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THIN RSSEWELER VER 2.8 INSTRUCTOR 50 PRGH 14/1./78 PRGE 8RB

LINE ADDR OBJECT E SOURCE

#n03

bal2 eoel
8213 pedn
@214 bug2
2915 peaz
ae16 6000
8017 Boal
8013 @ae3
8819

8020 eace
8921 @820
8022 oe1e
@823 @ass
2824 @end
80235 Boe2
8026 0861
0027

8028 0630
9925 dpde
6036 Be2e
8031 6067
Baz2

8833 0987
8934

08335 aBa7
036 pee?
aazv

AA3S BBFE
8035 @arF9
aada pors
AR41 BAFA
8842 BaFs
A043 GOFE
8344 GBFE
@845 @arD
8ide BAFC

*PROGRAM WRITTEN BY DAVE WOTRING

EQUATE TABLES

REGISTER EQUATES

EQU a REGISTER @

Equ 1 REGISTER 1

Equ 2 REGISTER 2

EQu 2 REGISTER 2
CONDITION CODES

EQU i POSITIYE RESULT

EQU 8 ZERD RESULT

EQU 2 NEGATIVE RESULT

EQU 2 LESS THAN

EQu a EQUAL TO

EqU 1 GREATER THAN

EQU 3 UNCONDITIONAL
PSW- LOWER EQUATES

B*ESBLENT*ZRRB < ¢ *

EQU H’C8‘  CONDITIONAL CODES

EQU H’28°  INTERDIGIT CARRY

EQU H/18”  REGISTER BANK

EQU H'83°  1=WITH B=WITHOUT CRRRY

o EQu H'B4”  OVERFLOW

Com  EQU H'82°  1=LOGIC B=RRITHMETIC COMPHRE
c EQU He1”  CARRY/BORROM

* PSW UPPER EQUATES

SENS  EGU H’88°  SENSE BIT

FLAG  EQU H’4@*  FLAG BIT

I EQU H'28’  INTERRUPT INHIBIT

Sp EQU H‘@7°  STACK POINTER

* 10 PORT DEFINITIONS

LEDS EGU H’87°  USER EXTENDED I0 PORT

*  INTERUPT YECTORS

UINTY EQU HB7/  USER DIRECT INTERUPT VECTOR
UINTYD EQU H/877  USER INDIRECT INTERUFT YECTOR
+ HARDWARE DEFINITIONS

KEDIN EQU HFE’  ADDRESS OF KED IO PORT

SEG  EQU HF37 10 RDDRESS OF SEGHENT DRIVER
bISP  EQU SEG

DIGIT EQu HFR’  ADDRESS OF DIGIT ENABLE

CTBYT EGU H'F8’  ADDRESS OF CONTROL BYTE

CRS B CTEYT  ADDRESS OF CASSETTE IWTERFRCE
OPRACT EQU HFB‘  RDDRESS OF OPRED COUNTER
LADRH EQU H’FD"  ADDRESS OF LAST ADDRESS REG HI BYTE
LADRL  EBY H’FCY ADDRESS OF LAST ADDRESS REG LO BYTE
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TWIN ASSEMBLER VER 2.8 INSTRUCTOR 58 PRGM 11/1/78 PAGE @aaz

LINE ADDR OBJECT E SOURCE

2848 oktok

0049 *

885a onee ORG H’1800' 64 TRAINING CARD RAM RRER
8851 *

@832 170 SCTCH RES 8 8 BYTE SCRATCH AREA

2053 17C6 TEMP  EQU SCTCH+6 TEMP STORAGE

9034 17C8 ERD  RES 2 STOF ADDRESS FOR WCAS

8ass 17CA BRD  RES 2 BEGINNING ADDRESS FOR HWCRS

2856 17CC BPD  RES i DATA TO BE RESTORED IN BREAK LOC
8857 17CD BPL  RES 2 ADDRESS OF BREAK POINT LOC

2858 17CF BPF  RES i BRERK POINT SET FLAG

0859 1708 SSF RES i SINGLE STEP SET FLAG

8068 1701 DISBUF RES 8 8 BYTE DISPLAY REGISTER

0961 1709 SAVREG RES 4 R PLACE TO SAVE R# THRU R OF ONE BANK
o862 170D MEM  RES 2 ADDRESS FOR ALTER OR PATCH COMMAND
8962 170F FID RES 2 FILE ID FLAG AND FILE ID

@864 17EL BCC  RES i BLOCK CHECK CHAR

865 17E2 BSTT RES 1 SAYE UNITS DIGIT

8066 1762 T RES 2 TEMP REGISTER

#0867 17ES T RES 1 TEMP REGISTER

9868 17E6 T2 RES i TEMP REGISTER

0869 17E7 T2 RES i TEMP REGISTER

8878 17€8 LADR  RES 2 COPY OF LAST ADDRESS REGISTER
0a71 17EA SLADR RES 2 SAYE LOCATION FOR LADR

8872 17EC KFLG RES 2 KBD SCAN FLAGS

0872 17EE RES 1 KBD DEBOUNCE COUNT

0874 17EF ALTF  RES 1 DISPLAY AND ALTER FLAG

2973 17F0 RESTF RES 1 RESTORE REGISTERS FLAG

8976 17F1 IFLG RES i INTERUFT INHIBIT FLAG

0077 17F2 UREG RES 12 STORAGE FOR USER REGISTERS

2878 17FE PHRON RES 2 WHEN POWER ON THESE LOC CONTRIN H/5946°
2079 ' 2
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TWIN ASSEMELER YER 2. @

LINE ADDE OBJECT E SOURCE

P08t
A0S2 1800
093

2684

B0SS

A0S6

2087

PRga

BB

B9

Bast

ARg?

BEa2

AA%4

ARSS

2096

RE97

98

2699

p100

atet

o162

o163

0104

@105

a106

o167

o168

8189

pL10

@111

@112 1809 870
@113 1862 13
P114 1863 875
8145 1885 C875
2116 1807 12
P147 1808 C86F
p118 1990 7628
@149 186C 7510
@120 186E 962
p121 1818 CR62
M22 1812 CB6L
a123 1814 7710
9124 1846 C95E
B125 1318 CRSD
@126 181A CBSC

INSTRUCTOR 5@ PRGM 11/1/78

PRGE @aaz

URG H 1809/

BEGINING OF TRAINING CARD ROM ARER

*

*
*REGISTERS USED

*

*RE THRU X PSU PSL
*
*SUBROUTINES CALLED
*

*NONE

#

*RAM MEMORY LSED

*
sUREG = R@

*SAYE ALL REGISTERS UPON ENTRY TO PROGRAM

HJREGHL =R

*REG+2 = R2

*UREGHS = R2

*JREG+4 = RL’

+|REG+S = R’

*UREG+E = B3’

*UREG+? = PSUY

*UREG+E = PeL

*UREG+S = PPSL INSTRUCTION OPCODE
+REG+1@ = PsL

*UREGHLL = RETC, UN INSTRUCTION OPCODE

*

*

SAYRG STRR.R@ UREG  SAVE R@
SPSL GET PSL
STRR. R@ UREG+S SAYE PSL
STRR, R@ UREG+1@ SAYE PSL FOR RESTORE ROUTINE
SPSU GET PSU
STRR. PR UREGH? SAYE PSU
FrSU 11 SET INTERUPT INHIBIT
CPEL ES CLERR REGISTER SHITCH

STRF, R1 UREG+HL
STRR: R2 UREG+2
STRR. B3 UREG+Z
PPSL RS

STRR: RL UREGH
STRR R2 UREG+S
STRR: K3 UREG+E

8127 181C 7OFF CPSL 255
a2 181E 7762 PPSL  COM
#1253 1828 S4FD REDE. R LADRH
a13e 1822 CCA7ER STRA. R@ LADR
A131 1825 S4FC REDE, R LADRL
@132 1827 CCI7ES STRA, RE LADR+L

8133 182A 28 EORZ  R@
4134 1828 CCi7FL STRA, RB IFLG

SAYE Ri

SAVE RZ

SHYE B3

SET REGISTER SWITCH

SRYE R/

SRYE R2”

SRYE RZ’

CLEAR PSL

DO LOGICAL COMPARES

GET LAST ADDRESS HI BYTE

SAYE IN MEMORY

GET LAST ADDRESS LO BYTE

SAYE IT

GET ARG

CLERR INTERUPT INHIBIT FLAG
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TWIN ASSEMBLER VER 2.8

LINE RDDR OBJECT E SOURCE

8136

0137

8138

a139

0146

o141

ai42

ai4z

8144

8145

8ide

8147

8148

8149

8158

151

a152

8133

x4

8155 182E @84
8156 1830 E459
a157

@158 1832 9813
8159

#1608 1834 8849
8161 1836 E446
8162 1838 988D
8163 183R aCivDo
@164 183D 9C19C9
8165 1840 @839
a166 1842 9C197A
8167 1845 1B13
8168

INSTRUCTOR 5@ PRGM 11/1/78 PAGE 3684

*
*
*

*PROGRAM ENTRY ROUTINE

*
*

*DECIDES HOW REACHED ENTRY POINT OF PROGRAM

*

*1 POWER ON

*2 SINGLE STEP

*3 MONITOR PUSHEUTTON ON KEY BOARD
*4 BREAKFOINT

* % K ®

R 3

BEG

BEGL

BEGZ

BEG2

*

LODR, R@ PWRON  CHECK POWER ON FLAG

COMI. k@ H’39”  AFTER POWER YALUE OF FLAG IS
H594¢6”

BCFR,E@ INIT  IF NOT CORRECT THIS IS POMER N
O INITIRLIZE THE MONITOR FLAGS

LODR, k@ PWRON+1 CHECK LO BYTE OF POWER ON FLAG

COMI, @ H’46” IS SECOND BYTE CORRECT

BCFR, EG INIT IF NOT INITIRLIZE THE PROGRAM

LODA, R@ S5F CHECK THE SINGLE STEP' FLAG

BCFR, EQ SGLSTP IF FLAG THEN GO SINGLE STEP

LODR, R@ *MON+1 SEE IF BRERK POINT ENRBLED

BCFA, E@ BRKPT GO EXECUTE THE BRERK POINT ROUTINE

BCTR, UN MON MUST BE MONITOR KEY
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THIN RSSEMBLER VER 2.8

INSTRUCTOR 58 PRGM 11/1/78 PAGE @885

LINE ADDR OBJECT E SOURCE

8170

817l

Bi72

8173

0174

o175

8176

oiv?

8178

8173

g120

8181

B182

8182

aie4

8183

8186

a187

8188

8189

819

s

@192

8193

8194

8195

@196

8197

8198 1847 @459
0199 1843 CCI7FE
0200 184C 8446
@204 184E CCL7FF
8202 1851 20
8283 1852 CCL70D
8204 1853 CCL7DE
82e5 1858 Ca81
8206 185A BCLTCF
8207 1850 100F
@202 185F BC47CC
8209 1862 CCOVCD
8218 1963 ECOFCD
8211 1962 1304
8212 196 @704
8213 1860 9BES
8214 18¢E 28
3215 18¢F [4F8
8216 1871 CCA7DE
8247 1874 931F
8218 1876 8694
8219 1878 BEFE
8228 187A 28
8221 1878 BBEC
8222 1870 Fool
8223 {87F 9816
8224 1281 4elF

Foksgokok

%

*

*KEY BOARD MONITOR ROUTINE
*

*

*REGISTERS USED

*

*R@ SCRATCH

*R1 SCRATCH

*R2 SCRATCH

*R3 NOT USED

*

*SUBROUTINES USED

*
*MOY MOYE DATR TO DISPLAY BUFFER

*DISPLY DISPLAY MESSAGE AND KEY BOARD SCAN
*

*

*RAM MEMORY USED

*

*PWRON POWER ON FLAG

*5SF  SINGLE STEP FLAG

*BPF  BREAK POINT FLAG

#BPL  BREAK POINT LOCATION
*

E 3

INIT LODI.R@ H’59°  SET THE POWER ON FLAG
STRA.R@ PWRON  TO POWER ON YALUE H73946”
LODI, R@ H'467
STRA; R PHRON+1
EORZ R@
STRA: R@ MEM
STRA, R@ MEMHL
STRR. R@ +MON+1 CLERR BREA POINT FLAG

MON  LODAR.R® BPF GET BRERK POINT FLAG

GET R @
PRESET INDIRECT RADDRESS MEM

BCTR,EQ MONS  BREAK PODINT NOT SET
LODR, R@ BPD GET BRERK POINT DATA
STRA.R@ +BPFL  CLEAR BREAK POINT
COMA.R@ «BFL  CHECK DRTA STORED CORRECTLY
BCTR, EQ MONS  BREAK POINT CLEARED 0K
LODL.R2 1 BRERK POINT DIDN‘T CLERR
ZBRR +ERR GOTD ERROR

MONZ EORZ BB GET R @

WRTE, R@ CTBYT CLERR CONTROL BYTE
STRR. R@ SSF CLERR SINGLE STEF FLAG
MONZ  LODL. R CHELLO-1
LODI, K2 DHELLO-1
MONL  ZBSR +HOY MOVE MESSAGE TO DISBUF
MON4 EORZ  RE SET FLAG TO WARIT FOR ENTRY

ZBSR  +DISPLY DISPLAY MESSRGE AND SCAN KEYEORRD

MON2  TML.Rz H'88”
BCFR, EQ ERR2
ANDI. R2 H76F”

CHECK COMMAMD FLAG
IF FLAG NOT SET ERROR
MASK COMMAND VALUE
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THIN ASSEMBLER VER 2.0

LINE ADDR OBJECT E SOURCE

INSTRUCTOR 5@ PRGM 11/1/78

PAGE p@g6

8225 1882 E6B7 COMI,R2 7 MAX COMMAND VYRLUE

@226 1885 1919 BCTR, GT ERRZ ERROR CODE YALUE TO LARGE
@227 1837 D2 RRLR2 MULTIPLY INDEX BY 2

9228 1888 BE7EA4 LODA, R CMD.R2 SET UP AN INDIRECT ADDRESS
8229 1888 CCATEZ STRA,R8 T TO THE FUNCTION WANTED

8238 188F BE7ERS LODR, kA CHD+1.R2

8231 1891 CCi7E4 STRA. R@ T+1

8232 1894 4F97EZ BCTR, UN #T EXECUTE A COMMAND

8233 *

8234 *

#8233 1897 6762 ERRZ LODL.R3 2 INVALID COMMAND SEQUENCE

8226 1899 851F ERRI  LODI.R1 <ERROR-1 GET ADDRESS OF ERROR MESSAGE
A237 1898 @684 LGDI, R2 ZERROR-1

@238 189D BBFE ZBSR  #MOY  MOVE MESSAGE TO DISBUF

@229 189F CF17D8 STRA, RZ DISBUF+7 WRITE THE ERROR NUMBER
@248 18A2 1B54 BCTR.UN MON4 GO LODK FOR NEM COMMAND

241 *

8242 *COMMAND ADDRESS TRBLE

8242 *

0244 18A4 1C91 (MD ACON  WCRS  WRITE CASSETTE COMMAND

8245 18RF 1D61 ACON  SCRP BREAK PDINT COMMAND

8246 16A8 1BAC ACON  RCAS  READ CASSETTE COMMAND

B247 18RR 1ATE ACON  REG REGISTER DISFLAY AND ALTER COMMAND
8248 18AC 18B4 ACON  SSTEP SINGLE STEP COMMAND

0243 18AE 1AGC ACON  ALTER DISPLAY AND ALTER MEMORY
@258 1889 1E58 ACON GO GOTO COMMAND

#9251 1982 187A ACON  MON4  ENTRANEXT KEY IS NOT COMMAND
#8252 *
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THIN ASSEMELER YER 2.8

LINE AODR OBJECT E SOURCE

@254

#2355

236

@257

8238

8239

8268

8261

8262

8262

8264

265

8266

az67

g268

#2698

a2y

8271

8272

8273

8274

8273

@276

82v?

@278

8279

8260

8261

B282

6283 bace

B284

8283

8286

287

8288 18B4 @C17ES
8289 1687 418
8298 183 1A@S
8291 19BB E424@
@252 18BD SAB4
8292 18BF @783
8294 18C1 9BES
8295 18C3 @47F
8296 18C5 CCL7DB
8297 1808 p426
8298 18CA CCL7F1
#2599 18CD 7508
@300 18CF @l
8301 18D1 BEFTES
8302 18D4 CCI7E7
8383 18D7 BFI7ES
a384 180R @z
@385 18DE 471C
@386 180D @see
@307 18DF @685
@362 18E1 F420

INSTRUCTOR 5@ PRGM 11/1/78 PAGE @ae?

*

*SINGLE STEP ROUTINES

*THIS ROUTINE WRITTEN BY BEC

*

* PROCESSOR TRANSFERS CONTROL TO USER PROGRAM
* AFTER COMPUTING THE NUMBER OF OPRER’S TILL
# THE NEXT INSTRUCTION FETCH

*
¥

Ed

*
*

*REGISTERS LSED

#RA THREU RZ SCRATCH

*SUBROUTINES CRLLED

*

*RLADR RESTORE LAST ADDRESS REGISTER

*
*

ARAM LOCATIONS USED

*

TEMP REGISTER

*TEMP  TEMP REGISTER
#5CTCH SCRATCH REGISTER

*

#LADR  LAST ADDRESS REGISTER
*T3

OvHD  EQU 8

*
*

NEGATIVE NUMBER OF OPRER’S

#CHECK IF NEXT SINGLE STEP IS IN MONITOR ARER

*

SSTEF  LODA. R@ LADR

COMI. k@ H'187
BCTR, LT SSTEPL
COMI R8 H 28°

SSTEPZ LODL K2 1

GET MSB OF LADR

IS ADDRESS LT H'180a’

G0 SINGLE STEP

IS ADDRESS GT OR E@ H 20887

BCFR, LT SSTEPL GO SINGLE STEF
LOPLR2 9 NEXT SINGLE STEP ENTERS MONITOR
ZBRR  #ERR  GOTO ERROR
SSTEPL LODI, RG 127 SET SINGLE STEP FLAG
STRA, R@ SSF STORE IT
LODI,R@ H’28°  SET THE INTERUPT INHIBIT
STRA,R@ IFLG  SAYE IN INTERUPT INHIBIT FLAG
CPSL HC CLEAR WITH CARRY IF SET
SET INDEX
LODA, RE +LADR. R2 GET SECOND BYTE OF INSTRUCTION
STRA.FB T3 SAYE IT FOR LATER
LODA. RX +LADR  GET NEXT INSTRUCTION
Lopz  R3 SAVE INSTRUCTION IN RA
ANDI.RZ H74CY  EXTRACT INSTRUCTION CLRSS
LODI RL OVHD  SET OVERHERD OPRER COUNT
LODI.R2 5 SHIFT OR MOVE COUNT
TMI.RB H'28°  TEST FOR ODD OPCODE IN CLRSS4
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THIN ASSEMBLER VER 2 @

INSTRUCTOR 58 PRGM 11/1/73 PAGE @Aag

LINE ADDR OBJECT E SOURCE

8309 18E3 9F19@2
8310

a1

a312

8313 18E6 FR2F
8314 18E8 4707
@315 18ER BF7967
@316 18ED C1
a317

8318

@319

8320 18EE 1F195E
8321

8322

@323

8324 18F1 3F196F
8325 18F4 @D17C6
8326 18F7 75088
8327

8328

8329

@338 18F9 @C17E7
8331 18FC F430
8332 18FE 1806
8333 1960 1BeC
8334

8335

8336

8337 1962

8338

8339 1982 RS8L
@340 1984 1B6S
8341 1986 A582
8342 1908 1B64
8343 196 ASAZ
8344 158C 1BeB
8345 196E AS84
8346 1918 1Be7
8347 1942 1872
@348 1914 1BeC
8349 1916 (3
8358 1917 52
8251 1918 1B4C
9352 191A 8561
B353 191C 6404
8334 191E A5A2
8355

8356

a357

8358

8359 1528 €902
8368 1922 DFB
8361 1924 F449
8362 1926 1804
8363 1928 F463
@364 1928 184D

B¥A CBRTB. R3 BRANCH TO CLASS PROCESSOR
*
* CLASS 5. MIXED NUMBER OF OPRER’S.
*
CLSB BDRR.R2 CLSA
ANDI,RZ H/@87”  MASK TD OPCODE
LODR, R@ CLOTR.R2 GET NUMBER OF OPREQ‘S FROM TRELE.
STRZ R

*
* WRITE OPREQ COUNT AND EXIT TO USER
*
EXIT BCTH, UN EXIT4
%*

* RETURN FROM TEST BRANCH. IF BRANCH TRKEN
*

BRCH  BSTA, UN RLADR  RESTORE LAST RDDRESS REGISTER
BRCHL LODA,RL TEMP  GET OPREG COUNT ERCK RFTER TEST BRANCH
CPSL  WC CLEAR PSL HC BIT

GOTO USER

*

* ROUTINE TO ADD 2 OPREQ’S IF INDIRECT APPLIES.
E 3

CIND LODA,RB T2 GET SECOND BYTE OF INSTRUCTION
TML.R® H’88°  TEST INDIRECT BIT
BCTR.8 PLS2  SET, ADD 2 OPREG’S
BCTR,UN EXIT  NOT SET. DO NOT RDD

*

* CLASS PROCESSOR THBLE.
*

CBRTB EQU $
*
PLS1 SUBL.RL 4 CLASS @, 1 OPRER
BCTR. UN EXIT
PLS2  SUBL.RL 2 CLass 1 2 OPREQ’S
BCTR. UN EXIT
SUBLRL 2 CLASS 2. 3 OPREQ’S + INDIRECT
BCTR. UN CIND
SUBLRL 4 CLASE 2. 4 OPRER’S + INDIRECT
BCTR, UN CIND
BCTR.EQ PLSZ  CLASS4 2 OPRERS IF OPCODE ODD
BCTR, LN PLS1 1 OPREQ IF OPCODE EVEN
STRZ R2 CLASS 5 MIXED NUMBER OF OPREQ‘S
CLSA  RRR.R3 SHIFT OPCODE TO LOW BYTE
BCTR.UN CLSB  AND LOOK UP IN TRBLE
RDDLR1 1 CLASS 6. 2 OPREQ’S + IND IF EBRANCH TAKEN
I0RI.R@ H'@4-  CONVERT TO CLASS 7.
SUBLLRL 2 CLASS 7. 2 OPREQ’S + IND IF BRANCH TRKEN
*
* CLASS 6 AND 7.

* ADD 2 OPREQ’S IF INDIRECT AND BRANCH IS TAKEW.

*
STRR.R1 +BRCHi+1 SAVE PRESENT NUMBER OF OPREQ’S IN TEMP
WRTE, R4 OPRQCT ALSO QUTPUT TO HARDWARE
TMI.R8 H748°  TEST FOR REGISTER CLASS
BCTR.@ CL&7B  IF SO, DO NOT TEST FOR UNCONDITIONAL
THI.RB H'@82° IS BRANCH UNCONDITIONAL
BCTR,@ CIND  IF 50. DO NOT TEST BRANCH
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TWIN ASSEMBLER YER 2.8  INSTRUCTOR 5@ PRGM 11/1/78 PRGE 6@89
LINE ADDR OBJECT E SOURCE

@265 192C F4Ea CLe/B TMI,R@ H'E@”  TEST FOR BDR INST

8366 1928 1882 BCTR,@ CLe7C  IF SO, DO NOT REMOVE /SUBROUTINE BIT
@367 1938 44DF ANDI.R@ H’DF°  REMOVE SUBROUTINE BIT FROM OPCODE.
8368 1932 CC17Ca CLe7C STRA.R@ SCTCH  STORE IN TEST AREA

8369 1935 BEVISL MYCODE LODA. R@ BRCD, R2 GET ROM CODE

8378 1938 CE77C@ STRA, kB SCTCH,R2 STORE IN RAM

8371 1938 FATS BDRR, R2 MYCODE DO UNTILL ALL HAS BEEN MOVED.
@372 *

8373 *SRYE LADR

@374 *

8373 193D @C17ES SLADL LODA.R@ LADR  GET LAST ADDRESS REG
8376 1948 CoRE CTRR.R® +RLADR+L  SAVE IT

8277 1942 @C17E9 SLADZ LODA,R@ LADR+L

8378 1945 CORE STRR, F8 *RLADR1+1

8379 1947 8417 LODI. R@ {SCTCH GET ADDRESS SCRATCH
8238 1949 CoFz STRR. R& *SLADI+L

8381 194B 04(@ LODI, R8 »SCTCH

8282 194D CC9942 STRA. k@ *SLADZ+HL

@382 1954 1B92 BCTR, UN #EXITI+ DO TEST BRANCH
8384 *

#3835 *THIS IS CODE FOR TEST BRANCH

azae *

8387 1951 BRCD  EQU $-1

@388 1952 19F1 ACON  BRCH  ADDRESS FOR TEST BRANCH
@389 1954 1F1957 BCTA. UN EXIT2 FETURN IF BRANCH NOT TRKEM
@398 *

6391 1957 3B16 EXITZ BSTR.UN RLADR  FESTORE LAST ADDRESS REG
8392 1959 @Di7Ce LODR.R1 TEMP  GET OPREQ COUNT

8293 195C 7008 CPSL  HWC CLEAR WITH CARRY

8394 195E DSFE EXIT4 WRTE.RL OPRGCT SET THE OPREQ COUNTER
8395 1968 20 EORZ RB CLEAR INTERUFT INHIBIT FLAG
8296 1961 CCi7FL STRA.R@ IFLG  SAYE IN INTERUPT INHIBIT FLAG
8297 1964 1F1ES9 EXITS BCTA.UN GO

B398 *

8299 # CLASS 5 OPREQ TABLE

a4aa *

@48l 1967 FF CLSTE DATR  OVHD-1 RETC

a4az 1968 FF DATR  OVHD-1 RETE

2483 1969 FD DARTR  OVHD-Z FEDE

484 1968 FE DRTR  OYHD-2 C-p PSH

8485 1968 FF DATA  O¥HD-1 DAR:

Bd86 196C FE DATA  QVHD-2 TPSH

a4a7 1960 FO DRTR  QYHD-2 WRTE

8485 196E FE DATR OWHD-2 THI

@409 *

44 #RLADR RESTORE LAST ADDRESS REG

8411 *

B412 196F BC17ER RLADR LODA. k@ SLADR  GET SAVED LADR

8443 1972 CECA STRR, R@ +SLADI+1

8414 1974 BCA7EE RLADRY LODA, KB SLADR+L

8415 1977 CECA STRR, R@ #SLAD2+1

446 1979 17 RETC, N

8417 ¥
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TWIN ASSEMBLER VER 28  INSTRUCTOR 58 PRGM 11/1/78 PRGE @618

LINE ADDR OBJECT E SOURCE

8419 + . ok
8420 *

8421 *

8422 *BREAK POINT AND SINGLE STEP RUN TIME CODE

8423 *

8424 *

8423 *#SINGLE STEP

8426 *

8427 +WHEN ENTERED AT SINGLE STEF. SINGLE STEF FLAG IS CLERRED
8428 *AND DISPLAY IS  RDDR DD/

8429 *

8438 *

8431 {HEN ENTERED AT BREAK POINT AND BREAK POINT IS SET AND MATCHES
8432 *BREAK POINT REGISTER. THE DISPLAY IS “-RDDR DD/

8433 *

8424 *

8435 *REGISTER USED

8426 x

8437 *R@

8438 *

8429 *SUBROUTINE CALLED

8440 ¥

8441 *DLSLD PREPARE BINARY DATA FOR DISPLAY

8442 *

B443 *

8444 #RAM MEMORY USED

8445 *

8446 *DISBUF DISPLAY BUFFER

8447 *BFF BREAK PUINT FLAG

B445 *BPL BREAK POINT LOCATION

8449 *BPD DATA FOR BREAK POINT LOCATION

8450 *LADR COPY OF LAST ADDDRESS REGISTER

8451 *SSF SINGLE STEPFLAG

8452 *

8453 . okt " pbk R
8454 *

8433 197R OC17ES BRKPT LODA.R@ LADR  GET LAST ADDRESS REGISTER
8436 197D @DATESD BRKX  LODA,R1 LADR+L

B457 1988 77as PPSL  C#lIC  SET CARREY AND WITH CRERY

8438 1982 ASAL SUBL.PL ¢ DECREMENT LAST ADDRESS REG

8439 1984 Adea SUBI. k@ @ S0 CAN COMPRRE TO BRERK POINT REGISTER
8460 1986 447F ANDI.R@ H'PF  MASK OFF LNUSED BIT

8461 1988 7569 ~CPSL CHdC CLEAR CARRY AND MWITH CHARRY

8462 198R EGAF BRK2  COMR.R@ +BRKPT2+1 COMPRRE WITH BPL
8462 198C 3C185A BRK1  BCFR.EG MON WO COMPARE

8464 198F ESAF COMR, R1 +BRKPT1+1 COMPARE WITH EFL+L

8465 1931 38FA BCFR.ED *BRK1+1  NO COMPARE

8466 1993 C8E6 STRR. R@ #BRKPT+L IF COMPARE UF DATE PC
8467 1995 COE7 STRR, RL +BRIEH

8468 1997 BC17CC LODA, kA BFD IF COMAPRE CLEAR EREAK POINT
8469 1998 CCO7CD STRA. k@ +BPL

8478 199D EC97CD COMA, R@ *«BFL  ERROR CHECK OF DRATA WRITTEN
8471 19A6 1864 BCTR.EG BRK®  DATA STORED OK

8472 192 @re1 LODLR3 4 BREAK POINT NOT CLERRED OK
8473 194 9BES ZBRR  #ERR

11-11



TWIN RSSEMBLER VER 2.8  INSTRUCTOR 58 PRGM 11/1/78 PRGE @a11

LINE ADDR OBJECT E SOURCE

8474 196 E448
2475 15A8 1888
8476 19AA @458
@477 419AC CCL7CF
A478 19AF 1F18B4
8479 1982 B47F
@488 1984 CBF7
8431 19B¢ 8419
2482 1988 C29A
2483 19BA BCL7CD
#484 196D 3832
8483 198F 8C17CE
B486 19C2 3B36
2487 19C4 @CI7CD
8488 19C7 1B1A
B489

8450

8491

8492 19C9 20
8493 19CA CC17D8
8434 19CD @8DE
8495 19CF 1R61
8496

8497 1901 0417
8498 1903 CC17D1
8499 1906 8C17ES
8506 1909 3Bi6
8581 19DB @LATES
a5e2 19DE 3B1A
8503 19E@ BCOTES
8584 19E3 3BA3
8585 19ES 1F187A
#50e

a5a7

8588

#5689 19ES BBF4
8518 15ER CCA7DY
8511 19D CD17DS
a512 158 17
8513

@514

8545

@516 15F1 BBF4
#5347 19F3 CCA7D2
@518 19F6 CDA702
a519 19F9 17
8520

8521

8522

8523 19FA BBF4
8524 15FC CCA7D4
@523 19FF CDA7DS
26 1AR2 Md17
@527 1R84 CCL7D6
8528 1Aa7 17

BRK@ COMI.R@ H48” HALT INSTRUCTION OPCODE

BCTR. EQ BRKPTS IF HALT DON‘T DO HIDDEN SINGLE STEP

LODL R@ H’88°  SET FLAG FOR HIDDEN SINGLE STEP
BRKPTZ STRA.R@ BPF  SET FLAG IN BREAK POINT
BCTR.UN SSTEP  EXECUTE ONE USER INSTRUCTION
BRKPT LODI.R® 127 SET BRERK POINT FLAG
STRR, R *BRKPT3+1
LODI.R@ H/49°  DRSH SYMBOL FOR ERERK POINT
STRR.R@ #BRKPTS+1 SET THE DASH SYMBOL IN DISBUF
BRKPTZ LODA,RA BPL  GET BRERK POINT ADDRESS
BSTR. UN EBRKFT? SET THE DISPLAY
BRKPTL LODA, RA BPL+L
BSTR. UN BRKPT6
LODA.R® #BPL  GET INSTRUCTION OPCODE
BCTR. UN BRKPTS
*
*ENTRY POINT FOR SINGLE STEP
¥
SGSTPEORZ R®  GETA O
STRA,RA SSF  CLEAR SINGLE STEP FLAG
LODR, k8 *BRKPT2+1 CHECK BREAK POINT FLAG
BCTR. NG BRKPT9 DID A HIDDEN SINGLE STEP
* DISPLAY THE BREAK POINT
SGLSTY LODI,RA H°17/  BLANK SYMBOL
BRKPTS STRA, R® DISBUF SET DISPLAY BUFFER
LODR,RA LADR  GET ADDRESS
BSTR. UN BRKPT? SET THE DISPLAY
LODA,R® LADR+1
BSTR.UN BRKPT6 SET THE DISPLAY
LODR, RE *LADR  GET INSTRUCTION DATA
BRKPTS BSTR,UN BRKPTI SET UP DISPLAY
BCTR.UN MON4  GOTO MONITOR
*
ASET UP DISBUF 647
*
BRKPTI ZBSR  #DISLSD CONVERT TO BIN FOR DISPLAY
STRA, R® DISBUF+6
STRA. R1 DISBUF+7
RETC, UN
*
#SET UP DISBUF 162
*
BRKPT? ZBSR  *DISLSD COMVERT BIN TO DISPLAY
STRA, R2 DISBUF+1
STRA. R1 DISBUF+2
- RETC,UN
%
*SETUP DISBUF 284
%*
BRKPTG ZBSR  *DISLSD COMVERT BIN TO DISPLAY
STRA, RA DISBUF+3 STORE DATA
STRA. RL DISBUF+4
LODL.R® H-17¢  BLANK SYMEOL
STRA. RE DISBUF+5
RETC, UN
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TWIN ASSEMBLER VER 2.8

INSTRUCTOR 52 PRGM 11/1/78 PRGE @a12

LINE ADDR OBJECT E SOURCE

8530
8531
8532
8533
8534
8533
8536
8537
8538
8539
834@
8541
8342
8543
8544
8543
8346
8547
8348
8549
8358
a551
8352

8564 1R88 @42
8565 1Ren 1B@2
8566

8567

@568

8569 1AA8C @481
8570 1ABE CBR4
8571 1A16 3F1BR4
8572 1R13 E687
8573 1A15 9C187D
8574 1A18 SBBE
8575 1A1R C38D
8576 1A1C 0981
8577 1RIE BE17DD
8578 1R21 8717
8579 1A23 CF17D8
8580 1R26 1B8S
8381

#3582

8383

@584 1A28 @C17DE

*
*

*DISPLAY AND ALTER MEMORY ROUTINE
*PATCH MEMORY ROUTINE

*

*

*REGISTERS USED

*

*R@ SCRATCH

*R1 SCRATCH

*R2 SCRATCH

*R2 SCRATCH

*

*SUBROUTINES CALLED

*

*GAD GET ADDRESS PARAMETER

GNP GET NUMBER FARAMETER

*#ROT ROTATE R@ 1 NIBBLE LEFT

*BRKPT4 SETUF DISPLRY 6&7
*BRKPTE SETUP DISPLRY 384
*BRKPT? SETUP DISPLRY 1&2
*

*RAM MEMORY USED

*
«MEM INDIRECT ARDDRESS MEMORY POINTER
*ALTF ALTER FLAG = 1 FOR DISPLAY AND ALTER

* 3 OR 5 FOR PRTCH
*

*

*

*ENTRY POINT FOR PATCH COMMAND

*

PTCH LODI.R® 2
BCTR. UN ALTERS

SET ALTER FLAG TO PATCH

*
*ENTRY POINT FOR DISPLRY AND ALTER COMMAND
%
ALTER LODI,RG 1
ALTERS STRR: R@ +ALTER1+1
ESTR: UN GRD DISFLAY AD= AND WAIT TILL DIGITS ENTERED
COMI,R2 H’877  ENTRANXT?
BCFA,EQ MONZ  NEM FUNCTION RBORT ALTER COMMAND

SET ALTER FLAG TO ALTER
STORE IN ALTF

BRNR. R2 ALTER4 N ADDRESS ENTEREL CONTIMUE FROM LAST LOCATION

STRR. R@ +ALTER4+1 MEM+1  SAVE ADDRESS DATA

STRR, RL #AL1+L
AL1  LODA, R2 MEM GET DATA
LODI, R W17/ BLANK
STRA, R2 DISBUF+? CLERR DISFLAY

BCTR. UN ALTER2 SET UP DISPLAY
*

#ND ADDRESS CONTINUE FROM LAST ADDRESS
*

ALTER4 LODA.R@ MEM+L  GET ADDRESS
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TWIN ASSEMELER YER 2.8

INSTRUCTOR 5@ PRGM 11/1/78 PRGE @813

LINE ADDR OBJECT E SOURCE

8585 1A2B ORF2
8586

2587

@588

2589 1A2D 3B4E
8598 1A2F @2
#3591 1A2@ IF15F1
8592

8592

8594 1A3X BCA7EF
8595 1A36 E401
8596 1A38 1867
8597 1RA3A @417
@598 4A3C CCL7D7
8599 1A3F 1BES
8660

8601 1Rd1 BCS7DD
2602 1A44 EBER
B603 1A46 BBEC
8684 1A48 BEFC
8605 1A4A SBAC
8606 1RAC CLI7DD
8607 1R4F ECOH7DD
B668 1AS52 1804
2609 1A54 8783
8619 1AS6 9BES
PE1L

B612

9613

8614 1A5S BEDA
B615 1ASA E4at
@616 1ASC 9807
P617 1ASE E6S7
8618 1A68 ICLE7D
8619 1A63 1B6B
p620

o621

9622

B623 1AES EGOF
B624 1A67 19F3
9625 1A69 @465
#626 1AGE CEC7
@627 1A6D CEA7DE
pE29

B629

#6380

@631 1A78 IFACTS
B632 1A73 1F1AZD
2623

#6324

2625

P636 1A76 C1
B637 1A77 44FD
B628 1A79 450F
8639 1ATE BEF6
8648 1A7D 17

LODR, R2 #AL1+1 MEM
*

JPDATE THE DISPLAY

*

ALTERZ BSTR. UN BRKPT6 SET UP RDDRESS DISPLAY
LopZz  R2 GET MSD

BSTA, UN BRKPT? SET UP DISPLAY
*

*
ALTERL LODA,RG ALTF  CHECK ALTER FLAG
COML, R@ 1 PATCH COMMAND
BCTR,EQ ALTERS NOT PATCH
LODL, R® W47 BLANK CHR
STRA, R@ DISBUF+6
BCTR, UN ALTER9  PATCH COMMAND
*
ALTERS LODA, RO MEM  GET THE DATA
ZBSR BRKPT4 SET UP DATR VALUE DISPLAY
ALTER9 LODR,RR +ALTER1+L  SET FLAG TO SINGLE EYTE DATA
ZBSR #GNPA  DISPLAY BUFFER AND WAIT FOR NEW ENTRY
BRNR,RX ALTERZ MO DATA
STRA,R@ #MEM  CHANGE DATA IN LOCATION
COMA,R@ *MEM  CHECK DATA STORED 0K
BCTR,EQ ALTERZ DATA STORED 0K
LOBI,RY 2 ALTER OR PATCH WRITE ERROR
ZBRR  MERR  GOTO ERROR
*
SEXIT FROM COMMAND
*
ALTERZ LODR, RO *ALTER1+L  EXIT FROM ALTER OR PATCH
COML, R@ 1 IS IT PATCH
BOFR,EQ ALTER6 IF YES TAKE THIS BRANCH
COMI.R2 H'87* IS IT ALTER NEXT KEY FUNCTION?
A2 BCFR,EQ MONZ GO TO MONITOR NEW COMMRND
BCTR,UN ALTER? GO UPDRTE THE DISPLAY
*
AEXIT FROM PATCH
*
ALTERG COML R2 H/BF/  MAS LAST KEY FUNCTION KEY
BCTR,GT #AL2+L MONZ  FUNCTION KEY HAS LAST GO TO MONITOR
LODL R8 5 RETURN ON SECOND DIGIT FLAG
STRR, R@ +ALTERL+L SAVE IN ALTF
STRA, R2 DISBUF+7 SET DISPLAY
E

+INCREMENT INDIRECT ADDRESS

*

ALTERT BSTA. UN INK
BCTA, UN ALTERZ

INCREMENT THE ADDRESS

*

+PREFARE BIN DATA FOR DISPLAY
*

DISLSI STRZ M1 SAYE NUMBER IN R@
ANDI.RE@ H'F@°  MASK FOR MSD
ANDI.RL H"@F°  MASK FOR LSD
ZBSR #ROT  ROTATE R NIBBLE
RETC, UN
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THIN ASSEMBLER VER 2.8

INSTRUCTOR 58 PRGM 11/4/78 PAGE 0@14

LINE ADDR OBJECT E SOURCE

8642

8643

8644

8643

8646

8647

@648

8n49

Be5e

8651

8652

8633

8654

8655

8656

8657

8658

8633

B668

8661

8662

8663

8664

8663

8666

8667

8668

8669

8670

#er1

8672

8672

8674

Be73

B676

677

8678

8679

ac58

8681

8682 1A7E @51F
@683 1A8@ B6R4
#684 1AS2 BBFE
8685 1A84 29
@686 1R85 BBEC
8687

8688 1AS7 F480
8689 1A89 1882
8690 1RSB E489

8691 1R8D 1E1AC2

8692 1R9@ E46R

8692 1A92 1C1Fz2

8694 1A95 E48C
8695 1R97 18607
8696 1A99 EdeF

*

*

*DISPLAY AND ALTER REGISTERS COMMAND

*

*THE DISPLAY AND ALTER REGISTERS COMMAND ALLOMS
*THE USER TO EXAMINE AND ALTER R@.R1.R2.R3, R1° R24 BRI, PSU, PSL, P
*

*THIS COMMAND ALSO PROVIDES ENTRY POINT TO ALTERNARTE FUNCTIONS
*REG 9 NOT DEFINED

*REG A ADJUST CASSETTE COMMAND

*REG B NOT DEFINED

*REG D NOT DEFINED

*REG E NOT DEFINED

*REG F ENTER THE FRST PATCH MODE

*

*REGISTERS USED

*

*R@ SCRATCH

*R1 SCRATCH

*R2 SCRATCH

*R3 SCRATCH

*

+SUBROUTINES CALLED
*

M0V MOVE DATA TO DISBUF

*GNP  GET MUMERIC PARAMETERS

#ROT  ROTATE A NIBBLE

*GNPR  DISPLAY AND GET NUMERIC PARAMETERS
+BRKPT4 SET DISPLAY 647

#5CBP2 SET DISPLAY 445

*

+RAM MEMORY USED

*

+DISBUF DISPLAY BUFFER

*UREG UISER REGISTERS

+LADR LAST ADDRESS REGISTER FC COUNTER
T2 TEMP REGISTER

*

REG  LODI.RL {REG-1 GET RDDRESS OF R= DISPLAY
LODI, R2 >REG-1
ZBSR +MOY
EORZ  RA
ZBSR DISPLY

MOVE DATR TO DISBUF
SET FLAG TO RETURN AFTER KEY PRESZED

THI,RB H’88°  SEE IF FUNCTION
BCTR. EQ +REG14+1 MONZ  GOTO MONITOR

COMI, R@ 9 CHECK THE COMMAND

BCTA,LT REG2  DISPLAY AND ALTER REGISTERS R@ THRU PEL
COMI. Re H’8R” IS IT ADJUST CASSETTE COMMAND

BCTA,EG TCAS  TEST CRSSETTE

COMI.E@ H'8C’ 1S IT DISPLAY AND ALTER FC

BCTR.EQ REGZ  DISPLAY AND ALTER PC

COMI.R® H’BF’ IS IT THE PRTCH COMMAND
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THIN ASSEMELER YER 2.4

LINE ADDR OBJECT E SOURCE

Be97 1A9B 1C1A63
8698 1ASE 1BSE
8599

Braa

arel

67082 1RR8 851F
@7e3 1AR2 @6AC
@764 1AR4 BBFE
@785 1RAG @BSE
87@s 1RAE BBER
a7e7? 1AAA BCL7ES
@708 1RAD 3F1DSA
8789 1RBG 20
8718 1AB1 BBFC
@711 1RBZ 5BAS
8742 1ABS CCi7ES
8713 1ABS CSF1
8714 1ABA E687
8715 1RBC SC187D
8716 1ABF 1FAA7E
8717

8718

ar19

8728 1RC2 CCi7E6
8721 1ACS C2
8722 1RC6 @516
8723 1RCS EVO7
8724 1RCA 1AGA
8723 1ACC 1904
8726 1ACE 0412
8727 1ADG 1BOG
B7e8

8729 1RD2 8411
8736 1AD4 1B82
@731

8722 1AD6 8513
8733 1RDS CDA7D3
8734 1ADB CCi7D4
8733 1RDE OF77F2
@736 1RE1 BEER
8737 1REZ 8461
0738 1RES BEFC
9733 1AE7 SBAC
8748 1RE9 8BDE
@741 1REB CF77F2
8742 1AEE E7G8
8743 1AFG 9803
8744 1AF2 CCA7FC
@743 1AFS E6BT
8r46 1RF? 9804
a747 1AFS B2
@748 1AFA DOGE
8749 1AFC E4@8
8750 1AFE 9D1RC2
@731 1ked 20
@752 1802 1BFB

*

INSTRUCTOR 58 PRGM 11/1/78 PAGE @845

BCTA,EQ PTCH DO THE PATCH COMMAND
BCTR, UN REG NOT DEFINED TRY AGRIN

*DISPLAY AND ALTER PROGRAM COUNTER

*

REGZ

REG11

REG4

REGS
REG14

*

LODL R1 (PCEG-1 GET ADDRESS OF PC EQUALS DISPLAY
LODI, k2 >PCEQ-1

ZBSR MOV MOVE DATA TO DISBUF

LODR, R® +REG4+1 GET CURRENT PL ADDRESS

ZBSR  *BRKPT4 SET UP DISPLAY

LODR, R@ LADR  GET MSB OF CURRENT PC

BSTR, UN SCEBP2  SET UP DISPLAY

EORZ k@ SET FLAG TO DOUBLE BYTE

ZBSR *GNPA  DISPLAY ADDRESS AND WAIT FOR ENTCY
BRNR.RZ REGS  DON’T CHANGE DATR

STRA,R@ LADR+L UP DRTE THE PC SAYE LSE

STRR, R1 *REGi1+1 SRYE MSB OF PC

COMI.R2 H’87”  ENTR/NXT TERMINATION

BCFA,EQ MONZ2  IF NOT NEW FUNCTION EXIT
BCTA. UN REG GO ASK FOR NEW REGISTER

+DISPLAY AND ALTER REGISTERS

*
REG2

REG18

REGS
REGLZ

REGE

REG?

REGIZ

STRA.RA T2 SHYE IT

STRZ R2 SRYE R@ TO USE AS INDEX
LODI.R1 H'18” P CHAR

COMI, R 7 IS IT PSU

BCTR, LT REGE  NOT PSU PSL

BCTR. GT REG1®  NOT PSU

LODI @ H/42° CHAR U

BCTR, UN REG1Z GO DISPLAY

LODL, R# H'41 CHAR L
BCTR,UN REGL2 GO DISFLAY

LODI, kL H/43” CHAR R

STRA, R1 DISBUF+2 SET DISPLAY RN=
STRA; R@ DISBUF+3 SET UP DISPLAY
LODA. R@ UREG, B3 GET REGISTER CONTENT
ZBSR  *BRKPT4 SET UP DISPLRY

LODI,R@ 1 = SET FLAG TO SINGLE BYTE

ZBSR +GNFA  DISPLAY REG CONTENT AND WAIT FOR ENTRY

BRNR. R REG?  NO DATR TERMINATE

LODR, R3 *REG2+1 GET THE INDEX YALUE
STRA, R@ UREG. RZ PUT NEW YALUE IN REGISTER
COML.RX 8 IS IT PSL?

BCFR.EQ REG?  NO CHECK TERMINATION
STRA: R UREG+1@ SAYE FOR RESTORE OF PSL
COMI.R2 H’87-  CHECK TERMINATION

BCFR,EQ *REGI4+1 MON2  NEW FUNCTION
Lz 2 INCREMENT INDEX VALUE
BIRR. PG $+2 INCREMENT REGISTER COUNT
COMlL,Re & ROLL OVER?

BCFR: GT REGZ ~ NO UP DRTE DISPLAY

EORZ R@ GET R @ GO TO RE

BCTR,UN #REG1Z+1  UPDATE DISPLAY
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TWIN ASSEMBLER VER 2.8 INSTRUCTOR 5@ PRGM 11/1/78 PAGE @816

LINE ADDR OBJECT E SOURCE

8754
8755
8756
sy
8758
8759
8768
o761
8762
8763
8764
8763
8766
8767
8768
8769
arre
8771
arve
8773
8774
ares
8776
877
arvg
8779
aree
8781
8782
ares
8784
8785
8786
8787
8rss
8789
8798
8791
8792
8793
8794
8793
@79
8797
@798
ar99
8868
8861
8802
8883
4884
8885
8866
88a7
8808

%

*

*GET NUMERIC PARRMETERS

*

*

*THIS ROUTINE GETS EITHER 2 OR 4 DIGIT MUMERIC PARAMETERS
*

*INPUT PARAMETERS

*

*R8 CONTRINS INPUT PARAMETER

*

*BIT@ = @ DOUBLE BYTE

*BIT@ = 1 SINGLE BYTE DATA TO BE RETURNED

*#BIT1 = @ REQUIRES FUNCTION KEY DEPRESSION TO EXIT
*BIT1 = 1 WHEN SET WITH BIT@ EXIT IS AFTER ENTRY OF THIRD LIGIT
¥ OF SINGLE BYTE DATR

*BITZ = 1 WHEN SET WITH BIT@ EXIT IS AFTER SECOND DIGIT
* OF SINGLE BYTE DATA

*

*SINGLE BYTE DRTA USES DISPLAY BUFFER S THRU 7

*DOUBLE BYTE DATA USES DISPLAY BUFFER 4 THRU 7

*QTHER DIGITS OF DISBUF MUST BE INITIRLIZED OM ENTRY

*

RETURNS WHEN FUNCTION KEY DEPRESSED

*

*QUTPUT PARAMETERS

*

*R@ = LSB OF DOUBLE BYTE DATA OR SINGLE EYic DATR
*R1 = MSB OF DOUBLE BYTE DRTR OR @ FOR SINGLE BYTE DATA
*R2 = FUNCTION KEY PRESSED CODE

*R3 = 8 DATA RETURNED IN RB(LSE). RL(MSE

*R2 = NOT @ NO DATA RETURNED Ra.RL = &

*

*REGISTERS USED

*

#R8 SCRATCH

*R1 SCRATCH

*R2 SCRATCH

¥R SCRATCH

*

*SUBROUTINES CALLED

*

*DISPLY DISPLAY AND RERD KEY BORRD
*CLR BLANK DIGIT DISFLRAY

*

*RAM MEMORY USED

¥
#T1 SAVE ENTRY FLAG
*DISPLY 4 THRU 7

*

¥
*
*DISPLAY AD= AND GET DATA

11-17



THIN RSSEMBLER YER 2.@  INSTRUCTOR 5@ PRGM 11/1/78 PHGE eai7

LINE ADDR OBJECT E SOURCE

#8@9 *

4818 1884 B3IF GAP  LODI.RL <ADR-1 GET ADDRESS OF AD= DISPALY
8811 1BA6 B6EC LODI, k2 >ADR-1

8512 1BGE BEFE ZBSR MY MOVE DATA TO DISBUF

6813 1BBA 29 EORZ Ra SET FLAG TO DOUBLE BYTE DRTA
8814 1BGE 1B2E BCTR. UN GNPI GET THE ADDRESS DATA
@315 *

8816 *THIS ROUTINE CLEARS DIGIT DISPLAY

a81? *

8318 188D @517 CLE  LODI.R1 W17/  BLANK SYMBOL

8219 1BOF F4@1 THI.R® 1 SINGLE BYTE?

8820 1B11 1383 BCTR.ER CLR1  ONE BYTE DRTA

ag21 1812 COA7DS STRA: RL DISBUF+4
A822 1B16 COATDE CLRL  STRA. k1 DISBUF+5
@823 1B1% CD17D7 STRA R1 DISBUF+6

INITIRLIZE DISPLAY TO BLANK
GET HERE FOR ONE EYTE DATR

8824 1BAC CD17DB STRA: BL DISBUF+7

@823 1BAF 17 RETC, LN

9826 *

8827 *THIS ENTRY POINT RLLOWS DISPLAY OF DATA IN DISPLAY

BB28 *BUFFER 4 THRU 7

A829 *

Ag3@ 1B2A CAAE GNPRT  STRR. R@ +GNP12+1 SAYE INPUT FLAG IN T4
8831 1B22 9480 LODI, BB H'88°  TURN ON DECIMAL POINT FOR ENTRY
8822 1B24 BREC ZBSE  #DISPLY DISPLAY MESSAGE AND RERD KEY BORRD
8822 1B26 @cf@ LODR, B8 #GNP12+1 GET INPUT PRRAMETER

9634 1B28 FoRa TMI, k2 H/88°  FUNCTION KEY? .
#9525 1B2A 9849 BOFR.EQ GNF1Z  FIRST CHAR IS COMMAND TERMINATE
88326 1B2C E687 COMI R2 HYE877 ENTRANXT?

8837 1B2E 1882 ECTR.EQ #+4

4938 1B3A BB BSTR, UN CLE CLEAR DISPLAY

#8239 1B32 4F1B74 BCTA. UN GNP4

B4R 1B35 F484 GNP1Z TML.R® 4 PATCH COMMAND RETURN SECOND DIGIT?
#8414 1B37 A BSTR. NG CLR CLERR DISPLAY

ag4z2 1B39 1BaC BCTR, UN GNP12

8842

*

+THIS ENTRY POINT CLEARS DISPLAY AND WRITS FOR ENTRY

Bo44

a843 #

#4846 1838 CBEE GHPT  STRR.RA +GNP12+1 SAYE INFUT FLAG IN T1
8547 1B30 ZB4E GHPLL BSTR.UN CLR CLERF DISPLAY

#8485 1E3F 2480 GNPZ LODI.R@ H'88°  TURN ON DECIMAL POINT FOR ENTRY
#2435 1B41 BEEC ZBSR +DISPLY DISPLAY MESSAGE AND READ KEY EOARD
BE5E 1R43 Feod GNFS  TMLR2 H/8R7  FUNCTIOM KEY PRESSED?

8831 1B43 1820 BCTR.EQ GNP4 GO TERMINATE

@832 *

BR33 SMOVE DISPLAY 4 DIGIT LEFT

#2534 ¥

#8535 1B47 GCLTES GNP12 LODA.RE TL GET INPUT PRRAMETER

BES6 1B4A F4232 TMI.R® H7SZ°  THIRD DIGIT #EXIT OM THIRD ENTRY+SINGLE BYTE
#8377 1B4C 1826 ECTF.EQ GNP4 GO TERMINATE

#5538 1R4E F423 THL.F@ H°25°  2ND DIGIT#EXIT ON 2ND DIGIT#SINGLE BYTE
@255 1B5A 1322 BCTR.EQ GNP4 GO TERMINRTE

9088 1ES2 F4@i ™MI.RE 1 SINGLE BYTE DATA?

@861 1B54 130E BCTR.EG GNPZ  ONLY TWO DIGITS

A262 1836 8D170G GM LODR.RL DISBUF+S GET DIGIT

8853 1B39 CDA705 GMZ  STRA,R1 DISBUF+4 SHIFT IT

8264 1BSC ADATDF GNT  LODA. R DISBUF+ GET DIGIT
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THIN RSSEMBLER YER 2.8

INSTRUCTOR 5@ PRGM 11/4/78

LINE ADDR OBJECT E SOURCE

8863 1B9F CoFe STRR, R *GNi+1 SHIFT IT

8866 1B61 @D17D8 GNP3  LODA.R1 DISBUF+? GET DIGIT

B867 1Bb4 COFY STRR: R1 *GN3+1 SHIFT IT

@868 1Ba6 CAFA STRE: R2 *GNP3+1 ENTER NEMW DIGIT

8869 1B68 GSDE LODR, R +GNP12+1 GET INFUT PRRAMETER
88708 1B6A 7568 CPEL HC CLEAR WITH CARRY

8871 1B6C 9444 ADDI.RG H’4B°  SET BEEN HERE ONCE FLAG

#872 1BeE 6420 IORI.R@ H728°  SET SECOND DIGIT FLAG

@873 1B78 C8D6 (N4  STRR, R@ *GNP12+1 RESTORE THE FLAG

8874 1672 1B4B BCTR. UN GNPZ  GET NEXT ENTRY

8875 *

agve *SET UP DATA TO BE RETURNED

Be7? *

8878 1B74 26 GNP4 EORZ Re GET A @

8879 1875 C1 STRZ ML CLERR R1 DATH

8808 1B76 (2 STRZ R CLERR RZ

8581 1B77 @8CF LODR, R2 *GNP12+1 GET INPUT PARAMETER
8882 1679 F481 THL.FB 1 CHECK FOR SINGLE BYTE

8883 1B7B 1812 BCTR.EQ GNP?  IF EQ OMLY 4 DIGIT

8884 1B7D BC9BSA LODR. R@ *GN2+1 DISBUF+4 GET MSD OF MSE
8883 1880 E410@ COMI.RA H’18°  SEE IF HEX DIGIT

8886 1B82 9AAZ BCFR,LT GNP6  IF NOT SKIP T NEXT DIGIT
8887 1884 3BIF ESTR, UN ROTI FOTRTE NIBBLE

8988 1B86 C1 STRZ R1 SAYE IN R1

8889 1B87 @8CE GNP&  LODR, R@ +GNi+1 DISBUF+3 GET LSD OF M5B
6896 1B89 E418 COMI.R@ H/48°  SEE IF HEX DIGIT

8831 1B8B SAG2 BCFR,LT GNP?  IF NOT SKIP TO MEXT DIGIT
aag2 188D &1 IRz M1 INCLUSIYE OR MSD AND LD OF M5B
4893 1BSE (1 STRZ R SAYE IN Ri

8894 1BSF @8CC GNP?  LODR. R@ +GN3+1 DISBUF+& GET MSD OF L5k
8893 1891 E448 COML k@ H'48°  SEE IF HEX DIGIT

%89 1BIR 9RO BCFR.LT GNPE  IF NOT SKIP TO MEXT DIGIT
B897 1B95 2BBE BSTR, UN ROTI ROTATE THE NIBBLE

8898 1B97 L2 STRZ  RX SAVE IN B2

8899 1BSE @2C8 GNP LODR, k@ #GNP3+1 DISBUF+7 GET LSD OF LSR
8960 1B5R E416 COMI.R@ H’18°  SEE IF HEX RIGIT

@984 1BSC 9RB4 BCFR.LT GNP IF NOT RETURNM

8962 1B9E €2 I0RZ  RZ INCLUSIVE OF MSD WITH LSD OF LSE
@38z 1B9F @7e@ LODI.E3Z @ SET DATA IN R@.R1 FLAG

@oR4 1BA1 17 RETC, UN

8985 1BA2 @77F GNP9  LODL. B3 127 NG DATA

B98¢ 1BA4 17 FETC, UN

8967 *

@988 #THIS ROUTINE ROTATES A NIBBLE 4 BITS LEFT

2989 *

8910 1BAS 7588 FOTI  CPSL MWC CLERR WITH CARRY

8911 1BR7 D@ RRL. R@

8912 1BAB DO RRL. kB

8912 1BRO D@ RRL, kB

8914 1BRA DB RRL, RO

8915 1BAR 17 RETC, UN
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LINE ADDR OBJECT E SOURCE

917
@918
8919
avza
8921
@922
A923
@924
#4325
8926
B927
#9285
Baz3
@93a
cxs|
a9z2
8933
8934
8935
936
@937
8938
8939
8946
a%44
8542 1BAC AS1F
#943 1BAE BoB4
8944 1880 BBFE
8345 1BB2 B4@1
8946 1BB4 BBFA
8947 1BBE 186A
@948 1BBE E687
8949 1BEA 98G8C
#9568 1BRC 847F
8951 1BBE CoRd
8952 1BC@ 1B24
9953
#4954
4955
8936

8957 1BC2 LCAVED

@958 1BCT E6B7

8939 1BCY 9C187D

A%6E 1BCA 20

891 1BCE C397
#4362 1BCD 73FD
#9632 1BCF BBEE
#4964 1BD1 Edie
#4963 1BD2 987

A96¢ 1BDS IFIC22

A%7 1BDS ESES
8968 1BDH 1385
@969 1BDC 28

a9r@ 1BDD Caes
8971 1BDF 1RES

*
*
+READ CRSSETTE COMMAND
¥
*
¥

*THIS IS THE HEX OBJECT LORDER
*

*INTO MEMORY

*

*REGISTERS USED
. 3
#ALL
*
+SUBROUTINES CRLLED
*
*IN CASSETTE INPUT ROUTINE

*M0Y  MOVE DATR TO DISPLAY BUFFER

GNP GET NUMERIC PARAMETERS
¥

#THIS ROUTINE REQUESTS A FILE ID AND THEM LOADS 2658 HEX OBJECT MODULES

*

*

RCAS  LODI. R4 <FE@-1 GET ADDRESS OF F= DISPLAY
LODI, R2 >FEG-1
ZBSR w0V MOVE DATA TO DISBUF
LODL.F8 1 SET FLAG FOR SINGLE EYTE
ZBSE %GNF GET THE FILE ID
BCTR,ER RCASL  FILE ID SPECIFIED
COMI R2 H’87"  ENTR/NXT KEY?

BCFR, ER #RCAS4+L GODD NEM FUNCTION
LODI, Re 127 SET FILE ID FLAG TO FILE ID FOUND
STRE, R@ +RCASSHL STORE IN FILE ID FLAG
BCTR. UN LOAD

*
*
#FILE ID SPECIFIED
*
RCASL STRA.RE FID+L  SAVE FILE 1D
COMIRZ H/87"  ENTR/NKT KEY? .
RCAS4 BCFA.E@ MON2 GO DO NEW FUNCTION
EORZ  R@ SET FILE ID TO ID NOT FOUND
STRR: R@ +RCASSHL STORE IN FILE ID FLAG
CPSL HOFD- CLEAR PSL
RCASZ ZBSR #IN LODK FOR BEGINNING OF FILE
COMI, F@ H'16”  BEGIMNING OF FILE CHAR?
BCFR.EQ RCASZ  LOOP TILL FIND BEGIN OF FILE
BSTA: UN BIN GET THE FILE ID
COME. R4 #RCAS4+1  CHECK FILE ID FOR MATCH
ECTR.ER RCAST  FOUND A MATCH
EORZ k@ GET A B
STRR, B9 #RCASS+4 MO WMATCH SAVE IN FID FLAG
BCTR, UN LORD
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INSTRUCTOR 5@ PRGM 11/1/78 PAGE A&2A

LINE ADDR ORJECT E SOURCE

8972 1BE1 @47F

8973 1BEX CCA7DF

@974 1BE6 7SFD
8975 1BE® BBEE
8976 1BER E43A
@977 1BEC 9878
8978 1BEE 28

@979 4BEF CC47EL

#980@ 1BF2 3B34

#9581 1BF4 CDA7DD
8982 1BF7 2B2F
8983 1BF% CDA7DE
8984 1BFC 3B2A
8985 1BFE @1
9985 1BFF 1C1C42
8987 1C82 C3
8928 1C83 @8DF
#4989 1C@5 183F
8999 1C87 3B1F
8991 1009 1804
@992 1CaR @764
@993 1Cen 9BES
8994 1Cer 3B17
8995 1C11 CDI70D
8996 1C14 EDSTDD
8997 1017 1804
8998 1C15 6785
8999 1C1B 9BES
1608 1C1D 3B36
1061 1C1F FBeEE
1p@2 1C21 2BES
1003 1C23 9866
1B@4 1C23 1F1BEE
1085

1806

10897

1082

1069

1018

1p41 1028 BBEE
1642 1C2R 7589
1843 1€2C 3B36
1614 1C2E @2
1645 1C2F BBFe
1646 1031 C1
1047 1C32 BBEE
1p18 1C34 7569
1019 1C36 3B2C
1628 1C28 81
1621 1C39 62
1822

1823

1824

1923 1C3R C1
1926 1C3B 2C17EL
1627 1C3E DO

RCASZ
RCASS
LOAD

BLOAL

BLOR

BLOA2

*

LODI, RB 127
STRA. R@ FID
cPaL
2BSR *IN
COML.R@ A"~
BCFR, EQ LOAD
EORZ  F@
STRA: R@ BCC
BSTR. UN BIN

H'FD’

SET FLAG TO FILE IS MATCH
FILE ID FOUND
CLEAR PEL
GET A CHAR
START OF LINE CHAR?
LOOP TILL FIND START FO RECORD
GET A @
PRESET EBCC
INFUT A EYTE OF DATR

STRA, R1 MEM HI RDDR

BSTR, UN BIN INPUT A BYTE OF DATA
STRA. R MEM+L LO ADDR

BSTR. UN BIN INPUT A EYTE OF DATA

Lz R
BCTA.EQ LOADY GO T@ START OF PROGRAM IF BYTE COUNT @
STRZ B2 SAYE BYTE COUNT

LODR, P@ +LOAD-2 GET FILE ID FLAG

BCTR,EG LOAD  FILE ID NOT FOUND SKIF TO END OF FILE
BSTR, UN BIN INPUT A BYTE OF DATA

BCTR.EQ BLOA  BCC OK RERD THE RECORD

LODL F3 4 BCC ERROR
ZBRR  #ERR  GOTO ERROR
BSTR, UN BIN INPUT R BYTE OF DATA

STRA:R1 «MEM STORE DATR IN MEMORY

COMARL #MEM DO THE ERROR CHECK

BCTR.EQ BLORZ  DATA STORED OK

LODLEZ 3 RERD CASSETTE MEMORY WRTTE ERROR
ZBRE ~ #ERR  GOTD ERROR

BSTR, UN INK INCREMENT POINTER MEM

BDRR, RT BLOR LOGP TILL DONE

BSTR, UN BIN INPUT R BYTE OF DATA

BCFR, EQ BLORL BCC ERROR

BCTA. UN LOAD

* INPUT A PRIR OF HEX RSCII CHAR
*CONYERT TD BINARY

*OUTPUT 15 IN RL

*CALCULATE BCC ON DATA

*

BIN ZBSR *IN INPUT A CHAR
CPSL CHWC CLERR CARREY AN WITH CARRY
BINL  BSTE, UN AHOZ LOOK UF YARLUE
Loz R2 PUT YALUE IN PR
ZBSR *ROT ROTATE YALUE
STRZ Fi SAYE VALUE IN R1
ZB5R *IN GET A CHAR
CPeL CHAC CLEAR CARRY AND WITH CRRRY
BSTR. UN RHOZ LOOK UP YALUE
LODZ Ri GET SRYED YALUE
10R2 R2 MAKE THE BINRRY EYTE
*
*CALCULATE BCC
*
CBLC  STRZ Rl SAYE YALLE
EORA. R@ BCC ¥OR WITH CURRENT BCC
REL. R@ ROTATE LEFT

11-21



THIN ASSEMBLER VER 2. @

LINE ADDR OBJECT E SOURCE

1828 1C3F Carg
1829 1C41 17
1830

1831

1832

iezz

1834 iC42 @CL7DF
1833 1045 1C1BCF
1036 1048 B88sF
1837 1C4R CCI7ES
1638 104D 6887
1839 104F CCL7EQ
1849 1052 1F1874
1041

1642

18432

1844 1035 8C17DE
1845 4C58 BEL7DD
184¢ 1058 DBO2
1847 103D DRO@
1848 1C3F C3FS
1849 1061 CRF6
1038 1Ce3 17
1651

1032

1853

1854 1Ce4 B&FF
1855 {Ce6 EE3IFCS
1856 1069 14
1657 1CeR E6t@
1858 1C6C 9878
1859 1CeE @706
1868 1078 SBER
1861

1862

1863

1864 1072 B4aD
1885 1074 BBFE
1866 1676 B48A
1867 1078 BEFR
1868 1C7R 17
1863

iara

1871

1872 1078 7348
1673 167D BBF4
1874 107F 2
1873 1088 BETFCS
1876 1083 BRFA
1877 1CBS GOFFCS
1978 1098 BEFB
1879 1088 17

*
¥

*
LoADL

*

INSTRUCTOR 5@ PRGM 11/1/78

STRR. R *CBCC+2 UPDRTE THE BCC

RETC. N

*FINISHED READING FILE

LODA, k@ FID

PAGE @@24

CHECK FILE ID FLAG FOR FILE ID FOUND

BCTA. EG RCASZ  NO LOOK FOR START OF NEXT FILE
LODR, R® *INK2+1 GET VALUE FROM MEM

STRA: RA LADR

PLACE START ADDRESS IN PC

LODR, R@ *INK+1 GET VALUE FROM MEM+L

STRA: RE LADR+L
BCTR, UN MON2

*INCREMENT RDDRESS MEM

*
INK
INK2

INKL

*

GO TO THE MONITOR

LODA. RO MEM+L  GET ADDRESS

LODR, R2 MEM
BIRR. R@ INKi
BIRR, RZ INKL
STRR, RE *INK+1

INCREMENT IT

SAVE

IN MEM+1

STRE R2 *+INK2+1 SRVE IN MEM

RETEC, UN

+LO0K UP ASCII HEX TO CONVERT TO BINARY

*
RHOZ

#

#
CRLFF

¥

3

LapL R2 255
COMA. R@ RSCIL R2

PRESET INDEX

s+

CHECK THE YALUE

RETC.EQ RETURN IF EQUAL
CHECK FOR MAX COUNT

COMI. R2 H"18°
BCFR. EQ RHOZ+2
LODL,R2 6
ZBRR  #ERR

LOaP

CHAR MOT ASCIT HEX
GOTD ERROR

+CRARFAGE RETURN AND LINE FEED

LODI. RA 13 CARRAGE RETURN
ZESR +0UT PRINT

LODI. BA 18 LINE FEED

ZBSR s0UT PRINT

RETC UN

HOUTT CPSL WC
+QISLSD CONVERT BIN TO NIBBLE

ZBSR
STRZ R2
LODA, RA RECIL.R2
ZBSR DT
LODA. R@ RECILRL
ZB5R +0UT

RETC, UN

ACONVERT BINRRY TO ASCIT HEX BND PRINT

SRYE IN R2

TENS DIGIT

PRINT TENS DIGIT

*GET UNITS DIGIT

FRINT UNITS DIGIT

11-22



THIN ASSEMBLER VER 2.8 INSTRUCTOR 5@ PRGM 11/1/78 PRGE @ez2

LINE ADDR OBJECT E SOURCE

1881 X ek deokkok o
1882 *

1682 *

18234 #{RITE CRSSETTE COMMAND

1885 ¥

1886 *THIS ROUTINE WRITES 2658 HEX FORMAT TO CASSETTE TAPE
1887 *

1098 #REGISTERS USED

1889 *

1839 *R@ SCRATCH

1891 #R1 SCRATCH

1892 K2 SCRATCH

1a92 #R3 SCRATCH

1894 *

1693 *SUBROUTINES CALLED

1896 *

18597 #0UT KRITE CHAR TO TAPE

1898 *HOUT CONVERT BINARY TO ASCII HEX AND WRITE TO TAFE
1699 *INK INCREMENT POINTER MEM

1168 ¥

1104 *RAM USED

1162 ¥

ez +BCC  BLOCK CHECK CHAR

1164 #MEM  POINTER

1183 BAD  PROGRAM STAET ADDRESS

1166 *5AD0  DUMP STOP ADDRESS

1167 #FID  FILE ID FLAG AND STORRGE

1168 ¥

1189 #THIS ROUTINE FUNCHES A HEX FORMAT TAFE

11ia *

1141 *

1112 % | ERDER1EID:ADDRCTBCARDDCCRE. ... .. .. BC

1142 ¥

1144 . ' R R C R SR L
1115 #

1116 ¥

1147 4036 28 WCAS4 EORZ R GETH @

1148 1C8C BEFA ZBSR #GNF GET HUMBER

1149 1C8E EGE7 COML B2 H787°  ENTR/NKT KEY

11268 1Co 17 FETC, N

1121 *

112z #

1123 1091 851F WCRS  LODILRE {LADER-1 GET RDDRESS OF LAD= DISFLARY
1124 1092 @6BC LODI. Rz LADEC-1

1125 1C35 BRFE ZBSE  #MOY  MOYE TO DISPLRY BUFFER

1126 1C37 3B72 BSTR. UM WCRS4  GET ADDRESS DRTA

1127 1C59 388E BCFR, EQ #HCASE+1 MONZ  IF NOT EXIT

1122 198 COATDD STRA. RL MEM SAYE START ADDRESS

1129 1COE CCAFDE STRA: R@ MEM+L

11260 1CA1 4412 LODI.RE H'12°  CHANGE DISPLAY

1131 1CAZ CCA7DL STRA. k@ DISBUF DISPLAY "URD=

1422 1CARE 3B63 BSTR. UN WCAS4  GET ADDRESS DRTA

1133 1CA8 301870 WCASE DBCFA.EQ MONZ  NOT ENTR/ZNKT MUST BE HEW COMMAND
11%4 ¥

1135 *CHECK FOR START ADDRESS GT THAN STOP
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TWIN RSSEMBLER VER 2.8

LINE RDDR OBJECT E SOURCE

1136

1137 1CRE EDIFDD
1138 ACAE 1Bac
1129 1CB 1999
1140 1cB2 @y
1141 1CB4 SBES
1142 1CB6 ECI70E
1142 1CB9 1R77
1144

1145 1CBE Deez
1146 1CBD D5Ba
1147 1CBF CDIVEB
1148 1002 CCAV03
1149 1CCT 8485
1158 10C7 CCI7DL
1431 1CCR ZFACEE
1152 1CCD 9C3CRY
1153 1CDa CDL7CR
1154 1CD3 CLi7CB
1155 1006 851F
1156 1CDE @6R4
1157 1CDA BBFE
1158 1CDC @401
1159 1CDE BEFA
1166 1CE@ E6E7
1161 1CE2 98C5
1162 1CE4 (894
1162 1CE6 B66R
1164 1CES 0719
1165 1CEA 28
1166 1CEE BEFG
1167 ACED FE7E
1168 1CEF 12
1169 1CFH 2448
1178 1CF2 32
1171 1CF2 FR72
1172 ACFS 9446
1473 1CF7 BBFE
1174 1CFS aCivEd
1173 1CFC BBFZ
1176 1CFE BBFE
1177 1088 843A
1178 1082 BEF@
1479 1064 2Za
118@ 1D85 CBAz
1181 1087 BCi7CR
1182 1DBA 7765
1182 1DAC @F47C9
1184 1DBF ABAC
1185 1D11 ABAS
1186 1013 7508
1187 1045 1E4CB2
1188

1189

1198 1048 S8iB
1191 1D1R 5B45

*

WCRS2

FUN1D

WCASS

*
*
FUN4

INSTRUCTOR 58 PRGM 11/1/78

COMA, RL MEM
BCTR. ER WCRSY
ECTR. GT WCASS

» LIDLR2 7

ZBRR  +ERR
COMA, RA MEM+L
BCTR, LT WCASR

BIRK. R& WCASA
BIRR, R1 HCASH
STRA.R1 ERD
STRA, R EAD+L
LODI. P8 H7B3”
STRA. k8 DISBUF
BSTR, UN HCAS4

PAGE @@23

CHECK HI BYTE

SET THE ERROR NUMEER
GOTD ERROR
CHECK LO BYTE

INCREMENT STOP RDDRESS
S0 DUMP IS INCLUSIVE
SAYE END ADDRESS

CHANGE DISPLAY
DISPLAY “SAD= ¢
GET PROGRAM START ADDRESS

BCFR.EQ *WCASE+1 MONZ  GOTO MONITOR NEW FUNCTION

STRA, k1 BAD
STRA, R8 BAD+HL

SAVE START ADDRESS

LODIL. R1 (FEG-1 GET ADDRESS OF F= DISPLAY

LODL R2 SFEG-1
ZBSR +MDY
LODI.R8 1
ZBSR GNP
COMI. R2 H'87/

BCFR, EQ +WCASE+L MONZ

MOVE DATR TO DISBUF

SET FLAG TO SINGLE BYTE

GET THE FILE ID

ENTRANKT KEY
EXIT NEW COMMAND

STRR, R #WCASS+L  SAVE FILE ID

LODIL. P2 18 SET THE DELRY
LODI. K3 23
EORZ  RB GETR B
ZBSR «QUT  OUTPUT A LERDER
BDRR, RZ PUN1B+2
Speu GET FLAG
EORI.R@ H’48°  COMPLEMENT IT
LPSUy RESTORE IT
BDRR.F2 PUN1®  DECRERSE THE COUNT
LODI, P8 H'16° STRRT OF FILE CHAR
ZBSk *+OUT PRINT
LODA. k@ FID+HL  GET FILE ID
ZBSK +HIUT CONVERT TO ASCII HEX AND PRINT
285k «CRLF  OUTPUT CARRAGE RETURN AND LINE FEED
LODI. P8 A7:7  START OF BLOCK CHAR
ZB5R  #QUT  PRINT
EORZ  R@ GET f @
STRR, R@ +PUNZ+HL PRESET BCC

LODA, R@ ERD CALCULATE WO OF BYTES TO OUTPUT

PPSL  HCHC
LODR, B2 EAD+L

SET CARRY AND WITH CRRRY
GET END+ ADDRESS

SUBR. RI +BDUMI+1 MEM+#1 SUBTRACT START ADDRESS FROM STOP ADDRESS
SUBR, R +BDUM+L MEM

CPEL WO
BETA. NG WCASS

BRNR. R@ ADUM
BRNR. RX GDUM

CLEAR WITH CARRY
START > STOP

START ADDRESS GT THAN 236 AWRY FROM STOP
START ADDRESS LT 256 AWAY FROM STOP
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THIN ASSEMBLER VER 2.0

LINE ADDR OBJECT E SOURCE

1192 1DAC @Ci7CA
1193 1D4F 3838
1194 1D21 @Ci7CR
1195 1024 3B34
1196 1D26 20
1197 1027 3B31
1198 1029 BC47EL
1199 1D2C 382C
1288 1D2E 1F1874
1201

12682

1262 1021 EV4E
12084 1033 1AR2
1285 1035 671E
1286 1037 @C170D
1287 1D3A 3BLE
1288 1D3C 8C17DE
1269 1D3F 3B19
1210 1D41 83
1211 1D42 3B16
1212 1D44 88E4
1213 1D46 3B12
1214 1D48 @CO7DD
1215 1D4B 3B@D
1216 1D4D 3F1C55
1217 1D5@ FB76
1218 1032 @C17EL
1219 155 B3
1228 1057 1F1CFE
1221

1222 1D3A IF1C3R
1223 103D &1
1224 1DSE BBF2
1225 1060 17

* %

BDUM

BDUML

INSTRUCTOR 58 PRGM 11/1/78

PAGE @24

LODA, R@ BAD THIS IS END OF FILE BLOCK
BSTR: UN EDUM SO OUTPUT STRRT ADDRESS OF PROGRAM

LODA, k@ BAD+L

BSTR, UN EDUM  OUTPUT A BYTE RS 2 ASCIT HEX CHARS
EGRZ  FRa END OF FILE BLOCK

BSTR, UN EDUM QUTPUT BYTE COUNT

LODA, RB BCC GET BCC

BSTR. UN EDUM OUTPUT BCC

BCTA, UN MOKZ GOTO MONITOR

COMI.R3 H/1E” IS START LT 3@ AWAY FROM STOP

BCTR.LT BDUM  OUTPUT LAST BYTES

LODI,R® H/1E/  NO OF BYTES THIS RECORD IS 3B
LODA, k@ MEM 0UT ADDR HI

BSTR, UN EDUM  QUTPUT BYTE AS 2 ASCIT HEX CHARS
LODA. R@ MEM+1  OUT ADDR LO

BSTR.UN EDUM  OUTFUT BYTE RS 2 RSCIT HEX CHARS
Loz R2 OUT BYTE COUNT

BSTR, UN EDUM  QUTPUT BYTE AS 2 ASCIT HEX CHARS
LODR: R *PUN3+1 OUT BCC FOR ADDR AND BYTE COUNT
BSTR.UN EDUM  OUTPUT BYTE RS 2 RSCII HEX CHARS
LODR,R8 *MEM  OUTPUT DATA FROM MEM

BSTR,UN EDUM  QUTPUT BYTE RS 2 ASCII HEX CHARS
BSTA, UN INK INCREMEMT POINTER MEM

BDRR,R3 DDUM  LOOP TILL DONE

LODA, R@ BCC GET BLC

BSTR,UN EDUM  OUTPUT BCC FOR DATA

BCTR: UN PUN2

BSTR, UN CBCC  CALCULATE BCC

Loz M GET YALUE TO QUTPUT

ZBSR  #HOUT  PRINT A5 2 ASCIT HEX CHARS

RETC. UN
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THIN ASSEMBLER YER 2.@  INSTRUCTOR 5@ PRGM 11/1/78 PAGE 8823

LINE ADDR OBJECT E SOURCE

1227

1228

1229

1234

1231

1232

1233

1234

1235

1236

1237

1238

1239

1248

1241

1242

1243

1244

1245

1246

1247

1248

1243

1258

123

1252

1253

1254

1255 1Ded @54F
1256 1063 BESC
1257 1065 BEFE
1258 1067 BC17CF
1232 1D5R 186R
1268

1261

1262

1263 1DeC BCL7CE
1264 1DoF BBEA
1265 1071 BCLPCD
1266 1074 B14
1267 1076 2@
1268 1077 BEFC
1269 1079 1218
12va

1271

1272

4373 107E @p2R
1 74 ’Q?D i%&?

1;:? 1Dad CLIVEF
1275 1Dar LFIETT
1288

1281 {028 BEF4

*

*

#SET OR CLERR BRERK POINT

*

*

*T0 SET BRERK POINT ENTR ADDRESS AND DEPRESS FUNCTION KEY
*T0 CLEARR BRERK POINT DEPRESS FUNCTION KEY
*

*SUBROUTINES CALLED

*

#MOY MOVE DATA TO DISBUF

*GNPA DISPLAY AND GET ADDRESS DATH

*ROT ROTATE A NIBBLE

*SCBPZ SET DISBUF 445

*BRKPT4 SET DISBUF 647

#DSLSD CONVERT TD BINARRY FOR DISPLAY

*

*RAM MEMORY USED

*

#BFF BRERK POINT FLAG

+BPL LOCATION OF BREAK POINT

+BPD DATA TO BE RESTORED IN BREAK POINT LOCATION

*

*

*

*

SCBP  LODI.R1 {BPEG-1 GET RADDRESS OF BP= DISPALY
LODI. k2 >BPEG-1
ZB5R MY MOVE DRTA TG DISBUF
LODA, R@ BPF EREAK POINT SET?
BCTR,E@ SCBPL  NOT SET GET ADDRESS

*

#BREAK POINT SET SET UP RDDRESS DISPLAY

*

LODA. R@ BPL+L  PREPARE THE ADDRESS
ZBSR  #BRKPT4 SET UP DISPLAY
LODA, R BPL GET MSB
BETR, UN ZCBP2  SETUR DISPLAY
SlBFL EORZ  Re SET UP GET NUMBER PARAMETER TO 4 DIGIT
ZBSR #GNPA - GET THE ADDESS IF ANY
BCTR.EQ SCBP4  CET THE BREAK POINT

*THIS SECTION CLERRS THE BREAK POINT

LODR, BT #5CBPe+d CHECK BRERK POINT FLRG
ECTR. B #5CBPS+L  ERESK POINT NOT SET GO TO HONITOR

COMILRZ HOSLT IS TERMINATION BKP?
BOFR.EG #SCBFS+L  NO LEAYE ERERK POINT SET GO TC MOMITOR
EORZ  R@ GETHRe

SLBPe  STRARE BFF CLEAR EREAK FOINT FLAG

SCBFS ECTR.(UN HOhz 4D TO MONITOR

N

F2 ZBSR +DISLSD COMMERT TOBIN FOR DISPLAY
11-26
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TWIN RSSEMBLER VER 2.8 IWSTRUCTOR 50 PRGM 11/1°7% PRGE fe2c

LINE ALDR DBJECT E SOURC

L,
28]

1282 4DBC COLTD6 STRA. RL DISBUF+S
1233 1D8F CCLFDS STRA: R# DISBUF+4
1284 1092 17 RETC. LN
1283 *
1286 #THIS SECTION SETS THE BREAK POINT
1287 *
228 1553 CL1VCE SCBP4 STRA.RA BPL+1  SET BRERK POINT ADDRESS
123% 105 Chi7CD STRA.R1 BPL
1290 1059 26 EORZ  FR@ CLEAR ERERK POINT FLAG
1291 1D9A CBES STRR. RE #SCRPE+L CHECK THE BRERK FOINT THN BE SET
1292 1D3C BUSFLD LODA.R@ «BPL  GET DRTA FROM ERERK POINT LOCATION
1233 1D5F 8584 LODI.Fi H'BA”  EREAK POINT INSTRUCTION .. WRTC.RE
1254 4DpRA1 CDO7CD STRA.RL #BFL  TRY T SET EREAK POINT
1295 10R4 EDS7CD COMA.RL *BPL  DID IT SET DK
1296 1DA? 1284 BCTR. EQ SCBPY  BRERK POINT CRM BE SET
1297 1bR9 @7al LODIRT 1 CANT SET EREAY POINT ERROR
1222 1DAB 9BES ZBRR  sERR  GOTO ERROR
1299 10AD CLSTCD SCBPT STRA. K@ #BPL  RESTORE USER DATA
13608 1DEG B47F LoD, R 127 SET THE EREAK POINT FLRG
1391 1DB2 C8D1 STRE. R@ *SCBPe+i SET IT
1382 10B4 1BD2 BCTR, UN «CCRBPS+L  GOTO MONITOR
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TWIN ASSEMBLER YER Z.

R
[xx]

INSTRUCTOR 58 PRGN 11/4/72 FAGE 8@27

LINE ADDR OBJECT E SOURCE

13m4 B T C ot E t g g o E R T
1365 *

1786 *

1387 +MOYE 8 EYTES OF DATA POINTED T2 IN R4 AND R2 TO DISBUF
1388 *

1349 *

1318 +REGISTERS USED

1311 *

1312 *RA SCRATCH :

1343 #f1 HI ADDRESS EYTE OF DATA ADDRESS-1

1344 +#R2 L0 ADDRESS BYTE OF DATA AUDRESS-1

1315 *RZ HOT USED

1318 *

1217 *ZUEROUTINES CALLED

1313 ®

1318 *HONE

13z@ ¥

1321 *RAM MEMORY USED

1322 *

1323 *T TEMP INDIRECT ADDRESS

1324 ¥

1325 L ¥ LB R R R R L DB RS B LSRN RS ES SRS
1326 *

1327 4DB6 CDA7EZ MOVI  STRALRL T SET INDIRECT ADDRESS

1228 1DB9 CE17E4 STRA.F2 T+

1229 1DBC @588 LODI.E2 & SET INDEX TO MDVE 8 EYTES

1338 {DBE BEFTER movi  LODAR.Re «T,R2 GET A BYTE

1231 1DT1 CE7708 STRA: R@ DISBUF-1.R2 MOVE TO BUFFER

1322 1DC4 FA7E EDRR. R2 MOVL

1332 1006 17 RETC, UN
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THIN ASSEMBLER VER 2.@  INSTRUCTOR 5@ PRGM 11/1/78 PRGE BAze

LINE ADDR ORJECT E SOURCE

1335

1326

1337

1338

1339

134a

1341

1242

1342

1344

1345

1346

1347

1343

1349

1358

1331

1352

1353

1354

1355

1356

1357

1358

1258

1368

1361

1362

1263

1264

1363

1366

1367

1368

1368

1378

1271

1372

1372

1374

1373 1DCT 9406
137& 1DCS FBYE
1377 1DCB 52
1378 1DCC 770
1379 10CF €1
1388 1DD@ 4559
1381 1002 447F
1282 10D4 GCTFEB
1383 10DV 61
124 1008 Feod
1385 1DDA 1A
1386 1DDC @DIFED
1387 1DDF oAz
1368 1DE1 4588
1385 1DEZ 61

*

*

#KEY BOARD SCAN AND DISPLAY ROUTINE
*

*THIS RPOUTINE WRITTEN BY ALEY GOLDEURGER

*

*

T USE THIS ROUTINE PLACE DRTR TO BE DISFLAYED
*IN DISBUF (SEE CODES AT BEGIMNNING OF FROGRRM:
¥
*#0N ENTEY F@ CONTAINS A FLAG

*
*RE = @ HORMAL OPERATION

* ON EXIT R = KEY PRESSED CODE

#RE = 1-127 GO THRU SCAN ONCE AND EXIT

# 0N EXIT B2 = KEY PRESSED CODE

#RA = H'88° TURN DN DECIMAL POINT FOR EMTRY MODE
* (N EXIT F2 = KEY PRESSED CODE

*

*SEE KEY PRESSED CODES AT EEGINNING OF PROGRAM
*
*REGISTERS USED IN BANK ON ENTRY
*
k8 SCRATCH
Rl KEYBORRD FLAGS
#R2  DIGIT SELECT
*2  DIGIT PDINTER
*
*SUBROUTINES CALLED
*
*NONE
*
*RAM MEMORY LSED
*
*DISEUF DISPLAY EUFFER
#FLG KEY BORRD FLRG
*
dtkbdokkobkibdobolkbob bbb bbb bbbk dob b okl bt bl dob bk 4
*
DLOOP LODL.RA 6 DELAY TO MAKE LOOPS EOUAL
BDRR. RE $
DLOCPL RRR.R2 ROTATE DIGIT SELECT
LODA, k8 DISBUF-1, R BET DATA TO BE GISFLAYED
STRZ  RL  SAYE DISPLAY CODE
ANDL R H'88°  MASK FOR DECIMAL POINT
ANDL R@ H'7F*  MASK OFF DECIMAL POINT
LODA, B8 SEGTEL. RA CONYERT TO SEGMENT DATR
I0RZ R4 SET THE DECIMAL PDINT IF NEEDED
MLR2 Wel'  CoL 77
BCTR, NG DLOOPY DONT PUT DECIMAL POINT HERE
LODA, RL KFLGH GET FLAG
BCFR.NG DLODPX  IF FLAG NOT NEG NO DECIMAL POINT
ANDL.R1 H’88°  MASK DECIMAL POINT
I0RZ R SET DECIMAL POINT
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THIN ASSEMELER YER 2. @

LINE ADDR OBJECT E SOURCE

1358 1DE4 @548
1391 1DES DSFS
13592 1DEQ DEFR
1393 1DER D4FS
1354 4DEC BCi7EC
1395 1DEF 584
139 1DF1 1RIR
1397

1398 1DFZ FESZ
1339

14a@

14a1

1482 ADF3 8CLVED
1483 4DFE 1933
1484 1DFA 1B23
1485

1486

1487 1DFC 3B28
1488 1DFE 98@:
1489 1E@3 8987
1418 1E62 Fap4
1411 1ER4 1B14
1412 1EBS 8466
1413 1EB8 CCLTEE
1414 1EBE 1B&S
1413

1416

1417 1EBDL 3B17
1415 1E@F 1362
1419 1F11 1624
1428

1424

1422

1423 4E13 CCIFED
1424 1E16 B4eh
1423

1426 1E13 C2EF
1427 1E1R CCATEC
142% 1E10 7589
1425 1E1F @768
1430 1E21 Befd
1471 1E22 AFADCE
1422

1433

1434

1435 1E2% G3FE
1436 1E28 456F
1437 1E2R 236F
1438 1E2C 17
1433

144@

1441

1442 1E20 D4ER
1443 1E3F FE7E
1444 1E31 D4FS
1445 {E3Z B482

DLOOPZ LODILRL 8
HRTE. R1 SEG
HETE. B2 DIGIT
WRTE, @ SEG
LODA. R@ KFLG
BCFR, EQ DLOOP4
BCTR. UM DLOOPS

#

DLOOF2 BDRR, B2 DLODP
¥

*

*
LODA, RA  KFLG+L
BCTR, GT DISF2
BCTR LN DISP4

%

*

DLOGP4 BSTR, UN GETKEY

BCFR.EQ DLPB

LODR, RA +DLPi+L

BORR. R@ DLPA
BCTR, UN DISPL

DLP@ LODI. R H'e®”

DLFL  STRA, R@ KFLG+2
BCTR. UM DLODPZ

*

*

DLOOFS BSTR. UM GETKEY
BCTR. EQ DLODPZ
BCTR. UN CODE

¥

*
DISPLI STRA. R KFLGH

DISP2 LODL.RB H'ed”
¥
STRE. R +DLPL+L
DISPL STRA.RA@ KFLG
CPSL CHME
DISP4 LODI BT Wi
LODI R2 HoBlr
BCTR. UM DLOOPY
*
+GET KEY CO0E
¥

GETHEY REDE.RL KBDIN
AHDI.RL HOBF
EORI.RL HBF’
FETC, LN

*

#GINGLE PASS EXIT

*

DISFE LODI.RB 18

BDRFR.RB $

WETE, BB SEG

LODI. R H&27

INSTRUCTOR 5@ PRGM 11/1/73

FRGE 8829

GET R @

TURN OFF SEGMEMTS
ENABLE NEXT DIGIT
AND DISPLAY IT

SEE IF KEY IS DOMN?
KEY UP DEBOLNCE

IS KEY DOWN?

DECREMENT DIGIT PTR
TEST IF ONE SCAN IS DONE

IF ONE SCAN DOME INITIRLIZE SCRN

PARAMETERS AMD KEY FLAGS

CHECK FOR ONE FRSS THEN EXIT MIDE

IF ONE PARSS EXIT
RESET THE FLAGS

GET A KEY
KEY 15 DOWM RESET DEBDUMCE
KFLGH2 GET COUNTER YALUE

SET FLAG TD ACCEPT KEY
SET THE DELRY COUNT
SAYE DELAY COUNT

DO THE MEXT SCAN

IS A KEY DOKN?
NG

#ENTRY 70 DISPLAY ROUTINE HERE

SAYE INPUT PARSMETER

KEY WAS DOWN - SET KFLG

NOT TO RCCERT MEY NEMT SCRM
WFLG+2  SET KEY DEBOUNCE DELAY
SHYE KFLG

CLERR CRRRY PMD WITH DRRERY
INITIRLIZE [IGIT PRONTER

AND DIGIT SELECT

G0 LISPLRY

RERD KEYBORRD
HASK OFF UNUSED BITS
INVERT THE INPUT

DELRY
TURN OFF SEGMENTS
M KEY PRESSED CODE
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TWIN ASSEMBLER YER 2.2 INSTRUCTOR 58 PRGM 11/4/78 PAGE 50

LINE ADDR OBJECT E SOURCE

1446 1€35 C2 STRZ R2 SAYE IN B2

1447 1E36 17 RETC. UN

1443 *

1448 *CONYERT KEY LINE DRTR TO KEY CODE

1458 *

1431 1E37 29 CODE EORZ  RA GET A &

1452 1E38 D4F9 MRTE. R® SEG TURN DFF SEGMENTS

1433 1E3R A7AL SUBLRI 4 DECREMENT COLUMM COUNTER
1434 1E3C D4FA WRTE. B8 DIGIT  TURM OFF COLUMNS

1455 1E3E Bcid CODEL LODL.E2 4 LOOF COUNT

1456 1E48 31 CODE4 RRR.R1 GET WEIGHT OF KEY LINE
1457 1E41 ESSA COMI,RY H/88°  CHECK FOR 1 KEY DOMM
1438 1E43 13068 BCTR.ED CODE2  RR = &.4.8 OR H'OS

1438 1E45 3404 ADDI. RA HB4”

1468 1E47 FAT? BDRR. R2 CODE4  CHECK FOR OMLY 1 KEY
1461 1E49 @7an LODI.FZ 8 MORE THAN 1 KEY DOMN OF NO KEY DOUK
1462 1E4R 9BES ZBRR  #ERR  GOTO ERROR

1463 1E4D E7R4 CODEZ  COMI.RZ H'@4”  MUMEER DR FUNCTION KEY?
1464 1E4F 1RAT BCTR.LT CODEZ & MEY

1463 1E51 58 RER. F@ DIYIDE KEYLINE WEIGHT BY 2
1466 1E32 6400 I0RI.P@ H/BR°  FUNCTION KEY DESIGNATOR
1467 1E54 4701 ANDI.F2 H'@1”  RETRIN LSB ONLY

1463 1E35¢ 82 CODEZ ADDZ  RZ TO GET WHOLE WEYLODE
1469 1E57 C2 STRZ R2 SAYE KEY CODE IN R2

1470 1E58 17 RETC. UN
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TWIN RSSENELER VER 2.8

LINE ADDR OBJECT E SOURCE

1472

14732

1474

1475

1476

1477

1472

1473

1408

1481

1482

1483

1484

1485

1428

1487

1488

1483

1494

1491

1492

1493

1494

1493

1496

1497

1498

1493

1500

1581

1582

1583

1504 1ESS @CivDe
1585 1E3C 9819
1986 1ESE BCL7CF
1567 1E61 1814
1588 1E63 ACO7Ch
1589 1E66 CCLTLC
1548 1E69 A4BR
1311 1E8B CCY7CD
1542 1E€E ECO7CD
1513 1E71 1804
1344 1E72 o784
1545 4EVS 9BER
1516 1E77

EEE R R RS s a2 R RR AR L R R AR S B s SR R R R R SR R RS R R R RS R A S

*
&
#5070 ROUTINE
*
*

*
+R@ SCRATCH
+R1 SCRATCH
*R2 SCRATCH
#R3 SCRATCH
+R1" PESTORED
#R27 RESTORED
#K37 RESTORED
PS5l RESTORED
*PSL RESTORED

*REGISTERS USED

+

*SUBROUTINES USED

*

+NONE

*

+RAM MEMORY USED

¥

INSTRUCTOR 5@ PRGM 11/1/78 FAGE 631

#5SF  SINGLE STEF FLAG

*BPF  BREAK POINT FLAG

*BPL  BREAK POINT LOCATION

«BPD  BREAK POINT DATA

+LADR INDIRECT ADDRESS TO JUMP THRU

¥

*

Go LODA, k@ 55F GET SINGLE STEP FLAG
BOFR. EG 601 NO SINGLE STEP GOTD USER
LODA. k@ BFF GET BRERK POINT FLAG
BCTR.EQ GO4 BRERK POINT GO TO USER ND EREAK POINT
LODA.Re +BFL.  GET USER DATA
STRA. R@ BPD SAYE USER DRTA
LODI.R@ H’BA”  WRTC.RA BRERK POINT INSTRUCTION
STRA. R@ +BFL  SET THE BRERK POINT
COMA, Re +*BPL  CHECK BREAK POINT SET OK
BCTR.EQ GO GOTO USER
LODL.E2 1 ERROF BRERK POINT NOT SET OK
ZERR  +ERR  GOTO ERROR

6oL EQU $
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TWIN ASSEMBLER YER 2.8 INSTRUCTOR 5@ FRGM 11/1/78

PRGE 2O

LINE ADDR DBJECT E SOURCE

1512 B R R R RS PR R R R R R e e e B S e R R RN RS PR R R
1519 *

1528 *

1521 +RESTORE REGISTERS BEFORE GOING TD USER PROGRSH
1522 *

1522 *

1524 *

1525 *

1526 *REGISTERS USED

1527 *

1528 +R@ THRU RZ PSU PSL

1523 *

153@ *SUBROUTINES CALLED

1531 ¥

1322 *UREGH RESTORE PSL

1532 *

1334 #RAM MEMORY USED

1535 *

1536 *UREG = Ré

1337 *UREGH =Rl

1528 #UREG+2 = R2

1539 #UREGH2 = R

1548 *UREG+HY = RLY

1541 *UREG+S = R2*

1542 #REG+E = R2*

1543 +UREG+? = pPsll

1544 *REGHD = PaL

1545 *UREG+3 = PPSL INSTRUCTION OPCODE

1546 *UREG+14 = Pl

1547 +UREGHL1 = RETC. N INSTRUCTION OPCOGE
1548 *

1549 B T e R S p e R R R R R S R S R R
135@ 1E77 @577 RESTRG LODI.FL H'777  PPSL IMSTRUCTION DPCODE

1551 1E73 CDIFFB STRA,R1 UREG+S CPERTE A SUBROUTINE TO RESTORE PSL

1332 1E7C @517
1532 1E7E CDL7FD
1554 1E81 7518
1333 {EGZ @D17F2
1336 1E86 BEL7F4
1557 1EE9 BF17FS
1358 1E8C vrie
1559 1EBE @DIFFE
1568 1€51 BE17FY
1561 1E%4 BF17FE
1562 1E97 GC1FFS
1563 1ESR 6C17F1
1564 1E9D 92
1565 1E9E BC17F2
1566 1ERL TOFF
1567 1EAZ 3F1FFE
1568 1ERG 1FO7ES
1589

RESTRL

LODL.RL H17”
STRA: B UREGH]
CPSL RS
LODA, R1 UREGH
LODR, F2 UREGH2
LODA. B2 UREGHZ
PPSL RS
LOCA, R4 UREGH
LODR, B2 UPEGHS
LODA, RX UREGHE
LODA, RA UREG+?
10RA. P8 IFLG
LPSU

LODR. RE UREG
CPsL 255
BSTR. UN UREGHS
BETA. UN +LADE

RETC, UN THSTRUCTION OPCODE

CLERR REGISTER SHITCH

RESTORE R4
RESTORE R2
RESTORE B2

SET THE REGISTER SWITCH

FESTORE RL-
RESTORE F2¥
RESTORE RZ/
GET PSU DATA

SET INTERUPT INHIBIT IF PEOUIRED

FESTORE PSU
RESTORE R@
CLERR PSL
RESTORE PSL
GOTO USER
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TWIN ASSEMBLER VER 2.8  INSTRUCTOR 58 PRGH 14/1/78

LINE ADDR COBJECT E SOURCE

1571

1572

1572

1574

1573

1576

1577

1578

1579

1500

1581

1382

1583

1584

1583

1586

1587

1588

1569

1550

1554

1592 1ERS COAVDA
1593 1EAC CE17DE
1394 1EAF CFL70C
1595 1EB2 17
1396

1997

1558

1399

1688

1681

1662

1683

1604

1663

1686

1687

1688

L

1618

1641

1812

1613

1614

1643

1616

1647

1615 {EBZ B9FS
1615 1FBS BAFS
1628 1EBY ABF?
1621 1EED 17

PRGEE 8833

REEE T

*

*

*SUBROUTINE TO SAVE RL.B2.RZ
¥
*REGISTERS USED IN BAMK OM ENTRY
*
#R1 SAYED IN SAVREGH
+#R2 SAYED IN SAYREG+Z
#RZ SAYED IN SRYREGHZ
#
#5UBROUTINES CALLED
*

NONE

*

*RAM MEMORY LUSED

¥

*#SAVREGHL

*SAYREG+Z

+SAYREGHZ

ES RS2SRSS

SHYRE  STRA R1 SRAYREGHL

SHYRBL STRA. R2 SAVREGH2

SAVREZ STRA. B2 SRAYREGZ
RETC, LN

L EXEREEEREE RN RS

*

*

*SUBROUTINE TO RESTORE R1.R2.RE

*

*

+REGISTERS USED IN BANK ON ENTRY
*

+R4 RESTORED TG YALUE IN SAVREG+L
#RZ RESTORED TO YALUE IN SRYREG+Z
#RZ RESTORED 700 YALUE TN SAVERGHZ
&
+#SUEROUTINES CALLED
*
ANONE
¥
+RAN MEMORY LSED
¥
HSAVREGH
FERYREGHZ
*EAYREG+E

B T i S R e e S e S S R T Y

RESTRG LODR, RL #SAYRE+L
LODR, k2 +CAYRA1+L
LODR, B2 +SAYRAZ+L
RETC, N
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TWIN ASSEMBLER VER 2.8  INSTRUCTOR 5@ PRGM 11/1/78 PAGE #8324

LINE ADDR OBJECT E SOURCE

1633
1624
1625
1626
1627
1628
1629
1670
1631

1632

1633

1634
1635
1636
1637

1638
1639
1648
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1652
1654

1655
1656
1657
1638
1659
1668
1661

1662 o1
1663 0088
1664 @943
1665 0003
1666 009€
1667 @089
1668 BROF
1669
1678

1671

1672

1672

1674 1EBA 386D
1675 1EBC D487
1676 AEBE @708
1677 1ECH C8RE

*

*

*CRSSETTE 10 ROUTINES

*PROGRAM WRITTEN BY BBC

*

* @4-27-77

*

* THESE ROUTINES WRITES OR READS OME BYTE TO OF FROM
* THE CASSETTE IN SIMCR FORMAT.

*

* THE FREQUENCY IS DETERMINED BY FRED

* (CYCLE TIME IS X 332 MICRD-SEC. )
*

*
*ROUTINES SAYE AND REESTORE R1,R2,R3 OF CLRRENT BRNK
*
*IN RETURNS HITH DATR BYTE IN R@
*0UT REQUIRES BYTE TO BE OUTPUT TO BE IN R@
*
*TCAS IS THE CRSSETTE READ TEST USED TO SET LEVELS ON FLAY ERCK
*
*SEE FRONT OF PROGRAM FOR DISPLAYS AND INSTRUCTIONS
*
*
*REGISTERS USED
*
*R8, R1, R2, R3 ARE SCRATCH
*
*SUBROUTINES CALLED
*
*SRYRA SAVES RL R2,R3
*RESTR® RESTORES RL.R2,R3
*
*RAM MEMORY USED
*
+TEMWP  TEMPORFRY STORAGE
*
Fekobakotdokkok BE R SRR, kK Fopok
FREQ EQU 47  PULSE TIME ( @2 MSEC. )
SPOLY EQU  S+FREQ INTER-BIT SPACE
TOLY EQU 19 TIME-OUT FOR INTER-BIT DETECTION
PULSL EQU 3 NUMEER OF PULSES FOR A ONE
PULS® EQU  2+PULSL NUMBER OF PULSES FOR R ZERD
THRES EGU  T#PULSL TRANSITION THRESHOLD FOR DETECTION
EBIT EGU  S#PULSL TRANSITION THRESHOLD FOR END EIT
*
*
* SUBROUTINE OUT
* WRITES ONE BYTE FROM R@ TO CASSETTE
*
OUTT  BSTR.UN SRYRB  SAYE R1-R3
WRTE,RA LEDS  WRITE BYTE TO LEDS FOR DISPLAY
LODL.R3 8 BIT COUNT
OUTL  STRR.R® #QUTS+1 TEMP  SAVE BYTE IN TEMP
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TWIN ASSEMBLER YER 2.8 INSTRUCTOR 5@ PRGM 11/1/78 PAGE 8435

LINE ADDR ORJECT E SOURCE

1678 1ECZ CEAR

1679 1EC4 B506

1688 {ECE Faal

1681 1ECR 28A1

1652 1ECA 51

1683 1ECE FEAZ Ll

STRR. RS #QUTE+1 TEMP+L SAYE BIT COUNT IN TEMP+L
LODL R4 PULSE  GET MUMBER OF PULSES FOR A ZERG
THI.B8 H7@1"  TEST FOR A2 OMNE

BLFR. G OUTZ
RRR.RL
EDRE, B2 OUTZ

DIVIDE COUNT IF 8 ONE
CHECK FOR LAST EIT

1684 1ECD B5@n

RODI.RL PLLER

YES, ADD LAST BIT PULSES

16875 1ECF 611 TS LODI.R2 FRER  LENGTH OF PULSE

1686 1EDY @712 LODI.RZ H'43°  SET ENY AND FREQ

1657 AEDZ DYFR WRETE. BT [AS

1682 1EDS FATE EDRR.RZ & DELRY 1@ MICRO-SEC PER ITERATION
1635 1ED7 8611 LODI.R2 FREG  LENGTH OF PULSE

1698 1ED9 @714 LODI R H’18°  RESET FRER

1631 1EDE DFFS WRTE. B2 CAS

16592 1EDD FAFE EORF. RZ $ DELAY 1@ MICRO-SEC PER ITERRTION
1653 1EDF F36E EDRR.RL OUTZ DO NEXT PULSE

1694 1EE1 @esE LODI.R2 SPDLY  INTER-BIT SFACE

1697 1EEX @7@a LODI.RZ H'88°  TURM OFF ENY AND FRED

1636 1FES D7FS WRTE, B3 CRS

1637 1EE7 FATE BDRR. F2 ¢ DELAY 1@ MICRO-SEC PER ITERATION
1698 ¥

1699 1EES BC170A OUTS  LODA.R@ TEMP  GET CHARACTER BACK

1788 1EEC =6 RRE, P8 ROTATE RIGHT ONE FLACE

17al 1EED BFL7CY wTe
1782 1EF@ FE4E
1783 1EF2 2F4ERZ ouT4

LODA, B2 TEMP+1 GET BIT COUNT
BORR.FX OUTL  CONTINUE IF COUNT MON-ZERC
BSTA. UN RESTR@ RESTORE RI-RZ

1784 1EF5 17 RETC, UN ELSE. FETURN
1785 *

1766 & SUBROUTINE IN

17a7 * RERDS ONE BYTE FROM CASSETTE TO Ra
17es *

1785 1EF6 SFAERS INN BSTA,UN SRYRB  SRYE R1-RZ

1v1@ 1EF9 2@ E0RZ  R@ SET RE T ZERD
1711 1EFR 44FE INL  ANDIL.P@ HFE”  MASK OUT LOW BIT

1712 1EFC COEC
1713 1EFE 3B8A
1714 iFem 88EQ
1715 1F@2 S8

1716 1F@3 3973
1717 1F@S ZEEC
1718 1FE7 D487

STRR. R «QUTS+L TEMP  SAYE PARTIAL BYTE
BSTR, M GEIT  GET NEXT BIT

ADDE. PR +0UTS+L TEMP  ADD IN PARTIAL EBYTE
FRE. R MOYE MEW BIT T0O HIGH POSITION
ERHR.RL INL TEST LAST BIT FLAG

BSTR. UN #0UT4+1 YES, RESTORE Ri-FZ

MRTE. R LEDS  WRITE BYTE TO LEDS FOR DISPLEY

1719 1F@9 17 RETEC, UN RETURN

i7em ¥

1ve * SUBROUTINE TO GET THE MEXT BIT FROM CRSSETTE
722 # BIT IS RETURNED RS LERST SIGNIFICANT BIT OF R4
1723 *

1724 iFeR 8588 GBRIT LODL.RL Wogw”

1723 1Fec DoF2 WRTE. RL CHS SET SENSE TD CRSSETTE
1726 {FBE 12 Spsl GET PSU

1727 AFAF 7FF
1728 1F11 BEFF
1723 1F12 1862

LODL.RZ -1
LODI, 2 H7FFS
BCTR, UN GETZ

SET TRANSITION COUNT TO -1
SET TIME-OUT 7D MAX FOR FIRST TRANSITION

1738 1F15 8812 GBTZ2  LODI.R2 TMDLY  SET END-OF-BIT DETECTION DELRY
731 1F17 01 GRTZ STRZ M SAVE LAST COPY OF PSU TN RL
1732 1F18 5701 ADL.EZ 1 INCREHENT TRANSITION COUNTER
1733 1F1R 12 GET4  SPRU LOOK FOR TRANSITION
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LINE ADDRE OBJECT E SOURCE

1734 1F1B E1
1735 1F1C 9877
1736 1F1E FA7R
1737 1F28 20
1738 1F21 D4FE
1739 1F23 @501
1748 1F25 EVOF
1741 1F37 9963
1742 1F25 A76C
1743 1F2B C1
1744 4F2C E7@9
1745 1F2E 15
1746 1F2F B4e
1747 1F31 17
1748

1749

1758

17

1752 1F32 @580
1753 1F34 D3FA
1754 1F36 8744
1735 1F38 D47
1756 1F3R D7F9

1757 1F3C CF17C7

1758 4F3F 8eeR

1739 1F41 CE1706

176 1F44 3B44
1761 1F46 GAFA
1762 1F48 @580
1762 1F4A €@

1764 1F4B 1861
1765 1F4D 51

1766 1F4E @2

1767 1F4F 1867
1768 1F51 AL

1769 1F32 9304
1778 1F54 FREB
1771 4F56 4BSE
1772 1F38 198A
1772 1F5A B8E1
1774 1FSC E4DE
1775 1FSE 1874
1776 1Fc@ G73E
1777 1F62 1834
1778 1Fed G7DE
1779 1Fe6 1B50

coMz ki
BCFR.ER GBTZ  IF NOT EQUAL NEW TRBNSITION
BDRE.R2 GET4  IF EQUAL. TEST TIME-OUT
EORZ  FA SET R T ZERD
KETE, kB RS SET SENSE BRCK 7O USER
LODI.F1 1 FRESET EMD FLAG 700 1
COMILRX EBIT  EMDBIT THRESHOLD
BCFR, GT GBTS
SUBT, B2 2+PULSA LAST BIT, SUB ENDEIT PULSES
TR R1 AMD SET END FLAG

GBTS  COML B3I THRES IS COUNT SRERTER THAN THRESHOLD

RETC. GT RETURN IF TRUE
LODI. Fé 1 MO, SET EIT T0 ONE
RETC, UN RETURN

*

*

* SUBROUTINE TEST CRSSETTE RERDS

.

TCRS  LODI.R1 H78@”  SELECT LEAST SIGNIFICANT DIGIT
WRTE, RL DIGIT
TCS@  LODI.RX H74@°  OUTPUT ~-7 TO DISPLAY
TC51  WRTE.R@ LEDS  OUTPUT YALUE TO LEDS
WRTE.RX DISP  OUTPUT TO DISPLAY
TCS4@  STRA, B2 TEMP+L SAYE UD CONDITION
LODI.R2 18 RETURN AFTER 18 EXACT READS
TC52 STRA.RZ TEMP  SAVE R2
BSTR.UN GBIT  GET R BIT
LODR, B2 #TCS2+41 TEMP RESTORE R2
LODI. RY 2+PULSA NUMBER OF TRANSITIONS FOR R ZERD
IRz Ra GET CONDITION CODE FOR R
BCTR.EQ TC52  BRANCH IF A 2ERD
RRR: F1 DIVIDE MOMINAL TRANSITION COUNT EY &
TCS2  Lopz R3 GET COUNT IM k@
BCTR.EG TG54 BLANK DISPLAY IF @
SUBZ M TEST COUNT
ECFR.EQ TCS4  IF NOT EQUAL, RETURN
TCS35 EDRR.R2 TCS2  IF EQUAL AND COUNT NOT UP. GET MEM BIT

BCTR. UN TCS8
TC54  BCTR.GT TCSS DETERMINE POLARITY
LODR, R@ +TCS18+1 TEMP+L GET UD CONDITION

COMI, k@ H'DE”  DOWN CONDITION
ECTR.EQ TC53S  CANT GO DIRECT FROM DOMH TO UF
LODI. R2 HYZEY  ODUTPUT “U TO DISPLAY
BCTE, UN TCS1
TC55  LODL B2 H/DEY  OUTPUT ‘D7 TO DISPLAY
BCTR. UM TCSL
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TWIN ASSEMBLER YER 2 @  INSTRUCTOR 5@ PRGN 1171778 PRGE 887

LINE ADDR OBJECT E SOURCE

irs1

1782

178z

1784

1783

1786

1787

1768 1FES IFRESRIF
1FBC GEEDTLAT
1F78 TREFTTFC
1F74 35DE7TL

1789

1798

17

1792 1F7R 7I393E5E
1F7C 7eSC40ma
1Fse BE4ACBEE

iFB4 54

1753

1754

1795

1796 1F85 17BEL312
1Fg3 15124747

1797

1798

1799

1688 1F8D 170RBD1G
1F91 17174747

1881

1562

iem3

1384 1F95 17140EL1
1F99 11081717

1505

1868

1867

18082 1F9D 1781844
1FRL 47171717

1509

121@

1812 AFAS 4717417
1FAT 48471747

184z

a44

1845

186 fFAD 47186015
1FEL 1747ITLT

1847

1818

1249

1820 1FES 17170F1E
1FBR i74P474F

1821

1822

: ¥ : gk PR
*
+HEXTAE LODKUP TRELE FOR HEX TO SEVEN SEGMENT
& .

*THIS TRELE CONTAINS THE YALUES FOR LIGHTING THE

*GEGMENTS FOR THE DIGITS @ THRU 5 AND LETTERS A TOF

*

SEGTEL DRTR  W/3F. @86, 5B 4F, 66, 6D, 7D, 87, 7F. 67, 77, FC, 39, DE, 79, 717

*
*SEGMENT DATA FOR SYMBULS PLURH O =BLANK J - . ¥ N
*

[ATR W73, 38, 3E. 58, 76, 5C, 48, 60, BE. 48, 28, 6. 547
*
*THIS TRELE. CONTAINS THE DISPLAY ERROR
*

ERROR DATA  H/I7.8E 1343181517, 477

*

*THIS TRBLE CONTRINS THE DISPLAY AD=
*

ADR  DATR  H/17.8R, 80, 16,47, 47, 17, 177

#*

#THIS TRELE CONTAINS THE DISFLRY HELLO
#

HELLO DATR  H74F.14.8E. 11,11, 08, 47,177

*

*THIS THELE CONTRINS THE DISPLAY EP=

#*

BFEGZ  DRATR  HLV 6B 48 16,17, 17,17, 477
#

#THIS THELE COWTRING THE DISFLAY R=

*

RER  DATA WP AT A3 AT 16 47,47, 477

*
+THIZ THELE CONTAINS THE DISPLAY FC=
*

FCER  DATR W47 18 8C 46, 17 47. 47, 177

+
#THIS TRELE CONTRINS THE DISPLAY F=
%
FEG  DATR  HAFAF.9F. 16, 47.17.47. 177

*

#THIS TRELE CONTRINS THE DISPLAY LAD=
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TWIN RSSEMBLER VER 2.@  INSTRUCTOR 58 PRGM 11/1/7% PAGE Aed
LINE ADDR OBJECT E SOURCE
1823 *

1824 1FED 11ARBD16  LADER DATA  H/11.8A. 8D, 16.17.17.47. 477
1FC1 17174747

1825 ®
182¢ #THIS TRBLE 1S THE ASCIT LOOK UF TRBLE
1827 *

1828 AFCS 3A242232  RSCII DATR - A7B1Z3456789RBCDEF-
1FC5 34353627
1FCL 38334142
1FD1 42444546

1829 *
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TWIN ASSEMBLER VER 28 INSTRUCTOR S8 PRGN 1171778 PAGE &Az2

LINE ADDR OBJECT E SOURCE

1834 B R L e e e e e R e
1832 ¥

1823 #

1834 #SER ENTRY TO DISFLAY ROUTINES

1835 *

1836 #

1837 1FDS BEFE USROS ZBSE MDY SET UP DISPLAY

1878 1FD7 @2 LobZ B2 GET DISFLAY FLAG

1239 1F0S EREC ZESE +DISPLY GO TO DISPLAY ROUTIHE

1848 1FDA 17 FETL, UM
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TWIN ASSEMBLER VER 2.8  INSTRUCTOR 58 PRGM 11-1/78 PRGE 2ade

LINE ADDR ORJECT E SOURCE

1342 T sk R
1843 1FDB ORG 9192-25 THE ZBSR OR ZBRR VECTORS ARE HERE

1844 ERE SRR S B R SR A S R R AR R R PR SR A B LA A S PR S 2 R AR EE AL X LR
1845 1FE6 1FDS USRDSP ACON USROS USER ENTRY TO DISPLAY ROUTINES
1846 4FER 1899 ERR  ACON  ERRI  ERROR MESSAGE

1847 1FER 19E2 BRKFT4 ACON  BRKPTI SET DISEUFE, 7 WITH CONTENTS OF RA
1848 1FEC 1E1Z DISPLY ACON  DISPLI DISPLAY AMD KEYBORRL ROUTINE

1849 1FEE 1EF& IN RCON  IMW CASSETTE INPUT ROUTINE

185@ 1FFa 1ERA ouT  RCON  OUTT  CRSETTE OUT RUT

1831 1FF2 1C7E HOUT  ACON  HOUTT  CRSSETTE BINARY TO ASCIT HEX OUTRUT
1852 1FF4 1R7E DISLSD ACON  DISLED CONYERT BYTE TO MIBBLE

1832 1FF5 1BAS ROT  RCON  ROTI ROTRTE A NIBBLE

1854 1FF8 1072 CRLF  ACON  CRLFF  CARRAGSE RETURN AND LINE FEED

1835 1FFA 1B3R GNP ACON  GNPT GET HUMBERS

1856 AFFC 1P28 GNFA ACON  GNPAI  GET MUMBERS RND: DISPLAY

1857 1FFE 1DB6 M RCON  MOYD  MOVE DATR TO DISEUF

1858 Fktobddkdd bbb bbb bbb iidobddb bbb bbbt bR b e R b b s
1839 18a@ END SAVRG

TOTAL ASSEMBLY ERRORS = @a0e
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12.

CONVERSION TABLES

ASCIl CONVERSION TABLE

ASCII CHARACTER SET (7-BIT CODE)

M.S.
CHAR 0 1 2 3 4 5 6 7
L.S. 000 001 010 011 100 101 110 111
CHAR
0 0000 NUL DLE SP 0 @ P p
1 0001 SOH DC1 ! 1 A Q a q
2 0010 STX DC2 " 2 B R b r
3 0011 ETX DC3 % 3 C S c s
4 0100 EOT DC4 $ 4 D T d t
5 0101 ENQ NAK 2 5 E U e u
6 0110 ACK SYN & 6 F v f v
7 0111 BEL ETB ! 7 G W g W
8 1000 BS CAN ( 8 H X h x
9 1001 HT EM ) 9 I Y i v
A 1010 LF SUB * : J vA j z
B 1011 VT ESC + ; K ( k {
C 1100 FF FS . < L 1
D 1101 CR GS - = M ) m }
E 1110 80 RS . > N 4 n -
<
F 1111 SI Us / ? 0 or o DEL
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DECIMAL TO HEX CONVERSION TABLE

HEXADECIMAL COLUMNS

6 5 4 3 2 1

HEX=DEC HEX=DEC HEX=DEC HEX=DEC HEX=DEC | HEX=DEC
0 ol o 0] o 0] o0 0 0 0] 0 o
1 1,048,576 | 1 65,536 | 1 4,096 | 1 256 | 1 16 | 1 1
2 2,097,152 | .2 131,072 | 2 8,192 | 2 512 | 2 32 | 2 2
3 3,145,728 | 3 196,608 | 3 12,288 | 3 768 | 3 48 | 3 3
4 4,194,304 | 4 262,144 | 4 16,384 | 4 1,024 | 4 64 | 4 &
5 5,242,880 | 5 327,680 | 5 20,480 | 5 1,280 [ 5 8 | 5 5
6 6,291,456 | 6 393,216 | 6 24,576 | 6 1,536 | 6 96 | 6 6
7 7,340,032 | 7 458,752 | 7 28,672 | 7 1,792 | 7 112 | 7 7
8 8,388,608 | 8 524,288 | 8 32,768 | 8 2,048 | 8 128 | 8 8
9 9,437,184 | 9 589,824 | 9 36,864 | 9 2,304 | 9 144 | 9 9
A 10,485,760 | A 655,360 | A 40,960 | A 2,560 | A 160 | A 10
B 11,534,336 | B 720,896 | B 45,056 | B 2,816 | B 176 | B 11
c 12,582,912 | ¢ 786,432 | ¢ 49,152 | ¢ 3,072 | ¢ 192 | ¢ 12
D 13,631,488 | D 851,968 | D 53,248 | D 3,328 | D 208 | D 13
E 14,680,064 | E 917,504 | E 57,344 | E 3,584 | E 224 | E 14
F 15,728,640 | F 983,040 | F 61,440 | F 3,840 | F 240 | F 15
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13. GLOSSARY

This chapter contains definitions of terms unique to microprocessors and micro-
computers. Definitions used are common to the industry where such definitions

exist. Other definitions were specially written for this glossary.
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ABSOLUTE ADDRESS
The actual address of a memory location, as opposed to a relative address
which may not be determined until it is used during the execution of an in-

struction.

ACCESS TIME

The time interval between the instant that data is called from or delivered to
a storage device and the instant the requested retrieval or storage 1is com-
plete.

Time between the instant that an address is sent to a memory and the instant
that data returns. Since the access time to different locations (addresses)
of the memory may be different, the access time specified in a memory device

is the path that takes the longest time.

ACCUMULATOR

A register of the Arithmetic Logic Unit (ALU) of a central processor used as
intermediate storage during the formation of algebraic sums, or for other in-
termediate logical and arithmetic operations.

Register and related circuitry that holds one operand for arithmetic and logi-

cal operations.

ADDRESS

A unique lable, name, or number that identifies a memory location or a device

register for access by a computer.

A number used by the CPU to specify a location in memory.

ADDRESS FIELD
That portion of a computer word containing either the address of the operand

or the information necessary to derive that address.

ALGORITHM
A prescribed set of well-defined rules or processes for the solution of a pro-

blem. Algorithms are implemented on a computer by a programmed sequence of

instructions.

ADDRESSING MODES
See MEMORY ADDRESSING MODES.
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ARRAY

A named group of related variables or constants. Also referred to as a table
or list. An index is used in combination with the array name to access indi-
vidual variables or constants in the array. Items in the array may be located

in consecutive memory locations or they may be linked.

ARCHITECTURE
Organizational structure of a computing system mainly referring to the CPU or

microprocessor.

ARGUMENT
The independent variable of a function. Arguments can be passed as part of a

subroutine call where they would be used in that subroutine.

ASCII CODE

The acronym for American Standard Code for‘ Information Interchange. This
standardized code is used extensively in data transmission. The code includes
128 upper and lower case letters, numerals, and special-purpose symbols each

encoded by a unique 7-bit binary number.

ASSEMBLER

A computer program which converts a symbolic assembly language program into an
executable object (binary-coded) program. Depending on the assembler, the
machine language program produced can be structured to occupy a set of loca-
tions in system memory by adding a given value (offset) to each assembled ad-

dress.

ASSEMBLY LANGUAGE

A human oriented symbolic-mnemonic source language which is used by the pro-
grammer to encode programs and associated data bases. Assembly language pro-
grams are read by the assembler and converted to executable machine language
programs during the assembly processes. Assembly language is easier to remem-

ber and manipulate than machine language.

BAUD RATE
Synonymous with signal events (bits)-per-second and used as a measure of se-

rial data flow between a computer and/or communication devices.
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BIDIRECTIONAL
Refers to a type of bus structure where a single conductor is used to transmit
data or signals in either direction between a peripheral device and a central

processor Or memory.

BINARY NUMBER SYSTEM

A number system having 2 as its base and expressing all quantities by the num-—
erals 0 and 1. As in the decimal system, the value of binary digits is posi-
tionally weighted from right to left by ascending powers of the base. The
two-state character of the binary number system makes it especially suitable

for the digital computer which operates most conveniently on a bistable basis.

BISTABLE LATCH
A rudimentary flip-flop which can be enabled to store a logical one or a logi-
cal zero. One bistable latch device is commonly used in memory and register

circuits for the storage of each bit.

BIT
A minimum logic element. A binary number of either 0 or 1. A bit 1is the
smallest unit of imformation in a binary system of notation. It is the choice

between two possible states, usually designated one (1) and zero(0).

BIT PARALLEL
A method of simultaneously moving or transferring all bits in a contiguous set

of bits over seperate wires, one wire for each bit in the set.

BIT SERIAL
Refers to a method of sequentially moving or transferring a contiguous set of

bits one at a time over a single wire, according to a fixed sequence.

BLOCK
A group of consecutive words, characters, or bits which are handled as a sin-

gle unit, particularly with respect to input-—output operations.

BLOCK DIAGRAM
A chart which graphically depicts the functional relationships of hardware
making up a system. The block diagram serves to indicate the various data and

control signal paths between functional units of the system hardware.
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BOOTSTRAP

A short sequence of instructions used for loading system memory with a larger,
more sophisticated loader of system programs. Bootstrap programs are often
hardwired in a reserved section of a computer system memory which, when enter-

ed, will operate a device such as a paper tape reader to load the system.

BRANCH

An instruction which, when executed, can cause the computer's arithmetic and
control unit to obtain the next instruction to be executed from a location
other than the next sequential location. A branch can be unconditional or
conditional based on the magnitude or state of some value. Branch 1is synony-

mous with jump.

BREAKPOINT
A location in a program at which execution of that program can be halted to

permit visual check, printing out, or other performance analysis.

BUS
A circuit or group of circuits which provide a communication path between two

or more devices, such as between a central processor, memory, and peripherals.

BUS DRIVER
A circuit which amplifies a bus data or control signal sufficiently to assure

valid receipt of that signal at the destination.

BYTE
A set of contiguous binary bits, usually eight, which are operated on as a

unit. A byte can also be a subset of a computer word.

CARRY
In arithmetic operations, the transfer of a value from a lower order position
to the next higher position as a result of the lower order digit having equal-

ed or exceeded the base of the number system involved.

CENTRAL PROCESSING UNIT
A typical microprocessor incorporates a central processing unit (CPU), a me-

mory and Input/Output ports. The CPU reads instructions from the program
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memory in a logical determined sequence and uses them to initiate processor
actions. To perform these functions, a CPU must incorporate registers, an
arithmetic/logic unit (ALU) and central circuitry. Registers, temporary stor-—
age units inside the CPU, differ in their functional capabilities. Some, 1like
the program counter and instruction registers, serve dedicated applications;
others, like the accumulator, serve general-purpose functions.

An accumulator usually stores one of the operands manipulated by the ALU. A
typical instruction could direct the ALU to add another register's contents to
those of the accumulator and store the results in the accumulator. In gen-
eral, the accumulator serves both as a source and destination register. In
addition to the accumulator, the CPU may contain additional general-purpose
registers that programmers can use to store source or intermediate '"scratch-

pad" data.

CHARACTER
A letter, digit, or other symbol that is used as part of the organization,
control, or representation of data. A character is often in the form of a

spatial arrangement of adjacent or connected strokes.

CLOCK
A pulse generator which generates basic timing signals to which all system

operations are synchronized.

CONDITIONAL JUMP
An instruction causing a program transfer to an instruction location other
than the next sequential instruction only if a specific condition tested by

the instruction is satisfied. If the condition is not satisfied, the next

sequential instruction in the program line is executed.

CONSTANT

A data item which does not change during program execution. Program constants
can be symbolically defined in 2650 assembly language with the EQU, DATA and
ACON statements.

CONTROL CHARACTER

A character whose occurrence in a particular context initiates, modifies, or

halts operation.
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CONTROL STATEMENT

A program statement (instruction) which is used to direct the flow of the pro-
gram either causing an unconditional transfer or making a transfer dependent
upon meeting a certain specified condition. Branch instructions in the 2650

are control statements.

CYCLE STEALING
A characteristic of Direct Memory Access (DMA) channels. An I/0 device can
delay CPU use of the I/0 bus for one or more bus cycles while it accesses sys-

tem memory.

CYCLE TIME

The time required by a computer to read from or write into the system memory.
If system memory is core, the read cycle time includes a write after read
(restore) subcycle. Cycle time is often used as a measure of computer perfor-

mance, since this is a measure of the time required to fetch an instruction.

DATA BUFFER REGISTER

A temporary storage register in a CPU or peripheral device capable of receiv-
ing or transmitting data at different I/0 rates. Data buffer registers are
generally positioned between the computer and slower system components, allow-

ing data to flow at the computer's I/0 rate.

DEBUG PRNGRAMS
Debug programs help the programmer to find errors in his programs while they
are running on the computer, and allow him to replace or patch instructions

into (or out of) his program.

DECODER
A logic device which converts data from one number system to another; e.g., an
octal-to-decimal decoder. Decoders are also used to recognize unique address-

es, such as a device address and bit patterns.

DECREMENT
To reduce the numerical contents of a counter. A decrement of one 1is wusually

assumed unless specified otherwise.
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DEFERRED ADDRESSING
An indirect addressing mode in which the directly addressed location -contains

the address of the operand, rather than the operand itself.

DIAGNOSTIC PROGRAM(S)

A troubleshooting aid for locating hardware malfunctions in a system or a pro-
gram to aid in locating coding errors in newly developed programs. These pro-
grams check the various hardware parts of a system for proper operation; CPU

diagnostics check the CPU, memory diagnositcs check the memory, and so forth.

DIRECT ADDRESSING
1) An addressing mode in which the contents of the addressed location 1is the
operand. 2) The address of an instruction or operand is completely specified

in an instruction without reference to a base register or index register.

DIRECT MEM)RY ACCESS (DMA)
A method of transferring blocks of data directly between an external device
and system memory without the need for CPU intervention. This method signi-

ficantly increases the data transfer rate, hence system efficiency. (see

Cycle Stealing.)

DOUBLE OPERAND
An instruction type containing two address fields, source operand address

field, and destination operand address field.

DOUBLE-PRECISION ARITHMETIC
Refers to a method of performing arithmetic operations in which two computer
words are used to represent a single number, effectively doubling the data

word size.

EDITOR

1) A program which permits a user to create new files in symbolic form or
modify existing files. 2) As an aid in preparing source programs, certain
programs have been developed that manipulate text material. These programs,
called editors, text editors, or paper tape editors, make it possible to com-

pose assembly language programs on-line, or on a stand-alone system.
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EMULATOR
A program or a hardware device which duplicates the instruction set of one
computer on a different computer, allowing program development for the emulat-

ed computer without that computer being available.

EXECUTE

To perform a specified computer instruction. To run a program.

FETCH

1) The action of obtaining an instruction from a stored program and decoding
that instruction. Also refers to that portion of a computer's instruction cy-
cle when that action is performed. 2) A process of addressing the memory and
reading into the CPU the information word, or byte, stored at the addressed
location. Most often, fetch refers to the reading out of an instruction from

the memory.

FIFO
First In, First Out method of storing and retrieving items from a stack, table

or list.

FILE

A collection of related records treated as a unit. In a computer system, a
file can exist on cassette tape, disk, punched paper tape, punched cards, or
as an accumulation of information in a system memory. A file can contain

data, programs, or both.

FIRMWARE
See SOFTIWARE.

FIXED-INSTRUCTION COMPUTER

(Stored-Instruction Computer): The instruction set of a computer is fixed by
the manufacturer. The users will design application programs using this in-
struction set (in contrast to the micro-programmable computer for which the
users may design their own instruction set and thus customize the computer for

their needs.)

FIXED-POINT ARITHMETIC

Arithmetic in which the binary point that separates the integer and
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fractional portions of numerical expressions is either explicitly stated for
all expressions or is fixed with respect to the first or last digit of each

expression.

FLAG

An indicator, usually a single binary bit, whose state is used to inform a
later section of a program that a condition, identified with the flag and
designated by the state of the flag, has occurred. A flag can be both soft-

ware and hardware implemented.

FLAG LINES
Inputs to a microprocessor controlled by I/0 devices and tested by branch in-

structions.

FLOATING-POINT ARITHMETIC

Arithmetic in which the location of the decimal point for each number in an
arithmetic operation is defined as a power of ten and all exponents are
equalized prior to the operation. The major advantages of floating point
arithmetic are that it extends the calculation capability of a computer beyond
the limit imposed by the fixed word length and that it contributes to ease of

programming.

FLOWCHART
A graphical representation of the processing steps performed by a computer

program or of the sequence of logic operations implemented in hardware.

GENERAL REGISTER
One of a specified number of internal addressable registers in a CPU which can
be used for temporary storage, as an accumulator, an index register, a stack

pointer or for any other general-purpose function.

HANDSHAKING ’

Refers to the required sequence of signals for communication between system
functions. The I/0 bus protoéol for a system defines its handshaking require-
ments. (This is especially true for asynchronous I/0 systems in which each

signal requires a response (reply) to complete an I/0 operation).
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HARD-WIRED LOGIC
A group of logic circuits permanently interconnected to perform a specific
function--permanently assigned device address, memory bank assignments, and

interrupt vector addresses.

HEXADECIMAL
A number system using 0, 1, ....., A, B, C, D, E, F to represent all the pos-
sible values of a 4-bit digit. The decimal equivalent is 0 to 15. Two hexa-

decimal digits can be used to specify a byte.

HIGH-LEVEL LANGUAGE

Programming language that generates machine codes from problem or function-
oriented statements. FORTRAN, COBOL, and BASIC are three commonly used high-
level languages. A single functional statement may translate into a series of
instructions or subroutines in machine language, in contrast to a low-

level(assembly) language in which statements translate on a one-for-one basis.

I/0 HANDLERS

Input/Output handlers, sometimes called device drivers, are subroutines that
service specific peripheral devices such as teletypewriters and card readers.
They help prevent "reinvention of the wheel” every time a programmer wants to

use a standard peripheral.

1/0 PORT

A connection to a CPU that is configured (or programmed) to provide a data
path between the CPU and external devices, such as a keyboard, display panel,
audio cassette recorder, etc. An I/0 port of a microprocessor may be an input

or an output port, or it may be bidirectional.

IMMEDTIATE ADDRESSING
The method of addressing an instruction in which the operand is located in the
instruction itself or in the memory location immediately following the in-

struction.
IMMEDIATE DATA

Data that immediately follows an instruction in memory and is used as an oper-

and by that instruction.
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INDEX REGISTER

A register that contains a quantity which may be used to modify memory address.

INDEXED ADDRESSING
An addressing mode in which the address part of an instruction is modified by

the contents in an auxiliary (index) register during the execution of that in-

struction.

INDIRECT ADDRESSING

A means of addressing in which the address of the operand is specified by an
auxiliary register or memory location specified by the instruction rather than

by bits in the instruction itself.

INPUT-OUTPUT (I/0)
General term for the equipment used to communicate with a computer CPU, or the

data involved in that communication.

INSTRUCTION
A set of bits that defines a computer operation, and is a basic command under-
stood by the CPU. It may move data, do arithmetic and 1logic functions, con-

trol I/0 devices, or make decisions as to which instruction to execute next.

INSTRUCTION CYCLE

The process of fetching an instruction from memory and executing it.

INSTRUCTION LENGTH

The number of words needed to store an instruction. It is one word in most
computers, but will use multiple words to form one instruction. Multiple-word
instructions have different instruction execution times depending on the

length of the instruction.

INSTRUCTION REPERTOIRE
See INSTRUCTION SET.

INSTRUCTION SET

The set of general-purpose instructions available with a given computer. In

general, different machines have different instruction sets. The number of
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instructions only partially indicates the quality of an instruction set. Some
instructions may only be slightly different from one another; others rarely

may be used.

INSTRUCTION TIME

The time required to fetch an instruction from memory and then execute it.

INTERPRETER
A program that fetches and executes "instructions" (pseudo instructions)
written in a higher-level language. The higher-~level language program 1is a

pseudo program. Contrast with compiler.

INTERRUPT

An interrupt involves the suspension of the normal programming routine of a
microprocessor in order to handle a sudden request for service. The import-
ance of the interrupt capability of a microprocessor depends on the kind of
applications to which it will be exposed. When a number of peripheral devices
interface the microprocessor, one or several simultaneous interrupts may occur
on a frequent basis. Multiple interrupt requests require the processor to be
able to accomplish the following: to delay or prevent further interrupts; to
break into an interrupt in order to handle a more urgent interrupt; to establ-
ish a method of interrupt priorities; and, after completion of interrupt ser-
vice, to resume the interrupted program from the point where it was inter-

rupted.

INTERRUPT MASK
(Interrupt Enable): A mechanism that allows the program to specify whether or

not interrupt requests will be accepted.

INTERRUPT REQUEST

A signal to the computer that temporarily suspends the normal sequence of a
routine and transfers control to a special routine. Operation can be resumed
from this point later. Ability to handle interrupts is very wuseful in com-
munication applications where it allows the microprocessor to service many

channels.

INTERRUPT SERVICE ROUTINE

A routine (program) to properly store away to the stack the present status of
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the machine in order to respond to an interrupt request; perform the '"real
work" required by the interrupt; restore the saved status of the machine; and

then resume the operation of the interrupted program.

INTERRUPT VECTOR
Typically, two memory locations assigned to an interrupting device and con-

taining the starting address and processor status word for its service routine.

JUMP

1) An instruction which, when executed, can cause the computer to fetch the
next instruction to be executed from a location other than the next sequential
location. Synonymous with branch. 2) A departure from the normal one-step
incrementing of the program counter. By forcing a new value (address) into
the program counter, the next instruction can be fetched from an arbitrary
location (either further ahead or back). For example, a program jump can be
used to go from the main program to a subroutine, from a subroutine back to
the main program, or from the end of a short routine back to the beginning of
the same routine to form a loop. See also BRANCH INSTRUCTION. If you reached

this point from branch, you have executed a jump. Now return.

LIFO
Last-In, First-Out method of storing and retrieving data in a stack, table or

list.

LOADERS

The various applications (user written) programs must be placed in the proper
locations of the system memory. The Programs that do this job are called
loaders. Loader programs range from simple ones that load absolute binary ob-
ject code with no error detection, to sophisticated loaders that load relocat-
able binary object code, resolve global (between Program) symbolic label link-
ages, perform error detection, and execute various commands, including start-

ing the program just loaded.

LOOP

A self-contained series of instructions in which the last instruction can

cause repetition of the series until a terminal condition is reached. Branch
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instructions are used to test the conditions in the loop to determine if the

loop should be continued or terminated.

MACHINE CYCLE
The basic CPU cycle. In one machine cycle an address may be sent to memory
and one word (data or instruction) read or written, or, in one machine cycle a

fetched instruction can be executed.

MACHINE LANGUAGE

The numeric form of specifying instructions ready for loading into memory and
execution by the machine. This is the lowest level language in which to write
programs. The value of every bit in every instruction in the program must be
specified (e.g., by giving a string of binary, octal, or hexadecimal digits

for the contents of each word in memory).

MEMORY

A general term which refers to any storage media for binary data. Basic mem-
ory functional types include read/write and read-only.

That part of a computer that holds data and instructions. Each instruction or
datum is assigned a unique address that is used by the CPU when fetching or

storing the information.

MEMORY ADDRESS REGISTER

The CPU register that holds the address of the memory location being accessed.

MEMORY ADDRESSING MODES
The method of specifying the memory location of an operand. Common addressing
modes are: direct, immediate, relative, indexed, and indirect. These modes

are important factors in program efficiency.

MEMORY CYCLE
The operations required for addressing, reading, writing, and/or reading and

writing data in memory.

MEMORY MAP

A listing of addresses or symbolic representations of addresses which define
the boundaries of the memory address space occupied by a program or a series
of programs. Memory maps can be produced by a high-level language such as
FORTRAN.
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MICROCODE
A set of control functions performed by the instruction decoding and execution
logic of a computer which defines the instruction repertoire of that com-

puter. Microcode is not generally accessible by the programmer.

MICROCOMPUTER

A class of computer having all major central processor functions contained on
a single printed circuit board constituting a stand-alone module. Microcom—
puters are typically implemented by a small number of LSI circuits and are
characterized by a word size not exceeding 16 bits, and very low cost, wusually
under $1,000. A computer whose CPU is a microprocessor. A microcomputer 1is

an entire system with microprocessor, memory, and input-output controllers.

MICROPROGRAM

A combination of primitive computer operations which are executed 1in parallel
and/or serial and which accomplish the execution of one programming level in-
struction. The instruction sets of computers may be hardwired or they may be
microprogrammed. Microprogramming takes place at a level of abstraction below
the programming level. The essential difference between the two levels is
that at the programming level computers are represented as sequential devices
whereas at the microprogramming level operations take place in parallel and

many components are active simultaneously.

MICROPROCESSOR

A single LSI circuit which performs the functions of a CPU. Some characteris-
tics of a microprocessor include small size, inclusion in a single integrated
circuit or a set of integrated circuits, and low cost.

Frequently called "a computer on a chip," the microprocessor is, in reality, a
set of one, or a few, LSI circuits capable of performing the essential func-

tions of a computer CPU.

MNEMONIC CODE

Computer instructions written in brief, easy-to-learn, symbolic or abbreviated
form. Mnemonic code is also recognizable by the assembly program. For exam-
ple, ADD, SUB, CLR, and MOV are mnemonic codes for instructions which will be

executed as machine code.
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MONITOR PROGRAMS

Monitor programs (also called supervisors, executives, and operating systems)
enable you to communicate with all of the system hardware and software. They
allocate available resources as efficiently as possible, and range from simple

microcomputer monitors to complex time-sharing systems.

NESTING

A programming technique in which a segment of a larger program is executed
iteratively (looping) until a specific data condition is detected, or until a
predetermined number of interactions has been performed. The nesting techni-
que allows a program segment to be nested within a larger segment and that

segment to be nested within an even larger segment.

NIBBLE

A sequence of 4 bits operated upon as a unit. Also see byte.

NOP

Contraction of No Operation. An instruction which specifically instructs the

computer to do nothing for one cycle, and then to get the next instruction.

OBJECT PROGRAM
The binary form of a source program produced by an assembler or a compiler.
The object program is composed of machine-coded instructions that the computer

can execute.

OPERAND

Any of the quantities arising out of or resulting from the execution of a com-
puter instruction. An operand can be an argument, a result of computation, a
constant, a parameter, the address of any of these quantities, or the next in-
struction to be executed. The field of an assembly language or machine in-

struction which specifies the data to be operated on.

OPERATION CODE (OP-CODE)
That part of a computer instruction word which designates the function per-
formed by a given instruction. For example, the op-codes for arithmetic in-

structions include ADD, SUB, DIV, and MUL.
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OVERFLOW
A condition occurring in a computer when the results of a mathematical opera-
tion produces a result which has a magnitude exceeding the capacity of the

computer's data word size.

PAGE
A natural grouping of memory locations by higher-order address bit. In an 8-
bit microprocessor, 256 consecutive bytes often may constitute a page. Words

on the same page only differ in the lower—order 8 address bits.

PAGE ZERO

The memory page that includes the lowest numbered memory addresses.

PARITY CHECK

A method of checking the correctness of binary data after that data has been
transferred from or to storage. An additional bit, called the parity bit, is
appended to the binary word or character to be transferred. The parity bit 1is
the single-digit sum of all the binary digits in the word or character and its
logical state can be assigned to represent either an even or an odd number of
l1s making up the binary word. Parity is checked in the same manner in which

it is generated.

PERIPHERAL DEVICE

A general term designating various kinds of machines which operate in combina-
tion or conjunction with a computer but are not physically part of the comput-
er. Peripheral devices typically display computer data, store data from the
computer and return the data to the computer on demand, prepare data for human
use, or acquire data from a source and convert it to a form usable by a com
puter. Peripheral devices include printers, keyboards, graphic display termi-
nals, paper tape reader/punches, analog-to-digital converters, audio cassette

tape recorders, etc.

POINTER
Registers in the CPU that contain memory addresses. See PROGRAM COUNTER.

POINTER ADDRESS MODE

The pointer consists of one or two internal registers that must be set with

the desired address before an instruction referring to memory is called. This
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mode is not unlike indirect addressing except that it wuses registers rather
than main memory, and it requires more time because the pointer must be set

with separate instructions, such as load immediate or increment.

PROGRAM
A complete sequence of computer instructions necessary to solve a specific
problem, perform a specific action, or respond to external stimuli in a pre-

scribed manner. As a verb, it means to develop a program.

PROGRAM COUNTER

A CPU register that specifies the address of the next instruction to be fetch-
ed and executed. Normally it is incremented automatically each time an in-
struction is fetched.

A register that holds the identification of the next instruction.

PROGRAM STATUS WORD (PSW)
A special-purpose register within the 2650 processor that contains status and
control bits. It is 16 bits long and is divided into two bytes called Program

Status Upper (PSU) and the Program Status Lower (PSL).

PSEUDO INSTRUCTION
A symbolic statement meaningful only to the program containing it, rather than

to the computer as a machine instruction.

PUSH-DOWN STACK
Dedicated consecutive temporary storage registers in a computer, sometimes
part of system memory, structured so that the data items retrieved are the

most recent items stored in the stack.

RANDOM ACCESS

Accessibility of data is effectively independent of the location of the data.

READ
The Process of transferring information from an input device into the com

puter. Also, the process of taking information out of the computer's memory.
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READ-WRITE CYCLE

The sequence of operations required to read and write (restore) memory data.

REGISTER

1) A temporary storage unit which can be implemented as a hardware device or
as a software structure and used to store data for manipulation and/or pro-
cessing reference. Typically, a register consists of a single computer word
or a portion of a word. 2) A fast-access circuit used to store bits or words
in a CPU. Registers play a key role in CPU operations. In most applications,

the efficiency of programs is related to the number of registers.

REGISTER ADDRESS MODE

Access to a general-purpose register can be achieved by citing the name of the

register in the instruction.

REGISTERS

An array of hardware binary circuits (flip-flops, toggles) for temporary stor-
age of information. Registers can be wired for operation to allow flexible
control of the contained information; that 1is, for arithmetic operations,
shifts, transfers. The nature of the data determines whether the register is

an index, pointer, program counter, flag, or temporary register.

RELATIVE ADDRESS

1) An address of a machine instruction which is referred to an origin ad-
dress. For example, consider the relative address 15 which is translated into
the absolute address origin R + 15, where R.is, typically, the contents of the
PC register. Relative addressing allows the generation of position-indepen—
dent code. 2) The number that specifies the difference between the actual

address and a base address.

RELATIVE ADDRESSING

The address of the data referred to is the address given 1in the instruction
plus some other number. The "other number" can be the address of the instruc-
tion, the address of the first location of the current memory page, or a num-
ber stored in a register. Relative addresssng permits the machine to relocate

a program or block of data by changing only one number.
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RELOCATABLE

Object programs that can reside in any part of system memory. The actual
starting address is established at load time by adding a relocation offset to
the starting address. Relocatable code is typically composed of position-in-

dependent code.

RELOCATABLE PROGRAMS

Programs having symbolic rather than absolute addresses.

ROUTINE

A program or program segment designed to accomplish a single function.

SCRATCHPAD MEMORY

Scratchpad memory usually designates an area of memory used for many quick
data transfers. It is the most frequently used memory segment. Some micro-
processors have simplified instructions that can only be used in a certain
small part of the memory (say, the first 256 bytes), where the most-signifi-
cant byte of the address is zero. The scratchpad is usually placed in such

a location.

SERIAL I/0
A method of data transfer between a computer and a peripheral device in which

data is transmitted for input to the computer (or output to the device) bit by

bit over a single circuit.

SERVICE ROUTINE

A set of instructions to perform a programmed operétion, typically in response

to an interrupt

SET

A signal condition representing a binary "one."

SHIFT REGISTER
A register in which binary data bits are moved as a contiguous group a pre-

scribed number of positions to the right or to the left.

SIMULATOR, SOFTWARE

Program written to run on computer 'A' but which simulates the execution of
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instructions of computer 'B'. Allows debbugging and verification of computer
'B' software.

Software simulators are sometimes used in the debug process to simulate the
execution of machine-language programs using another computer (ofter a time-
sharing system). These simulators are especially useful if the actual com-
puter is not available. They may facilitate the debugging by providing access
to internal registers of the CPU which are not brought out to external pins in

the hardware.

SINGLE LEVEL INTERRUPT
The interrupt signal causes transfer of control to a pre-assigned memory loca-
tion at which the interrupt processing routine starts. The program must poll

all possible sources of interrupt to determine which one requires service.

SINGLE LEVEL VECTOR INTERRUPT

The interrupt signal causes the microprocessor to interrogate the vector (V2,
Vl, V0), which specifies an address to which the program jumps to find the
appropriate service subroutine. Each possible source of interrupt can be as-

signed a different service subroutine. Vector interrupt eliminates the need

for polling.

SINGLE-OPERAND INSTRUCTION
An instruction containing a reference to one register, memory location, or de-

vice.

SKIP

An instruction which causes the computer to omit the instruction in the im-

mediately following location.

SOFTWARE/FIRMWARE

The microprocessor is generally a stored program computer, with its collection
of programs and instructional procedures referred to as Software. Software,
by directing the hardware, enables the microprocessor to perform a functional
system related task., In a fixed instruction microprocessor, a set number of
instructions of operations are defined with fixed word lengths, and these ex-
ercise the CPU independent of the data. Software is alterable and accessible
by the user.

Firmware can be considered an extension to a computer's basic instruction
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repertoire that creates microprograms for a software instruction set. This
extension to the basic instruction set is often permanently burned into Read
Only Memory (ROM), rather than being implemented in software. TFirmware pro-
grams may be composed of instructions of variable width; the number of in-
structions in a Firmware program is generally smaller than in a Software pro-
gram, although the instructions are usually much wider. A Firmware program
can be used to implement a Software instruction set; this occurs in the emula-

tion of larger minicomputers by bit slice microprocessors.

SORT
A function performed by a program, usually part of a utility package; items in
a data file are arranged or rearranged in a logical sequence designated by a

key word or field in each item in the file.

SOURCE ADDRESS
In computer systems having a source-destination architecture, the source ad-
dress is the address of the device address or memory location from which data

is being transferred.

SOURCE PROGRAM

A program coded in other than machine language (in assembly or compiler langu-
age) that must be translated into machine language for use. Assembly and com-—
piler language programs are human readable whereas object programs are machine

readable.

STACK

1) A dynamic, sequential data list, usually contained in system memory, hav-
ing special provisions for program access from one end or the other. Storage
and retrieval of data from the stack is generally performed by the processor
automatically. 2) A sequence of registers and/or memory locations used in
Last In, First Out (LIFD) fashion. A stack pointer specifies the last-in en-

try (or where the next-in entry will go).

STACK POINTER

The stack pointer is coordinated with the storing and retrieval of information
in the stack. The stack pointer is decremented by one immediately following
the storage in the stack of each byte of information. Conversely, the stack

pointer is incremented by one immediately before retrieving each byte of
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information from the stack. The stack pointer may be manipulated for trans-

ferring its contents to the index register or vice versa.

STACK, SUBROUTINE LINKAGE
One-dimensional array or registers used specifically for storing subroutine

return addresses.

STARTING ADDRESS
The address of a memory location in which is stored the first instruction of a

given program.

STATEMENT

An instruction in any computer-related language.

STATUS CODES (CONDITION CODES)

Indicators used to record the resulting condition of data in the accumulator.
Four control bits are set as a result of each arithmetic and logical opera-
tion: carry flip-flop (C), sign flip-flop(s), and parity flip-flop (P). The

carry bit provides a means of performing multiple precision binary arithmetic.

STRING

A connected sequence of entities.

SUBROUTINE

1) A short program segment which performs a specific function and is avail-
able for general use by other programs and routines. 2) A subprogram (group
of instructions) reached from more than one place in a main program. The pro-
cess of passing control from the main program to a subroutine is a subroutine
call, and the mechanism is a subroutine linkage. Often data or data addresses
are made available by the main program to the subroutine. The process of re-
turning control from subroutine to main program is subroutine return. The
linkage automatically returns control to the original position in the main
program or to another subroutine. 3) Programming technique that allows the
same instruction sequence or subprogram to be given control and used repeated-

ly by other sections of the program.
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SYMBOL TABLE

A table in which symbols and their corresponding values are recorded.

SYMBOLIC ADDRESS
A label assigned instead of absolute numeric addresses, wusually for purposes

of relocation.

TRAP

A CPU-initiated interrupt which is automatically generated when a predetermin-
ed condition, such as an illegal instruction, a breakpoint, a specified error,
or a power failure is detected. Two vector locations are dedicated for each

trap type. The vector locations contain the PC and PS for the service routine.

TEMPORARY STORAGE

Memory locations or registers reserved for immediate and partial results ob-

tained during the execution of a program.

TWO'S COMPLEMENT
A two's complement number is obtained electronically by inverting the states
of all bits in the number and adding one (complement and increment). Two's

complement arithmetic is widely used in microprocessors.

UTILITY ROUTINE

A standard routine, usually part of a larger software package, which performs
a service and/or program maintenance function, such as file maintenance, file
storage and retrieval, media conversions, and production of memory and file

printouts.

VARIABLE

A named memory (RAM) location which is given some consistent and meaningful
interpretation by the programmer and which will contain different data values
during the execution of the program. A variable may contain a boolean, in-
teger, floating point, ASCII, etc. value. The type of data stored in each
variable should remain consistent throughout the execution of the program.

RAM memory locations can be reserved for variables using the 2650 language RES

statement.
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VECTORED INTERRUPT

This term is used to describe a microprocessor system in which each interrupt,
both internal and external, have their own uniquely recognizable address.
This enables the microprocessor to perform a set of specified operations which
are preprogrammed by the user to handle each interrupt in a distinctively dif-

ferent manner.

WORD
A set of binary bits handled by the computer as the primary unit of informa-
tion. The length of a computer word is determined by the hardware design.

Typically, each system memory location contains one word.

WRITE

The process of storing data in memory.
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