118 111111 ILi, lltll 
IHI •• ,,, ••t737 AL,,ILA1ALf I' IYIN,ROTATE AND ITORI 

'"' 11181· 131331 JOR B,T,I I' ODO, MIRIE AND ITOR! 
•••• 11711 171331 ITA 1,T,! 
•••• 11711 ••••t• &LI .... 11713 13•311 1•1 ,,, I' ODO, IUM' IU,,!. AODR!SI .,., 11111• .. ,.,,. !II ICNT IT!' IU,,ltt CHA9tACTIR COUNT 

'"' 1111e '''''' 
LDI ~ .. ftllTORI ' 

'"' .. ,.. , .. , .. '"'' llAK,! ftl'TUftN fl·•t 

••••• 1111 .. ,., , ..... ••• NO' TIM,ORARY ITORAI! 'GR I RllllTlR 

llltS• ., ... IU8ROUTtN! TO MOYI A IT~!NI O' ASCII CHARACT!ftl TO THI IU,,ER 
l!Y!Nt CHARACTIR COUNT !N A 

1119• IT•INI ADDRlll IN I 
••••• ... ,. TH! 11T CMARACT!R 19 AllUMIO IN llTI tl•I O' TMI 'IAIT WORD 

RITUftN l'•t ••••• • ,.. 11771 •••••• 
.,,, 11771 171143 
1171 •• ,,. 174t•• 
•• ,. 81713 1••-·· 1913 ,,,,. 184143 
8114 11719 ,,.,,. 
•• ,, 81718 tllt•4 
1918 1-777 118Rtt 

MOV! 

MOVIC 

NOP 
ITA Tl 
9TI Tl 
CLB 
CPB Tt 
JM' MOY!,l 
LDA Tl,I 
ILB,Rll 

# CHARACT!fll 
AOORlll 
POSITION IN STRINI 

RETURN I' !ND OF IT-ING 
NIXT WOAD 0, I CHAfUCT!RI 



'AGE 18tt #81 MllSAll tJACKJNI ROUT!N!S 

1917 11111 181117 
8878 llllt •• ,,., 
8110 11811 •••••• ,... . ... , ,,,, .. 
1111 ltelA 11417• 

... ,. 8U8ROUTIN! Tn 
••••• 1111 lil'l9 •••••• •••• ltlll 111111 .. ... , llll, .,.,,,, 
•••• 111se t••••• 

ADO 

SPCl 

t 

At.,,AL' 
Jll ,AK 
ILl 1 1NI 
Ill fl 
JMft MOYIC 

AIC!t l'AC! 

NOP 
LDA All 
Jll ,,f( 
JM, 1tte1,1 

TO 

ROTATI I' 'OllT!ON 18 IY!N 
PAK CN•RACTIR IN IU,,IR 
TllT ANO ITI' flOllTION 
lfl' IOOltlll JP .. OllTION WAS ODD 
CO~TINUI 

IU,,lt 

AICll IJIACI 
TO IUPflJt 

ttl•URN Jt•t 

lltl• IUIROUTINI TO PAK VARIAILI IN I Al OCTAL CMARACTIMI 
lltt• LIADINO ett ARE NOT PACKID 
lltt• I' l•I, A llNILI AICll I II 'ACK!D 
1193• llt!TURN 114'.t A'T!R ADDINI l TRAILINI l'ACI TO TH! IU,P!R .. , .. 
tl•t 0Ull t 881111 CUTOX NOP 
19tt llltt ....... CL! I•• INOICATJNG NO LIAOINI a•s 
1111 tHltS ltllll Jll CUTO CONYll'f & PAK 
•••• es11• 11sett JM' eutox,1 

1181• IUINOUTIN,! TO flAt< VAIUAILI JN I Al I OCTAL CHAl'ACTERS 
••••• tltl,UftN ,.. t .,T!R l "tA IL iNI .,.er HAI HIN ADOIO TO TH! IU,,fR 

····--1613 11119 1191el CUTOI NOi' 
161• ltll8 111311 CC! l•t lMOICATINI 118Nl,ICANT 1•1 
1111 11:111 lllltl Jll CUTO CONVlttT & ftAK 
8811 lt8:19 tllltl JM' CUTO•, ! 

•••• 11111 •••••• 
•••• ltltt •• , ••• ••t• 11113 111ti3 
1111 119~14 989111 
lltl 11119 •••••4 
1813 11111 118111 ••s• 111:11 111111 
1eu1 cne:se e11s11 
etHt tue::tt t3ttt3 
•• ,, ll11t •• ,, •• 
0111 11133 Bt4791 
0019 1113• 88911' 
1ete 111se 1a1t1• 
1e11 ~11se 134t43 
1612 ltl37 111118 
1813 ltt4! 961183 
•••.• 111,•t lllfl41 

CUTO NOP 
LOA Mt 
ITA 't 
•IL 
CLA,INA 

CUTOt AND I 
SIA 
ccr 
!GR Btl 
Ill 
Jl8 ltAK 
IL,,RIR 
LOA 17 
llZ Tl 
JMfl CUTOt 
LDA Ill 
11!,RSI 

I DlllT COUNTER 
RllHT JUITl'V SIT DlllT 
!IT DlttT MAIM 
MAIM ''' NIXf CIGIT 

llT I. I' NOT I 
ADO AICll IAll 

PAt< ONLY I' l!•t 
RllMT IUITl'Y N!XT DllIT 
NIXT DlllT MAit< 

CONTINUE I, NOT I DIGITS 

I' VAR!AILf WAS I 
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8025 81142 01•111 
1116 11143 111111 
1111 ese•• 111111 

••••• IUfJROUTIN! TO 
1138• 
1131 11149 •••••• 1es1 11146 111113 
1613 11947 189194 .. ,. "tese 11•111 
1138 11191 814111 
1131 ltl!lf llt91l1 
1837 01193 119849 
IGSI• .. ,, 81194 A0t899 
1841 6'119! Pt44914 

' 
11411• IUIHtOUTIN! TO 
1&43• ...... ... ,, 1111111 ... , .... , •••••3 .... , .... , ••ts••• 1141 81181 ,,.,,. 
1841 IUJl3 119117 
1641• .. ,. Rtl84 11Ut89 
1811 111189 lltlll 

1113• SUIROUTIN[ TC .,, .. 
8119 11187 '''"'' .. ,. 91171' 118137 ... , lt11t •tlll3 •••• ••• ,. 181113 

•••• 1l9P3 111117 

•••• .,.,. 111111 
lff t ••• ,, 111111 

•••• 11171 •••••• ... , 11171 llltt3 
•••• It UHi "1•711 

•••• llllt , •• , •• 
iU)66 IS UJI fttlltl 
l(Jdf7 11113 -•4111 
ild&I 11 ltU lt51't9 
1699 8ttl!J 119197 
8870 11188 •••ttl 
fJG71 11117 f.'18119 
01,1 Bt tlft 16•121 
1113 It t l t lU81t9 ,,,. Ill t 12 119117 

Jll ftAK 
Jll IPCt 
JM' CUTO,J 

,UT 1 AICII I JN !U,,ER 
ADO l AIClt IPAC! TO IU,,ER 
lllTUlllN fl•l 

PAK INDIRECT L!V!L STfllNG 

PIL# NO, 
LDA .J 
LOI ILMA 
Jll MOY! .-AK IL• 
LOB IL# 
Jll CUTOX ,.t< X, l'AC! 
JMP '!L#,I 

tLMA 01, tLM 
ILM AIC 1,IL• 

PAK •11• IPAC! .... NO' 
LDA .J 
LDB llMA 
Jll MOVE PAK II, .PACE 
JMP fill,! fltlTU"N ft•l 

SBMA DI' SIM 
SIM AIC 1,111 

INCLUD! BIA !RROlltl IN !RRD~ M!llAI! 

lllBA NOP 
LOA lltll 
AND .:s 
IZA,lltll CHICK 'f!lllT!R !RRD• INDICATOR 
JM, 'IA,! NO I OR A llt!lllTI• IRIORS 
LDA ~JI 
Jll ~!08 CHICK MlllA8! LINITM 
LDA •' 
LDI IAIMA 
JlfJ MOY! PAK •t,A•• 
LOI Al 
JI! CUTOI CNVT & ,AK ACTUAL I & lllAC! 
LD9 AA 
Jll CUTOe CNVT & ,AK ACTUAL A I IPAC£ 
Jll I'll PAM "II • 
LOI !I 
Jll CUTOe CNVT & 'AK IXP!CT!D 8 & IPAC! 
LDI !A 
Jll CUTOe CNVT & PAK IXP!CTED A & Sf'AC! 
JMP 'IA,! A!TURN P•t 



PAGE !8t1 #It M!SIAO! PACKING ROUTIN!I 

'~815• 
06,e 11113 llttt• 8AIMA DI' BAQM 
1117 Rttt4 l'tllA BAQM AIC t,1,A• 

.. , .. SU!U,nlJT I NI! TO lNCLtJOf I ' ov RllJIT!RS IRROAS IN M!SllGI 

••••• 1111 ettte .. , ... PEO NOP 

•••• cut t1 eeetJ7 LDA RI.! 
1613 "11 llJ cu1111• AND .A 
., ... 11121 111813 IZA,lltll 
lt89 01121 ftl9t31 JMP PIOl ! OK 
1881 11113 981119 LOA .II ... , lltl• 119111 JIB ~108 CHICK MlllAGE L!NITM 
•••• ettl!J te1111 LOA .1 ... , ., ti• flllt:94 LOI llMA ... , ettt1 e1~111 Jll MDVI PAK •t•• 
8611 01131 1114111 LOI Al 
1112 IU l:St CU!ltl Jll CUTOJC CNVT & 'AK ACTUAl ! 
ettJ 0tt32 119091 JS8 ftll ,AK •19• ,.,. 01133 lt64tl3 LDI El 
1619 01134 lU91t t JIB CUTO>C CNVT & ftAK EXPICT!O E 

•••• ltt31 •••t31 P!Ot LDA lltf I .. ,, 11131 111119 ANO .I 
•••• 11131 111113 IZA,Rll ... , It t 41 t·llt 1,e JMP fl!0 1 1 OV OK ., .. 111•1 ••• ,., LOA .11 
1711 et t 11 1uue1 JIB CIOI CH!CK f41SIAll L!NITH 
1711 llt•3 811213 LOA ~3 
1713 11144 119191 LDB OIMA 
1714 mtt•ff 11•110 JIB MOVE l'AK •av•• 
1719 Bt t4e 11~u31 LDI AO 
1711 ltt•7 IH91t1 Jll CUTOX CNTV & PAK ACTUAL OY 
1717 11190 ftt9191 JIB flll ftAt< •11• ., •.• o.Jtllt 16Atl• LOB ro ,,,, 81191 cu'" l l Jll CUTOX CNVT & PAK !XP£CTE'.D OV 
11tll lltl53 tllttl JMt' ft!O,I ftlTURN P•t 
17lt• 
1711 tJU9• 111191 !QMA DI' !QM 
1113 11119 111119, OQMA "'' OQM 
1714 "11;1e ••••1s !IM AIC t,I• ,,,, 111117 ••7918 OOM AIC t,OV• 

0117• IU!AOUTtNf TO CH!CK 8U,,!R L!NGTM 
1718• !, BCNT >• •• TH!N 
17St• 'R!NT TH! BU,,IR, R!IET IT, THIN ADD 2 IPAC£8 
0121• llt!'TUMN P+t 
0121• 
1122 0tl&t 181111 Cf OB NOP 
1713 01 tit .. , ... tMA,INA 
1114 91183 0•9332 ADA ICNT 
0111 f!H t 64 llt•t• SIA 
e11e Ott te~ t15ll1 JMP C!OB,I OKI ICNTCA 



PAI£ 1122 #ll ~191AIE ,ACKINI ROUTIN!I 

1111 llllt et•7'1 
1111 1tte1 et•737 
1111 ett7e 111119 
1738 ltt1t 111111 
1731 ~ll71 tlltll 

JIB PIU, 
Jll CIUf 
Jll .,c, 
Jll .,c, 
JMP C!Ol,I 

PRINT IU,,!R CONTfNTI 
Rll!T IU,,IR 

ADD I lttAC!I 
R!TURH P•t 



PAGE 8123 #~2 80,TWAAE ROUTINES • NON !AU EQU!YALfNT 

11111• 
1113• ••••• ... ,. 
••••• ... , 
•••• •••• 
11111 
lllt 
1111 
1113 
llt• 
1119 
1116 
1117 
1111 
ll'lt 
1111 
1111 
1112 
1193 
•••• 1119 
llf 8 
1117 

•••• •••• 8131 
llSl 
11:11 
1133 .. , .. 
8139 

1137• .. , .. 
1139• ..... 
11•1 .. ,., ... , ..... .,., 
•••• ,.,,, ,.,,,, 
'"'' eese 
81t9t 
1192 
1193 
;eee• 
11189 

MULTIPLY RNA 8V -NM 
ITOR! ~RODUCT IN !8,IA 
8!ir fO TO I !NDICAT!NI THAT ov rs EX,!CTIO TO !IE CL!AR!D 
A!iruRN , •• t 

II t: 73 111188 
fJtl,7• lltU ti 
It U'! llttll 
cu t18 ... , ••• 
11l77 1141 l·I 
11111 180118 
CUl01 llVl14 
111~12 ft1•H43 
GI t l~flJ3 II'' 411 
111194 188111 
11219 11.ttt•• 
ru111e 11•211 
au11e1 e74~t•• 
_, S· 111 118•11 
11111 ,,4ltt• 
11lt2 llltlll 
lUlt3 '"41t•3 
ltlt• 119918 
11119 181911 
eJttte 1!34t•I 
et I 'l 7 1111t2 
11121 13At4'• 
llllt 111219 
11221 •• , ••• 
ff 1113 983117 
11'11• •••• ,. 
fJlll9 ., •••• 
111:18 •1•ttl 
0t1·17 I ti I 73 

,MPV NO, 
LOA ftNA 
CL!,SIA 
CMA,CMl,INA A • ~OllTJYI HULTl,ICANO 
LOI "NM ••• CM8,CM!,JN8 
ITI Tl Tl • ftO.ITIY! MULT!,Ll!R 
CCI 
Flt8 
ITI Tl Tl • 'IODUCT l!INI •I !F NIG, 
LDI Mtl 
ITB T3 COUNTll • •ti 
CLIJ 
ITI ro EX,ICT OV•• 

.HPYt CL! 1 SLA DO THI MULTl,LV 
AD8 Tl te ADDI I IH!,TS 
!RI 
!RA 
!II ;f3 
JMft eMPYt 
Ill Tl TIST PIODUCT SIGN 
JMP .MPVI IT•I 'OllT!VE 
CMB OOUILI L!NITH COMPLIMENT 
CMA,INA,IZA,,.19 
IHI 

.MPVI ITA !A IAY! IX,!CTIO ,RODUCT 
ITI re 
JMft ,M,Y 1 1 RITURN ~•t 

OIVID! RNB,RNA 8Y RMM 
R!TURN '•t WITH !W,fCT!D R!IULT8 !N !I, ~A, & !O 

et 1:se "'""'' 'lfl e:u eie• t t 3 
111:11 1111 ll 
111:13 llJ8,911 
• t 1:s4 1111•• 
"t 1:19 11111•• 
e 11:1e 1131111 
lUl~l1 11811• 
CUl•tl 17~Utl 
ltl•H 070121 
012•~2 ee~u 1s 
t:Ul.t'3 PJ811tt 
ell ,,,4 111t!fJ• 
Atl•J! 014:144 
0 t 2•~e t'Hu5me3 
ett•J7 02s:t'113 

.DIV NO' 
LD! RNI B1A • nJYIDINO 
LDA RNA 
Sll,R91 MAK! THI OIVIO!NO 'OI. I, NIG • 
JMll' ••• 
CMI 
CMA,?NA,SZA,ASS 
tNI 
STI re IAV! TM! ,OIJTIV! DIVIDEND 
STA !A T!M,ft•ARILV 
LDB •N" DIVISOR .. ,, .... 
CMl,tNB MAKI Nl&ATIVE I' POllTIVE 
ST! MIND MINO • NllATlY! DIY!IOR 
IZB,All 
JMP OY,LD OV!R,LO• • OIY!D( BY I 



PAGE llt4 #II 80,TWARI ROUTINES • NON !AU EQUIVALENT 

.:H,S6 
00rJ7 
1891 
1159 ,, .. .,,., 
•••• 1113 •••• 1111 
1116 ... , 
•••• •••• .. ,, .. ,, 
1171 .. ,, .. ,. .. ,, ,,,, 
1117 .. ,. .. ,, ... , 
lllt 
1111 
8113 ..... ... , 
•••• 8117 

•••• 1111 
1191• •••t ... , 
,,,. 
1119 
eete 
1197 

•••• 1119 
1111 
PH It 
18182 
0U'3 
1104 
1109 

81280 144122 
lttlt lltUtlt 
11292 819313 
11193 •••tit 
lttl• .,.,., 
11119 •••ttl 
1111• •• , ••• 
ltll' •••••• 
••••• 17•tll 
lt'tlt •••••• 
ltllt •• , •• , 
11113 lt•ttl 
ltltA 13•1•3 
•ttl! 119111 
11:111 111111 
11117 871111 
11·211 111113 
IU271 111811 
ltl71 •• , ••• 
tUl73 17•tll 
tUl1A 114111 
1t·171 lllUI 
11178 flllllt 
11277 119311 
11311 11111• 
ltSlt 17•tl1 
11311 , ••••• 
ll313 111411 
8131A 111•11 
11319 "'"ti• 
1131e 11e131 .. ,., ..... ., 
lt!UJ 119313 
9l3U 811314 

181-43 

"'' t ... 

fHJtt 0191191 
Al3t3 tHJt•ll 
91314 871tl• 
tHJSB fJl9atl2 
11318 114fJ7l 
IUJt7 112311 
11318 111911 
lt3tt tt3•t•3 
fJlJll 121316 
1132~ 81eJUU 
11324 07•111 
lU32! 119311 

ADS EB 
119,lltll 
JM' OY,LO 
LOI Mll 
ITI COUNT 
LDI II 

LOOft !LA 
l&.l,CLI 
ITI !I 
ADI MIND 
111,11111 
L,01 !I 
llZ COUNT . 
JM' LOO, 
!LA 
ITA !A 
LDA "NI 
llA 
CMI, !NI 
ITI II 
LDI f I 
XOR ff NM 

•••·!'•• JM' .DtYt 
CMl,CLl,!N8 
ITI !A 
SIZ,111,RIS 

OV,LO CLA 1 1NA.Rl8 
NOV CLA 

ITA !O 
JMft ·.DIV, I 

.D!Yt 118 
JM' OY,LO 
JMP NOY 

COUNT !8U Tt 
"f IND EQU Tl 

.AIR NOP 
CLA 
STA !O 
JIB tllR 

.ASRt CL!,ILl1BRS 
CC! 
!RA 
llZ Tl 
JMP .ASRt 
STA !A 
STB ~I 
JM, .AIR,! 

OV!R,LOW I, All(l•OIVllOR) 19 • 

COUNTIR • •II 
RllTOI! 
00 TH! DIVIDt: 

IAV! ,01. OUOT!!NT TIMPOAARILY 

MAK! R!MAINOIR NllATIV! I' SIGN 
0, O!YID!ND WAI NIGATIY! 

IAYl THI ·1wHCTID llt!MAINDIR 
8 • ~OllTIVI tUOTllNT 
ACt9) • lllN 0, IUOTllNT 
TllT l!IN 

., 10 CHrc• lllN Of ~UOTllNT 
• 1 MAM! IUOT!INT N!I. 

IAY! NllATIYI EX,ICT!D QUOTl!NT 
CH!(K tllN • ca•R¥ NOT IOTH I 

IAV[ EXPECTED OV!R,LOW 
R!TUlltN Jt+I 

OV!R,LON I, llGN NOT I 

LOOI' COUNT 
NIOATIYf DIVISOR 

!XP!CT OV REGISTER TO II 0 
INlTIALll! 10,TWA•! ROUTINE 

DO AIR llU!VALENT 
UllNI ITANDARO INITRUCTlONI 

SAV! TM! !XP£CT!O R!IULTI 

R!TURN '•1 



PAGE 811! #81 IO~TWAR! ROUTIN!I • NON EAU EQUIVALENT 

ill8 
0111 
1111 
It.ti 
tltl 
1113 
1114 
1111 
1,1 ta 
llt1 
lite 
1119 •••• lilt 
1112 
1113 ., .... 
l:ll9 
1118 
ISl1 
1111 

1131 
llJt 
1131 
1133 
813• 
1131 
lilt .,,, 
••SI 

'''" •t•t 
1141 
•t•3 ..... 
11•9 
•••• .,., 
•••• 

01·!51 
GUiit 
0182 
0193 
015• 
1151 
1196 
1197 

et 3~!7 019·•11 
e13:11 e11 11ee 
11:..:u 119811 

. • t :s:11 111:119 
lt·3!S3 13• t 43 
lt-3:14 1111331 
113:19 17tHl1 
e13:1e 174 tll 
113:57 ell9•11 
It 31UJ ll8118e 
ll3••t 889111 
I l· 3,et '911111 
1131•3 111111 
ll!j•• ••••• , 
tJ t 3·•9 11939 l 
113••8 134143 
lt3,•7 1tl9S41 
II Ji!JI 111•1 I 
fU 3l!IJl 118141• 
11,3111 "'' t •• 
lt3i53 tl9311 

113!114 , ••••• 
11399 ltl•ll 
113'9& 11•1111 
113197 811911 
flt'''" 13• t •3 
IS38t 1193'91 
lll1ll IPlt'lt 
•• , .• , ., • ttl 
1131• tli314 

11389 ..... , • ., 
11318 811•11 ,,,., ..... , 
11371 •• , ••• 
11S7t flJ•tt13 
fJt311 111311 
•t373 ,,,t,11 
8131• 11•ttl 
11319 119381 

91376 1111111 
11377 "19•11 
114111 114)191 
l'U ., t 111998 
11•a2 llt!i2!15 
0t4fl3 134)1•3 
CH•l4 128491 
11419 171tt It 

JIB !Illt 
.AIL\ Ct.!,fLA 

!LI 
9'1L,!RI 
Ill Tl 
JM' ~Alt..t 
ITA IA 
ITI II 
Jll !llR 

.AILI CLl,!LA · 
!LI 
118 
CMI 
Ill 
JMP AILOV 
112 rs 
JMfl eAILI 
CLA,ftll 

AILOV CLA 1 JNA 
ITA ro 
JMP eAIL1l 

.LIR NOP 
JIB lllR 

.LIRt CL!,!ftl 
!fU 
!IZ Tl 
JMft 1 LIR1 
ITA IA 
ITI f I 
JMP .LIR,I 

.LIL NOP 
Jll IIIR 

.Lilt CL!,!LA 
ILi 

.RRR 

.RRRt 

Ill Tl 
JMP ,Lilt 
STA !A 
ITI !I 
JMtt .LIL,I 

NO' 
Jll !llllt 
CL! 1 !1tl 
!ftA 
RIL,£R8 
UIZ Tt 
JM' .RRfU 
STA !A 

INJTtAL!Z! 10,TWARE ROUT!Nl 
00 AIL IQUIVAL!NT 

UllNI ITANDARO INITRUCTIONI 
:MAKE IUftl 811N DOllN t T CHANG! 

IAV! EK,ICTED ~llUlTI 

!NJTIALlll 10,TWAR! ROUTINE 
lllNIPICANT llTI WIRI 

BHl,TIO OUT 
I, 101 MAKE !O•l 

OV!R,LOWI 9(19) NO'T IAMf AS f 

NO OYl•'LOWI 10 • I 
OYIR,LftWI EO • l 

RITURN '•l 

INtTIALlll 10,TWARE ROUT!NI 
OD LI~ 18UIYAL!NT 

UllNI ITANDAWD !NITRUCTJONS 

SAYI TM! E•P!CTID RllULTS 

fltlTURN 11+1 

INITIALIZE 10,TNAR! ROUTINE 
00 LIL llUIVAL!NT 

UllNI ITANDA~O INITRUCTIONS 

IAV! TH! £X,!CTID ~!IULT8 

RITURN f'•t 

INITIAL!!! 10,TWAR! ROUTINE 

DO RRR IQU!YALINT 
USING ITANDARO INITRUCTION8 

SAVE THE !XP!CTED RESULTS 



PA8£ 1126 #02 80,TWARI ROUTINrl • NON £AU !GUIVALfNT 

011a 11•0e -74122 
lt9t .,.,, tlft378 

~H61 01410 18tHlll 
8112 CH41 t 11·9•12 
lllS IU•tl .. , ... ., .. 11•13 119881 
1111 tU•14 111311 
esee It.Ct! 13•1•3 
1117 A14t8 llB•tl 
etee 01411 0111·21 
1111 Al.tl0 11•112 
8t71J ett•tt t 21Utl 

8172 01422 '"'""'' IU73 014113 l&fllt7 

"''~ tH 414 183097 
lt79 CH419 ••1101 
1171 IU418 1111t.t3 
1177 0141!7 ll•ttS 

"''' et•Je lllStl 
1171 ftt.t31 tlf!IAll 

.RRL 

.RRLt 

IISR 

ST8 !8 
JMfl .RRR1l R!TURN "•t 

NOP 
JIB IIIR INITIALIZE 10,TWANI ROUTINE 
CL!,!LA 
P.LI DO RRL IQUIYAL!NT 
RUt,!'LA U8!NI ITANDAAD INITRUCTJONS 
IIZ Tt 
JMP .RRlt 
ITA !A SAVE TH! l~P!CTEO R!IULTS 
ITB !8 
JMft .RRL,I RETURN fl•S 

NOP 
LOA 8H,T 
CMA,!NA,SZA,RSS MAK! SH'T NEGATIVE 
ADA Mtl MAME •ll I, I 
STA Tl IAV! COUNT!R 
LDI RNI llT AltlUM!NTI IN I & A 
LOA RNA. 
JMP TllR,I RITU"N P•l 



PAGf 8111 #82 IHt,T/AOTAT! IUIROUTINll 

G~lll• ... ,,. 8U9ROUTIN! TO INITJALIZ! IHl'T COUNT 'OR IHl'T ROTATE TllTI 
IF SWJTCH I IS UPt IH'T • IH,T(3•1), It • NON I 

8113• 
••••• 1111• 

I' SWITCH I IS DOWNI G!NllAT! NIN Att8UMINTI, IH'T • It • I 
RITURN P•t 

1118 At•3t 118811 
••• , 11433 •••••• 
•••• 11•:1.a 111111 
•••• 11•39 .,.t•• 
lttt lt•31 811111 
lltt 91431 •••••3 
lltl •t•~t ,, ••• , 
•tt3 et•4t 114311 
1114 IU•-•I tl!,•31 
1101 11•43 llltt1 
8lt1 •t•4• 111188 
1111 11.a~es 111u1 
1198 ~l448 119431 

1111• IH IPrT /ltOT AT! 
lllS• •••• 11 •~~7 • ••••• 1111 114111 et.ttll7 
11114 11•11 tll4'4'1 
•••• 114112 1eenee 
•••• 11 •ers ee-ut:s! 
11111 114'914 ,,.,,,. 
11111 114919 184lt3 
1119 •t•l,8 es st111 
1111 .,.,, 11.tttl 
1111 ., .. , 8Ullft9 

!SRT NOP 
Jll Gift 
ANO llTI 
ITA ae 
SIA 
JMfl 
STA 
Jll 
JMID 
LOA 
ANO 
STA 
JMll 

JIRTt 

'"'' If NO 
!IRT,J 

'"'' 817 

'"'' llRT,J 

M!SIA8! flROCllllNG 

IRMP NOf' 
Jll CIM 
JM' IRMll,I 
LIU ~· LOI IAWMA 
Jll MOYE 
LDB ff NI 
Jll CUTO& 
LDI ANA 
Jl9 CUTOe 

-IM!MllR ITITI O' IWITCH 6 

IW!TCH I UJt 
IMITCH I DOWNI IH,T.• I 
llN!RATI NI~ ARIUMINTI 

IM,T • IH,TCS•I) 

CHICK ,OR r•ROR M!llAI! 
NO M!lle WANT!D • RITU•N 

l'Ak •l,A WAS • 
CONY!ttT AND ,AK WHAT 

IJ & A WAI 

P•l 

lltl lt•lt tUll91 Jll PIA LllT ANY 9 & A RllllTIR IRROAI 
1113 0t41t IUUll JIB ftEO LllT ANY I OR OV Rll IR•ORI 
ltt• e1•e:J 114141 Jiii ftlU' l'IUNT THI !ltttOR MlllAI! 
1119 ., ... tl9~•1 JM' 8RMft 1 I R!TU"N ll•l 

1111• IUIROUTIN! TO CH!CK IH!,T COUNT 
••••• ,, se IS NOT a, R!TURN , •• .. , .. f' se !I ,, IT!P THIN T!IT '"'' 
1111• R!TU~N P•I I' 9H,T•ll, !LI! RETURN P+l 
11111• 
1:112 fJl4fl15 191891 CIHFT NO, 
1113 91411•5 881!4'1 LOA se 
e1·1• ., . .,, 811112 llA 
1115 11•1«~ 119414 JMI' CIM,t ae NOT I, RITUlltN ,. .. 
1111 •t•1ll 03-4111 Ill '"'' 8H,T • 

'"'' • t 1211 8141:! lllU 1 LDA '"'' 1118 eJl47~1 llltiU CPA ·'' 1111 CH •7•1 111••9 CSH'I !II CIH'T 8H'T • 111 llTU"N .... 
8131 0l41ff 1194158 JNI' CIH,T,I !LIE UTUllN '•l 



PAGE 1118 #12 DIAGNOSTIC INITIALIZATION 

1232 01~76 111018 CON,G OCT tl,111 
llS3 Bt•77 ttlllt LIA l 
Ill• 11981 171!39 ITA II• 
1119 lt9at 111117 OCT !17177 

1117 lUlll 111711 START CLC e,c 
1131 11113 •••ttt LOA HLTl 
1111 .,... . ..... CLl,JNI 
•••• .,... . ..... ITt INA .•. , t•llt Hiii• !NI •••• 11·917 111111 STA 1 1 1 
•l•J 11911 111111 CftA HLT17 

•••• ll·lt t 111111 .. .. ... , 11912 119911 JMf' STI 
II.CS 1Jl9t3 11111• LDA lll 
11•7 119t• ,,, ••• STA "'''' 1141 9tlt9 111111 ITA Ml77A•t ... , 81916 111111 STA Ml17A•I 
8191 1Jt9t7 .,, ••• , ITA Ml179 
1111 11911 lt•Sll JIB CNIM 
1111 It. II t ltllll JMP IOI' 
lllS 1!111 Qtltt•t LDA ~18 ..... 

'"''' ott•l34 
LDI MIA 

1111 lU91• t t•tll Jll L!IT,J 

ITA•T O' CON,IGURATION HALT 
llT ANO 

IAYI INTl~NAL IWITCH ~llllTIR 
IND OP CON,l•URATION MALT 

TU•N IVIRYlHINI O'' 
l!T TRA' C!LL MALTS 

PUT tlllXX INTO ~DORlll xx 
xx • 11,1s,1•,.,.11 

RlllT INO Of PAIS COUNT 
ITOR! 8 AICll IPACfl IN TH! • 
wo"o ITAWT!NI AT LOC. Ml77A 

CHICK ,0. NON•!RROR MlllAGE 
NO MlllAI! 

,RINT INTRODUCTORY MlllAlf 



,AG( 1119 #II TllT l OLD 

8197 11919 11114111 SOP CL.A 
1198 Wllle 171138 ITA LCNT 
1111 91911 111411 AIAIN CLA 
1119 11931 111131 lfA 'Ll8 , .... 
1111 1113! 911••• 
1113 11932 111141 
Ill• 1!933 11•317 DLDL 
1111 :111:3.- Ill 111 
llet IS·IJll!I 1,ltlt 
11•1 11138 lflttS 
•••• 119'' ,, •••• .... .., ...... ,, 
•• ,. 11141 .,.t•7 
1111 111•2 •••••• 
1111 •t9•3 871111 
1113 118~41 111148 DLOC 
111• 11s•e te•••• .. ,. .,, .. ,,,, .. 
1178 111•1 lt•l77 DLOR 
1177 IUJfllt 811•11 
•• ,,. ltlilt •••••• .. , .. 

CLA,!NA 
ITA TIT• 
Jll •NG 
LOA RNA 
STA I• 
LOA •NI 
ITA II 
LOA "NAA 
STA ftAD 
CLA 
ITA ILi 
•DA A'T 
LDA A,I 
ITA DLDA 
.Jll !RllO 
C'A 
CL9 

1111 11911 111111 NOP 
1111 11911 11•111 DI' DLD1I 
1111 ISttll lll1ffl DLDA NO' 
1113 11199 111181 NOP 
••••• 1199 ,,,,, 11~711 
•••• 81997 111113 
1117 lt·9tHI 11118,3 

••••• •••• •••• lltt 
•••• 1113 •••• ...... 

ll9flt 11•111 
119«11 ••• ,., 
ll9fl3 It 9(1•1 ,,,,.,. ,, ... , 
••••• , lll'l 11 
lllfUJ fJS•:,49 

Jll CH!Ct< 
IZA,ltll 
JM, DLOt 

Jll CU• 
JMfl DLDI 
Jll "IL# 
JIB ''' Jll ,,0 
Jll ... u, 

lltt 11967 ll•tte DLDI JIB CIHLT 
8111 lt911 111111 HLT t 
1118 11111 ~t•lll Jll Cit 
lltt 11912 119977 JM, DLO! 11:••· 
1311 
·8311 
1313 
1138• 
1131'1 
9386 
11Sl7 
11!18 

IUU'3 
"'ttn'• 
119'~9 
,, 19''6 
,,,,~, 

11et•e 
et &tr 1 
0 t 8tt2 

•t•iue ... ,,., ... ,,, 
11914'4 ,,.,,. 
111171 
81•9'1 
119133 

DLDt 

DLD! 

Jll CSt3 
JMP OLDR 
JSI CIA 
JMP DLOC 
Jll !OT 
HLT 711 
JIB Cll 
JMft' DLDL 

NIW PAii • "!l!T LOO' COUNT 

NIW LODP • CL!AR 1•. I 'LAG 

TllT S 
CHICK AND 'IRHAltl llT NIW ARC 1 

llT AND IA VI IJ"ICT!O A & I 

ADORlll O' "NA 
IAYI TMI OIRICT AOORl88 
START WITH I 

INDIRICT AODR!ll!NG L!V!L8 
'O"M TMI IN•LINI AODRlll 

PUT !T lN•LINI 
IN!TIALIZ! TMf RllllTEAI 

•* 'OR ,ATCHING •• 
DO THI OLD MACRO CALL 

(AODttlll) 
** 'OR 'ATCH!NI •• 

IAV! THI R!IJIT!ll I CHECK TMEM 
A•I lNDICAfll NO IRRORI 

NO l•HtORI 

CH!CK ,OR IRROR M!llAI! 
NO MlllAI! WANT!O 

PAK I !NDJRICT LIY!LI 
LllT ANV I O• A Rll IRIORS 
LIST ANY f OJ OV R!I !RRORI 
PRINT TME IRROR MlllAlf 

CHECK ,GR !RROR HALT 
!RRO• HALT • RlllSTERI REITOR! 

SWITCH t UP ·• ERROR BREAKOUT 

SNITCH 13 UPI ~l~IAT • IAME DATA 
CHICK !NDIR!CT ADDRlll!NG 

DO ,01 N!WT L!V!L 

END 0, TllT HALTI A•l•t 

SNITCH 8 UP • LOOP ON THIS TllT 



PAGE 1131 #II TllT I OST 

0310 
8Jlt 
13t2 
1:u1 
03141 
1319 
1116 ,,,, 
est• .,,, 
1111 
1111 
1112 
1313 ., .. 
1119 
1316• 
1117 
1318 
ISll .,,. 
1131• 
1311 
1133 
IJS• 
IJll 
ISSI 
1337• ,,,, 
lllt 
•••• ... , ., .. 
11•1 ..... 
•••• .... 
IS41 ., .. . , .. 
IHI 
131! 
0391 
139!9 
139• 
1319 
1316 
1397 
0311 ., ... 
•••• 1381 
8382 
8363 
131~h 

8399 

11813 Bfllll TIT2 
11114 171t•I 
11191 ll4177 DITL ........ ,,, 
., •• , 1111•7 
ltltl ...... . 
•nett ... ,,,,, 
liltl 148!~1 DITC 
•t•t·s t••••• 
lilt• 111811 .,.,, ···~·· 1111& 171131 
11111 171131 
litll lt•e77 DITA 
ltlll 111111 
'"''' tt7•ttl 

LOA el 
ITA TIT# 
Jll "NI 
LDA DIA 
STA DAO 
CLA 
STA IL# 
ADA APT 
LDA A1 1 
If A OITA 
Ct.A 
If A IA 
STA II 
Jll !RIGO 
If A !A 
ITI !I 

11813 118911 NOP 
11&14 t1•411 DI' DIT,! 
tU919 1111•1 DITA NOft 
11811 ft91181 NOP 

11117 111131 
11131 , •• ,,. 
llllt ,,., •• 
11632 181193 
11833 119611 

llt34 114111 
11139 119111 
llll& ., •• ,, 
11937 •••t31 
•1••• 111113 •t••t 111113 11••• ••••• , ., .. , ...•. , ............ 
••••• 114771 ., ...... , .. 
,, •• ,. lt91ll 
lt191 •••tlt5 
fJUJtU lllltl 
ettlll 11·1197 
llt89S ftf4tl3 
1119• ., •••• ••••• ••~u 11 11191 ., •• ,. 
11191 119tt• 
IUUJI 1141•1 

LDA IA 
LDI 81 
Jll CHICK 
llA,Rll 
Jfl., DITl 

Jl8 CIM 
JMfll OITI 
JIB ft!LI 
LDA ftl! 
AND .3 
llA, .. 11 
JMI' PITS 
LDA .ti 
LDI lflHtA 
Jll MIVI 
LOI Al 
Jll CUTDI 
LDI AA 
Jll CUTDI 
Jll .... 
LOI ftNI 
Jll CUT08 
LDI ftNA 
Jll CUT06 

DST3 JIB fllO 
JIB ll'llU' 

11811 lt•ete DSTI JIB CIHLT 
01811 tlllll HLT I 
9t883 11•811 JIB Cit 
8116• 119111 JMP DIT! 

11889 lt•ltl naTt JIB Clt3 

TllT I 
CMICK & 'IRHAfll l!T NEW ARG. 
ADORlll O' DIA 
SAYE THI DJRICT AOD"lll 
ITA9'T WITH I 

INOIRICT ADDRllllNI L!VlL8 
l'OftM TM! IN•LIN! AOORlll 

llUT IT IN•LIN! 

CL!A" ITOftl LOCATIONS TO 
RIMOYI ANY R!llOUAL DATA 

INITIALIZI THE RICllTIRI 

IAV! ARl'I ,OR CHICKINC 

•* 'OR PATCHING •• 
DIT IA MACRO CALL 

(AOD"lllJ 
•• 'OR 'ATCHING •• 

LOAD WHAT MAI ACTUALLY 
ITO"IO ,01 CHICklNG 

80 CHICK RllULTI 
A•I lNllCATll NO fRROR8 

NO ltttt0•8 

CHICK l'GR IRltOft MlllAIE 
MO M!llAll WANT!D 

llAK # INDIRECT LEYILI 

lltttOR NOT ITORIO CONTINTI 

flAk •l?ORIO NAI • 

CONVIRT ANO 'ACK CONTENTS ,OUND 
IN THI ITOft! LOCATIONS 

PAK 11 11 " 

CONVERT AND PACK N"AT IHOULD 
HAY! lllN STORED (C·ONTINTI O' 

A & I WMIN DIT CALL MAI MADI) 
LllT f ANO OY Rll IWRO•I I' ANV 
flR!NT THf !~ROA Ml91AI! 

CHICK ,OR IRWOR HALT 
IRROR HLTI A,I •(ITOR! LDC.> 

SWITCH I U' • ERROR IR!AKOUT 



PAI! 1131 #II TllT I OIT 

031t 11866 •••••• 
1117 •t•fl1 ...... , 
•••• ltt71 •••••• 
1111 111:,··1 11•111 DITI 
1311 lt.tl'I 111'1'1 
1111 118,S et41,l 
'''' 11.e:'• 11set1 

JMP DITR 
Jll CIA 
JMft DITC 
Jll !OT 
HLT 111 
Jll Cll 
JM' l'JITL 

INJTCH t3 U't Rl,IAT • IAME DATA 
CMICK INDIRICT ADOftlltlNI 

DD ,.,_ NllT LIV!L 

!NC> 0, TllT HALTI A•B•I 

INITCH I Uft • LOOP ON TMl8 T!ST 



·~l':''4 

1319 
1311 .,,, 
·~~,. 
3371 ., .. 
1111 
1111 
1313 .,., 
1311 
1111• .,.,. 
•s•• 1111 
1111 
tltl• 
IJtl 
l!t3 
1394 
83flti:' 
13t6 
1Jt7 
IJf 8 
1391 ... , 
•••t •••• ... , 
•••• •••e ..... 
1417 
0418 

••••• 14111 
••tt 
1411 ... , ,., .. 
•••• l.f 11 
••t7 
l•U8 
1411 

•••• 1411 
i.h1t2 
0t>J93• 
0424 
1411 
I.ti& 

11879 181113 
tU671 171141 
llt17 ll4317 .. , ...... ,,, 
lt7ftt •••••• 
11191 ,,,,., 
1111! •••••• 

"'''' 111111 11711 ••1141 
12'1718 111111 
81197 R7l7t3 
11711 ,,, •• , 

11711 ...... . 
11712 111111 
CU7t3 111111 
tU 1 t • 111111 

11719 IJl47BI 
01716 111113 
eJt7t1 •• ,,.t 
CU7tl flt4911 
11711 119131 
CU711 9191•9 
11113 1111191 
1171• 014131 
CU119 Bt•711 
11718 ll•ttl 
lt111 ltlltl 
117311 164ltl 
11731 119115 
11131 ft191t1 
01733 119tt• 
1173• 114149 

11739 114818 
et1Je 112113 
Bt7S7 ll•tll 
817411 Pl9749 

lU14t 1148111 
11741 119111 
lt74:S 114997 
lH7•4 1111119 
1174! flt483• 
0174& 112878 
111•7 11•9,t 
lt791 1'29817 

l311!H 816777 
et111 
CH771 

TIT3 

MftVL 

MPYC 

MPVA 

MPV2 

MPYI 

MPV! 

LDA 0 3 
ITA TIT# 
Jll ftNI 
Jll •M'Y 
LOA ,_NMA 
8TA DAD 
CLA 
If A IL# 
ADA AftT 
LDA A1 1 
STA Mf'VA 
Jll !ltll 

NOP 
DI' M,,V,! 
NOP 
NOP 

JIB CHICK 
SIA,ftll 
JMP Mf'YS 

JIB C!M 
JMP M'YI 
Jll f'IL# 
LDA .I 
LDR AMWMA 
Jll MOY! 
LOI RNA 
Jll CUTOe 
LDB RNM 
Jll CUT08 
JIB 'IA 
Jll l'!O 
Jll PIU, 

JIB CEHLT 
HLT 3 
Jll Cit 
JMP MttV! 

Jll Cll:S 
JMP M,VR 
JIB CIA 
JMP Mf'YC 
Jll !OT 
HLT 711 
Jll Cll 
JMP M'YL 

JMP ftGt 
O"G !7178 
!IU • 

TllT S 
CMICM·AND 'lltHAPI GET NIW lRG. 
10,TWARI ftDUTINI • !X,ICTID A,I, 
ADOAlll D, lltNM 
SAY! THI OUllCT ADDft!ll 
ITART WITH I 

INDIRICT ADO~!lllNG LEVELi 
,0.M TMI IN•LINI ADORlll 

ltUT IT IN•LJN! 
INIT!ALZI TH! R!Gtl 

•* ,OR 'ATCH!NI •• 
DO THI M,V MACRO CALL 

(lOORlllJ 
** 'OR PATCHING •• 

IAV! THI R!lllTIRS I CHICK TH!M 
A•I INOlCATll NO IRRORI 

NO lltftOR 

CHICK 'OR !RROR MlllAI! 
NO M!llAll WANT!D 

flAK # !Nf)Jlt!CT Ll!Y!LI 

CONV!RT & ''~ RN• I 8PACI 

CONVERT I flAK •NM & IPAC! 
LllT ANY I & A Rll !RRORI 
LllT ANV E AND OY RIG !RRORI 
PRINT TH! !RIO~ M!llAll 

CHECK ,OR IRROR HALT 
!RROR HALTt R!lllT!RI RllTORfO 

SNITCH I UP • !RROR 8R!AKOUT 

SWITCH 13 U'I R!,!AT • IAMI DATA 
CHICK !NDIRICT ADDRllllNG 

DO ,Ollt N!XT L!Y!l 

END 0, T!IT HALTI A•l•3 

SNITCH I U, • LOO' ON THIS T!IT 



04i!ti , .... 
14'11 
0431 
1411 
1413 ... ,. 
•••• •••• ..• , 
•••• .. ,. ... , .. 

9 l 7:'7 llltlt4 
9lllHJ 911t .-1 
•••••• 11•377 
llltll 119131 
111413 , ...... •••.•• ,,.,t ., 
111119 8ll•tl 
.. •• 16 ,,., •• • ••. ,, •••t•• 
111,ll ltl 1lll 
llt1l l ., •• ,, 
llllll ll .. 1lt! 

TIT4 

DIVL 

DIVC 

OIYR 

LDA 1 • 
If A TITt 

Jll ""' Jll 9 DIY 
LOA lltNMA 
ITA OAD 
CLA 
ITA ILi 
ADA A,T 
LDA A,J 
ITA DIYA 
Jll f ftll 

1441 911~3 118181 NOP 
14•1 1111• tll~tl DI' OIV 1 1 
1441 11119 811111 DIVA NOP 
1444 111118 111919 NOP 
1448• 
•••e 111a1 11•111 
1447 ••••• 111113 
•••• 91111 ...... , 
••••• •••• 11112 ,,.,,, 
•••• 111111 •• , ••• ..... •••1•• •• , •• , '''' •••=te 111111 ..... llllll •••~131 
.... lllSl1 ..... ,,. 
•••• lfl31 114tt3 
••• , 11131 lt91tl 
•• ,. ltl31 •••ttl 
•••• 11133 119119 
1418 111:14 114 t t I 
1411 11139 119119 
•••• 11138 119111 
1•13 111!11 ll!t II 
•••• 11141 1147•1 

••••• 

Jll CHICK 
llA,ftll 
JM' OIYI 

Jll CIM 
JM' DIVI 
Jll 'IL• 
LDA ,II 
LDI IAMA 
JIB MOY! 
LOI •NI 
Jll CUTOI 
LOI "NA 
Jll CUTO& 
LDI RNfl4 
Jll CUTOI 
Jll ,.,, 
Jll P!O 
Jll ,,u, 

141t 11141 1!4116 DIVI JIB CIHLT 
14e, 11141 11181• HLT • 
1418 11143 114111 Jll Cit 
1•11 1114• 811111 JM, DIYI .. , .. 
1411 .. ,. 
e;..a73 .. ,. 
1419 , •. ,. 
0477 
1418 

1114•! 
lff.1416 
111417 

''"'" 11·we1 
llltll 
111'53 
021~5• 

tJS•ilSI 
lllltl 
114191 
118817 .. , .. ,. 
111•1• 
OH411l 
'126111 

DI Vt 

DIV! 

Jll CllS 
JMP OIYR 
Jll CIA 
JMtt DIYC 
Jll !OT 
MLT , •• 
Jll Cll 
JMP DIYL 

T!8T 4 
CM!CK AND ,IRHAPI l!T NIW ARI 
10,TNARI WOUTIN! • llT IX,!CTfD 
ADORlll Gr RNM 
IAYI TMI DlllCT ADORlll 
If ART WITH I 

INDIMCT AOO"llllNG LEVELi 
,O." TMI IN LINI ADDRlll 

lllUT tT IN LINI 
INITIALfl! THI ft!Gtl 

•• ,OR ,ATC~!NG •• 
DO TH! DIV MACRO CALL 

<ADOHll) 
•• '01 'ATCH!NI ** 
IAV! THI RllllTIRI I CHICK 
A•I INOICATll NO !fHtOJtl 

NO IRftOtt 

CHECK ,OR l•ROR M!llAll 
NO MlllAll WANTED 

PAK I !NOIRICT LIVIL8 

"AK •1,A,M WAI • 

CNVT I 'AK RMI I l'ACI 

CNVT & ,AK RNA & l'ACE 

CNVT & 'AK RNM & SPACE 
LIST; ANY 8 & A IR•ORI 
LllT A"Y I Oft 0¥ R!O IRRORI 
PRINT THI lftROR MlllAI! 

CHICK '0~ IRROR HALT 
!RROR HALTI RllllTERI RllTOR£0 

SWITCH t Ulll • ERROR IR!At<OUT 

SWITCH 13 UPI R!,IAT • IAM£ DATA 
CM!CK !NDIJllCT AODWllllNO 

DO fftR N!XT LIV!l 

!NO 0, TllT MAlTI A•I•• 
IMITCH 8 UP • LOOP ON THll T!ST 



PAGE 1134 #II TIST 8 AIR 

e .. ~ae 01159 811211 TIT! LDA ·' 0411 9lllf 111t•I ITA ,,,. TllT I 
1482 11111 lll~SI AIRL Jll ~atn JNITIALIZI IHl,T/ROTAT! fllT , ... , 11168 111311 •••c Jll ·"'" 10,TMA•I ROUTINE • ll'T !X,ICTEO 
0484 eteet 111111 LDA '"'' 'OIM TMI INITRUCTION ,.,, 11911 ISlllJ tOR AIJll 

•••• .•.. , ., •... STA llltl PUT lT IN LIN! ... , .......... , AIRR Jll !RIO IN!TJALIZI TME RllJIT!RI ..... 
•••• 11119 .. , ... NOP •* 'OR ,ATCH!NI •• •••• Rteee 111121 AIR! D!' Altt,I AIR <XX> INITAUCTIO" •••t ... ,, .... ,, NO' •• 'OR ,ATCMINI •• 
••••• ... , "'''°' 114711 Jll CHICK IAYI TM-! RllllTIAI & CHICK THEM 

···~ 
81171 , .... , IZA,ftll A•I lNOICATll NO !RWORI 

14'8 181172 fJllt•·• JM' Alttt NO !Rttlftl 
•••• 11113 1194•7 JIB IJtM' IHt,TIROTlTI MfllAIE PROC!SltNG ... , 

·~''' lt48t·t JIB C!HLT CHICK ,OR !IWOR HALT 
•••• 02118 tlllll MLT 9 !RRO• HALTI RllllTE•I R!ITDR!D 
•••• 11111 11•e11 Jll Cit 
1511 091•17 "18184 JM' Alltl SNITCH t UP • !RROllt 84'!Al<OUT 
lllt• 
1511 11111 114811 A8Rt Jl8 Clt3 
1113 lltlt llfU18• JM' AIRR IWlTCH 13 U~I RIP!AT • IAMf DATA 
1914 lltt12 119489 JIB t:IH'T CHICK THI ltf IPT COUNT 
Ill! 111113 11e1e1 JM' AIRC DO 'GR TH! NIXT YALU! 
1116 llUJ~ It 4836 AIR! Jll l!OT 
8117 ltUUJ t 11871 Hl.T 711 IND 0, TIST HALTI A•l•9 
•••• "1116 114971 Jll e11 •••• 11111 118181 JMll AIJfL IM!TCH I UP ,. LOOP ON TH!I T!IT 



PAI! 113tS #II TllT I AIL 

1511 911 lll •••:••• 
1111 11111 er•t•I 
tlll Ill lll lll14ll ••t• 111~3 111111 
•• ,. ···~· •••tt1 1111 111 UI lllltl• 
••• , lllfll .,., •• 
lltl llt!l'1 It 4iNI .. , .. •••• ••t~t• ••• , ... 
lttt lltltt t ll~IH 
1111 ••t•~· •••••• ... ,. 
111'4 llU13 11•:,el 
•••• lltt•• 111111 
Ille 11Ul9 llt'.l·ll 
11:1,. 
1111 1111e 111~•1 
llt·t lltt!1 l·l ••Ht 
ll·SI 11 t ~Ht 111191 
••• , 11111 .,.,,. 
1111 ttt~tl 111'.1·3' 
lllS• 
Ill• lli3S ll•ttl 
..... ···~·· lll'.117 1111 111 ~II I t·l••ll 
9111 ltUJI lll~l ti 
•••• ltt~l7 11•••• 
111• 111~• 1111re 
•••• llt•t •1~9,t 
1141 11141 ~181ll 

TITI LDA ~· .,, ,.,. 
AILL Jll f lltf 
AILC Jll ~AIL 

LDA IH'T 
!·Ott AILI 
ITA AILI 

AILR Jtl lttll 

NOfl 
AILI 01, AIL,J 

NOii 

Jll 'CHICK 
IZA,ttll 
JM' AILS 

Jll '""'' Jll CIM·LT 
HLT e 
Jll Cit 
JMP AILI 

AILt Jll Cll3 
JMP AILI 
Jll CltWT 
JM; AILC 

AILI Jll IDT 
HLT 111 
Jll Cll 
JMtt AILL 

TllT I 
INIT14Llll IHl'T ROTATE TllT 
11,TMtft ftOUf INI • llT l•,ICTID 
'GIM TMI IMl,AUCf llN 

ITOll IN LINE 
INITllLJI! Ytll ttll'I 

•• 'OI .,ATCMINI •• 
AIL (IX) INlt•uCTJON 
•• , •• tlafCttlNI ·•• . 

IAYI THI lllllTIRI I CHICK THI" 
A•I INllC•fll NO IMOal 

NO ltttt0tt·1 

IN!,Tl•OT•TI MlllAll ttltOCllllNI 
CHICK ..... ·1t1ot1t HALT 

lllllOlt MALTI "llllTl•I ttll'O"IO 

IMITCM t U' ·• l•tllft IRIAtcOUT 

INITCM IS U't lllNAT ·• IAMI ·f>ATA 
CHICtc 'Ml -IMl'T GOUNT 

DO ''" NIKT YALUI 
!ND 0, TllT MALTt ..... 

IW!TCM I U' • LOO, ON THIS TllT 



PAii 1138 #12 Tl8T 7 • LIR 

06•3 ,, .. ,,., 
•••• ... , 
•••• •••:t •••• 1111• 

111•3 IJlltl• 
111•·• 111141 
11148 118131 
111•1 lllSl4 
11141 181117 
llt 91 1·31111 
llt·lt .,.,,. 
•• , •• 114817 

TIT1 LDA .7 
ITA TIT# 

LllltL Jll llRT 
Ll"C JIB 1 LIR 

LOA IH'T 
ICHt Liii 
ITA Llttl 

llltR Jll IRllO 

1111 11193 811111 NO' 
lllS tlt94 tlll41 LIRI DI, LIR,I 
1114 11199 111111 NOP ..... 
•••• 11198 ,,.,,, 
••• , 11191 ••••• , 
•••• 11181 llltt• 
••••• 11ee e2111 11•••7 
1111 12111 11•11e 
1111 11113 , •••• , 
1113 11184 ., •••• 
•••• llt89 lllt,t ... , . . , .. ... , 
•••• •••• .. ,. .. ,, ,,,, 
1113 

lltl6 ., •••• .. ,., ... ,,,, 
11171 ,,, •• , 
11171 ••• , •• 
11171 ., •••• 
11173 1111,. 
1117• ,,.,,, 
11119 ••• , •• 

Ll•U 

LIRI 

Jll CHICK 
llA,ftll 
JM' LllU 

Jll '""' Jll CIMLT 
HLT 1 
JIB Cit 
JMtt Liit! 

Jll Cll3 
JMft LIRR 
Jll Cl"'T 
JM' LlltC 
Jll !OT 
HLT 191 
Jll Cll 
JM' LlltL 

TllT 1 
INITIALlll IHl,Tl•OTAl! TllT 
10,TNAd ROUTINE .. IET rxtt!CTID 
'0Rfl4 '"! INITftUCTION 

'UT IT IN LINI 
INITIALIZE TMI ~llllT!RI 

•• 'OR ,ATCHlNG ** 
LIR (XX) INITRUCTJON 
•• 'OR ,ATC"!NI ** 
IAV! THI RllllTIRI & CHICK THIM 
A•I INOICATll NO IRWOR 

NO lltWOltl 

IH!,T/"GTAT! M!llAI! PROCE111N& 
CHICK ,OR !ltROR HALT 

IRRD• HALT • Rll•8 RllTORID 

IWITCM t UP ·• !RWOR BREAKOUT 

INITCH 13 U,1 ftlPIMT ·e IAME DATA 
CMICK THI IMIP' COUNT 

DO ,,. NllT VALUI 

IND O' TllT MALTI A•t•• 

IWITCH I UP • LOOP ON THll T!ST 



PAI! 1131 111 fllT ti ~ LIL 

11,1 11111 lfltll 
,,,. ..,,,, .,,'.14.t 
•• ,, ...... 111••11 
•• ,. ...... 111:111 
•• ,. ... ••. ltl'.ll' 
.... ltlttl ..... . ... , ....... ,.,, .•.. . ......... ,, 
••••• •••• lllttl ••••••• 
1119 ••• .,, •••••• 
Hit 1tt1:1 ••••H 
: ... ,. 
·Htt Ill!: t 114',ll 
"'' 1111:1 ••••• , 
.... fflt:.3 ••••tit ... ,. 
.,.,, ••••.• lll4t4'1 
•••• llltl lt4ftll 
•••• lltt• 111111. 
1115 1111;1 ....... . 
ll'lll 11211 llltrll .•. ,. 
1111 81121 lt•Gtl 
•••• 11111 ••••• , 
•••• 11113 119419 
••• , 11114 111811 
•••• 11129 1141$1 
1113 ••• ,,. lllt•1• 
,... • •• ,, •t•ff1l 
•••• 11111 111111 

TITlfJ LDA Ill 
ITA Tl,1 

Llt..L Jll lt•T 
LILC Jll ,L.L 

LDA IH,!f 
!Oft LILI 
ITA Ltt..I 

LIUI Jll Utl•O 

NOt' 
LILI DI' LIL,! 

NO' 

Jll CHICK ........ 
'"' LILl 

J.11 '""' Jtl CIMLT 
HLT Ill J.. Cit 
JMtt Lill 

LIL! Jll Cl1·3 
JM' LIUt 
Jll CIM,T 
JM' Llt.C 

LILE Jll !GT 
Mt..T 111 J•• ca• 
JMtt LILL 

TlaT $1 
INITIALlll ,lt41PT/ .. 0TAfl TllT 
18'TWAll ·IOUTINI ,.,. ·11:T lllllCTIC 
'OIM fMI INl·t•Ulf ION 

'UT IT IN LINI 
IN!TIALlll THI' RllllTlftl 

•• ,0. 'ATCMINI ·•• 
LIL CllJ INITIUCTJOH 
•• 'OR ,ATCMINC •• 

IAYI THI RllllTIRI & CMICM THIM 
A•I INllCATll NG IWtltOlll 

NO l,•lttl 

IMl,T/IOT•TI MlllAll ,ltOCllllNG 
CHICK 'att !lttOtt MAl,T 

ltt•Dtt MALT ,• 1111'1 RflTDllO 

SWITCH t U' ,. !fHtOI lllllAMOUT 

ltlflTCH 13 U'I ltl,IAT ·• IAMI D•f A 
CHICK THI IMIPT COUNT 

DO ,ftR N!IT YALUI 

!NO O' T!IT HALTt A•l•tl 

SWITCH I Uft • LOOP ON THll TllT 



PAI! 1838 191 TllT ll • RWR 

"":,;J7 IHJt lllS!t 
1091 11131 1711'1 
.... ltl33 119431 .... . .. , .. , .. ,. 
••tt 11139 ... ,,, 
lltl tltll ., ... , 
HSI lli37 IPllft .. ,. . ..... , .. ,, ..... 
•• ,. 111.-1 ...... 
••• , ..... tlttll 

•·••• ••t•J ...... ••••• .... ···~· .,., .. 
'"t •n•• "'"' .... .. .. , ..... , 
1111• 
•••• 1&1•7 ••••• , 
•••• 11111 •••• ,. 
•••• tttlt lllltl ... , ...... , .... 
1111 .... , •••••• 

••••• .... . ..... , .... 
1111 1101 •••••• 
1111 .. ,,e •••••• 
1113 .... , .... ,. 
llS• 11119 ll•tte 
1619 ••••t .... ,. .. ,. . ..... , ... ,, 
1111 ·•Itel IHal·I 

TITlt LDA Ill 
ITA TITI 

RRltL JH ~ .. T ••tte Jll ..... 
LIA tHPf 
lltt"" .,, '"'111 

ttlttR JU !IHO 

NOP 
tta11 DI' Rlttt,I 

NO' 

Jll CHICK ......... ""' ..... 
Jal '""' Jll CIM&..T 
MLT tll 
JM Ctt '"" .... 

ttltftl Jll CllJ 
JMP R1tMt , .. c ... ,, 
JMP MtttC 

RIWI JH !OT 
HLT 1tl 
Jll Cll 
JO tt•L 

TllT !t 
lfllTIALlll IMl,T/ftOTAll TllT 
ltFTWall· ltOUTINI ·•HT 11,ICTEO 
'"'"' fMI· INlfRUC,ION 

PUT IT IN LINI 
lllTIAt..111 YNI ltllltTlttl 

•• 'OR .,ATCMINI •• 
Ritt (IX> INl,RUCf ltffit 
•• ,01 ·-AfOMIMI •• 

IAYI TMI RltllTIWt I CMICk TM!M 
A•I IMOIC•Tll NO 1 .. 0 • 

NO l•Oll 

IMl,T/ttOTITI MlllAll '"OtllllNI 
CMICK PP IHOtt .MALT 

ltttt• HALT • tlllt '(I RllTOllD 

IMITCH • u, • !RttOR IQAtc:ouT 

l•ITCM.13 U,t lltl,IAT ·•· IAMI DATA 
CMltM 'Ml IMIPT COUNT 

DO NI NllT VALUI 

IND 0, TllT 'MALTI A .. •tl 

IMITCM I UP ·• LOO' ON TM!I TllT 



0est 112e• •••tl7 
•••• 11·1ttJ .,,t41 
1141 •••••• , •••• 
11•2 1t'.1e1 ett•t• •••3 ... , ••• ,,, t, 
•••• 1t:111 111111 ... , .•. ,. ,,,.,, 
ltAt lf:l'S llAl17 ... ,.. •••• ••1•1• •••••• •••• ..,. •••t•• 
ltll 81lltP8 1111:11 

••••• •••• 11171 ••• , •• 
lllS 11:111 11111$ 
•••• 11;111 ..... , 
ltl9• 
•••• 11311 ••••• , 
811, llleJ ltAttt 
llt·I 11;114 1 llltl 
ltit 11:1•• •••.••• 
·~·· ••:••• 111313 •••t·• 
•••• e1:s11 11••1• 
••• , 11:1 t" 11111'3 
1114 1111 l .,,, •.• , 
•••• n:ua 11111,11 
... ,. ll·JlJ ., .•• ,. 
••• , 1111• 111111 
•••• 11319 .,., •• ,l 
eeet ••~• i e 1111ee 

TITll LDA Ill 
ITA TIT• 

"ftLL Jll llttT 
ftRLC Jll ,MIL 

LDA IM'T 
Hiit ttttLI 
ITA ftlLI 

RRLR Jll !ftllO 

NOflJ 
RftLJ DI' "ttL,! 

NO' 

Jll CHICK 
lll 1 1t•1 
JMll ""LS 

Jll """' Jll elMLT 
M~T tll 
Jtl Cit 
Jtffl ULI 

ltffLI Jll CltJ 

'"' ""'-" Jll CIH'T 
JM' RRLC 

RRL! Jll IOT 
Hl.T 111 
J11 e•• 
JM, ""LL 

TllT ti 
INITIALIZI IHl,T/IOTATI TllT 
81,TWAll ftfJUTJNI ,_. IET !Wf'!CTID 
,OltM ?Ml INITRUC,!ON 

'UT IT JN LINI 
tNf TIALIZI TMI HlllTE•I 

•• '01 'ATCMING •• 
RRL , •• , IHIT•ueT10N 
•• ,01 'ATCMINt •• 

IAVI TMI fltllllTllll I CHICK TH!M 
A•I INllCATll AN IRWO• 

NO l"lefll 

IMl,T/tlOTATI MEllAll flftOCElllNG 
CHICK 'Ott lttlltOR HALT 

IRROl·MAlT • R!l•I RllTOR!O 

IWITCM t U' • IRROR IRIANOUT 

INJTCH i3 U't R!,IAT • IAMI DATA 
CH!CM TMI IMl'T COUNT 

DO ,OR NIXT YALU! 

lND OP TllT HALT I A•l•·t I 

SWITCH I U, ·• LOO' ON THll T!IT 



PAI! 8841 #II !ND O' LOOP • PNO Of 'All 

f,'liJ1t 11317 •t•J77 
9611 91311 11113• 
0613 11311 •••••• 
~,.,. 11311 111917 
'..1811 11313 13•tJI ,,.,, .. ,,, .... ,. 
"''' 11319 lllltt .. ,. 11311 118331 .. ,. 11317 111117 

••••• ... ,. U,DATI !ND 0, 
1111• 
1-113 11331 •••• ,. ..... llS3t tllHI ••••• ..,,, ...... 
•••• 11333 ., ••• , ... , 1133• 111111 
•••• g9339 111181 
•••• llS3t lltte• 
18tl Wl33l7 lftlll •••t 111•1 111311 
llt'/f? llS41 tlllll 
1893 llS•t 1•1111 •••• 113•3 13117• ... , .. , ... ,,,,,, 
•••• 113•9 111111 ... , llSll llllt1 
•••• •• ,., 111111 .. ,, 11311 tll3H ., .. 11311 111213 
1111 11311 171911 •. , .. 11313 •••• , • . ,., 11314 111331 ,, ... 
1711 11319 • , • '"' ., .. 11398 lff 181 
1711 ,,,,, fflltl . , .. .. ,., ..... , . ,,,, •• ,., 11•111 
1711 .. ,.. . .... , 
1711 113t3 ., •••• 
1711 113•• •• ,, •• 
111:5 •• ,., 111177 .,,. ..,., 119911 
1711• 
1711 11361 
8717 
•• NO l•ROlltl• 

JIB "NI 
LOA 'Lii 
llA 
JM' AIAJN 
Ill LCNT 
LOA LCNT 
C'A .1111 
JMtt !Ott 
JM' AIAIN 

.-•as COUNT 

!O' LOI MA771 
NIXTI LDA 1,1 

IHA 
!Oft Ill 
STA 111 
ANO 117 
C'l 1,1 
••• JM' nONE 
LIA 1,1 
AOA 1318 
IOR ltT1·1 
.,. 9,! 
AND D1111 
e:'A Dllll • •• JM, DONI 
LDA All 
ITA 1,1 
ADI Ml 
JM' NIKTI 

DON! Jll CNIM 
JMP !0'1 
LDA ~II 
LOI MA17 
Jll LllT,J 

!OPS JM, lllC.I 
!l"TN Jll Hit 

AL,,ILA 
HLT 171 
JM' 10, 

!ND rau • 
!NO 

IW I MAI UP DUIJNI LOOP 
WAI ALMAVI DOWN ·• lflP COUNT 

!ND O' PAii I' &118 LOOPS 
NOT !NO O' PAii • DO N!XT LOOP 

ADOR O' L!AIT llCN' CHARI IN MIG 
NIXT I AIC!I CHAIACTIRI 
If!' LIAIT lllN!,ICANT DIGIT 
MAKI IUH IA8E II I, NOT 9,ACI 
PUT IACW IN Mii, TIM,OttARILY 
HAIK .,, LOtflR CHAftACTlft 
11 IT 11 t 
Yll 
NO • 'INllHID 
RllTDI! I CMARI 'ROM MlllAll 
IT!' Ul'PI" CHAJIACTIR 1 MAKI LOWER 
MAKI IURI Ufttltll't IAI! II I 
'UT IAC• IN MlllAll TIM,ORARILY 
MAIK 0,., UttJl!R CMARACT!flt 
II IT tit 
VII 
NO • 'INllHEO 

Rl,LAC! WITH I AICll l•I 
llT ADOI. OP NIXT CHAR. PAii' 
IT!' AND TllT NIXT CHARACT!aa 

CHICK ,OR NON•ERROR MlllAI( 
NO MfllAG! WANTED 
'RINf IND 0, 'All MlllAG! 

CALL DIAINOITIC MONITOR 
CHICK SWITCH ti 

HALT 17 I' UP 
00 NIXT ff All 



C"Oll•Rl,lllNCI· .IYMIOL TAl\..I ,, ...... 
••O•C •••••••• ••••l1•t ....• ,., ... ,.,., ... ,,,., ...•. ,., •••19111 

• • fJ ..... , .. .. , .. ,., 11111111 . 

• t 11141111: .,.,, .. ,,, 
.te 11114/lt ..... , .. 
.11 lltll/IS 11141111 

.1111 11111181 ... ,,, .. 
• t• 1111•1•1 .. , .. , .. 11111111 11111111 

.2 .,,.,,., 81111/11 91311111 ••••• ,., •••••1•1 11311/11 

.11 01191111 .. ,.,, .. 

.3 111••111 11111/lt •••••111 •••••1•t •• ,.,,., •• , •• , •• 1117•111 

.38 flltll/ll , .... ,., 
,4 111••111 11331/lt ••••1111 1111•111 •••• ,,., 11113/lt •••18111 

• !J 11111111 11381/llt lt•il/11 

,e l'fltltllt llltlltt 

.eJ II tit/It 11111/lt •• , •• ,.1 
·' fJll·ll/ll 11143/11 

•• Rltlllll 111113/lt •••• ,,,1 ..•.. , .... , .. , .. 
.AIL 01111/11 ••tll/11 •• ,,.,,. 

,AILt fJltll/11 11113111 

1AILI lltt7/ll 1111•1•1 

,AIR ..... , .. 11181111 11.-11111 

.AIRt ..... ,,, 111111111 

.01v "''''''' 1111e111 lt•lt/11 

• oJvt .... ,, .. ... ,., .. 
,LIL 11s•e111 1cn•1111 .. ,,., .. 
.Lilt 1114'2111 fHU•llll 

• LIR OJISJl/11 11131111 .. ., .. , .. 
,LlUH llt3t/ll 11!311•1 



c•a••·•l,lllNCI IYMIOL TAILI PAI! 1111 

,MPV , ... ,, .. lllJl/11 11371111 

.MPVt 111111•1 11117111 

.MftVI 11913111 ..... ,., 
,RftL llllt/11 11171181 ••••1112 

.IRLI .. , .. , .. 11187111 

. """ ... ,,., .. .. , .. , .. llfJll/11 

• "'"'t 81111111 81191111 

A fJltt11/ll 11111•111 11311/11 11113/11 •••37/12 

All 11111111 11711111 

Al112 81111/11 11313/lt 

A28 111113/lt 11918/ll ..... , .. 
luUU1t lltll/11 11313/ll 

AA 111119/lt 114113/8! 11911111 .. ,,,,,, .... ,,., 11391/11 

Al ..... ,,, •••1•111 11911/lt 11111/ll .. , .. , .. 
A[ 98111111 ..... ,,., 11913/11 llltl/ll 

AIAIN 8118t/ll ... ,.,,. 11811/12 

ALT e121e11t 113311111 

AMWM Hit 11/IJt 11111/lt 

A MW MA 81111/lt ., ... ,,. 
AO fUH198/lt e1•J11et 88911/11 11711/11 

APT f!ltl•llt 111113111 18311111 11311/tl •••38/11 

ASL IJl117/8t Blt7•11t 11911/11 

AILI llt7•1•t 11918112 

AILt 1111•111 11118111 

AILC 9191•111 11137111 

ASL! 01931/11 11931111 

A8LI Bllltlll 11917111 

ASLL OUl!H 3/12 889•1111 



CROll•R!,lltf NCf IVMll·OL T AILI flAll 1113 

ASLOV Olettll/11 11111111 

AILR 11911181 11131111 

A8R llllfl/lt 11173181 •••••111 
AS,UJ lll73111 ..... , .. 
AIRt 8191:tlll 11411111 

AIRC •••13111 11111111 

AIR! ftlll4J/ll 11111111 

A8R! , .... , .. . .... , .. 
AIRL ••••• ,.. 11111111 

ASRR ,,,,,, •• 11113111 

B 11171111 11S•t11t 11113/ll ..... ,.. . .... ,.. . ... ,,., ..... , .. 
1111011• •• , •• , •• 

Ill 111·11111 11113111 •• ,,., •• 

Ill lltllllt 11111111 

ltl Iii l4l/ll 1111•1•1 11811111 

811 ••tl!llll .. , .. , .. 
820 lltlf'llt 11111/lt 11111111 

l!fJ lltl1/ll 11141111 

13&8 fH1t 3111 l 11613111 

8371 lll:Sl/lt ..... ,., 
161 11111111 •• , •• ,.1 11111111 ...• ,,., ., ••tl1:/ll .. , .. ,., 11111/11 . ,. ..,.,,,, ..... , .. ,,, 111311111 11111/ll 11111/11 11111111 Hiii/ii 

BAM 1111,111 lllll/lt 

8AMA 11111111 . .,.,., .. 
IAQM 81171/ll ... ,.,., 
lUQMA 01&18/11 11113/lt 



ClltOll~ttF.,!R!NC! IYMIOL TAIL! PAI! Ill• 

BAWM 11111111 11111111 

IAWMA "lHll/lt 11111111 

ICNT 11111111 11131/lt 11931/ll 11911/ll .... ,,., .. , ... ,., 
llT" 1113•111 111••111 11111111 •••••11t ••• ,.,.1 ..... , .. 
8!Tt2 18131/lH ..... ,., 
BIT ti 11!39/lt lltttllt 

BITS '211139/IU 11131111 lltll/11 

lUT7 91138/11 11379/lt 

8!T9 81137/81 88411/lt 

BPT 11119/lt 11133/ll llH3/ll 1111•111 11191111 

BUF 91111/81 ••ltlllt 

CfJU, 81811/ll 11111/lt ••••1111 11134/ll 11711/ll 

C!HLT , .... ,., 11•11111 11.tll/11 11431181 HHt/11 llJll/tl 11•&8111 ..... , .. •••• ,, •• 11919111 •••• ,, ••••••• , ••••••• , •••••• ,, •• 

C!HTt .... ,,., ...... ,,, 
CEM 01311111 11311/CU 11318/ll 11>•1111 11s11111 1111J111 11111111 

01331/11 19!11111 •••91/11 

CE Ml 9131t/lt 113•111H 

Cf 08 etl7ttlll 11181/eJt 11e11111 81711111 11118111 llJ3t/lt 

CH!CK 01911/01 11111/lt 18211/11 11334111 11311/11 ..... , .. 81413/11 
'HJ914/ll 11111/lt 11911/12 19111/11 81111111 

CJA 11373111 1131t/lt 81311/11 11313/11 •• ,.,, •• .... ,, .. 18473111 

Cl At 11111111 IJl37711t 

CNIM 01311/11 11311/lt 11318/11 11449111 11111111 •• ,.,, •• 

CON'G '91232/11 1111311! 11111/11 

COUNT Blllt/ftl ...... , .. 18161/11 

CRL' 181912/lt lllltl/11 

cst.3 IJ04tU> /It 8M4t3/8t 11•1•111 18Sli/12 •1311/11 ...... , .. •••7t/fJ2 
11912/11 •11934/81 11911/91 8W9tl/ll 81111111 111e11tt 

CS8 ~0318111 11111/lt 11311/11 11391/11 11311111 llSl1/lt 11371181 
0a•tt1~t e14771et 18911/~2 11&•1111 e1111111 •••••111 11elt1ffl 



CROll•ftl'ERENCE IYMllL TAil.i 

81110/11 

, •• 1 •••• 

Cit ll•lf,/tl 11•1.tllt 11•11111 l•ttelll llltl/11 11411/ll 11411112 
111•tt/ll 1113! 111 llltS/91 lfftllll ..... ,Ill 11111/11 

CIH'I ~1119111 11111111 

CSH'T 11111/lt llllt/11 11131111 11114111 11131/11 919ellll 81811111 
11a11111 •••••111 

CUTO 11191/ll 11111/tl 1•819/11 11911111 

CUTOt llAl!/tt 11811111 

CUTOe 1181~/lt 11111/lt 11861/ll llff·l/111 11171111 11173111 11111112 
llltl./tl ltl•llll 11311111 llSl•lll t•lll/11 114113/11 11•11111 .... ,, ....... , ....... , .. 

CUTO)( .... ,,., 11131/ll llSll/ll 11•11/ll 11111/11 11111/IS 11811/11 
fJl8tll/lt ,., •• ,.t .. , .. ,.,, 

09111 11117111 .... ,, .. 
07411 111ee1111 11111111 

DAD Billi/It 11114/lt , •• ,., •• ·~314/11 •• ,,.,., •••33/11 

DIU, "'"'''''' ftll3118t .. , .. ,., 
DIV OJllll/ll ..... , .. 
DtVt ' '•••71111 11441/8! 

D!V2 , ••• ,, •• 91491111 

DIVA Al4'43/ll 11431112 

D!VC •••1e1e1 ... , .. , .. 
D!VI 114,IJll ..... , .. 
OIVL 11431111 .... ,.,,, 
OIYR ... ,., .. ... ,., .. 
OLD 11111/li llllt/lt 

DLDt 913111/11 .... ,,,, 
DLDI 01216/81 ••211/lt 

. OLDA· 10281111 18171111 

DLDC '48113111 111314/11 

OLD! 18389111 llltt/11 



CR081eA!,£RINCE IVMIOL TABLE PAii 1111 

O\,.OL e11e•111 11!18112 

OLDff HJ118/ll 11311111 

DON! 18119111 •••tt/11 , ...• ,., 
DSA 11112111 11313/81 

DST 11113111 11311111 

D8Tt ,.,.,,,, 1Jll31/ll 

DSTI llSlfllll 11331111 

DIT! 11311111 , .. , .. ,,, 
DITA ftl!lt/11 11311/11 

D8TC 11317111 11311181 

D5TE 01319111 11383/11 

DSTL 01311111 0Jlt311/lt 

DITA 18313/11 10318/81 

!A Bllll/ll ee1e1111 1ee111e1 11133/12 ••••• , •• 18111111 ••• ,., •• 
11111/11 lllll/81 8ltl•112 11131112 •• , •• , •• •• ,.,, •• lltlllll 
11168/82 81131•111 

f 8 18ftt2/11 fJt191•11t 18811111 1113•112 91841/12 11891/11 ••••1111 ..... , .. 11111111 11171112 11114/112 Htlllfl 111·1'111 llt•7lll 
91111/11 11111111 81161/11 11311/82 

EDM 11319111 113941/lt 

!OMA 113114/11 IJIJ31t/lt 

!£ 111Jt3/ll .... ,,,,, e1e1•111 e1et•1•t 

!ND 11119/11 llHJ78181 

EO 99894111 81491/ll 18921/81 IR711/11 11121/12 11889/12 81116112 
1911,/11 

!OP 10eeJ111 81171111 

!OPt 11711/12 11718111 

!nT 1•••3111 8f'4•11fU ..... ,., •••••111 11319/11 11381111 ll•St/11 
e••1e111 llllt/81 11131/11 11911111 ..... ,., e1ts•111 111ae111 

EnTt ...... ,., 11-'•lllt 

EOT2 Arl,.98/0 l 11411/ftt 



EOTM 

!OTMA 

ION 

!OMA 

!WIC 

ltUtTN 

'Lii 

l'Jl•l!/11 

11•e;t11t 

•• ,,1./ll 

1111:1111 

••••1•1•1 
1111:1111 

1111:1111 

.. ,., ... , 
114'11/lt 

11411/ll 

1171'1/lt 

•••••111 
11111111 

... ,.,,,, 
•••••1•t ..... ,.. . .. ,.,,, 

GIR 11311111 11137/ll llSlllll 11311111 11311111 113,4/ll 11319111 
11•11l/11 81411111 ••••• , •• •••••111 •• ,.,, •• 1·111 t/11 

HLTl 11170111 11131111 

HLT17 lll7ft/11 lll•lllt 

IllR 111,1111 11117111 11181/11 llltl/11 11131111 llS4tlll lltlt/11 
lltll/11 ••• ,., •• 

IL# lllltl/IS 81311/lt lt131t/ll 11131/lt 11171111 11311111 11311111 
'"''3'1/11 

tLM lll•lllt 11111/lt 

ILMA 81&3tlll 11111/lt 

!"EG ll•,1111 11411111 11•11111 11311/11 11431111 11•11111 11111111 

!9'190 11•••111 •••••11t ••• ,.,,. 11313/81 ••••• , ••••••• , ••••••• , •• 
111•e11t 

!SR 1111~/ll lllll/lt 11134/11 

ISRT 11118111 lllt•lll 81ttl/ll 11•11111 .. 113/12 111•9111 11971111 .... ,, .•..... , .. 
llJtTt llttl/lt ••••• ,., 

LCNT 11111111 •••••111 11111/81 .,,,.,.. 18171111 

LllT .... ,, .. ..... ,., • •••• ,.. 11711111 

LOO, 11181111 .•.... ,,. 
LIL 11111/lt 11171191 111111111 

LSLB llt78/lt "''''''' 
L8Lt 91918/11 10901/11 



CROll.;,R!,ltlllNCE IVMBOL TAIL! PAG! 1118 

LSLC Al911111 11811/11 

LILE 11112111 .. , .. , .. 
LILI 111919112 111111111 

LILL •• .,,,,.1 11811111 

LILR 11911111 .... ,,., 
LIR 11118/11 91119/lt 11991111 

LSfltB fflf 79/11 819•1111 

L8Rl PAl911/ll 11191111 

LSRC 118418/fll 11181111 

LSRl 091970112 ... ,.,,, 
LSR! llfHJ!/11 .,,, .. , .. 
LIRL 119•9111 8117J/12 

LIRR 11911/11 11517/11 

Mt 1114!/ll 11712/B'l 

Mt& 811 •-4111 lftltl/11 11899/11 11111111 

M!J 111.-2111 013!9/lt 

M& ••t•311l 11811/81 

MA77 fll!tl•101 .. , .. ,., 
MA778 0CU 89/ll 11113/92 

MG77 fHH93/ll lfl14'/1Jt 

MG77A lltt•11t .... ,, .. 1124'1/12 112-il/ll 

f't1778 llttl/11 11119/ll ffllll/12 

MI 11111/lt 111113/ll 

MIA fll0t83/ll 1119•1'11 

MIND 01191102 11883/12 11111112 

MOY! 08919111 01331111 18331/11 ... ,.,,, .. ,, .. ,,, ••• ,.,., ••••1101 
018&~/11 01698/01 .,,.,.,.,, 11217111 113•1112 ••••• , •• ··~•91•1 

MOV!C llHJ13/0 l 0CHl8t /It 

MPV 0fH~l4/fJI 01311182 



MPYt 10419/81 11394111 

MPVI ll•ID/11 11397111 

MfllVA llSIDlll 11314111 

MPVC llSlllll ll•tl/11 

"''! 11119/11 11•11111 

MPVL 0137~111 11•11111 

MPVR 18311111 ll•tlllt 

NEXTI llfl4/ll 11713181 

NOY 88114111 11191111 

OQM 11118111 11713111 

OQMA 117tl/11·11713/lt 

OV,LO llllS/11 18191/11 11•11/11 11111111 

PAI! lllt 

PAK 111•1111 81191/lt 11191111 19971111 11111111 11611/11 81119111 

,.IA 11111111 11111111 lllr4/11 11111/11 81111112 11•91/lt 11•81111 

PIU' 81131/11 11411111 11111/ll 11717/ll lllt•1tl lltt•/11 11111/11 ..... , ....... , .. 
PIO llflt/ll llltf/ll 11711111 1•113/11 11113/lt 1131,/11 11•17111 ..... , .. 
P!Ot .... 
PILI 

PS8 

R!I 

fltN l 

RN2 

IBttt/11 . •••.• , .. 
Ofl83l/lt 

•••••111 
11111111 

11313111 

8131•111 

81811/lt ....... , .. 
11131/fJt ..... ,,, .. , .. , .. 
••••3111 

lttlif~/1! 

11191/11 .. , .. , .. 183tllll ... ,,, .. 
..... , .. , 11193/11 11717/IS 81381/11 

1181•1•1 11111111 1ee1e11t 111••1•1 ...... ,., 
ANA 1111•111 lltte11t 181•1111 llllt/11 11111/lt 11181/ll 11411/11 

••••• , ••••••.• , •• ••t71111 111111•• •••• ,, ••••••• , •••••• ,, •• 
11-418/11 

ANAA 1e1ee111 , •••• , •• 

RNB · 81119/ll ltl•lllt llltl/81 11111111 11111/11 lt•lllll lll•tlll 



CROll~Rl,!RINC! IVMIOL TAIL! , ..... ,. 
18111111 11171111 11111111 11111111 Hll!/11 11•11111 

RNIA llltl/11 11111/lt lltt•llt 1131t/IJ 

RNI 11118111 11111/lt 11•11/li 

..... 11111111 •••••111 11111111 11111111 •••• ,, ........ ,., 81193112 
••••.• , •• llltl/11 11111111 ...... , ••••• ,, , •• 

RNlt 111741111 •••• ,,.1 
lltNll llllt/ll 11111111 

RHl3 11111111 11183/lt 

RNllC ..... ,., ..•.. ,., 
RNM , ••• ,,., 11117/lt ..... , ........ ,., ..... , ..... ,., .. •••••111 

18111 /II ... ,., ••. 11177/11 ...... , ••••••• ,., 

ANMA 11117111 11311111 ••• ,., •• 

RNO 11111111 18111/lt •••7•111 •••••111 
RRL 18111/lt 11171111 .. , .. , .. 
RRLI lflt71/lt 111••111 

RRLt ..... , ....... ,., 
RRLC ..... ,.. .. ... , .. 
t1RL! 11161111 ..... , .. 
RRL! 111•1111 .... ,, .. 
RRLL 1•1•1111 •••• ,,., 

RRLR ,., •• ,.. ••••3111 

ARR 11111/IS 11177/lt •••t1/ll 

'""'' 11177111 •••t·l/11 
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