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A 

4 

DSI 
DIG 

12345"7 
3 2 15 " �7�8�~� 

I .. �I�~� 1413 12 \I 10 

zra 
UUJ2.003 

ZA 
74L527 '3 

I 2. 3 4 , 7 
DO :3 G.I 2 DIG I St:L 

/ 01 
'" Q2 5 DIG 2 Oln 

/ 02 7 
Cl3 CD DIG 3S£L 

2AI 03 V 8 �~� DIG 4 SEL Q4 
V 0'1 13 12 DIG 5 SEL 05 

3AZ 
3AZ 

2A3 

V OS" 14 15 lHo 
ot<. V 17 1(;, 

V 
G7 

07 IB �I�~� 

V 
CIa 

2B4 PDR I 

V 
CLl? 

2A3 OIG/KBD COL /I C.K 

28 
74LS273 

�~� QI2 
�~� Q2 15 
�~� Q3" 
�~� Cl4.9 
�~� QS I2 

�/�~� 0,,15 1- �~� �Q�7�1�~� 
Pm �9�~� �~� OB 19 

MOMKY ICil 39 \$1' I CLR 

�.�~� �l�l�~� �~� CI< 

5EG REG S" 43 " 
04 USEhlSE. 

DIG tt. S[L 

DIG 75EL 

DIG.8 sa 

SlOG A 

SEtS B 
SEt; C 
SEG D 
SEG E 
SEt; I=" 
SEC; G 

D. P. 

+ 5V �~�'�V�V�V�'�-�.� R"I,3 
IK 

3BI 

1,1:>.1 
1.0.1 
1,1:>.1 
IA4 

3AI 
284 
IA I 

.,,5 V 

381 

+5V 

3BI 

+5V 

381 

MOI\.l 

RIC 
P 
I 

Rt.3 IK 
37 

�~�~�~�-�-�-�v�~�~�-�.�-�-�-�-�-�-�~�-�-�-�-�~�3�~� 4 
C"I 

1?41D 
.lID UF 

IK 

R47 
IK 

CID 
1. 10Uf' 

4 

.9 

3 2 1 
REVISiONS 

ZONE ISSUE 

TILB04 
SEG 

8 ABCDEFGDP 
10 12 13 I I! 19 IE 1716 'KRO-KR3 

///// "" "- '\ '\ '\ '\ 
.... �~� ...J...J -'-J ...J 

...J 
...J ...J ...J LJ -J UJW UJ UJ UJUJ UJ 111 t.u W '" w 1IlU1 lnVl lI1Vl R30- R37 lJl V1 111 lJl VI 

-'" 01< In''l :> [\J 
100 J>. - fTl < '" -.9 

�I�~� e ss ........ .... .... <) -' -' o() .... 
U u < < <J Q 

8 S () 

"'5V l.J U U V 

I" I! 1413 12 II 10 IB 17 !I(;, 1<; 14 " Il /I -< }- R38 

H+BV 411< 3,:l 2,10 5,7 " 1\ / KRO 5 2 
0 3 25 27 -v 

UUJ 2003 �2�~�.�8�1� 

�~� �~� k k �~�P�T� �~�S� n t. �~� SfNS R3.9 
5" 7 2 3 45 ID 7 B 411< 8 / KRI \I 80 OlD I 2 3 4 I 

�~� �~� h: k �~� �~�S� �~�T� 12 R4D 9 

·31'.4 

"11K 4 / KR2 17 14 015 

�~� �~�(� k' �~� �~� �~�P� �~�N� R41 18 

'11K 19 " 1 / KR3 20 
0 21 

�~� �~� k l--;: 24KT �~�N� �~�T� 
tt"l-T Z3 

54 S5 -= -

3A4 

19 +8Y 
0 

�f�l�(�~� ,. l,.SV 
T 

�~� + �~�7�8�~�b�5�1� OUT .I.+5V 

R"IB R4.9 +1 C.9 CIO- 2.11 ,-

�~� C7, lCOM 4.7K II( T4:70F, .IUI' f.lUF 
RIo9 "1."11( J3-1 �~�8�!�l�O�O�F� 

-15'1 16.Y 32 
-b �~� �~� 53 

�~� -£'J �5�Q�~�~�I�O�.�9� R50 R51 - 7 RTC ,XT.:>.r_------------ 3A4 

50 

IB4 OOPREQ Z.ZK 2.2K 

eEl "'52 IIUF 1<53 10K 

-= 3.3K 3.:'K 
SENSE lPl4 --

'3 I"-lTR 
1,0,4 

7 

cO -'tSV 

5 
1<'58 

220'" 

VI!ZI 

RESET 31'..q,11'..q 

LS04 
12 lIAOt..lKY 3,0,4 • 2':,0,3 

3 2 

Q", 
R'Q 

Ie 
21D50 
2"sra 
21 12.-2 

74LS 2.43 
7"llS2.44 

74LSOB 
74L500 
7"'1 LS03 

7415175 
LM'393 

74LS 273 
74LS253 

74LS04 
74lS0Z 
74 LS32 
74LS II 

vce GI\\C 
39 21 
3'3 13 
lID g 
14 7 
'W 10 
14 7 
14 7 
14 7 
lID 8 
a "'I 

20 10 
lCD B 
14 7 
14 7 
14 7 
14 7 

DESCRIPTION 

LIST OF MATERIAt.S 

DRAWN AlTM,..N '-27.77 "TeE 

.",O'"""G",,,N':-' -----I LOGIC DIAGRAM 
APPROVED �I�~�S�T�R�U�C�T�O�R� 

t----,O;;:O""' •• "'NC"''';-----I 

Ie. vce GND 
74LSI0 14 7 

74LSI39 lID a 
74LSIO.9 lID a 
74LSIIDI lID a 
825123 I/D a 
74LSl4 14 7 

ULNeOD'3 a 
74 LOl2 7 14 7 
74LS51 14 7 
6Z5103 lB 14 
74 L574 1"1 7 

S!!)DotiCS 
CO"PO .. ATION 

_0 .... 0 • .,. •• -7700 

'" EASTAIIQUes AVE 
.......... "' ..... 1, CA ... ,,,OII"'" 

UNLESS (IT''tItWISE SPECIFIED k".,.,.,---------h;;;c.;;;n------,r.e;;--I 
FRAC' \ h4 

"CILITIES JOB NO 

1 210-3020-102-230 
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TWIN ASSEI'IBLER YER 2. 0 INSTRUCTOR 50' PRGM1i/1l78 PAGE 0091 

LINE AOOR OBJECT E SOURCE 

0902 
0003 
00e4 
00e5 
0906 
8807 eeee 
0808 0001 
0009 0802 
08100003 
8911 
0912 0081 
881l 8800 
00140882 
88150082 
00169090 
00170891 
00180003 
0019 
0028 00C8 
8021 0020 
9022 0018 
0023000S 
0024 0084 
0025 9002 
0026 8801 
0027 
0028 0080 
0029 0040 
0030 0928 
0031 0007 
0932 
80330887 
0934 
eelS 0007 
00360087 
0037 
0038 00FE 
0039 09F9 
0049 OOF9 
0941 90FA 
004200F8 
9043 OOF8 
0044 OOFB 
004590FD 
004699FC 

*PROGRAM WRITTEN BY DAVE WOTRING 

*****************************************'*******"''******************** * EQUATE TABLES 

* REGISTER EQl~TES 
R0 EQU 9 
R1 EQU 1 
R2 EQU 2 
R3 EQU 3 
* CONI) ITION CODES 
P EQU 1 
Z EQIJ 0 
NG EQU 2 
LT EQU 2 
EO EQU 0 
GT EQU 1 
UN EQU 3 
* psw. LOWER EQUATES 
CC EQIJ WC0' 
IDC EQU W20' 
RS EQU H'10' 
we EQIJ wes' 
OYF EQIJ W04.r 
ro1 EQIJ W02' 
C EQIJ H'01' 
* PSW UPPER EQUATES 

REGISTER 0 
REGISTER 1 
REGISTER 2 
REGISTER 3 

POSITIYE RESULT 
ZERO RESULT 
NEGATIYE RESULT 
LESS THAN 
EQUAL TO 
GREATER TIfIN 
UNCOND ITIONAL 

CONI)ITIOtR.. CODES 
INTERDIGIT CARRY 
REGISTER BANK 
1=WITH 9=WITHOUT CARRY 
OVERFLOW 
1=LOOIC 0=ARITHI£TIC COMPARE 
CARRYIBORROW 

SENS EQIJ H'801 SENSE BIT 
FLAG EQIJ W40' FLAG BIT 
II EQU W20' INTERRUPT INHIBIT 
SP EQU H/e7' STACK POINTER 
* 10 PORT DEFINITIONS 
LEOS EQU We7' USER EXTENDED 10 PORT 
* INTERUPT YECTORS 
UINTV EOU We7' USER DIRECT INTERIJPT VECTOR 
UINTVI EQIJ Wa7' USER INDIRECT INTERUPT VECTOR 
'" HARDWARE DEFINITIONS 
KBDIN EQlJ H'FE' ADDRESS OF KBD 10 PORT 
SEG EQU WF9' 10 ADDRESS OF SEGMENT DRIVER 
DISP EQU SEG 
DIGIT EQIJ H'FA' 
CTBYT EQlI H'FS' 
CAS EQU CTBYT 
OPRQCT EQU H'FB' 
LADRH EQU H'FD' 
LADRL EQU H'FC' 

ADDRESS OF DIGIT ENABLE 
AOORESS OF CONTROL BYTE 
ADDRESS OF CASSETTE INTERFACE 
ADDRESS OF OPREQ COUNTER 
ADDRESS OF LAST ADDRESS REG HI BYTE 
ADDRESS OF LAST ADDRESS P..EG LO BYTE 
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TWIN ASSEI1l.ER YER 2. " INSTRUCTOR 50 PRGJ1111/1178 PAGE 0992 

LIt£ fI)I)R OBJECT E SOlRCE 

8848 ***************************************************** 8849 * 8850 0000 ~ H'1800'-64 TRAINING CARD RfII'1 AREA 
0051 * 
8852 17C0 SCTCH RES S S BYTE SCRATCH AREA 
005l17C6 TEI'P EQU SCTCH+6 TEMP STORAGE 
8854 17CS Ell> RES 2 STOP ADDRESS FOR WCAS 
8855 17CA BAD RES 2 BEGINNING ADDRESS FOR WCAS 
0856 17CC BPI) RES 1 DATA TO BE RESTORE!) IN BREAK lOC 
885717CD BPL RES 2 ADDRESS OF BREAK POINT LOC 
0858 17CF 8PF RES 1 BREAK POINT SET FlAG 
8859 171>9 SSF RES 1 SINGLE STEP SET FlAG 
8860 1701 DISBUF RES S S BYTE DISPlAY REGISTER 
08611709 SAYREG RES 4 A PlACE TO SAVE R0 THRU Rl OF ONE BAM< 
8862 1700 I1EM RES 2 ADDRESS FOR At. TER OR PATCH COMI'IANI) 

886l17DF FID RES 2 FILE II> FLAG AND FILE 10 
8864 17E1 BCC RES 1 BlOCK Cl£CK CHAR 
8865 11£2 BSTT RES 1 SAVE UNITS I>IGIT 
0866178 T RES 2 TEMP REGISTER 
0867 17£5 T1 RES 1 TEt1P REGISTER 
986S 11£6 T2 RES 1 TEMP REGISTER 
886917E7 n RES 1 TEI'IP REGISTER 
0070 11£S LADR RES 2 COPY OF LAST ADDRESS REGISTER 
887117EA Sl.fII)R RES 2 SAVE LOCATION FOR LADR 
0072 11£C KFLG RES 2 KBD S~ FLAGS 
0071 17EE RES 1 KBI) I>EBOUNCE ~T 
887417EF fl.TF RES 1 DISPLAY fIN) At. TER FlAG 
0075 17F8 RESTF RES 1 RESTORE REGISTERS FlAG 
007617F1 IFLG RES 1 INTERUPT INHIBIT FlAG 
8877 17F2 UREG RES 12 STORAGE FOR USER REGISTERS 
9978 17FE PWRON RES 2 WHEN POWER ON THESE LOC CONTAIN H'5946! 
8079 ****************************************************** 
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TWIN ASSEMBLER YER 2.0 INSTRUCTOR 50 PRGM 1111178 

LINE ADDR OBJECT E SOURCE 

0081 
0082 1800 
9003 
0084 
9085 
0086 
0087 
0088 
0089 
0090 
0091 
0992 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
9100 
9191 
0192 
0191 
9194 
9195 
0196 
9197 
0108 
0109 
0110 
0111 
0112 1800 C870 
01131802 11 
9114 1803 C875 
0115 1805 C875 
0116 1807 12 
9117 1808 C86F 
0118 18eR 7620 
9119 180C 7510 
0120 180E C961 
0121 1810 Cfl62 
0122 1812 CB61 
0121 1814 7710 
9124 1816 C95E 
0125 1818 CASD 
0126 l8tA CB5C 
0127 181C 75FF 
9128 181E 7702 
0129 1820 54FD 
9130 1822 CC17ES 
9131 1825 54FC 
9132 1827 CC17E9 
0133 182A 20 
0134 1828 CC17F1 

***********************"'******"''''**************************** 
ORG W1800' BEGINING OF TRAINING CARl) ROM AREA 

*"'********************************************************** 
* 
*~~ AlL REGISTERS UPON ENTRY TO PROGRAM 

* *REGISTERS USED 

'" 
"'R0 THRU Rl' PSU PSL 

'" *SUBROUTINES CAllED 

'" *NONE 

'" *RAM MEMORY USED 

* 
*UREG = R0 
*lIREG+1 
*lJREG+2 
*UREG+3 
*UREG+4 
*lIREG+5 
*lIREG+6 
*UREG+7 
*UREG+S 
*UREG+9 
*UREG+10 
*'.JREG+11 

=Ri 
=R2 
=RJ 
= Ri' 
= R2' 
= R3' 
= PSU 
= PSL 
= PPSL INSTRUCTION OPCOOE 
= PSL 
= RETC, UN INSTRUCTION OPcpDE 

* 
******************"'********************************************* 
'" SAVRG STRR, R0 UREG SAVE R0 

SPSL GET PC...L. 
STRR. R0 UREG+8 SAVE PSL 
STRR, R0 UREG+10 SAVE PSl FOR RESTORE ROUTINE 
SPSU GET PSU 
STRR,R0 UREG+7 SAVE PSU 
PPSU II SET INTERUPT INHIBIT 
CPSl RS CLEAR REGISTER :~ITCH 
STRR,R1 UREG+1 SAVE Ri 
STRR,R2 UREG+2 SAVE R2 
STRR, Rl UREG+ 3 SAVE Rl 
PPSL RS SET REGISTER SWITCH 
STRR,R1 UREG+4 SAVE R1' 
STRR, R2 UREG+5 SAYE R2' 
STRR, Rl UREG+6 SAVE RJI 
CPSl 255 CLEAR PSL 
PPSL COM 00 LOGICAL COMPARES 
REDE, R0 LADRH GET LAST ADDRESS HI BYTE 
STRA. R0 LADR SAVE IN I'IEI1OR't' 
REDE. R0 LADRl GET LAST ADDRESS LO BYTE 
STRA, R0 LADR+1 SAYE IT 
EORZ R0 GET A 0 
STRA, R0 IFlG CLEAR INTERUPT INHIBIT FlAG 
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TWIN AS5aIBLER YER 2.0 INSTRUCTOR 50 PRGM 1111178 PAGE 9004 

LINE AOOR OBJECT E SOURCE 

0136 
9137 
0138 
0139 
0140 
9141 
0142 
9141 
0144 
0145 
9146 
9147 
9148 
9149 
0158 
9151 
0152 
9153 
9154 
9155 182E 984E 
9156 1830 E459 
0157 
9158 1832 9813 
0159 
0160 1834 8849 
0161 1836 E446 
9162 1838 9S0D 
9163 1S3A 0C17D0 
9164 !SID 9C19C9 
9165 1840 0899 
0166 1842 9C197A 
9167 1845 1813 
9168 

***************************************************************** 
* 
* 
* *PROORAM ENTRV ROUTINE 

* 
* *DECIDES H().I REAC~D ENTRY POINT (f PROGRAM 

* *1 POWER ON 
*2 SIt-a.E STEP 
*3 I'IONITOR PUSHBUTTON ON KEY BOARD 
*4 BREAKPOINT 

* 
* 
* 
* 
~************************************* 

* BEG LOOR, R0 Pt.RON CHECK POWER ON FLAG 
COtll, R0 W59' AFTER POWER VALUE OF FLAG IS 

* H'5946 , 
BEG! BCFR, EQ INIT IF NOT CORRECT THIS IS POWER ON 
* GO INITIALIZE THE MONITOR FLAGS 
BEG3 LOOR, R0 PWRON+1 CHECK LO BYTE OF POWER ON FLAG 

COMI, R0 W46' IS SECOND BYTE CORRECT 
BCFR,EQ INIT IF NOT INITIALIZE THE PROGRAM 
LOOA, R0 SSF CHECK THE SINGLE STEP' FLAG 
BCFA, EQ SGLSTP IF FLAG THEN GO SINGLE STEP 
LOOR, R0 #1ON+1 SEE IF BREAK POINT ENABLED 

BEG2 BCFfL EQ BRKPT GO EXECUTE THE BREAK POINT ROUTINE 
BCTR, UN /'ION MUST BE MONITOR KEY 

* 
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TWIN ASsaIBlER YER 2. e INSTRUCTOR 50 PRGI'I 1111178 

LItE ff)[)R OBJECT E SC4RCE 

0170 
0171 
0172 
0173 
0174 
0175 
0176 
0177 
0178 
0179 
0180 
0181 
0182 
0183 
0184 
0185 
0186 
8187 
0188 
0189 
0190 
0191 
8192 
0193 
0194 
0195 
0196 
0197 
8198 1847 8459 
0199 1849 CC17FE 
0200 i84C 0446 
0201 184E CC17FF 
0202 1851 28 
02031852 CC1700 
0284 1855 CC17DE 
0285 1858 C881 
0206 185A 0C17CF 
0207 1851) 1S0F 
0208 ·185F 0C17CC 
0209 1862 CC97CD 
0210 1865 EC97CD 
0211 1868 1884 
9212 186A 0701 
0213 l86C 9BE8 
0214186£ 26 
8215 186F D4F8 
0216 1871 CC1700 
0217 1874 051F 
8218 1876 0694 
0219 1878 BBFE 
0229 i87A 26 
0221 1878 BSEC 
8222 1871> F680 
0223 1S7F 9816 
0224 i881 468F 

* 
* *KEY BOfIRI) MONITOR ROUTH£ 

* 
* *REGISTERS USEJ) 

* 
*R8 SCRATCH 
*R1 SCRATCH 
*R2 SCRATCH 
*R3NOTlfSEI) 

* *SlEROOTlNES USED 

* *I1OY MOVE DATA TO DISPLAY BUFFER 
*DISPL'r' DISPLAY I1ESSAGE fK) KEY BOARD SCAN 

* 
* *RAI'I I1EMOR'r' USEJ) 

* *PWRON POWER ON FLAG 
*SSF SING.E STEP FLAG 
*Bf'F BREAK POINT FLAG 
*BPI.. BREAK POINT LOCATION 

* 
* INIT LOOI, R8 W59/ SET THE POWER ON FLAG 

STRA.R0 PJ.RON TO POWER ON VflUE W5946/ 
LooI, R8 W46' 
STRA.R8 ~1 
EORZ R0 GET A 0 
STRA. R8 161 PRESET IN)lRECT ADDRESS tel 
STRA. R8 1'181+1 
STRR, R8 *11ON+1 CLEAR BREAK POINT FLAG 

MON LODA. R0 BPF GET BREAK POINT FLAG 
BeYR, EQ MONS BREAK POINT NOT SET 
LODA, R0 BPI> GET BREAK POINT DATA 
STRR. R0 *BPI. CLEAR BREAK POINT 
CMt, R9 *BPL CHECK DATA STORED CORRECTL'r' 
BeTR, EQ I'ION5 BREAK POINT CLEARED OK 
LOOZ. R3 1 BREAK POINT DIDWT CLEAR 
ZBRR *ERR OOTO ERROR 

I1ON5 EORZ R0 GET A 9 
WRTE, R0 eTBYT CLEAR CONTROl BYTE 
STRR. R0 SSF CLEAR SINGLE STEP FLAG 

t10Nl LOOI, pj O£I.LD-1 GET ADDRESS OF HELLO MESSAGE 
LOOI,R2 >HELLD-l 

MON1 ZBSR *I'IOY I'IOYE MESSAGE TO DISBlf 
I'ION4 EORZ RfJ SET FLAG TO WAIT FOR ENTRY 

ZBSR *DISPlY DISPLAY I'IESSAGE AND SCAN KEYBOARD 
MON2 TI1I, R2 W8e' CHECK COI'II'fANI) FLAG 

BCfR. EQ ERR2 IF FLAG NOT SET ERROR 
ANDI, R2 WeF' MASK COItIfH). VALUE 
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TWIN ASSEMBLER VER 2. 0 INSTRUCTOR 59 PRGM 1111/78 PAGE 0006 

LINE ADDR OBJECT E SOlRCE 

0225 1883 E607 COMI, R2 7 MAX COf1MAND VALUE 
0226 1885 1910 BCTR,GT ERR2 ERROR CODE VALUE TO LARf.£ 
0227 1887 D2 RRL,R2 MULTIPLY INDEX BY 2 
0228 1888 0E78A4 LOOA,R0 CI'1D,R2 SET UP ffl ItfHRECT fIOORESS 
0229 1888 CC17E3 STRfI,R0 T TO THE FUNCTION WANTED 
0210 1asE 0E78AS LOOA. Re Cl'lD+L R2 
0231 1891 CC17E4 STRA,Re T+1 
0232 1894 1F97E3 BeTA,UN *T EXECUTE A COIt\ANI) 

0233 * 0234 * 
0235 1897 0702 Em LODI,RJ 2 INVALID COI'It1AND SEQUENCE 
02J6 1899 951F ERRI LODI, R1 <ERROR-1 GET AOOF.ESS OF ERROR MESSAGE 
0237 1898 0684 LODI, R2 >ERRQR-1 
0238 1890 BBFE ZBSR *I1OY MOVE MESSAGE TO DISBUF 
0239 189F CF17D8 STRA. RJ DISBUF+7 WRITE THE ERROR NUt1BER 
0240 18A2 1856 BCTR, UN I'ION4 GO LOOK FOR NEW COI'Il'1Atf) 
0241 * 
0242 *COI1'IAND ADDRESS TABLE 
0243 * 0244 18A4 1C91 00 ACON WCAS WRITE CASSETTE rotIftID 
0245 1SA6 11>61 ACON SCBP BREAK POI NT COI'II'IANI) 

0246 18A8 1BAC ACON RCAS READ CASSETTE COI'II'IANl) 

0247 18AA 1A7E ACON REG REGISTER DISPLAY fHl ALTER COI'II'IAND 
0248 18AC 1884 ACON SSTEP SItn.E STEP COt1MAN) 
0249 18AE 1A0C AeON ALTER DISPLAY fH) AI.. TER I'IE/'IORY 
0250 1888 1E59 ACON GO GOTO COI'It1AND 
0251 1882 187A AeON ItON4 ENTRINEXT V,EY IS NOT COI'1J'IANI) 
0252 * 
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TWIN ASSEMBLER VER 2. 0 INSTRUCTOR 50 PROM 1111/78 PAGE 0007 

LINE ADDR OBJECT E SOURCE 

0254 
0255 
0"256 
0257 
0258 
0259 
0260 
0261 
0262 
0263 
0264 
0265 
0266 
0267 
0268 
0269 
0270 
0271 
0272 
0273 
0274 
0275 
0276 
0277 
8278 
0279 
0200 
0281 
0282 
0283 0000 
0284 
0285 
0286 
0287 
02SS 1884 0C17E8 
0289 1887 E410 
0290 1889 1A8S 
029118BB E420 
0292 1880 9A04 
0293 1SBF 0709 
0294 1SC1 9BE8 
0295 1SCl 047F 
0296 1SCS CC1700 
0297 1SCS 0420 
0298 18CA CC17F1 
0299 1SCD 7508 
0300 1SCF 0601 
0301 1eD1 0EF7E8 
0302 1004 CC17E7 
0303 181)7 9F:97ES 
0304 18Df1 0l 
0305 18DS 471C 
0306 1800 0500 
0307 18DF 0605 
0308 18£1 F420 

*********************************************************** 

* 
* *SINGLE STEP ROUTINES 
*THIS ROUTINE WRITTEN BY BBC 

* 
* PROCESSOR TRANSFERS CONTROL TO USER PROGRAI1 
* AFTER COMPUTING THE tlIttlER OF OPREQ'S TIll 
* THE NEXT INSTRUCTION FETCH. 

* 
* 
*REGISTERS lISED 

* *R0 THRU R3 SCRATCH 

* 
* *SUBROUTINES CALlED 

* 
*RLADR RESTORE LAST fIOORESS REGISTER 

* 
* *RAM LOCATIONS USED 

* 
*lADR LAST ADDRESS REGISTER 
*Tl TEMP REGISTER 
*TEt1P TEMP REGISTER 
*SCTCH SCRATCH REGISTER 

* 
*************************************************************** 
OYHD EQU o NEGATIVE NUI'IBER OF OPREQ'S 

* 
* *CI£CK IF NEXT SINGLE STEP IS IN MONITOR AREA 

* SSTEP LODfl.. R0 LADR GET I'1SB OF LAOR 
COMI,R0 H/10' IS ADDRESS LT H'1000' 
BCTR,LT SSTEP1 GO SINGLE STEP 
COMI, R0 W20' IS ADDRESS GT OR EQ W2000' 
BCFR, LT SSTEP1 GO SINGLE STEP 
LooI, R3 :9 NEXT SINGLE STEP ENTERS MONITOR 
ZBRR *ERR GOTO ERROR 

SSTEP1 LooI, R0 127 SET SINGLE STEP FLAG 
5TRAJ R0 SSF STORE IT 
LODI,R0 H'20' SET THE INTERUPT INHIBIT 
STRA, R0 IFLG SAVE IN INTERUPT INHIBIT FLAG 
CPSL WC CLEAR WITH CARRY IF SET 

SSTEP2 LooI. R2 1 SET INDEX 
LODfl.. REI *LADR, R2 GET SECOND BYTE OF INSTRUCTION 
STRA, R0 n SAVE IT FOR LATER 
LOOA. R3 *LADR GET NEXT INSTRUCTION 
LooZ Rl SAVE INSTRUCTION IN REI 
ANDI, R3 W1C' EXTRACT INSTRUCTION CLASS 
LooI, R1 OYHD SET OYERHEAD OPREQ COUNT 
looI. R2 5 SHIFT OR f1O\IE COUNT 
TIiL R0 W20' TEST FOR ooD OPCOOE IN CLASS4 
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TWIN ASSBRER VER 2. 8 INSTRUCTOR 50 PRGH 1111/78 PAGE 8e08 

LItE flOOR OBJECT E SOURCE 

8389 188 9F1982 
8319 
8311 
8312 
9311 18E6 FA2F 
9314 1eE8 4787 
0315 18EA 8F7967 
8316 18E1> C1 
0317 
0318 
9319 
0329 18EE 1F195E 
9321 
8322 
9323 
8324 18F1 3F1.96F 
9325 18F4 8I>17C6 
8326 18F7 7508 
9327 
8328 
8329 
8338 18F9 OC17E7 
933118FC F489 
0332 18FE 1886 
0333 1908 1B6C 
0334 
0335 
0336 
8337 1902 
0338 
0339 1902 A501 
8340 1984 1868 
8341 1906 A502 
8342 1908 1864 
8343 199A A503 
8344 190C 1B6B 
0345 190E A504 
8346 1910 1867 
0347 1912 1872 
0348 1914 1B6C 
0349 1916 C3 
0358 1917 53 
93S1 1918 1B4C 
0352 191A 8501 
835l mc 6494 
8354 191E A593 
9355 
9356 
9357 
9358 
9359 1929 C9D3 
8369 1922 D5FB 
9361 1924 F440 
9362 1926 1894 
8363 1928 F483 
8364 192A 1841> 

BXA CBRTB,RJ BRANCH TO CLASS PROCESSOR 

* * CLASS 5. MIXED NUMBER OF OPREQ'S. 

* 
ClSB BDRR, R2 CLSA 

ANDI, RJ H'87' \'!ASK TO OPCOOE 
looo, R9 ClSTB, R3 GET NUMBER OF OPREQ/S FROM TABLE. 
STRZ R1 

* * WRITE OPREQ COUNT AND EXIT TO USER 

* 
EXIT BeTA. UN EXIT4 OOTO USER 

* * RETURN FRO'! TEST BRANCH, IF BRANCH TAKEN 

* BRCH BSTA, UN RLADR RESTORE LAST AOOF.E5S REGISTER 
BRCHi looo, R1 TEMP GET OPREQ COUNT BACK AFTER TEST BRANCH 

CPSL we CLEAR PSl we BIT 

* * ROOTINE TO ADD 2 OPREQ'S IF INDIRECT APPLIES. 

* CHID lODfL R9 T3 

* 

Tf1I, R0 W80' 
BCTR.9 PLS2 
BC~UN EXIT 

GET SECOND BYTE OF INSTRUCTION 
TEST INDIRECT BIT 
SET, ADD 2 (PREQ'S 
NOT SET, DO t«JT ADD 

* CLASS PROCESSOR TfI8LE. 

* 
CBRTB EQU :$ 

* PLS1 SUBI, Ri1 CLASS 0. 10PREQ 
BC~UN EXIT 

PLS2 SUBI, Ri 2 
BCTR, UN EXIT 
SUBI,Ri 3 
BCTR, UN CIND 
SUBI,Ri 4 
BCTR, UN CUID 
BC~EQ PLS2 
BCTR. UN PlS1 
STRZ RJ 

CLSA RRR,RJ 

* 

BCTR, UN CLSB 
ADDI,R11 
IORL R0 H'84' 
SUBI,R1 3 

* CLASS 6 AND 7. 

CLASS 1 2 OPREQ/S 

CLASS 2. 3 OPREQ'S + INDIRECT 

CLASS 1 4 OPREQ/S + INDIRECT 

CLASS4 2 OPREQS IF OPCODE ODD 
1 OPREQ IF OPCODE EVEN 

CLASS 5. MIXED NUMBER OF OPREQ/S 
SHIFT OPCOOE TO lOW BYTE 
AND lOOK UP IN TABLE 
CLASS 6. 2 OPREQ'S + INO IF BRANCH TAKEN 
CONVERT TO CLASS 7. 
CLASS 7. 3 OPREQ'S + IND IF BRANC'H TAKEN 

* ADD 2 OPREQ'S IF INDIRECT AND BRANCH IS TAKEN. 

* 
STRR, R1 *BRCH1+1 SAYE PRESENT NUI'IElER OF OPREQ'S IN TEMP 
WRTE. R1 OPRQCT ALSO OUTPUT TO HARDWARE 
Tf1I, R0 H' 48' TEST FOR REGISTER CLASS 
BC~ 0 CL67B IF SO, DO NOT TEST FOR UNCONDITIONAL 
Tf1I,R9 H/03' IS BRANCH UNCONDITIONAL 
~ 9 CINO IF SO, DO NOT TEST BRANCH 
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LINE ADDR OBJECT E SOURCE 

8365 192C F4E8 
9366 mE 1882 
8367 1938 44DF 
9368 1932 CC17C0 
0369 1935 0E7951 
9370 1938 CE77C0 
9371 1938 FA78 
9372 
9373 
9374 
8375 1931> 0C17E8 
0376 1948 CSRE 
8377 1942 0C17E9 
9378 1945 C8f£ 
8379 1947 0417 
9388 1949 C8f1 
9381 1948 04C0 
9382 194[) CC9943 
0383 1950 1893 
9384 
9385 
9386 
93871951 
9388 1952 18F1 
0389 1954 1F1957 
0390 
0391 1957 3816 
9392 1959 0D17C6 
0393 195C 7508 
9394 195E D5FB 
9395 1968 20 
8396 1961 CC17F1 
9397 1964 1F1E59 
9398 
8199 
0400 
04011967 FF 
0402 1968 FF 
0491 1969 FD 
0404 196A FE 
0405 196B FF 
0406 196C FE 
0407 196D Ffj 

0408 196E FE 
0409 
0419 
0411 
0412 196F 0C17EA 
0413 1972 C8CA 
0414 1974 0C17EB 
0415 1977 CSCA 
8416 1979 17 
9417 

CL67B T\'II, R0 WE0' TEST FOR BDR INST 
BCTR. 9 CL67C IF SO, 00 NOT REI'IOYE 'SUBROUTINE' BIT 
ANDI,R0 H'DF' REI'IOYE SUBROUTINE BIT FROM OPCOOE. 

CL67C STRA, R0 SCTCH STORE IN TEST AREA 
I'IYCOOE LOOA, R0 BReD, R2 GET ROI1 CODE 

STRfL R0 SCTCH, R2 STORE IN RAM 
8DRRJ R2 I'1YCOOE 00 UNTILL ALL HAS BEEN I'IOVED. 

* 
*SAVE LADR 

* SLAD1 LOOfI, R0 LADR GET LAST ADDRESS REG 
STRR, R0 *RLAl>R+1 SAVE IT 

SLAD2 LOOfI, R0 LADR+1 
STRR, R0 *RLADRi +1 

* 

LOOI, R0 (SCTCH GET AOORESS SCRATCH 
STRR, R0 *SLAI>1 +1 
LODI, R0 )SCTCH 
STRA,R0 *SLAI>2+1 
BeTR, UN *EXIT1+1 00 TEST BRANCH 

*THIS IS COOE FOR TEST BRfKH 

* BRCD EQU $-1 
ACON BRCH AOORESS FOR TEST BRANCH 
BCTA, UN EXIT2 RETURN IF BRANCH NOT TAKEN 

* EXIT2 BSTR, UN RLADR 
LODA.. Ri TEMP 
CPSL we 

EXIT4 WRTE,Ri OPRQCT 
EORZ R0 
STRA. R0 IFLG 

EXIT1 BeTA, UN 00 

* * CLASS 5 OPREQ TABLE 

* CL5TB DATA 000-1 
DATA OIlHD-1 
DATA OVHD-3 
DATA Q\IHl)-2 
DATA OYHD-1 
DATA OYHD-2 
DATA OYHD-1 
DATA OYHD-2 

* 

RESTORE LAST ADDRESS REG 
GET OPREQ COUNT 
CLEAR WITH CARRY 
SET THE OPREQ COUNTER 
CLEAR INTERUPT INHIBIT FLAG 
SAVE IN INTERUPT INHIBIT FLAG 

RETC 
RETE 
REDE 
C-P PSW 
DAR 
TPSW 
WRTE 
TI11 

*RLADR RESTORE LAST ADDRESS REG 

RLADR LOOA, R0 SLADR GET SAVED LADR 
STRR. R0 *SLAD1 +1 

RLADR1 LODA, R0 SLADR+1 
STRR, R0 *SLAD2+1 
RETC,UN 

* 
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LINE II>DR OBJECT E SOURCE 

0419 
0428 
0421 
0422 
0423 
0424 
0425 
0426 
0427 
042S 
0429 
0430 
0431 
0432 
0433 
0434 
0435 
0436 
0437 
0438 
0419 
0440 
0441 
0442 
0443 
0444 
0445 
0446 
0447 
044S 
0449 
0450 
0451 
0452 
0453 
0454 
0455 197A 0C17E8 
0456 1971> 0D17E9 
0457 1980 7709 
0458 1982 A501 
0459 1984 A400 
0460 1986 447F 
8461 19S8 7589 
8462 198A ESAF 
0463 19& 9C185f1 
0464 198F E9AF 
8465 1991 98FA 
0466 1993 C8E6 
0467 1995 C9E7 
0468 1997 0C17CC 
8469 199A CC97CD 
0470 1990 EC97CD 
0471 19A9 1804 
0472 19A2 9701 
0473 19A4 9BE8 

************************************************************************ 
* 
* *BREAK POINT ANI) SINGLE STEP RUN TIME CODE 

* 
* *SItIl..E STEP 

* *Wi£N ENTERED AT SINGLE STEP. SINGlE STEP FLAG IS CLEARED 
*fINI) DISPLAY IS I AOOR 00' 

* 
* *Wt£N ENTERED AT BREAK POINT AND BREAK POINT IS SET AND MATCHES 
*BREAK POINT REGISTER. THE DISPLAY IS '-AOOR 00' 

* 
* *REGISTER USED 

* 

* *SUBROUTINE CALLE!) 

* *DLSI..D PREPARE BINARY DATA FOR DISPlAY 

* 

.. 
*f) ISBUF DISPLAY BUFFER 
*BPF BREAK POINT FLAG 
*BPI. BREAK POINT LOCATION 
*BPD DATA FOR BREAK POINT LOCATION 
*LADR copy OF LAST ADOORESS REGISTER 
*SSF SINGLE STEPFLAG .. 
************************************************************************ 
* BRKPT LOOA, R0 LADR GET LAST ADDRESS REGISTER 
BRK]: LOOA, R1 LADR+1 

PPSL C+We SET CARRY AND I~ITH CARRY 
SUBL R1 1 DECREMENT LAST ADDRESS REG 
SUBI,R0 0 50 CAN COMPARE TO BREAK POINT REGISTER 
AND!' R0 W7F MASK OFF UNUSED BIT 

.. CPSt. C+WC CLEAR CARRY AND WITH CARR~' 
.BRK2 CQMR,R0 *BRKPT2+1 COMPARE WITH BPL 
BRK1 BCFA, EQ MOO NO COMPARE 

COI1R, R1 *BRKPT:1 +1 COi'IPARE WITH BPL +1 
BCFR, EQ *BRK1 +1 NO COMPARE 
STRR. R0 *BRKPT+1 IF COMPARE UP DATE PC 
STRR,R1 *8RK3+1 
LODft R0 BPD IF COMAPRE CLEAR BREAK POINT 
STRA,R0 *BPL 
COMA, R0 *f3PL ERROR CHECK OF DATA WRITTEN 
BCTR,EQ BRK8 DATA STORED OK 
LOOI, R3 1 BREAK POINT NOT CLEARED OK 
ZBRR *ERR 
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LINE fll)DR OBJECT E SOURCE 

0474 19F16 E440 
0475 19A8 1S08 
0476 19AA 0480 
0477 19AC CC17CF 
0478 19AF 1F1SB4 
0479 1982 047F 
0480 1984 C8F7 
0481 1986 0419 
0482 1988 C89A 
0483 19BA OC17CD 
0484 1980 3832 
0485 19BF 0C17CE 
0486 19C2 3836 
0487 19C4 OC97CD 
04S8 19C7 1BiR 
0489 
0490 
0491 
0492 19C920 
0493 19CA CC17D0 
0494 19CD 0SDE 
0495 19CF 1A01 
0496 
0497 191>1 0417 
0498 1901 CC17D1 
0499 191>6 0C17E8 
0500 19D9 1B16 
0501 1908 OC17E9 
0502 19DE 38iR 
0501 19E0 0C97E8 
0504 198 3801 
0505 19E5 !F187A 
0506 
0507 
0508 
0509 19E5 B8F4 
0510 19EA CC17D7 
0511 19ED CD17D8 
0512 19F017 
0513 
0514 
0515 
0516 19F1 BBF4 
0517 19F1 CC17D2 
051S 19F6 CD17D1 
0519 19F9 17 
0520 
0521 
0522 
052l19FA BBF4 
0524 19FC CC17D4 
0525 19FF CD17D5 
0526 1A02 0417 
0527 iR04 CC17D6 
0528 1007 17 

BRK0 COMI, R0 H'40' HALT INSTRUCTION OPCOOE 
BCTR,EQ BRKPT9 IF HALT DON'T DO HIDDEN SINGlE STEP 
LOOI, Fie W80' SET FLAG FOR HIDDEN SINGlE STEP 

BRKPTl STRA, REI BPF SET FLAG IN BREAK POUlT 
BCTA, UN SSTEP EXECUTE ONE USER INSTRUCTION 

BRKPT9 LOOI, REI 127 SET BREAK POINT FLAG 
STRR, REI *BRKPTl+1 
LOOI, REI H'1!:V DASH SYt1BOl. FOR BREAK POINT 
STRR, Re *BRKPT8+1 SET THE DASH SYI'IBOl. IN DISBlf 

BRKPT2 LOOA. REI BPL GET BREAK POINT ADDRESS 
BSTR, UN BRKPT7 SET THE DISPLAY 

BRKPT1 LODA,R0 8PL+1 
BSTR, UN BRKPT6 
LOOA, R0 *BPL GET INSTRUCTION OPCODE 
BCTR, UN BRKPT5 

* 
*ENTRY POINT FOR SINGLE STEP 

'" SGLSTP EORZ R0 GET A 0 
STRA, R0 SSF CLEAR SItG.E STEP FLAG 
LOOIt R0 *BRKPTl+1 CHECK BREAK POINT FLAG 
BCTR, NG BRJ<PT9 DID A HIDDEN SINGLE STEP 

'" SGLST9 LOOI, R0 H'17' 
BRKPTS STRA, REI DISBUF 

LOOA, R0 LADR 
BSTR, UN BRKPT7 
LOOA. REI tmR+1 

DISPLAY THE BREAK POINT 
BLANK SYIm. 
SET DISPLAY BUFFER 
GET ADDRESS 
SET THE DISPLAY 

BSTR. UN BRKPT6 SET THE DISPLAY 
LOOA.. R0 *LfII)R GET INSTRUCTION DATA 

BRKPTS BSTR, UN BRKPTI SET UP DISPLAY 
BeTA, UN 1'10N4 GOTO MONITOR 

'" *SET UP DISBUF 6&7 

'" BRKPTI ZBSR *DISLSI) CONYERT TO BIN FOR DISPLAY 
STRA, R0 DISBUF+6 
STRA, R1 D ISBUF+7 
RETC, UN 

'" *SET UP DISBIJF 1&2 

'" BRKPT7 ZBSR *DISlSI) CONVERT BIN TO DISPLAY 
STRA, REI DISBUF+1 
STRA, R1 DISBIJF+2 

. RETC,UN 

* 
*SETUP DISBUF 1&4 

* BRKPT6 ZBSR *DISLSI) COOERT BIN TO DISPLAY 
STRftREI DISBUF+1 STORE DATA 
STRA. R1 DISBIJF+4 
LOOI, R0 H'1r BLANK SYMBOL 
STRA, R0 DISBIJF+5 
RETe,UN 
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LINE fH)I)R OBJECT E SOURCE 

0538 
0531 
0512 
05ll 
0534 
0535 
0536 
0537 
05lS 
0539 
0540 
0541 
0542 
0543 
0544 
0545 
0546 
0547 
0548 
0549 
0550 
0551 
0552 
055l 
0554 
0555 
0556 
0557 
0558 
0559 
0560 
0561 
0562 
056l 
0564 1A88 0403 
0565 1A0A 1B02 
0566 
0567 
0568 
0569 1A0C 0481 
0570 1A0E CSA4 
0571 1A10 lF1B04 
0572 1A13 E6S7 
0573 1A15 9C187D 
0574 1A18 5B8E 
0575 1A1A C88D 
0576 1A1C C981 
0577 1A1E 0E1700 
0578 1A21 0717 
0579 1A2l CF17D8 
0580 1A26 1805 
0581 
05S2 
0583 
0584 1A2S 0C17DE 

******************************************************* 
* 
'" *D I SPLAY AND ALTER MEI'IORY ROUTINE 
*PATCH I1B1ORY ROUTINE 

* 
'" *REGISTERS USEI) 

'" *R0 SCRATCH 
*R1 SCRATCH 
*R2 SCRATCH 
*R3 SCRATCH 

* 
*SLmlUTINES CALLED 

'" *GAD GET ADDRESS PARAMETER 
*GNP (E tuIBER PARAMETER 
*ROT ROTATE R8 1 NIBBLE LEFT 
*BRKPT4 SETUP DISPLAY 6&7 
*BRKPT6 SETUP DISPLAY 3&4 
*BRKPT7 SETUP DISPLAY 1&2 

'" 
'" 
*tel IN>IRECT ADDRESS MEMORY POINTER 
*ALTF filTER FLAG = 1 FOR DISPLAY AND fUER 
'" 3 OR 5 FOR PATCH 

'" 
**************''''******************************** 
'" * 
*ENTRY POINT FOR PATCH COIt1AND 

'" PTCH LOOt, R8 3 SET ALTER FLAG TO PATCH 
BCTR, UN ALTERS 

'" *ENTRY POINT FOR DISPLAY ANI) ALTER COI'It1FIND 

* ALTER LooI, R8 1 SET ALTER FLAG TO ALTER 
ALTERS ST~R8 *ALTER1+1 STORE IN ALTF 

BSTA.. UN GAD DISPLAY fl):: AND WAIT TILL DIGITS ENTERED 
COMI, R2 W87' ENTRIN'hT? 
BCFIt EQ MON2 NEW FUNCTION ABORT ALTER COI'II'IAND 
BRNR, R3 AL TER4 NO ADDRESS ENTERED CONTINUE FROM LAST LOCATION 
STRR, R0 *AI.. TER4+1 1£M+1 SAVE ADDRESS DATA 
STRR, R1 *AL1 +1 

AU LOOA, R2 /'IEM GET DATA 
LODI,R3 H/17' BLANK 
STRA.. R3 DISBUF+? CLEAR DISPLAY 
BCTR, UN ALTER2 SET UP DISPLfIV 

'" 
*NO ADDRESS CONTINUE FROf1 LAST ADDRESS 

'" AL TER4 LODA, R0 1'IEJ'1+1 GET ADDRESS 
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LINE ADDR OBJECT E SOORCE 

0585 1A2B 0AF2 
0586 
0587 
058S 
0589 1A2O 3848 
0590 1A2F 02 
0591 1A30 3F19F1 
0592 
0593 
0594 1fI33 OC17EF 
0595 1fI36 E401 
0596 1fI38 1807 
0597 1fI3A 0417 
0598 1Ale CC171>7 
0599 1A3F 1B05 
0600 
86011A41 OC9700 
0602 1A44 BBEA 
0603 1A46 08EC 
0604 1A48 BBFC 
0605 1A4R 5B0C 
0606 1A4C CC9700 
0607 1A4F EC9700 
0608 1A52 1804 
0699 1A54 0703 
0610 1A56 9BE8 
0611 
0612 
0613 
0614 1A58 080A 
0615 1ASA E401 
0616 1A5C 9807 
0617 1A5E E687 
0618 1A60 9C1871> 
0619 1A63 1Bes 
0620 
0621 
0622 
0623 1A65 E60F 
0624 1A67 19F8 
0625 1A69 0405 
0626 1A6B cae7 
0627 1A6D CE171>8 
0628 
0629 
0630 
0631 1A70 3F 1C55 
0632 iAn 1F1A2I> 
0633 
0634 
0635 
0636 1A76 C1 
0637 1An 44F0 
0638 1A79 450F 
0639 1A7B BBF6 
0640 1AlD 17 

LOOR.R2 *AU.+11£11 

* 
*UPDATE THE D ISPLAV 

* ALTER2 BSTR, UN BRKPT6 SET UP ADDRESS DISPLAY 
LooZ R2 GET MSD 
BSTA,UN BRKPT7 SET UP DISPLAY 

* 
* FL TER! LODfL R0 AL TF CHECK fI. TER FLAG 

COtII, R0 1 PATCH COItIANI) 

BCTR. EQ AI. TER8 NOT PATCH 
LooI, R8 H'17~ BlAtI< CIfIR 
smt R8 DISBUF+6 
BCTR. UN AI.. TER9 PATCH CO\'II'IflNI) 

* AL TER8 LOOA, R0 *Mel GET THE DATA 
ZBSR *BRKPT4 SET UP DATA VALUE DISPLAY 

ALTER9 LOOR, R8 *ALTER1+1 SET FLAG TO SINGLE BYTE DATA 
ZBSR *GNPA DISPLAY BUFFER ANI) WAIT FOR tBI ENTRY 
BRNR, R3 fI. TOO NO DATA 
STRfL R0 *MEM CHANGE DATA IN LOCATION 
COI'IfI, R0 *I'IEI'I CHECK DATA STORED OK 
BCTR. EQ AL TERJ DATA STORED OK 
LOOI, RJ 3 ALTER OR PATCH WRITE ERROR 
ZBRR *ERR GOTO ERROR 

'* *EXIT FROM COMMAND 

'" AI. TER3 LOOR, R8 *AI. TER! +1 EXIT FROM ALTER OR PATCH 
COMI, R8 1 IS IT PATCH 
BCFR, EQ AL TER6 IF YES TAKE THIS BRANCH 
COML R2 W87~ IS IT filTER NEXT KEY FUNCTION? 

AL2 BCFA, EQ 11ON2 GO TO I1ONITOR tBI COI'I'IAND 
BeTR, UN filTER? GO UPDATE THE DISPLAY 

* 
*EXIT FRoM PATCH 

* 
AL TER6 COMI, R2 WaF / WAS LAST KEY FUNCTION KEY 

BeTR, GT *AI..2+1 MON2 Fl.KTION KE't' WAS LAST GO TO MONITOR 
LOOI, R8 5 RETlRN ON SECOND DIGIT FLAG 
STRR, R0 *AL TER1 +1 SAVE IN AL TF 
STRA, R2 DISBlf+? SET DISPLAY 

* 
*INCREtlENT INDIRECT ADDRESS 

'" 
AL TER7 BSTA, UN INK INCREMENT THE AOORESS 

BCTA, UN AL TER2 

'" *PREPARE BIN DATA FOR DISPLAY 

'" DISLSI STRZ R1 
ANDL R8 H'F0~ 
ANDI, R1 WaF' 
ZBSR *ROT 
RETC,UN 

SAVE NI.JMBER IN R0 
I'IfISK FOR MSD 
I'IASK FOR LSD 
ROTATE A NIBBLE 
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LItE AOOR OBJECT E SOURCE 

0642 
0641 
0644 
0645 
9646 
0647 
864S 
0649 
8650 
8651 
8652 
065l 
0654 
0655 
0656 
0657 
0658 
0659 
8660 
8661 
0662 
0661 
0664 
0665 
9666 
0667 
8668 
8669 
8678 
0671 
0672 
0671 
0674 
0675 
8676 
0677 
9678 
0679 
0688 
0681 
06S2 1A7E 051F 
0683 1A88 06A4 
0684 1A82 BBFE 
8685 1A84 28 
8686 1A85 BBEC 
0687 
0688 1AS7 F488 
0689 1A89 1882 
0698 1A8B E489 
0691 !AS[> 1E1f1C2 
0692 1A98 E48A 
0693 1A92 1C1F32 
0694 !A95 E48C 
0695 1A97 1807 
0696 1A99 E4eF 

****************~**************************************** 
* 
* *f.>ISFlAY ANf) ALTER REGISTERS COMMAND 

* *THE DISPLAY AND ALTER REGISTERS cottIANI) ALLOWS 
*ll£ USER 10 EXAMINE AND AlTER REt, Ri, R2, R3, Ril .. R2 l, R3 i , ?SU, PSL PC 

* 
*THIS COI1I'IAM) ALSO PROYIDES ENTRY POINT TO At. TERNATE FUNCTIONS 
*REG 9 NOT DEFItED 
*REG A ADJUST CASSETTE COItIAND 
*REG B tlIT DEFINED 
*REG D tlIT DEFINED 
*REG E tlIT DEFINED 
*REG F ENTER THE FAST PATCH MODE 

* *REGISTERS USED 

* 
*R0 SCRATCH 
*R1 SCRATCH 
*R2 SCRATCH 
*R3 SCRATCH 

* *SUBROUTINES CALLED 

* 
*I1OY MOVE DATA TO DISBUF 
*GNP GET N\JI'IERIC PARAI'IETERS 
*ROT ROTATE A NIBBLE 
,qffI DISPLAY ANI) GET NUMERIC PARAMETERS 
*BRKPT4 SET DISPLAY 6&7 
.scBP2 SET D ISPLAV 4&5 

* 
*RAM I1EMORY USED 

* *DISBUF DISPLAY BUFFER 
*UREG USER REGISTERS 
*lADR LAST ADDRESS P£GISTER PC COUNTER 
*T2 TEMP REGISTER 

* ************************************************************* 
REG LooI, R1 <REQ-1 GET ADDRESS OF R= DISPLAY 

LOOI,R2 )RfQ-1 
2BSR #10'7' MOVE DATA TO DISBUF 
EORZ R8 SET FLAG TO RETURN AFTER KEY PRESSED 
ZBSR *f) ISPL Y 

* TMI,R0 HiSe' SEE IF FUNCTION 
BCTR,EQ *REG14+1 MON2 GOTO MONITOR 
COMI, R8 9 CHECK THE COMMAND 
BeTA, L T REG2 DISPLAY AND ALTER REGI STERS R0 THRU PSL 
COI'II, R8 WOO' IS IT ADJUST CASSETTE COt1MfIND 
BeTA, EQ TCAS TEST CASSETTE 
CO/'II, R8 WOC' IS IT DISPLAY ANI) ALTER PC 
BeTR, EQ REID DISPLAY AND ALTER PC 
COMI, R8 WeF' IS IT THE PATCH COI1MfIND 
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LINE ADM OBJECT E ~CE 

0697 1A9B lC1A08 
0698 1A9E 1B5E 
0699 
0700 
9701 
0702 1AAe 051F 
0701 1AA2 06AC 
0704 1AA4 BBFE 
0705 1AA6 essE 
0706 tAM BBEA 
0707 1AAfI 0C17E8 
9708 tAAD lF1DSA 
0709 1AB0 20 
0710 lA81 BBFC 
0711 tABl 5805 
0712 lABS CC17E9 
07B 1ABS C9F1 
0714 lABA E687 
0715 1ABC 9C187D 
0716 1ABF 1F1A7E 
0717 
0718 
8719 
0720 1AC2 CCl7E6 
07211ACS Cl 
8722 1AC6 0510 
8721 1AC8 E787 
0724 1ACA 1A9A 
8725 1ACC 1904 
8726 !ACE 0412 
8727 1AOO 1806 
8728 
8729 1AD2 0411 
8730 1AD4 1B02 
0731 
0732 1AD6 0513 
873l 1AJ)8 COl7Dl 
0714 1ADB CC17D4 
0735 lADE 0F77F2 
0736 iRE1 B8EA 
0737 lAEl 0401 
8738 lRES BBFC 
8m 1AE7 5B0C 
0740 lie 0BD8 
0741 1AEB CF77F2 
0742 lREE E708 
0743 1AF0 9803 
0744 iAF2 CCl7FC 
0745 1AF5 E687" 
0746 1AF7 98C4 
0747 iAF9 03 
0748 iAFA D800 
0749 lAFC E408 
0750 iAFE 9D1AC2 
07511801 20 
0752 1B02 1BFB 

BeTA. EQ PTCH DO THE PATCH COI'tfINI) 
BCTR, UN REG NOT DEFINED TRY AGAIN 

'" *D I SPLAY AND ALTER PROGRAM COUNTER 

'" 
REGl LOOI, R1 <PCEQ-1 GET ADDRESS OF PC EQUALS DISPLAY 

LCD!' R2 >PCEQ-l 
ZBSR *trlY I10YE DATA TO DISBlf 
LODR, R0 *REG4+1 GET CURRENT· PC ADDRESS 
ZBSR *BRKPT4 SET UP DISPLAY 

REG11 LOOA, R0 LADR GET I'\SB OF CURRENT PC 
BSTA, UN SCBP2 SET UP DISPLAY 
EORZ R0 SET FLAG TO OOUBLE BYTE 
ZBSR *GNPA DISPLAY fIDDRESS ~ WAIT FOR ENr.:-'( 
BRNR,Rl REGS DON'T CHANGE DATA 

REG4 STRA, R0 LADR+l UP DATE THE PC SAVE LSB 
STRR, R1 *REG11 +1 SAVE I'1SB OF PC 

REGS CCtIl, R2 W87' ENTRINXT TERI'IINATION 
REG14 BCFA, EQ t1ON2 IF ooT tel FUNCTION EXIT 

BeTA, LW REG GO ASK FOR PEW REGISTER 

* *DISPLAY fH) ALTER REGISTERS 

* REG2 STRA, R0 T2 SAVE IT 

* 

STRZ R3 
LOOI, R1 W10' 
COI'II! R3 7 
BCTR, L T REGS 
BeTR, GT REG10 
LOO!' R0 W12' 
Bent UN REG12 

SAVE R0 TO USE AS INDEX 
P CHAR 
IS IT PSU 
NOT PSU PSL 
NOT PSU 
~U 

GO DISPLAY 

REGi0 LODI,R0 H'11' CHAR L 
Bent UN REG12 GO DISPLAY 

'" REGS LCD I, R1 H' B' CtftR R 
REG12 STRfI, R1 DISBUF+2 SET DISPLAY RN= 
REG9 STRfLR0 DISBUF+l SET UP DISPLAY 

LODfI, R0 UREa Rl GET REGISTER CONTENT 
ZBSR *BRKPT 4 SET UP DISPLAY 
LCD I , R0 1 SET FLAG TO SINGLE BYTE 
ZBSR *GIf!A DISPLAY REG CONTENT fIN!) WAIT FOR ENTRY 
BRNR, R3 REG7 NO DATA TERI'IINATE 

REG6 LODR, R3 *REG2+1 GET THE INDEX VAlUE 
STRA, R0 UREG, Rl PUT NEW YALUE IN REGISTER 
COI'II,Rl a IS IT PSL? 
BCFR,. EQ REG7 NO CtECK TERMINATION 
STRA, R0 UREG+10 SAVE FOR RESTORE OF PSL 

REG7 COI1I, R2 wa7' CtECK TERMINATION 
BeFR, EQ *REG14+1 I'ION2 NEW FUNCTION 
LOOZ R3 INCREMENT INDEX VALUE 
BIRR,R0 $+2 INC~ REGISTER COUNT 
COtlI, R0 8 ROLL OYER? 

REGB BCFA, GT REG2 NO UP DATE DISPLAY 
EORZ R0 GET A 0 GO TO R0 
Bent UN *REGB+! UPDATE DISPLAY 
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LINE AOOR OBJECT E SOURCE 

0754 
0755 
0756 
0757 
0758 
8759 
8768 
8761 
8762 
8763 
8764 
8765 
8766 
8767 
0768 
8769 
8778 
8771 
8m 
8773 
8774 
8775 
8776 
8m 
8778 
0779 
8788 
0781 
0782 
8783 
0784 
8785 
8786 
8787 
8788 
8789 
0798 
0791 
0792 
0793 
8794 
0795 
0796 
0797 
8798 
8799 
8808 
8881 
0802 
8883 
8804 
0805 
8886 
8887 
8S08 

******.**** •• **.~******************************* • 
• 
*GET NUMERIC PARAMETERS 

* • 
.THIS ROUTINE GETS EITHER 2 OR 4 DIGIT NUMERIC PARAMETERS 

'" '" Itf'UT PARAMETERS 
• 
*R8 CONTAINS INPUT PARAl'lETER 

'" *BITe = 0 DOUBLE BYTE 
*BITe = 1 SINGLE BYTE DATA TO BE RETURNED 
*BIT1 = e REQlJIRES FUNCTION KEY DE~.ESSION TO EXIT 
*BIT1 = 1 WHEN SET WITH BITe EXIT IS AFTER ENTRY OF THIRD DIGIT 
'" OF SINGLE BYTE DATA 
*BIT2 = 1 IaI£N SET WITH BITe EXIT IS AFTER SECOND DIGIT 
* OF SINGLE BYTE DATA 
• 
*SINGLE BYTE DATA USES DISPLAY BUFFER 5 THRU 7 
*DOUBlE BYTE DATA USES DISPLAY BUFFER 4 THRU 7 
*OTHER DIGITS OF DISBUF /'lUST BE INITIALIZED ON ENTRY 

* *RE1'm5 WHEN FUNCTION KEY DEPRESSED 

* 
*OUTPUT PARAl'lETERS 

• 
*R0 = LSB OF DOI.B.E BYTE DATA OR SINGLE B'I1 t DATA 
*R1 = HSB OF OO.B..E BYTE DATA OR 8 FOR SINGLE BYTE DATA 
*R2 = FUNCTION KEY PRESSED CODE 
*R3 = 8 DATA RETURNED IN R0(LSB), R1<I'ISB) 
*Rl = NOT 0 NO DATA RETURNED R0,R1 = e 
* *REGISTERS USED 

* *R0 SCRATCH 
*R1 SCRATCH 
*R2 SCRATCH 
*R3 SCRATCH 

* 
*SUBROUTINES CALLED 

* *DISPLY DISPLAY AND READ KEY BOARD 
*CLR BLANK DIGIT DISPLAY 

* 
*RAI'I I'I81ORY USED 

* 
*T1 SAVE ENTRY FLAG 
*DISPLY 4 THRU 7 

* 
***********************************"'****"''****************** 
'" 
'" *DISPLAY AD: AND GET DATA 
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LINE flOOR OBJECT E SOURCE 

0889 
8810 1B04 851F 
8811 1806 068C 
0812 1B08 BBFE 
0813 1B0A 28 
0814 1B08 182E 
0815 
0816 
0817 
0818 1801) 9517 
0819 180F F401 
0828 1811 1803 
08211B13 CD17D5 
0822 1816 C017D6 
0823 1819 C017D7 
8824 181C CD17D8 
0825 1B1F 17 
0826 
0827 
0828 
0829 
08101B28CSA6 
0831 1822 0480 
0832 1824 BBEC 
0833 1826 08A0 
0834 1B2S F680 
0835 182A 9809 
0836 182C E687 
0837 182E 1802 
8838 1810 lBSB 
0839 1832 1F1B74 
0840 1835 F404 
08411837 lAS4 
0842 1839 180C 
0843 
0844 
0845 
9846 1B3B CSOO 
0847 :l.BlO 3B4E 
0848 :l.B3F 0480 
0849 1B4:1. BBEt 
0850 1B43 F680 
0851 1B45 182D 
0852 
138SJ 
13854 
0855 1847 0C17E5 
0856 1B4A F483 
0857 184C :1.826 
0858 :l.B4E F425 
0859 1850 1822 
0860 1B52 F491 
9861 1B54 1800 
0862 1856 9D17D6 
0863 1859 CD17D5 
0864 1B5C 001707 

* 
Gfl) LooI,Ri <AI)R-1 GET AOORESS OF fit):: DISPALV 

LooI, R2 }flI)R-1 
ZBSR *MOIl I'IOYE DATA TO DISBUF 
EORZ R0 SET FLAG TO OOUBLE BYTE DATA 
BCTR, ~ GNPI (£T THE ADDRESS DATA 

* 
*THIS ROUTINE ClEARS DIGIT DISPlAY 

* CLR LOOI, Ri W1?' BLANK SVMBOL 
TI'II, R0 1 SINGLE BYTE? 
BeTR,EQ CLRi ONE BYTE DATA 
STRA.. R1 DISBUF+4 INITIALIZE DISPLAY TO BI..ANK 

CLRi STRA, R1 DISBUF+5 GET HERE FOR ONE BYTE DATA 
STRfI.. Ri D ISBUF +6 
STRA,R1 DISBUF+7 
RETC,UN 

* *THIS ENTRV POINT ALLOWS DISPlAV OF DATA IN DISPLAV 
*BUFFER 4 THRU 7 

* GNPAI STRR, R0 *GNP12+1 SAVE INPUT FLAG IN T1 
LOOI, R0 WOO' TURN ON DECIMAL POINT FOR ENTRV 
ZBSR *DISPLY DISPLAV MESSAGE AND READ KEY BOARD 
LOOR, R0 *GNP12+1 GET ItflUT PfIRAI'ETER 
TMI,R2 H' OO' FUNCTION KEY? 
BCFR, EQ GNP13 FIRST CHAR IS COMMAND TERMINATE 
COMI,R2 H'S?' ENTRINXT? 
BeTR/EQ $+4 
BSTR, UN CLR CLEAR D ISPLfI'y' 
BeTA, UN GNP4 

GNP1] TMI,Re 4 PATCH COMMAND RETURN SECOND DIGIT? 
BSTR, NG CLR CLEAR 01 SPLAY 
BCTR,UN GNP12 

* 
*THIS ENTRY POINT CLEARS DISPlAY AND WAITS FOR ENTRY 
>I< 

GNP I STRR, R0 *GNF'12+1 SAVE INPUT FLAG IN T1 
GNP:!.:!. BSTR, UN CLR CLEAR [i I SPLA'r' 
GNP2 LOOI, R0 WOO" TllP.N ON DECIMAL POINT FOR ENTRY 

ZBSR *DISPLY DISPLAY MESSAGE AND READ KEY BOARD 
GNPS TML R2 WS0' FUNCTION KEY PRESSED? 

BCTR .. EQ GNP4 GO TERl'IINATE 
*' 
*i'10VE DISPLAY 1 DIGIT LEFT 

* GNP12 LOOA, R0 T1 GET INPUT PARAMETER 
TMI,R0 H'S]' THIRD DIGIT *EXIT ON THIRD ENTRY*SI~IDlE BYTE 
BCW" EQ GNP4 GO TERMItftTE 
T\'Il, Re W25' 2ND DIGIT*EXIT ON 2ND DIGIT*SINGLE B'r'TE 
BCTR, EQ GNP4 GO TERMINATE 
TMI,R0 1 SINGLE BYTE DATA? 
BCTR,EQ GNP3 ONLY TWO DIGITS 

GN1 LQDA,Ri DISBUF+5 GET DIGIT 
GN2 STRfb R1 OISBUF+4 SHIFT IT 
GN3 LODA, R1 DISBUF+6 GET DIGIT 
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LINE Jl)f)R OBJECT E SOI.EE 

086S 1BSF C9F6 
0866 1861 001708 
0S67 1864 C9F7 
086S 1866 CAFA 
0869 1868 08DE 
0870 186A 75eS 
08711B6C 8448 
0872 186E 6420 
0811 1870 CSD6 
0874 1872 1848 
0875 
0876 
0877 
0878 1874 20 
08791875 C1 
08S9 1876 C1 
0881 1877 08CF 
8882 1879 F401 
0881 1878 1812 
9884 1870 0C9B5A 
9885 1B80 E410 
08S6 1882 9A01 
0887 1884 lB1F 
8888 1B86 C1 
0889 1887 08CE 
0890 1B89 E410 
0891 1B8B 9fI02 
08921800 61 
0893 1B8E C1 
0894 1BSF 08CC 
0895 1891 E418 
0896 1B93 9A01 
0897 1895 lB8E 
8898 1897 C3 
9899 1B9S 08C8 
0900 189A E418 
0901 1B9C 9A04 
0902 189E 63 
0903 189F 0700 
0904 18Ai17 
8905 1BA2 077F 
0906 18A4 17 
0907 
0998 
8989 
0919 1BAS 7508 
09111BA700 
0912 1Bft8 De 
0913 1BA9 00 
0914 !BAA D8 
0915 1BAB 17 

STRR.R1 *GN1+1 SHIFT IT 
GNPl LODA,R1 DISBUF+7 GET DIGIT 

STRR.. R1 *GN3+1 SHIFT IT 
STRR,R2 *GNP3+1 ENTER NEW DIGIT 
LOOR. R0 *GNP12+1 GET INPUT PARAI'IETER 
CPSL we CLEAR WITH CARRY 
ROO I, R0 H/40' SET BEEN HERE ONCE FLffi 
IORI.R0 H'20' SET SECOND DIGIT FLAG 

GN4 STRR, R0 >l(JNp12+1 RESTORE THE FlAG 
BCTR. UN CW2 GET NEXT ENTRY 

* 
*SET UP DATA TO BE RETlIRNED 

* GNP4 EORZ R0 GET A 0 
STRZ R1 CLEAR R1 DATA 
STRZ R3 CLEAR R3 
LODIt R0 *GNP12+1 GET INPUT PARAI'ETER 
TI'II. R0 1 CHECK FOR SINGLE BYTE 
BCTR,EQ GNP7 IF EQ ONLY 1 DIGIT 
LOOA, R0 *GN2+1 DISBUF+4 GET MSD OF I'ISB 
COMI.R0 H/10' SEE IF HEX DIGIT 
BCFR,LT GNP6 IF NOT SKIP TO NEXT DIGIT 
BSTR.. UN Ron ROTATE NIBBLE 
STRZ R1 SAYE IN R1 

GNP6 LODR.. R0 *GN1+1 DISBUF+5 GET LSD OF I'ISS 
COMI,RQ H'10' SEE IF HEX DIGIT 
BCFR.. LT GNP? IF NOT SKIP TO NEXT DIGIT 
IORZ R1 INCLUSIVE OR MSD ANI) LSD OF MSB 
STRZ R1 SAVE IN R1 

GNP7 LOOR.R0 *GNl+1 DI5BUF+6 GET MSD OF LSB 
COMI,R0 H/10' SEE IF HEX DIGIT 
BCFR,LT GNP8 IF NOT SKIP TO NEXT DIGIT 
BSTR.UN ROTI ROTATE THE NIBBLE 
STRZ Rl SAYE IN R3 

GNP8 LODR.. R0 *GNP3+1 DISBUF+7 GET LSD OF LSB 
COMI.R0 H/10' SEE IF HEX DIGIT 
BCFR, LT GNP9 I F NOT RET~.N 
IMZ Rl INCLlJSIVE OR MSD ~HTH LSD OF LSB 
LODI,R3 0 SET DATA IN R0,Rl FLAG 
RETe. UN 

.GNP9 LODI,R3 127 NO DATA 
RETe, UN 

* *THIS ROUTINE ROTATES A NIBBLE 4 BITS LEFT 

Ron CPSL we 
RRL,R0 
RRL .• R0 
RRLR0 
RRl. R0 
RETC,UN 

CLEAR WITH CARRY 
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LINE ADDR OBJECT E SOURCE 

0917 
0918 
0919 
13929 
0921 
0922 
0923 
0924 
0925 
0926 
0927 
0928 
9929 
0930 
8931 
13932 
0933 
9934 
0935 
0936 
0937 
0938 
0939 
0940 
0941 
9942 1BRe 051F 
0943 18AE 0684 
0944 1BB0 BBFE 
0945 1BB2 0401 
0946 1884 BBFA 
0947 1886 189A 
0948 1888 E687 
9949 1SBA 9S8C 
0950 1BBC 047F 
0951 1BBE C8A4 
0952 18C0 1B24 
0953 
0954 
0955 
8956 
0957 18C2 CC17E8 
0958 1BC5 E687 
0959 18C7 9(1871) 
13969 1BCA 20 
0961 18CB CS97 
0962 1BCI) 75F1) 
0961 1BCF BBEE 
0964 1B01 E416 
0965 181)3 987A 
0966 181)5 3F1C28 
0967 1008 E9E9 
0968 1BDA 1805 
0969 1BDe 20 
0979 1Boo cass 
8971 1BDF 1B05 

*************'********************************************* 
* 
* *REAl) CASSEITE COI1I'IfINI) 

* 
* 
* 
*THIS IS TI£ HEX OBJECT LOADER 

* *THIS ROllTINE REQlIESTS A FILE ID AND THEN LOADS 2650 HEX OBJECT MODlILES 
*INTO MEMORY 

*' 
*REGISTERS lISED 

* 
*ALL 

* 
*SlIBROIJTlNES CALLED 

*' * IN CASSEITE ItRIT ROlIT INE 
*I'1OV rovE DATA TO DISPLAY BUFFER 
*GNP GET NUMERIC PARAI'IETERS 

* 
************************************************************************ 
* 
* RCAS LOOI, R1 (FEQ-1 GET ADDRESS OF F= DISPLAY 

* 
* 

LOOI, R2 )FEQ-1 
28SR :trMOV MOYE DATA TO DISBlIF 
LOOI, R0 1 SET ROO FOR SINGLE BYTE 
ZBSR *GNP GET THE FILE ID 
BCTR,EQ RCASl FILE II) SPECIFIED 
COM!. R2 we7' ENTRINXT KEY? 
BCFR.. EQ *RCA54+1 GOOO NEW FUNCTION 
LOOI, R0 127 SET FILE 10 FLAG TO FILE 10 FOUND 
STRR. R0 *RCAS5+1 STORE IN FILE II) FLAG 
BCTR, UN LOAD 

*FILE ID SPECIFIED 

* 
RCA51 STRA, R0 FID+1 SAYE FILE 10 

COMI,R2 H'87' ENTR/NXT KEY? 
RCAS4 BCFA, EQ MOO GO DO NEW FUNCTION 

EORZ R9 SET FILE 10 TO ID NOT FOUND 
STRR, R0 *RCAS5+1 STORE IN FILE ID FLAG 
CPSL H'FI)' CLEAR PSL 

RCAS2 ZBSR *IN LOOK FOR BEGINNING OF FILE 
com, R0 H'16' BEGINNING OF FILE CHAR? 
BCFR.. Ell RCAS2 LOOP iILL FIND BEGIN OF FILE 
BSTA, LIN BIN GET THE FILE ID 
CO/'1R, R1 *RCAS1 +1 CHECK FILE ID FOR MATCH 
BCTR,EQ RCAS3 FOUND A MATCH 
EORZ R0 GET A 13 
STRR, R0 *RCRS5+1 NO MATCH SAVE IN FIfJ FLAG 
BCTR, UN LOAD 
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LINE ADDR OBJECT E SOURCE 

0972 1BE1 047F 
0971 188 CC17DF 
0974 1BE6 7SFf) 

0975 1BE8 BBEE 
0976 1BEA E4lA 
0977 1BEC 9878 
097818EE 20 
0979 1BEF CC17E1 
0980 1BF2 3B34 
09811BF4 CD1700 
0982 1BF7 3B2F 
9983 1BF9 CD17DE 
0984 1BFC 3B2A 
9985 1BFE 91 
0986 l8FF 1C1C42 
0987 1C02 C3 
0988 1ce3 000F 
0989 1Ces 185F 
0990 1ce7 3B1F 
0991 1C09 1804 
0992 1C0B 0704 
0993 1C00 9BES 
0994 1C0F 3817 
0995 1Cll CD9700 
0996 1C14 ED9700 
0997 1C17 1884 
0998 1C19 9705 
0999 1Cl8 9BE8 
1000 1C1I) 3836 
1001 1CiF FB6E 
1002 1C21 3B05 
1993 1C23 9866 
1004 1C2S if 1BE6 
1005 
1006 
1007 
100B 
1999 
1919 
1911 1C2S BBEE 
1812 1C2A 7509 
1913 1C2C 3836 
1914 1C2E 92 
1015 1C2F BBF6 
1916 1C31 C1 
1817 1C32 BBEE 
1918 1C34 7509 
1919 1C36 3B2C 
1029 1C!8 01 
1021 1C39 62 
1022 
1923 
1024 
1925 1ClA C1 
1026 1C38 2C17E1 
1927 1C3E 00 

RCAS3 LCDI, R0 127 SET FLAG TO FILE IS MATCH 
RCAS5 STRA, R0 FID FILE ID FOLIND 
LOAD CPSL H'FD' CLEAR PSL 

ZBSR *IN GET A CHAR 
COMI,R0 AI:' START OF LINE CHAR? 
BCFR,EQ LOAD LOOP TILL FIND START FO RECORD 
EORZ R0 GET A 13 
STRA,R0 BC~ PRESET BCC 
BSTR> lIN BIN INPUT A BYTE OF DATA 
STRA.. R1 f'IEM HI AOOR 
BSTR> UN BIN INPUT A B'T'TE OF DATA 
STRA,R1 MEM+1 LO ADDR 
BSTR.. UN BIN INPUT A BYTE OF I>ATA 
LODZ R1 
BCTA, EQ L0AD1 GO T9 START OF PROGRAM IF B't'TE C:OI.P.·IT 0 
STRZ R3 SAVE BYTE COUNT 
LOOR, R0 *L0AD-2 GET FILE ID FLAG 
BCTR, EQ LOAD FILE II> NOT FOllND SKIP TO END OF FILE 
BSTR, UN BIN INPUT A BYTE OF DATA 
BCTIt EQ BLOA sec OK READ THE RECORD 

BL0A1 LooI, R3 4 BeC ERROR 
ZBRR *ERR GOTO ERROR 

BLOA BSTR, UN BIN INPUT A BYTE OF DATA 
STRA, R1 *MEM STORE DATA IN f'lEMOR'r' 
CQt1A, R1 "'MEM 00 THE ERROR CHECK 
BCTR,EQ BlOA2 DATA STORED OK 
LOD I, R3 5 READ CASSETTE MEMORY WR'I TE ERROR 
ZBRR "'ERR GOTO ERROR 

BL0A2 BSTR, lIN INK INCREMENT POINTER MEM 
BDRR, R3 BLOA LOOP TILL DONE 

* 

BSTR, UN BIN INPUT A BYTE OF DATA 
BCFR, EQ BLOA1 BeC ERROR 
BeTA. UN LOAD 

* INPUT A PAIR OF HEX ASCI I CHAR 
*CONVERT TO BINARY 
*OUTPUT IS IN R1 
*CAl..ClILATE BeC ON DATA 

* BIN ZBSR *IN INPUT A CHAR 
CPSL C+We CLEAR CARR~' AND WITH CARRY 

BIN1 BSTR, UN AH03 LOOK lIP VALUE 
LODZ R2 PUT VALUE IN R0 
ZSSR *ROT ROTATE VALUE 
STRZ R1 SAVE VALUE IN R1 
ZBSR '" IN GET A CHAR 
CPSL C+We CLEAR CA~:Y AND WITH CARRY 
BSTR, lIN AH03 LOOK lIP VALUE 
LOOZ R1 GET SAYED VALUE 
IORZ R2 !'tAKE THE BINARY BYTE 

* *CALCULATE Bee 

'" 
CBCC STRZ R1 

EORA.R0 Bee 
RRLR0 

SAVE VALUE 
XOR WITH CtlRRENT Bee 
ROTATE LEFT 
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LINE AOOR OBJECT E SOORCE 

1928 1ClF C8FB 
1029 1C41 17 
1830 
1031 
1032 
1033 
1834 1C42 8C17Df 
1035 1C45 1C1BCF 
1036 lC4S 088F 
1837 lC4A CC17E8 
1038 lC4D 0887 
1039 1C4F CC17E9 
1040 1C52 1F1874 
1041 
1842 
1043 
1044 1C55 0C17DE 
1845 lC58 0El7DO 
1846 1C5B D802 
1047 1C5I) MOO 
1048 1C5F CSF5 
1049 1C61 CAF6 
1050 1C63 17 
1851 
1852 
1053 
1054 1C64 06FF 
1055 1C66 EE3FCS 
1056 1C69 14 
1057 1C6A E610 
1058 1C6C 9878 
1059 1C6E 0706 
1060 1C10 9BE8 
1061 
1862 
1863 
1864 1C72 8400 
1065 lC74 BBF0 
1066 lC76 040A 
1067 lC78 BBF0 
1868 lClA 17 
1869 
1070 
1071 
1072 lC7B 7508 
1073 1(:7[1 BBF4 
1074 1C7F C2 
1075 1C80 0E7FCS 
1076 lCS3 BBF0 
1077 1(:85 ~7FC5 
1078 lC8S BBF0 
1079 1CBf1 17 

* 
'" 

5TRRJ Re *CBCC+2 UPl)ATE TI£ ace 
RETC,UN 

*FINISI£D REAl>ING FILE 

'" LOAD! LOOA. Re FID CHECK FILE If) FLAG FOR FILE If) FOtH) 

'" 

BeTft EQ RCAS2 NO LOOK FOR START OF NEXT FILE 
L~ Re *INI(2+1 GET VALUE FROM !'IE" PLACE START ADDRESS IN PC 
STRft R0 LflI)R 

LOOIt Re *IM(+l GET VALUE FRIl1 1'91+1 
STRA, Re LADR+l 
BeTA, UN MONl GO TO THE MONITOR 

... INCREMENT AOORESS I'IEI'I 

* INK LOOfL Re 1'IEI'I+1 GET ADDRESS 
INK2 LOOA, R2 f1EI'1 

BIRR, R0 INK! INCREMENT IT 
BIRR, R2 INK! 

INK1 STRR.. Re *INK+1 SAVE IN l'IEJ't+l 
STRR, R2 *INK2+1 SAVE IN I'IEI1 
RETC, UN 

* *LOOK UP ASCII HEX TO CONVERT TO BINARY 

* AH03 LooI, R2 255 PRESET INDEX 

'" 

COI'IA, Re ASCI I, R2, + CHECK THE VALUE 
RETC, EQ RETURN IF EQIJIL 
COMI, R2 WllV CHECK FOR MAX COUNT 
BCFR,EQ AH03+2 LOOP 
LooI, R3 6 CHAR NOT ASCII HEX 
ZBRR *ERR GOTO ERROR 

*CARRAGE RETURN ANI) LINE FEED 

*' CRLFF LooI,Re 13 CARRAGE RETURN 
PRINT 

:I< 

ZBSR *ooT 
LOOI, R0 10 
ZBSR *OUT 
RETe,UN 

LINE FEED 
PRINT 

*CONYERT BINARY TO ASCI I HEX ANI) PRINT 
:I< 

~JTT CPSL we 
ZBSR *DISLSI) CONVERT BIN TO NIBBlE 
STRZ R2 SAVE IN R2 
LOOA. R0 ASCII, R2 TENS DIGH 
ZBSR *OUT PRINT TENS DIGIT 
LOOA, R8 ASCII, R1 . GET UNITS DIGIT 
ZBSR *Ol~ f~INT UNITS DIGIT 
RETe, LIN 
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LINE AODR OBJECT E SOURCE 

1081 
1082 
1081 
1084 
1085 
1086 
1087 
1088 
1089 
1990 
1991 
1092 
1091 
1094 
1095 
1096 
1997 
1098 
1099 
1100 
1191 
1102 
11el 
1104 
1195 
1106 
1197 
1108 
1109 
1119 
1111 
1112 
1111 
1114 
1115 
1116 
1117 less 20 
1118 lCse BBFA 
1119 1esE E687 
1120 1C90 17 
1121 
1122 
1121 1C91 051F 
1124 1(91 06BC 
1125 1C95 BBFE 
1126 1C97' 3872 
1127 1(99 98& 
1128 1(98 (1)1700 
1129 1C9E CC17DE 
1130 lCA! 0412 
11311CAl CCl7Dl 
1122 lCA6 386l 
1133 lG'f18 9C187D 
1134 
1135 

*********************************************************** 
* 
* #RITE CASSETTE COMI'1AND 

* 
*THIS ROUTINE WRITES 2650 HEX FORI'IAT TO CASSETTE TAPE 

* *REGISTERS USED 

'" *R0 SCRATCH 
*Rl SCRATCH 
*R2 SCRATCH 
*R3 SCRATCH 

* 
*SLeROUTINES CAl..lEI) 

* 
*OUT WRITE CHAR TO TAPE 
#fOUT CONVERT BINARY TO ASCI I HEX fIN!) WRITE TO TAPE 
*IM< It£REt1ENT POINTER /'tEM 

* 
*RAM USED 

* *Bee BLOCK CHECK CHAR 
*I'IEI'I PO I NTER 
*BAD PROORfIM START ADDRESS 
*SAD DUMP STOP ADDRESS 
*FID FILE ID FlAG AND STORAGE 

* 
*THIS ROUTINE PIJNCHES A HEX FORMAT TAPE 

* 
* * lEADER16ID: AOORCTBCAADOCCRR ....... Be 

'" ********************************************************************* 
* 
* WCAS4 EORZ R0 GET A 0 

* 
'" 

ZBSR *GNP 
COMI, R2 wall 
RETC, UN 

GET Nllf1BER 
ENTRINXT KEY 

WCAS LODI,Ri (LADEQ-i GET ADDPJESS OF LAD= DI5F~A¥ 
LODI,R2 >LADEQ-l 
ZBSR *MOV MOVE TO DISFtRY BlfFER 
BSTR,!JN WCAS4 GET ADDRESS DATA 
BCFR, EQ *IoICAS6+i MON2 IF NOT EXIT 
STRA, R1 /'!EM SAVE START ADDRESS 
STAA, R0 /'tEM+l 
LODI,R0 Wi2' 
STRfI, R0 DISBIJF 
BSTR, UN WCAS4 

CHftNfj£ DISPLAY 
DISPlIW 'UAD= 
GET ADDRESS DATA 

WCAS6 BCFA, EQ 1'ION2 NOT ENTRINXT l'IUST BE NEW COMMAND 

'" *CHECK FOR START ADDRESS GT THAN STOP 
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LINE ADDR OBJECT E SOURCE 

1116 
1il7 1CAS ED17DD 
1118 1CAE 1806 
1139 1ese 1909 
1140 1CB2 8707 
1141 1CB4 9BE8 
1142 1CB6 EC17DE 
1143 1CB9 1A77 
1144 
1145 1CBB 0802 
1146 1CBD D900 
1147 1CBF CD17CS 
1148 1CC2 CC17C9 
1149 1CC5 0405 
1150 iCC? CC1?D1 
1151 1CCA 3F1CSB 
1152 1CCD 9C9CA9 
11511COO CD17CA 
1154 lG03 CC17CB 
1155 1CD(! 951F 
1156 1CDS 0684 
1157 1CDA BBFE 
1158 1GOC 0401 
1159 1CDE BBFA 
1160 lCEe E687 
1161 1CE2 9SC5 
1162 1CE4 CS94 
1163 1CE6 060A 
1164 1CES 0719 
1165 1CER 20 
1166 1CEB BBF0 
1167 1CED FB7B 
1168 1CEF 12 
1169 1CF0 2440 
1170 lCF2 92 
11711CF3 FAn 
1172 1CFS 0416 
11n 1CF7 BBF0 
1174 1CF9 0C17E0 
1175 lCFC BBF2 
1176 1CFE BBFS 
1177 11>00 04lA 
1178 1002 BBF0 
1179 1D04 20 
1180 1005 C8fI1 
11811D07 0C17CS 
1182 1D0A 7709 
1181 100C 0F17C9 
1184 1D0F ABAC 
1185 1D11 ASA5 
1186 1013 7508 
1187 1015 lE1CB2 
1188 
1189 
1190 1Dle 5818 
1191 101A 5815 

COMA, R1 MEt1 
BeTR, EQ WCAS7 
BeTR.. GT WCAS9 

CHECK HI BYTE 

WCAS8 LooLRl? SET THE ERROR NUMBER 
GOTO ERROR Z8RR *ERR 

WCAS? COMA, Re MEt1+l 
BC~LT WCAS8 

CHECK LO BYTE 

'" WCAS9 BIRR, R0 WC.f!SA INCREMENT STOP ADDRESS 
SO DUMP IS INCLUSIVE 
SAYE END ADDRESS 

BIRR, R1 WCASA 
WCASA STRA, R1 EAD 

STRA.. R0 EftD+1 
LODI,Re H/05' CHANGE DISPLAY 
STRA.. R0 DISBUF DISPLAY 'SAD= 
BSTA, UN WCAS4 GET PROGRAM START ADDRESS 

WCAS3 BCFA.. EQ *WCAS6+1 t1ON2 GOTO MONITOR NEW FUNCTION 
STRA.. R1 BAD SAVE START ADDRESS 
STRA.. Re 8AD+l 
LooI, R1 <FEQ-1 GET ADDRESS OF F= DISPLAY 
LooI,R2 >FEQ-1 
ZBSR >!</'lOy MOVE DATA TO D ISBUF 
LOOt, R0 1 SET FLAG TO SINGLE BYTE 
ZBSR *GNP GET THE FILE ID 
COMI,R2 H'S?' ENTRINXT KEY 
BCFR, EQ *WCAS6+1 MON2 EXIT NEW COtt1ANI) 

STRR, Re *WCAS5+1 SfI\lE FILE ID 
LOO I, R2 10 SET THE DELAY 

PUN10 LOOI, Rl 25 
EORZ R0 GET A 0 

ZBSR *OUT OUTPUT A LEADER 
BDRR, R3 PUN10+2 
SPSU GET FLAG 
EORI, R0 H' 40' COMPLEt1ENT IT 
LPSU RESTORE IT 
BDRR, R2 PUN10 DECREASE THE COUNT 
LOOI,Re H'16' START OF FILE CHAR 
ZBSR *OUT PRINT 

WCAS5 LODA, Re FID+l GET FILE ID 
ZBSR *HOUT CONVERT TO ASCII HEX ANI) PRINT 

PUN2 ZBSR *CRLF OUTPUT CARRAGE RETURN AND LINE FEED 

* 
'" 

LOOI, Re A': I START OF BLOCK CHAR 
ZBSR *OUT PRINT 
EORZ Re GET A 0 
STRR. R0 *PUN1+1 PRESET BeC 
LOOA.. R0 EAD CALCULATE NO OF BYTES TO OUTPUT 
PPSL WC+C SET CARRY AND WITH CARRY 
LODA, R3 EAD+1 GET END ADDRESS 
SUBR, R3 *BDUI11 +1 MEM+1 SUBTRACT START AOORESS FROM STOP ADDRESS 
S1JBR, R0 *BDUt1+1 MEM 
CPSL we CLEAR WITH CARRY 
BeTA, NG WCAS8 START} STOP 

PUN4 BRNR, R0 ADU\'I START ADDRESS GT THAN 256 AWAY FROM STOP 
BRNR .. R3 GDUM START ADDRESS L T 256 AWAY FROM STOP 
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LINE AOOR ceJECT E SOIEE 

1192 1D1C 8C17CA 
W11DiF lBl9 
1194 1021 8C17C8 
1195 1D24 lBl4 
1196 1026 28 
11971027 lBl1 
1198 1029 8C17E1 
1199 102C lB2C 
1288 102£ iF1874 
1281 
1282 
1281 1Ol1 E71E 
1204 1011 1A82 
1285 1035 871E 
1286 !DJ7 8C17oo 
1287 10lA lB1E 
1288 10le 8C17DE 
1289 10lF lB19 
1218 1041 81 
1211 1042 lB16 
1212 1044 88E4 
121l 1046 lB12 
1214 11>48 8C9700 
1215 104B J80I) 

1216 1D4f) 3F1C55 
1217 1D58 FB76 
1218 !D52 OC17E1 
1219 1055 lB8J 
1228 1D57 iF1CFE 
1221 
1222 1D5A 3F1ClA 
122l1l)5l) 91 
1224 105E BBF2 
1225 1D68 17 

LOOA, R0 BAD THIS IS EN!) OF FILE BLOCK 
BSTR, UN EDUI'I SO OUTPUT START ADDRESS OF PROGRAM 
LOOA. R0 BAD+1 
BSTR, UN EI>lIM OUTPUT A ~'TE AS 2 ASCII HEX CHARS 
EORZ R0 END OF FILE BLOCK 
BSTR, UN EDIJ'I OIJTPUT BYTE COI~T 

POO LOOA, R8 Bce GET BeC 
BSTR. UN EDUI'1 OIJTPUT BCC 

* 
* 

BeTA. UN I'IONJ GOTO MONITOR 

OOUI'I CIl'II, RJ W1E' IS START LT Je AWAY FROM STOP 
BCTR. LT BOOI'I OUTPUT LAST BYTES 

ADIJIII LOOI, Rl H'1E' NO OF BYTES THIS RECORD IS Je 
BDUI'I LOOA, R0 MEt1 OUT ADDR HI 

BSTR, UN EDIJtI OUTPUT BYTE AS 2 ASCI I HEX CHARS 
BDlI'I1 LODA.. R8 1'IEI'I+1 OUT ADDR LO 

85TR. UN EDlII'I OUTPUT BYTE AS 2 ASCII HEX CHARS 
LODZ RJ OUT BYTE COUNT 
BSTR, UN EI)UM OUTPUT BYTE AS 2 ASCI I HEX CHARS 
LODR, R0 *PUN3+1 OIJT BCC FOR ADDR AND BYTE COUNT 
BSTR. UN EDIJII OUTPUT BYTE AS 2 ASCI I HEX CHARS 

OOUI'I LODft R0 *I'EI'I OUTPUT DATA FROM I1EI'I 
BSTR. UN EDUI'I OUTPUT BYTE AS 2 ASCI I HEX CHARS 
BSTA. UN INK INCREI1EI'IT POINTER !'IE11 
BDRR, Rl 00IJ1 LOCf TILL DONE 
LODA, R0 Bee GET BCC 
BSTR, UN EDI.II'1 OUTPUT Bee FOR DATA 
BCTA, UN PltQ 

* ED\JIII BSTA, UN CBCC CALCULATE Bee 
LODZ R1 GET VALUE TO OUTPUT 
ZBSR *HOIJT . PRINT AS 2 ASCII HEX CHARS 
RETC,IJN 
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LINE ADM OBJECT E SOURCE 

1227 
1228 
1229 
1230 
1231 
1232 
1211 
1214 
12lS 
1216 
1217 
1218 
1239 
1248 
1241 
1242 
1241 
1244 
1245 
1246 
1247 
1248 
1249 
1250 
1251 
1252 
125l 
1254 
1255 1061 051.F 
1256 1l)6J 069C 
1257 1D65 BBFE 
1258 lD67 0C17CF 
1259 lD6A 1eeR 
1260 
1261 
1262 
1263 lD6C 0C17CE 
1264 1D6F BBER 
1265 1071 9C17CD 
1266 1D74 3814 
1267 1D76 20 
1268 1D77 SBFC 
1269 1079 181E: 
1279 
1271 
1272 
:1273 ln7B 9BSB 
1274 lD7D 186'9 
1275 H<?F EG81 
1276 11)81 9885 
1277 1083 29 
1278 1D84 CC17CF 
1279 lDS! iFl&7[;, 
1289 
1281 iC·,~A B8F4 

************************* ...... ***"'*********************** ... 
... 
*SET OR CLEAR BREAK POINT 
... 

* *TO SET BREAK POINT ENTR ADDRESS AND DEPRESS FUNCTION KEY 
*TO CLEAR BREAK POINT DEPRESS FUNCTIOO KEY 
... 
"'SUBROUTINES CALLED 
... 
*I'K)VI1O\IE DATA TO DISBUF 
~ DISPLAY AND GET ADDRESS DATA 
*ROT ROTATE A NIBBLE 
*SCBP2 SET DISBUF 4&5 
*BRKPT4 SET DISBUF 6&7 
*D5LSD CONYERT TO BINARY FOR DISPLAY 

* *RAI1 MEI'IORY USED 

* 
*BPF BREAK POINT FLAG 
*BPL LOCATION OF BREAK POINT 
*BPD DATA TO BE RESTORED IN BREAK POINT LOCATION 
... 
... 
... 
******** ... **~~******************** ... ***************** ... ** ...... **** ... *** 
... 
SCBP LO[>I,Ri <BPEQ-l GET ADDRESS OF BP= DISPfd..Y 

LOO 1, R2 )BPEQ-1 
ZBSR *MOV MOVE DATA TO DISBUF 
LOOA, R0 BPF BREAK POINT SET? 
BCTR, EQ SCBP1 NOT SET GET ADDRESS 

... 
*BREAK POINT SET SET UP ADDRESS DISPLAY 

'" LQDA,R9 SPL+1 
ZBSR *BRKPT4 
LODA,R9 BPL 
BSTR,UN SCBP2 

PREPARE THE ADDRESS 
SET UP DISPLAY 

GET MSB 
SETUP DISPLAY 

SCBP1 EORZ R9 SET L~ GET NUMBER PARAMETER TO 4 DIGIT 
ZBSR *GNPA GET THE flDDES5 I F ANY 
BCi~EQ SCBP4 SET THE BREAK POINT 

'" *THIS SECTION CLEARS THE BREAK POINT 

LODR .. R3 *SCBP6+1 CHECK BREAK POINT FLAl3 
BCTR,EQ *SCBP5+1 BREAK POINT NOT SET GO TO MONITOR 
COML, R2 W8':'·· =5 TERMINATION BKP? 
BCFR,. EQ *SCBF'5+i NO LEFr·/E 8F~EAK POINT SET GO TO r10;-iITOR 
EORZ R0 GET Po 0 

;CBP6 5TRfI> Foil BPF CLEflR BFEAK POINT FLAG 
SeBPS BeTR., UN MON2 GO TO MOt-~ITOR 

* SCBP2 ZBSR *,HSL5D CONVERT TO BIN FOE [lISPLA~' 
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LINE ADD~: OBJECT E SOURCE 

1282 :LDSC CD17t'6 STRA.. R1 DISBUF+5 
1283 lD8F CG17D5 STRA,R0 DISBUF+4 
1284 lC'92 17 RETC .. UN 
1285 * 
1286 *THIS SECTION SETS THE BREAK POINT 
1287 
1288 1[;93 CC17CE 
12B9 1096 CD17CD 
1298 1D99 29 
1291 109A C8ES 
1292 1D9C eC97CD 
1293 1D9F 3588 
1294 1OA1 CD97CD 
1..'95 1DA4 ED97CD 
1296 iDA? 18134 
1297 1DA9 07131 
1298 lOAB 98E8 
1299 lOAD CC97CD 
1300 1080 047F 
1301 1DB2 C8D1 
1302 1DB4 1BD2 

* SCBP4 5TRA,R0 BPL+1 SET BREAK POINT ADDRESS 
STRA.·R1 BPL 
EORZ Re CLEAR BREAK POINT FLAG 
STRR, R0 *SCBP6+1 CHECK THE BREAK POINT CAN BE SET 
LOOA .. R0 *BPL GET DATA FROM BREFIK POINT LOCATION 
LooI, R1 WOO' BREAK POINT INSTRUCTION. .. ~~RTC, Pe 
STRfI, R1 *BPI.. TRY TO SET 8REAK POINT 
COMA, R1 *BPl DID IT SET OK? 
BCTR,EQ SCBP7 BREAK POINT CAN BE SET 
lool, R3 1 CANT SET BREAK POINT ERROR 
ZSRR *EP..R GOTO ERROR 

SCBP7 STRA,R0 *8PL RESTORE USER DATA 
LooI,R0 127 SET THE BREAK POINT FLAG 
STRR, R0 *SCBP6+1 SET IT 
BCTR,UN *SCBPS+1 GOTO MONITOR 
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LINE AOOR OBJECT E SOURCE 

1304 
1305 
1306 
E0? 
B0S 
B09 
1310 
1311 
1112 
1~13 

1314 
H15 
1116 
E17 
1318 
1319 
1320 
il21 
1322 
1323 
1124 
1125 
1326 
1127 11)86 CD17El 
1328 1DB9 CE17E4 
1329 1DBC 0608 
Ell) 11)8£ 0EF7El 
il31 1I)C1 CE7700 
il32 1OC4 FA78 
El3 10C6 17 

******************************************-+:*********** 
* 
'" "'MOVE 8 B'T'TES OF DATA POINTED TO IN R1 AN!) R2 TO DISBUF 

* 
* 
*REGISTERS USED 

* *R0 SCRATCH 
*R1 HI ADDRESS BYTE OF DATA ADDRESS-1 
*R2 LO FtI)DRESS B'r'TE OF DATA AOORESS-1 
*P3 NOT USED 

* *SUBROllTINES CALLED 
:+: 

:+:NONE 
:+: 
*RAM MEMORY USED 

* *T TEMP INDIRECT ADDRESS 

* 
*******************************rt****"'******************* 
'" I'IOY1 STRA, R1 T SET INDIRECT ADDRESS 

STRfI.. R2 T +1 
LOOI, R2 8 SET INDEX TO MOVE 8 BYTES 

MOY1 LODA,R0 *T,R2 GET A BYTE 
STRA, R0 DISBUF-l, R2 !'lOVE TO BUFFER 
BDRR. R2 MOII1 
RETC,UN 
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LINE ADOR OBJECT E SOURCf 

1315 
1356 
1337 
1338 
1339 
1340 
1341 
1342 
1343 
1344 
1345 
1346 
1347 
1348 
1349 
1350 
1351 
1352 
1353 
1354 
1155 
1356 
1157 
1358 
1359 
1368 
1561 
1362 
1363 
1364 
1365 
1366 
1367 
1368 
1569 
1378 
1371 
1372 
1373 
1374 
1375. IDC7 8406 
1376 1DC9 FB7E 
1377 10CB 52 
1378 IDCC 0F7700 
1379 IDCF C1 
1380 IDDe 4580 
1381 1002 447F 
1182 1004 0C7F68 
1383 IDD7 61 
1384 IDOO F601 
1385100A1A08 
1386 IDDC 0D17ED 
1387 IDDF 9A03 
1388 1DE1 4580 
1389 IDE3 61 

**************************************"'**14'***: ... ·+::+**1·*******-t* 
'" 
'" >!-"KEY BOAR!) SCAN AND DISPLAV ROUTINE 

'" *THIS ROUTINE WRITTEN B'l' AlEX GOLDBIJRGER 

* 
'" *TO USE THIS ROUTINE PLACE DATA TO BE DISPLftYEC· 
*IN DISBIJF (SEE CODES AT BEGINNING OF PROGRAM) 

* 
*ON ENTRY R0 CONTAINS A FLAG 

* *R0 = 13 NORMAL OPERATION 
* ON EXIT R0 = KEY PRESSED CODE 
*R0 = 1-127 00 THRlI SCAN ONCE AND E:~IT 

'" ON r";IT R0 = KE'( PRESSEl' CODE 
*R0 = WOO' TURN ON DECIMAL POINT FOR ENTR't MODE 
'" ON EXIT R0 = KEY PRESSED CODE 

* 
*SEE KEY PRESSED CODES AT BEGINNING OF PROf'Jf:At1 

'" "'REGISTERS -USED IN BANK ON ENTRY 

'" *R0 SCRATCH 
*Pi KEYBOARD FLAGS 
*R2 DIGIT SELECT 
*R3 DIGIT POINTER 
* 
*SltlROUTINES CALLED 

* 
"'NONE 

* 

* 
*OISBUF DISPlAY BUFFER 
*KFLG KEY BOARD FLAG 

* 
*******************************************:t14'******1"*****:1"'+ 
* [)lOOP LODI,R06 DELAY TO MAKE LOOPS E~_~L 

BDRR,Re $ 
[)l00P1 RRR,R2 ROTATE DIGIT SELECT 

LODA,R0 DnSBlf-1,R3 GET DATA TO BE DI;~LP.YED 
STRZ Ri SAVE () I SPLAY CODE 
ANDI,Ri H1 80' MASK FOR DECIMAL POINT 
ANDL R0 W7F' MASK OFF DECIMAL POINT 
Looo. R0 SEGTBL R0 CONVERT TO SEGMENT DATA 
IORZ Ri SET THE DECIMAL POUlT IF NEEDED 
TMI,R2 H/e1' COl 7? 
BCTR,NG DlOOP3 DONT PUT DECIMAL POINT HERE 
LODA, Ri KFLG+1 GET FlAG 
BCFR,NG [)lOOP3 IF FLAG NOT NEG NO DECIMAL POINT 
fK)I, R1 WOO" MASK DECIMAl POINT 
IORZ R1 SET DECIMAL POnn 
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LINE AOOR OBJECT E SOURCE 

1390 iDE4 0500 
1391 1DE6 D5F9 
1392 1DES D6FA 
1393 1DEA D4F9 
1394 iDEC 9C17EC 
1395 11>EF 980B 
1396 1DF1 1BiR 
1397 
1398 11>8 FB52 
1399 
1400 
1401 
1402 WF5 9C17ED 
1403 WFS 1933 
1404 lDFA 1823 
1405 
1406 
1407 lDFC 3828 
1408 WFE 9806 
1409 1£00 0887 
1410 1E02 F804 
1411 lE04 1B14 
1412 1E06 0460 
1413 lE08 CC17EE 
1414 1£08 1866 
1415 
1416 
1417 lE0D 3817 
1418 1E0F 1862 
1419 lEll 1824 
1420 
1421 
1422 
1423 1£13 CC17ED 
1424 lE16 0460 
1425 
1426 lE18 C8EF 
1427 1ElA CC1?EC 
1428 lEW 7509 
1429 lE1F 0708 
1430 lE21 0601 
1431 1£23 1F1DCB 
1432 
1433 
1414 
1435 1E26 55FE 
1416 lE28 450F 
1417 lE2A 250F 
1438 lE2C 17 
1419 
1440 
1441 
1442 1E2[:' 1340A 
1443 1E2F F87E 
1444 lESl [l4F9 
1445 lE33 04SB 

I>LOOP3 LOO 1.. R1 0 
WRTE,Rl SEG 
!-!RTE, R2 DIGIT 
WRTE,R0 SEQ 
LOOA,R0 KFLG 
BCFR.. EQ DLOOP4 
BCTR,UN DLOOP5 

GET A 0 
TURN OFF SEGMENTS 
ENABLE NEXT DIGIT 
AND DISPLAY IT 
SEE IF KEY IS DOWN? 
KEY UP DEBOllt-lCE 
IS KEY DOWN? 

* 
DLOOP2 BDRR.. R3 DLOOP DECREI'IENT DIGIT PTR 
'" TEST IF ONE SCAN IS DONE. 
:I< IF ONE SCAN DONE INITIALIZE SCAN 
'" PARAMETERS AND KEY FLAGS 

'" 
'" 

LOOA, Re KFLG+1 CHECK FOR ONE PASS THEN EX I T M®E 
BCTR..GT DISP3 IF ONE PASS EXIT 
BCTR, UN DISP4 RESET THE FLAGS 

DLOOP4 BSTR, lIN GETKEY GET A KEY 
BCFR.. EQ DLP0 KEY IS 0ClIrlN RESET DEBOlINCE 
LODR,R0 *DLP1+1 KFLG+2 GET C~_~TER VAlUE 
BDRR,Re DLPl 
BeTR,IJN DISPl 

DLP0 LODI,R0 H'60' 
SET FLAG TO ACCEPT KEY 
SET THE DELA'T' COIJNT 
SAVE DELAY COLINT DLPl STRA,R0 KFLG+2 

BCTR,UN DLOOP2 DO THE NE',{T SCAN 

'" [)LOOPS BSTR .. UN GETKEY IS A KEY DOI-JIP 
BeTR.. EQ DLOOP2 NO 
BeTR.. UN CODE 

* *ENTR\' TO DISPLAY ROUTINE HERE 

* DISPLI STRA,R0 KFLG+l SAVE INPUT PARRMETER 
DISP2 LOO!' R0 W60'" KE't' WAS r)O~lN - SET ~::FLG 

* NOT TO OCCEn KE'T' NEXT SCAN 
STRR.. F.iI *l)I ... Pi +"1 KFLG+2 SET ITT' r:1£80UNCE ~RA~' 

DISPl 5TRA,R0 KFLG SAVE KFLG 
CPSL C+WC CLEPR CAP."",' PN(:' t.JITH CARRV 

[lISP4 LON .. R1 WOO" INITIALIZE UGIT POINTER 
LOD!' R2 wei-' fiND tJIGIT SELECT 
BCTA.. UN DLOOP1 GO [::!5PLA'r' 

:+: 

*GET KE'r' CODE 

* GErKE'T' RED£.. R"1 KBD HI REAC' KE'r'BOAR[) 
ANDl .• PJ. WeFt I'IASK OFF UNIJSE£1 BITS 
EORL R1 WeF' INVERT THE INPUT 
RETe, l~ 

'" *SINGLE PASS EXIT 

*' 
DISP3 LOCI,R010 

BDRR, Re $ DELAY 
WRTE,R0 SEG Tl~N OFF SEGMENTS 
LOCI, Re WSB' NO KE';' PRESSED COf)E 
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LINE ADOR OBJECT E SOURCE 

1446 1E35 C2 STRZ R2 SAVE IN R2 
1447 1£36 17 RETC, LIN 
1448 >I< 

1449 *CONVERT KEY LINE DATA TO KEY CODE 
1450 * 
14511£3720 CODE EORZ R0 GET A 13 
1452 1£38 D4F9 WRTE, R0 SEG TURN OFF SEGMENTS 
1453 l£JA A701 51JBI, R3 1 DECREMENT COUJMN COUNTER 
1454 lEJC D4FA WRTE, R0 DIGIT TURN OFF COLIJMNS 
1455 l£SE 0604 CooEi LaD}, 1"2 4 LOOP COlINT 
1456 lE49 51 COOE4 RRR, 1".1 GET WEIGHT OF KE'~ LINE 
1457 1£41 ESse COl'll, R1 WOO' CHECK FOR 1 KEy' DOWN 
1458 1£43 1808 BCTR.. EQ C00E2 R0 = 0,4.·8 .. OR we' 
1459 1£45 8404 AOOI,Re W04' 
1469 1£47 FA?? BDRR .. R2 CODE 4 CHECK FOR ONL l' 1 ~I!r' 
1461 1£49 0708 Loo!' R3 8 MORE THAN 1 KEY r!l)WN OR NO KE'T' ()OM'; 
1462 1£4B 9BE8 ZBRR *ERR GOTO ERROR 
1463 1£4D E704 C00E2 COtil, RJ W04' NUMBER OR FUNCTI ON KEY? 
1464 1£4F 1A85 BCTR, LT CODE3 t KEY 
1465 1E51 50 RRR,Re DIVIDE KEYLlNE WEIGHT B¥ 2 
1466 1£52 6480 lORI, R0 WOO' FUNCTION KEY DESIGNATOR 
1467 1£54 4701 ANDLR3 W01' RETAIN lSB ONL'T' 
1468 lE56 83 COO8 ADDZ R3 TO GET ~ID ... E KEYCOOE 
1469 1£57 C2 STRZ R2 SAllE KEY CODE IN R2 
1470 1£5S 17 RETe. UN 
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1472 
1473 
1474 
1475 
1476 
1477 
1478 
1479 
1400 
1481 
1482 
1483 
1484 
1485 
1486 
1487 
1488 
1489 
1490 
1491 
1492 
1493 
1494 
1495 
1496 
1497 
1498 
1499 
1500 
1501 
1502 
150J 
1504 1E59 0C17D8 
1595 1£SC 9819 
1506 1£SE 0C17CF 
1507 1E61 1814 
1508 1£63 0C97CD 
1509 1£66 CC17CC 
151e 1E69 0480 
1511 1£68 CC97eD 
1512 1£6E EC97CD 
1513 1£71 1804 
1514 1£73 0701 
1515 1£75 9BE8 
1516 1£77 

**************************************"'******"'******"'"+"****-tt-t;l.­
* 
.+: . 

*GOTO ROlITIHE 

* 
* 
*REGISTERS lISE!> 

* 
*R0 SCRATCH 
*R1 SCRATCH 
*R2 SCRATCH 
*RJ SCRATCH 
*R1-' RESTORED 
*R2" RESTORED 
*R3' RESTORED 
*f'SU RESTORED 
*PSL RESTORED 

'" *SUBROUTINES USED 

'" *NONE 

* *RAM MEt1OR'r' USED 

* *SSF SINGLE STEP FLAG 
"'BPF BREAK POINT FLAG 
*BPl BREAK POINT LOCATION 
*BPI> BREAK POINT DATA 
*LADR INDIRECT AOORESS TO JUMP THRU 

* 
*********************************"'*********************"'** 
'" GO 

G01 

LOOA,R0 SSF 
BeFR,EQ GO! 
LOO~R0 BPF 
BeTR,EQ GO! 
LOOA, R0 *Bf'L 
~R0 BPD 
LOOI, R0 WB0' 
STRA,R0 *BPl 
COt1fb R0 *BPL 
BCTR,EQ G01 
LOOI, Rl1 
ZBRR *ERR 
EIlU $ 

GET SINGlE STEP FLAG 
NO SINGLE STEP GOTO lISER 
GET BREAK POINT FLAG 
BREAK POINT GO TO lISER NO BREAK POINT 
GET lISER DATA 
SAVE USER DATA 
WRTC, R0 BREAK POINT INSTRIJCTIOtI 
SET THE BREAK POINT 
CI£CK BREAK POINT SET OK 
GOTO USER 
ERROR BREAK POINT NOT SET OK 
GOTO ERROR 
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LINE AOOR OBJECT E SOURCE 

1518 
1519 
1520 
1521 
1522 
1523 
1524 
1525 
1526 
1527 
1528 
1529 
1530 
15J1 
15J2 
15J3 
1534 
1535 
1536 
1537 
1538 
1539 
1540 
1541 
1542 
1543 
1544 
1545 
1546 
1547 
1548 
1549 
1550 1£77 0577 
1551 1£79 CD17FB 
1552 1£7C 0517 
1553 1E7E CD17FD 
1554 1£81 7518 
1555 1£83 00178 
1556 1£86 0E17F4 
1557 1£89 0F17F5 
1558 l£SC 7718 
1559 l£SE 0017F6 
1568 1£91 8E17F7 
1561 lE94 0Fl7F8 
1562 1£97 0C17F9 
1563 lE9A 6C17Fl 
1564 1E9D 92 
1565 1£9E 0C17F2 
1566 l£A1 75FF 
1567 l£A3 3F17FB 
1568 1EA6 1F97ES 
1569 

*****",******************************:j.·*:T·**·tH::+.t '~':+':H' p .'. P'H1 , ., 

* 
* *RESTORE REGISTERS BEFORE GOHKi TO '-ISE~: PPO'3RF:f'! 

* 
'" '" 
* *REGISTERS USED 

'" ·'l<R0 THRU R3" PSU PSL 

* *SUBROUTINES CALLED 

'" *lIREG+9 RESTORE PSL 

'" *RAM MEMORY USED 

'" *UREG 
*lIREG+l 
*UREG+2 
*UREG+3 
*UREG+4 
*lIREG+5 
>l<UREG+6 
*UREG+7 
*UREG+S 
*'.JREG+9 
*UREG+10 
*lIREG+11 

=R0 
= Rl 
= R2 
= R3 
= Ri' 
= R2' 
= R3' 
= PSU 
= PSL 
= PPSl INSTRUCTION OPCOOE 
= PSL 
= RETe .. UN INSTRUCTION OPCO()E 

* 
***********"'************"'*********************************"***'f:* RESTRG LOOI, Ri W77' PPSL INSTRUCTION OPc:ODE 

STRA, P1 UREG+9 CREATE A SUBROUTINE TO RESTORE PSL 
LOOI, R1 Wi?" RETC .. UN INSTRlICTION OPCODE 
STRA, Rl UREG+11 
CPSL RS CLEAR REGISTER SHITCH 
LOOA,R1 lIREG+1 RESTORE R1 
LODA.. R2 lIREG+ 2 
LOOA .. R3 lIREG+ 3 
PPSL RS 
LOOA, R1 lIREG+4 
LODA,R2 UREG+5 
LODA,R3 IJREG+6 

RESTORE R2 
RESTORE R,3 
SET THE REGISTER SWITCH 
RESTORE R1' 
RESTORE R2" 
RESTORE R3' 

RESTR1 LODA .. R0 IJREG+7 
lORA .. R0 IFLG 
LPSIJ 

GET PSlJ DATA 
SET INTERIJPT INHIBIT IF PEQUIPEt' 

RESTORE PSI.! 

* 

LODA .. RO UPEG 
CPSL 255 
SSTA.· UN UREG+9 

RESTORE R0 
CLEAR PSL 

RESTORE P5L 
BCTA .. UN *LADR GOTO USER 
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LINE ADDR OBJECT E SOURCE 

1571 
1572 
1571 
1574 
1575 
1576 
1577 
1578 
1579 
1580 
1581 
1582 
1583 
1584 
1585 
1586 
1587 
1588 
1589 
1590 
1591 
1592 iEA9 CDl7DA 
1593 iEAC CE17DB 
1594 1EAF CF17DC 
1595 1E82 17 
1596 
1597 
1598 
1599 
1600 
1601 
1602 
1603 
1604 
1605 
1606 
1607 
1608 
1609 
1610 
1611 
1612 
1613 
1614 
1615 
1616 
1617 
1618 lES3 09F5 
1619 lESS 0flF6 
1620 lEB7 0BF7 
1621 iEB9 17 

**"'~****************************************~~~~***** 
'" 
* *SUBROUTINE TO SAVE Ri, R2, R3 

'" *REGISTERS USED IN BANK ON ENTRY 

'" *R1 SfIIIEO IN SAVREG+1 
*R2 SAYED IN SAVREG+2 
*R3 SA\~O IN SAVREG+3 

* 
*SUBROUTINES CflLLEO 

* 
*NONE 

'" *RAI'I I'IEI1OR¥ USED 

'" *SAllREG+1 
*SAYREG+2 
tc..oAYREG+3 

**"''''*****************'''*************************~::f.:f:** SAVR0 STRFb Rl SAVREG+1 
SAVR01 STRA,R2 SAVREG+2 
SAVR02 STRA, Rl SAVREG+ 3 

RETC,UN 

*************************************************************­
* 
'" *SUBROUTINE TO RESTORE R1,R2,R3 

* 
* *REGISTERS USED IN BANK ON ENTRY 

* *R1 RESTORED TO VALLIE IN SAVREG+1 
*R2 RESTORED TO VALUE IN SAVP£G+2 
"'RJ RESTORED TO VAlUE IN S~1ERG+]' 

*' "'SUBROUTINES CALLED 
:+: 
*NONE 

* *RAM MEMORY IJSED 
:+: 
*SAVREG+l 
*5AVREG+2 
*SAIIREG+3 
****************************************"i<:+:*********'** RESTR0 LODR, R1 *SAVR0+1 

LODR,R2 *SAYR01+1 
LODR,R3 *SAVR02+1 
~ETC,UN 
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LINE f[II)R OOJECT E sot.e:E 

1623 
1624 
1625 
1626 
1627 
1628 
1629 
1638 
1631 
1632 
1633 
1634 
1635 
1636 
1637 
1638 
1639 
1648 
1641 
1642 
1643 
1644 
1645 
1646 
1647 
1648 
1649 
1658 
1651 
1652 
1653 
1654 
1655 
1656 
1657 
1658 
1659 
1669 
1661 
1662 0011 
1663 8888 
1664 8013 
1665 0893 
1666 8806 
1667 8809 
1668 aeeF 
1669 
1678 
1671 
1672 
1673 
1674 1EBA 3B6I) 

1675 lESe 0407 
1676 iEBE 8788 
1677 lECe CSA8 

******"************************"''''**************'''*'''*'''*** 
'" 
'" *CASSETTE 10 ROOTINES 
*PROGRAM !.RITTEN BY BBC 

'" '" 84-27-77 

* * TI£SE ROUTINES "'UTES OR READS ONE BYTE TO OR FROI'I 
'" TI£ CASSETTE IN sua FDRI'IAT. 

* * 1l£ FREQl£NCY ISDETERI1INED BY FREt;! 
* (CYClE TIME IS 3. m MICRO-SEC. ) 

'" 
'" *ROOTINES SAYE AND REESTORE RL R2, R3 OF CURRENT BAtt: 

* 
*IN RETIMfS WITH DATA BYTE IN R0 
*OUT REQUIRES BYTE TO BE OUTPUT TO BE IN R8 

* 
"'TCAS IS ll£ CASSETTE READ TEST USED TO SET LEYELS ON PLAY BfICK 

'" *SEE FRONT OF PROORffI FOR DISPLAYS AND INSTRUCTIONS 

* 
* *REGISTERS USED 

'" *R9.. RL R2, R3 ARE SCRATCH 

'" 
*SUBROUTINES CALLED 

'" "'SAYRe SAVES RL R2, R3 
*RESTR8 RESTORES RL R2. R3 

'" *RAI'I ~ USED 

'" 
"'IDIP TEI'FCWIRY STORAGE 

'" 
***************"'*************************"'*************************"'*** FREQ EQU 17 PllSE TIME ( 0.2 MSEC. ) 
SPDL Y EQU StFREQ INTER-BIT SPACE 
TI'IDl.Y EQU 19 TII1E-otJT FOR INTER-BIT DETECTION 
PllS1 EQU 3 NltIBER OF PllSES FOR A ONE 
PULse EQU 2*PI.lS1 NUI1BER OF PULSES FOR A ZERO 
THRES EQU 3*PULS1 TRANSITION THRESHOLD FOR DETECTION 
EBIT EQU 5*PULS1 TRANSITION THRESHOLD FOR END BIT 

* 
'" '" SUBROUTINE OUT 
'" WRITES ONE BYTE FROM Re TO CASSETTE 

'" OUTT BSTR. UN SAVR8 SAVE R1-R3 
!.RTE, R0 LEDS WRITE BYTE TO LEDS FOR DISPLAY 
LODI.R3 S BIT COUNT 

0UT1 STRR. R0 *OUT5+1 TEMP Sf!YE BYTE IN TEMP 
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LINE RDDR OBJECT E SOURCE 

1678 lEC2 CBAA 5TRR.· R3 *OIJT6+1 TEI'IP+1 SAVE BIT WJNT IN TEI'IP+l 
1679 lEC4 05136 Loo 1, Rl PUlS0 GET NUMBER OF PllL~.ES FOR A ZERO 
16813 lEC6 F4131 TMI..R0 H'i.W TEST FOR P. ONE 
1681 lEC8 98131 BCFR.. 13 0IJT2 
1682 lECR 51 RRR,Rl DIVWE COUNT I F A ONE 
1683 lECB FS82 OUT2 BDRR, R1 oun CHECK FOF: LAST BIT 
1684 lECI> 85136 ADD I, R1 PlILS0 VES. AOO LAST BIT PULSES 
1685 lECF 861.1 olJn LooI, R2 FRED LENGTH OF PUlSE 
1686 lEDl 13718 LooI.. P3 H'18' SET ENV AND FREQ 
1687 lED3 D7FB lo.f:TE .. R3 CAS 
1688 1£D5 FA7E BDRR.. R2 t- DElRY 113 MICRO-SEC PER ITERATION 
1689 lECt? 13611 LON .. R2 FRED LENGTH OF PULSE 
16913 1£09 137113 LooI.. R3 H'113' RESET !=REQ 
1691 lEDB D7F8 WRTE.. R3 CAS 
1692 lEDD FA7E OORR,R2 t- DElA'y' 113 MICRO-SEC PER ITERATION 
:1.693 1EC'F F96E BDRR..Rl OUB DO NE~:T PllLSE 
1694 lEEl 13688 LODI.. R2 SPDL'T' INTER-BIT SPACE 
1695 1£E 1371313 LooI.. R3 WOO' TURN OFF ENV AND FRED 
16% lEE5 D7F8 WRTE,R3 CAS 
1697 lEE7 FA7E BDRR,R2 $ DELAY 113 MICRO-SEC PER ITERATION 
1698 * 
1699 lEE9 9C17C6 OUTS LOOA,R0 TEMP GET CHARACTER BACK 
1700 lEEe 50 RRR,R9 ROTATE RIGHT ONE PLACE 
17131 lEED aF17C7 DUT6 LODA, R3 TEI'IP+l GET BIT COUNT 
1702 lEF0 FB4E BDRR,R3 OUTl CONTINUE IF COIJNT NON-ZERO 
1793 1£F2 3F1EB3 OllT4 SSTA,UN RESTR9 RESTORE R1-R3 
1704 1£FS 17 ~ETC,UN ELSE, RETURN 
1705 * 
1796 * SUBROUTINE IN 
1797 * READS ONE BYTE FROM CASSETTE TO Re 
1708 '" 1709 1EF6 3F1EA9 INN SSTA, UN SAYR0 SAVE Ri-R3 
1719 1EF9 20 EORZ Re SET R13 TO ZERO 
1711 1EFA 44FE IN1 001 .. Re H'FE' MASK ~JT LOW BIT 
1712 1EFC CSEC STRR, R0 :t.OUT5+1 TEMP SAVE PARTIAL B~'TE 
1713 lEFE 3B0A SSTR, UN GaIT GET NEXT BIT 
1714 IF00 SSE8 AOOR, R0 *OUT5+1 TEMP ADD IN PARTIAL B'r'TE 
1715 lF02 50 RRR,Re MOVE NEW BIT TO HIGH POSITI~l 
1716 !F133 5975 BRNR,Rl IN1 TEST LAST BIT FLAG 
1717 lF05 3BEC BSTR, UN *OlIT 4+1 YES, RESTORE Rl-R3 
1718 !F07 0407 WRTE .. Re LEOS WRITE BYTE TO LEDS FOR DISPlfl'T' 
1719 1F09 17 RETC, UN RETURN 
1729 '" 
1721 '" SUBR~JTINE TO GET THE NEXT BIT FROM CASSETTE 
In'2 '" BIT IS RETURNED AS LEAST SIGNIFICANT BIT OF R0 
1723 '" 
1724 1F0A 9589 GBIT LooI.. Rl W80' 
1725 lF9C D5F8 WRTE .• Rl CAS SET SENSE TO CASSETTE 
1726 !FeE 12 SPSU GET PSU 
1727 1FaF e7FF LooI..R3 -1 SET TRANSITION COUNT TO -1 
1728 lFl1 06FF LODI, R2 WFF··· SET TlME-~JT TO MAX FOR FIRST TRANSITION 
1729 1F13 lBe2 BCTR,UN GBB 
lne 1F15 9613 OOT2 LOOI,R2 TMDL'r' SET END-OF-BIT DETECTION DELA'r' 
1731!F17 C1 GBB STRZ Ri SAVE LAST COP'r' OF PSlI IN R1 
17321F188701 AOOI,R3 1 INCREMENT TRANSITION COUNTER 
1733 !F1R 12 GBT4 SP5l1 LOO.l( FOR TRANSITION 
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LINE ADDR OBJECT E SOURCE 

1734 1F18 E1 
1ns 1F1C 9877 
1736 1FiE FA7A 
1737 1F2e 20 
1ns 1F21 D4F8 
1739 1F23 0581 
17413 1F25 E7eF 
1741 1F27 9903 
1742 1F29 A7ec 
1743 1F2B C1 
1744 1F2C E709 
1745 1F2E 15 
1746 1F2F 13401 
17471F3117 
1748 
1749 
1750 
1751 
1752 182 0588 
1753 1F34 D5FA 
1754 186 13740 
1755 1F38 D407 
1756 1FlA D7F9 
1757 1F3C CF17C7 
1758 1FlF 06eA 
1759 1F41 CE17C6 
1760 lF44 3B44 
1761 1F46 0AFA 
1762 1F48 050C 
1763 1F4A 60 
1764 lF4B 1801 
1765 1F4D 51 
1766 1F4E 133 
1767 1F4F 1867 
1768 1F51 A1 
1769 1F52 9804 
1770 1F54 FA6B 
1771 1F56 18SE 
1772 1F5B 190A 
1773 1F5A 98E1 
1774 1FSC E4DE 
1775 1FSE 1874 
1776 1F60 enE 
1777 1F62 1854 
1778 lF64 0lOE 
1779 1F66 lB5e 

COMZ R1 
BCFR. EQ GBT2 
BDRR, R2 0014 
EORZ R0 
IoIRTE, R0 CAS 
LOOL R1 1 
COMI, R3 EBIT 
BCFR,GT GBT5 

IF NOT EQUAL NEW TRANSITION 
IF EW_~L, TEST TIME-OUT 
SET R0 TO ZERO 
SET SEN~'£ BACK TO IJSER 
PRESET END FLAG TO 1 
ENDBIT THRESHOLD 

SlIBL Rl 2*PlILS@ LAST BIT, 9JB EN[)BIT r;'ULSES 
STRZ R1 AND SET END FLAG 

GBT5 COMI,Rl THRES IS COUNT GREATER THAN THF.'ESHOLV 

'" 
'" 

RETC,GT RETl~N IF TRl[ 
LODI, R0 1 NO.. SET BIT TO O~JE 
RETC,UN RETURN 

'" SUBROUTINE TEST CASSETTE READS 

'" TCAS LOOI,R1 H'se' SELECT LEAST SIGNIFICA~IT DIGIT 
IoIRTE, R1 DIGIT 

TCS0 LooI,R3 H'40' OUTPUT '-' TO DI5PLA'r' 
TCS1 IoIRTE.. R0 LEDS OUTPUT VALUE TO LED I 5 

IoIRTE, R3 DISP OUTPUT TO DISPLAY 
TCS10 STRA, R3 TEMP+l SAVE LID COND I TI ~J 

LOO I, R2 113 RETURN AFTER 10 EXACT READS 
TCS2 STRA,R2 TEMP SAVE R2 

BSTR, UN 00 IT GET A BIT 
LO[lR,R2 *TCS2+1 TEMP RESTORE R2 
LOOI,R1 2*PULS0 NUMBER OF TRANSITIONS FOR A ZERO 
IORZ R0 GET CONDITION CODE FOR R0 
BCTR. EQ TCS3 BRANCH IF A ZERO 
RRR, P..1 DIVIDE NOMINAL TRAUSITION COUNT Bl' 2 

TCS3 LOOZ R3 GET COUNT IN R0 
BCTR, EQ TCS1 BLANK DISPLA'r' IF e 
SlIBZ R1 TEST COlJNT 
BCFR. EQ TC54 IF NOT EQIJAL RETURN 

TCS35 BDRR,R2 TCS2 IF EQUAL AND C~JNT NOT up, GET NEW BIT 
BClR.1JN lCse 

TCS4 BClR,6T TC55 DETEF.'.MlNE POLARIT'r' 
LODR,R0 *TCS10+1 TEMP+1 GET UD CO~IDITION 
COMI.. R0 WDE' 00l01N CONDITION 
BCTR,EQ TC535 CANT GO DIRECT FROM DOWN TO L~ 
LODI,R3 H/3E' OUTPUT 'U' TO DISPLAY 
BCTR. UN TCS1 

TC5S LooI.. R3 WDE' OUTPUT '0' TO DISPLA'T' 
BCTR.. IJN TCS1 
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t.IME ADDR OBJECT t SOl.RCE 

ii'S! 
1782 
Hel 
1784 
1785 
1786 
1787 

*****~**"'****~***"'******~***************'" • 
*l£lm'f8 lOOKUP mBlE FOR HEX TO $EYEN SEGI'IOO 

'" "'THIS TABlE CONTAINS 11£ YRLUES fOR LIGHTING THE 
*SEGMENTS FOR THE DIGITS 0 THRU 9 fN) LETTERS 1'1 TO f 

'" 1788 If£S lFt6'SB4f 
1F6C 666D7007 
1m 7Fb777Ft 
1F74 39DE7971 

SEGTBL Mm H'lf,06,$, 4f, 6&>6t), m.07,7F.b7177,.FC, 39,oc, 79.71' 

11< 1789 
1799 *SEGMENT DATA fOR SYMBOLS P L UR H 4) = Bl.fINK J -. Y N 
1791 '" 
1792 tHS 7JJ8JES0 MTA W7l, lS, lE, 50, 75, St., 4S,@e,\£. 40 .. Be, bE, 54 t 

IF7C 76SC4S00 
1fS00E4f3S06E 
1F84 54 

1793 '" 
1794 "'THIS TABLE CONTAINS THE DISPLAY ERROR 
1795 * 
1796 1F85 170£1313 ERROR OOTA Wl?, 0E,1l,13, 15. 13,17,17' 

1FS9 15131717 
1797 '" 
1798 *THIS TOOLECONTAINSn£ DISPLAY fII)= 

1799 '" 
1800 iFeD 17MOO16 fIDR MT!1 W1?, ifl, 00, It:d], i7 .. 17, 17/ 

1F91 17171717 
1801 '" 
1802 "'THIS TABLE (~NTAINS THE DISPLAY HELLO 
1893 '" 
1804 1F95 17140E11 HELLO DATA W17, 14, 0E, It..11, 00,17,17' 

1F99 11001717 
1805 '" 
1806 *THIS TABLE CONTAINS THEI)ISPLAYBP: 
1807 '" 
1808 1F91) i7~B1316 BPErI DATA Wi?. 08, 10 .. 16,17, 1{, :1.7 .. 17' 

1FA1 17171717 
1S09 '" 
1810 "'THIS TABLE CONTAINS THEDISF'LA'T'R= 
1811 '" 
1812 IFA5 171713:17 Rm Nnl1 W17,17, 13, 17,16,17 .. 17.,17' 

lFA9 16171717 
1813 * 
1814 *THIS TfIBLE CDNT'AINS tHE OISPLflY PC= 
181S " 
1816 lFAr:o 17100(:16 Pct:Q OOTA Wl?, 10,0(,16,17 .. 17.17, 17" 

IF'E'J. 17171717 
1817 '" 
1818 *THIS TABLE 'CONTAINS THE DISPLAY F= 
1819 * 
1S2-3 1fBS 171M16 FEG! DATA H'17:·1{,,0F, Ib, 17,11,17,17' 

1FB9 17171717 
1ezl '" 
1822 *THI5 TfIf.t.£ 'C\lNffiINS THE DISPL'IW li'l)'= 
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LINE ADDR OBJECT E SOURCE 

1821 * 
1824 1FBD 118001)16 LADEQ DATA W1!. 0fI, 00, 16, 17, 17 .• 17, 17' 

1FC1 17171717 
1825 * 
1826 *THIS TABLE IS THE ASCII LOOK UP TABLE 
1827 * 
1828 iFC5 19113213 ASCII DATA A '8123456789ABCDEF , 

1FC9 14353617 
!FeD 18194142 
iF!)1 43444546 

1829 * 
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LINE AODR OBJECT E SOLIRCE 

1831 
1832 
1833 
1834 
1835 
1836 
1837 iFD5 BBFE 
1838 iFD7 e3 
1839 lFD8 BBEC 
184(1 1FDA 17 

*'****'*'******************************************"*********** 
*' 
* *IJSER ENTRV TO DISPLA'T' ROUTINES 
*' 
*' USRDSI ZBSR *1'101,1 SET UP D I SPLAt' 

LODZ R3 GET DISPlAY FLAG 
ZBSR *DISPL'T GO TO (JISPLA'y' ROUTINE 
RETC,UN . 
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LINE .fIDDR OBJECT E SOURCE 

1842 
1843 iFOB 
1844 
1845 1FE6 1FD5 
1846 !FE8 1899 
1847 1FEA 19E8 
1848 !FEC !EB 
1849 1FEE 1EF6 
1850 1FF0 1EBA 
1851 1FF2 1C7B 
1852 1FF4 1A76 
1853 1FF6 1BAS 
1854 lFFS 1C72 
1855 lFFA lB3B 
1856 1FFC 1B20 
1857 1FFE 10B6 
1858 
1859 1800 

*****",******************************************"f:***"'*:f*:f: 
ORG 8192-26 THE 2BSR OR ZBRR VECTORS APE HEF:E 

****************************************************·t**$"+';1.< 
USR[)SP AeON 
ERR ACON 
BRKPT4 ACON 
[) ISPL', AeON 
IN ACON 
OUT AeON 
HOUT ACON 
DISlS[) ACON 
ROT AeON 
CRLF ACON 
GNP ACON 
GNPA ACON 
MOil ACON 

U:.RDSI USER ENTR'r' TO DISPLA\' ROUTINES 
ERR I ERROR MESSAGE 

BRKPTI SET DISBIJF6, -; WITH CONTENTS OF R0 
DISPLI DISPLAY AND KE~'BOARD ROUTINE 
INN CASSETTE INPUT ~JTlNE 
OUTT CASETTE OUT PUT 
HOIJTT CASSETTE BINAR\' TO ASCII HE~: OLITPlJT 
DISLSI CON'-lERT BnE TO NIBBLE 
ROn ROTATE A NIBBLE 
CRLFF CARRAGE PETURN AND lINE FEEr' 
GNP I GET NUMBERS 
GNPAI GET NUMBERS AND [iISPLAV 

1'1(1\/1 MOVE £lATA TO DISBIJF 
***********************t.********************-:+ .. ********.+::+:**+:.1'+ 

END SAIIRG 

TOTAl ASSEI'IBL Y ERRORS = 0000 
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~ CHAR 
L.S. 
CHAR 

0 0000 

1 0001 

2 0010 

3 0011 

4 0100 

5 0101 

6 0110 

7 0111 

8 1000 

9 1001 

A 1010 

B 1011 

C 1100 

D 1101 

E lllO 

F 1111 

12. CONVERSION TABLES 
ASCII CONVERSION TABLE 

ASCII CHARACTER SET (7-BIT CODE) 

0 1 2 3 4 5 
000 001 010 011 100 101 

NUL DLE SP 0 @ P 

SOH DC1 ! 1 A Q 

STX DC2 n 2 B R 

ETX DC3 # 3 C S 

EOT DC4 $ 4 D T 

ENQ NAK % 5 E U 

ACK SYN & 6 F V 

BEL ETB I 7 G W 

BS CAN ( 8 H X 

HT EM ) 9 I Y 

LF SUB * · J Z · 
VT ESC + · K ( , 

FF FS . < L 

CR GS - = M ) 

SO RS • > ~ t 
+ 

51 US I ? 0 or -

12-1 

6 7 
110 111 

P 

a q 

b r 

c s 

d t 

e u 

f v 

g w 

h x 

i y 

j z 

k { 

1 

m } 

-n 

0 DEL 



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 

° ° ° ° ° ° ° ° ° ° ° ° 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 4 
5 5,242,880 5 327,680 5 20,480 5 1,280 5 80 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 C 786,432 C 49,152 C 3,072 C 192 C 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 connnon to the industry where such definitions 

exist. Other definitions were specially written for this glossary. 

13-1 



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 is com­

plete. 

Time between the instant that an address is sent to a memory and tQe 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 

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

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 is 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(O). 

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, 

often more sophisticated loader of system programs. Bootstrap programs are 

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 

control unit to obtain the next instruction to be 

computer's arithmetic and 

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 is synony­

mous wi tlt 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, like 

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 

than the next sequential instruction only if a 

the instruction is satisfied. If the condition 

an instruction location other 

specific condition tested by 

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/O device can 

delay CPU use of the I/O 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 tran~itting data at different I/O rates. Data buffer registers are 

generally positioned between the computer and slower system components, allow­

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

DEBUG PROGRAMS 

Debug programs help the programmer to find errors in his 

are running on the computer, and allow him to replace 

into (or out of) his program. 

DECODER 

programs 

or patch 

while they 

instructions 

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 is usually 

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 is 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 

ficantly increases the data transfer rate, hence system efficiency. 

Cycle Stealing.) 

DOUBLE OPERAND 

signi­

(see 

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 ar'e 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 

called editors, text editors, or paper tape editors, make it possible 

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 

file can exist on cassette tape, disk, punched paper tape, 

as an accumulation of information in a system memory. A 

data, programs, or both. 

FIRMWARE 

See SOFTWARE. 

FIXED-INSTRUCTION COMPUTER 

computer 

punched 

file 

system, a 

cards, or 

can contain 

(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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ft'a~tional portions of nume-rical exp"t'essions is eitheT explicitly stated for 

all expressions orb fixed 'W:i.th respect to the first or last digit of each 

expre~rsl'On .• 

FLAG 

An indicat'Or, usually a single binary bit,whose state is used to inform a 

later s'ecti'On 'Of a program that a condition, identified with the flag and 

designated by tbestateof the flag, has 'Occurred. Afla.g can be b'Oth S'Oft­

'Ware and hardware implemented. 

FLAG LINES 

Inputs t'O a micr'Oprocessor controlled by I/O devices and tested by branch in­

structi'Ons. 

FLOATING-POINT ARITHMETIC 

Arithmetic in which the l'Ocati'On 'Of the decimal P'Oint f'Or each number in an 

arithmetic operati'On is defined as a power of 'ten and all eXP'Onents are 

equalized prior t'O the 'Operati'On. The maJor advantages of floating point 

arithmetic are that it e:lttends the calculati'On capability of a c'Omputer bey'Ond 

the limit imposed by the fixed word length and that it contributes to ease of 

programming .. 

FLOWCHART 

A graphicalrepresentati'On of the processing steps performed by a computer 

pr'Ogram 'Or of the sequence of logic operations implemented in hardware. 

GENERAL 'REGISTER 

One ofa specified number 'Of internal addressable registers in a CPU which can 

be useCl.for temp'Orary storage, as an accumulator, an index register, a stack 

pointer or fOTany 'other .general-purp'Ose functi'On. 

HANDSHAKING 

D.efers to the ~quired iJequence ·cf signals for communication between system 

functions. The I/O bus protoc'Ol for a system define·s its handshaking require­

ments. (This is especially true for asynchronous I/O systems in which each 

signal requires a res'POllse (reply) to <complete an I/O 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(assemhly) language in which statements translate on a one-for-one basis. 

I/O 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. 

I/O 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/O port of a microprocessor may be an input 

or an output port, or it may be bidirectional. 

IMMEDIATE 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 ADDRESSTNG 

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/O) 

General term for the equipment used to communicate with a computer CPU, or the 

data involved in that communication. 

INSTRJJCTION 

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 logic functions, con­

trol I/O 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. 

INSTRJJCTION REPERTOIRE 

See INSTRUCTION SET. 

INSTRJJCTION 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. 

INST&UCTION 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 languag~. The higher-level language program is 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 

ance of the interrupt capability of a microprocessor depends on the 

applications to which it will be exposed. When a number of peripheral 

import­

kind of 

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. 

INTER&UPT MASK 

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

not interrupt requests will be accepted. 

INTERRIUPT 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 useful in com­

munication applications where it allows the microprocessor to service many 

channels. 

INTERRIUPT 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 

location (either further ahead or back). For example, a program 

an arbitrary 

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 

locations of the system memory. The Programs that do this job are 

proper 

called 

loaders. Loader programs range from simple ones that load absolute bina~y 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. 

ory functional types include read/write and read-only. 

Basic mem-

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 ADDBESS 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. 

are important factors in program efficiency. 

MEMORY CYCLE 

These modes 

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. 

13-15 



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, usually 

under $1,000. A computer whose CPU is a microprocessor. A microcomputer is 

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

MICROPROGRAM 

A combination of primitive computer operations which are executed in 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 PROG&AMS 

Monitor programs (also called supervisors, executives, and opera.ting 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 tec~nique 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 

que allows a program segment to be nested within a larger 

segment to be nested within an even larger segment. 

NIBBLE 

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

NOP 

nesting techni­

segment and that 

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 

tion produces a resul t which has a magnitude exceeding the capacity 

computer's data word size. 

PAGE 

opera­

of the 

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 is 

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 

Is 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 CORr 

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 uses registers 

than main memory, and it requires more time because the pointer must 

with separate instructions, such as load immediate or increment. 

PROGRAM 

rather 

be set 

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. 

PROGBt»f 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. 

PROG&AM 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 

part of system memory, structured so that the data items 

most recent items stored in the stack. 

RANDOM ACCESS 

computer, 

retrieved 

sometimes 

are the 

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

READ 

The Process of transferring information from- an input device into the co~ 

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 playa 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 is, 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 in 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/O 

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 operation, 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 simiJlators 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 co~ 

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 INTER&UPT 

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, 

VI, VO), 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 INSTRDCTION 

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/FI~ARE 

The microprocessor is generally a stored program computer, with its 

of programs and instructional procedures referred to as Software. 

by directing the hardware, enables the microprocessor to perform a 

system related task. In a fixed instruction microprocessor, a set 

instructions of operations are defined with fixed word lengths, and 

ercise the CPU independent of the data. Software is alterable and 

by the user. 

collection 

Software, 

functional 

number of 

these ex­

accessible 

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. 

extension to the basic instruction set is often permanently burned into 

Only Memory (ROM), rather than being implemented in software. Firmware 

This 

Read 

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 ADDBESS 

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 PROGBtAM 

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 (LIFO) 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 

the storage in the stack of each byte of information. Conversely, 

pointer is incremented by one immediately before retrieving each 
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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 m~mory 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 1'ABLE 

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

SYMBOLIC ADDRESS 

A label assigned instead of absolute numer1C addresses, usually 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 1S 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. 

WORn 

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. 

WiITE 

The process of storing data in memory. 
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