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This paper suggests methods for developing IBM System/360
computer utility programs which can be used immediately after
being keypunched. Any System/360 computer program whose
instructions, CAW'S, CCW'S, and constants can be contained
within 80 or fewer bytes may be executed as a 2-card program,

Examples of such programs are: 80/80 list, 80/80 reproduce,
gangpunch, card-to-tape, tape-to-print, combination upper-
lower case 1052 print demo, etc.

Besides not requiring assembly time and also saving library
card file space, 2-card programming affords a better insight
as to how the 360 CPU and instructions actually function, A
practical example is how in a 2-card 80/80 reproduce program,
the device address portion of a single start 1/0 instruction

can be flip-flopped from reader to punch by using an exclusive

OR. The same can be done with the command codes in the CCW; .

Thus the need for separate series of instructions and CCW'S
for both input and output is eliminated.
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CORE_STOURAGE MAP:

THE INFORMATION BELOW IS A GENERAL DESCRIPTION OF CORE STORAGE
FOR THE 2-CARD PROGRAMS DISCUSSED IN THIS PAPER.

HEX

ADDR.

00-07 FIRST 24 BYTES OF CORE STORAGE IS THE AREA INTG WHICH THE
08-0F 1PL DATA FROM THE FIRSY CARD OF THE 2-CARD PROGRAM IS
10-17

PLACED WHEN THE CONSOLE LOAD BUTTON IS PRESSED.

18-1F [PERMANENT STORAGE AREA FOR OLD PSW's BUT NOT USED BY THE

20-27 2-CARD PROGRAMS IN THIS PAPER BECAUSE ND INTERRUPTS ARE
28-2F ALLOWED AND CONSEQUENTLY NO INTERCHANGE OF PROGRAM STATUS
30-37 WORDS WILL OCCUR.

38-3F

AUTOMATICALLY STORED AT SPECIFIED TIMES BY THE CPU.

THIS IS THE AREA IN WHICH THE CHANNEL STATUS WORD 1S
40-47 4—-{
IT MUST BE RESERVED FOR THIS PURPOSE.

ADDRESS WORD MUST BE PLACED BY THE PROGRAMMER BEFORE

‘THESE ARE THE FOUR CORE POSITIONS INTO WHICH A CHANNEL
48-4B
ANY I/D OPERATION IS STARTED.

THIS AREA IS NORMALLY USED FDR THE TIMER AND NEW PSW
STORAGE BUT, AS STATED ABOVE., THERE WILL BE NO STATUS
SWITCHING INVOLVED SO THESE SECTIONS NEED NOT BE

4C-9F & RESERVED FOR THEIR ORIGINALLY INTENDED COMMITMENTS.
CONSEQUENTLY, THESE 80 POSITIONS WILL BE THE AREA INTO
WHICH THE PROGRAM (SECOND CARD OF THE 2-CARD PROGRAM)
1S READ.

Aﬁ-CURE} . (AREA WHERE DATA CAN BE READ INTO OR OUT OF
END. DR ACTED UPDN BY THE PRDGRAM,

GENERAL INFORMATICN

e ——————————————
=

PROGRAM STATUS EpRD:

SYSTEM INTERRUPT PROGRAM
Mask | KEY JAMWP CODE ILC|CC [ magi | INSTRUCTION ADDRESS
° 78 NILGRIE 16 31 32 33 3435 36 39 40 5052 63

IN THIS PAPER THERE WILL BE ONLY ONE PSW PER 2-CARD PROGRAM. THIS PSW
WILL ALWAYS BE IN CC 1-8 OF THE FIRST (INITIAL PROGRAM LCAD) CARD AND
WILL ALWAYS BE LOADED INTO CORE POSITIONS CO0-07 BY THE IPL PROCEDURE.
IT RESIDES THERE UNTIL THE IPL CCW ACTIVITY IS CCMPLETED AT WHICH TIME
iT IS FETCHELC FROM THESE PUSITIONS AS THE NEW PSW AND STARTS THE CPU.

BITS 0-7 (SYSTEM MASK) WILL ALWAYS BE ZERC IN THIS PAPER TGO PREVENT ALL
INTERRUPTS.

BITS 8-11 ARE ALWAYS ZERO IN THIS PAPER BECAUSE NO PROTECTION KEY IS USED.

BITS 12-15 CAMWPY ARE ALL ZERO. BIT 15 MUST BE ZERO BECAUSE THE SYSTEM
HAS TC BE IN SUPERVISOR STATE FCR 1/0 INSTRUCTIONS TO BE EXECUTED.

BITS 16-3S ARE ALWAYS ORIGINALLY ZERO IN THIS PAPER. HOWEVER AFTER THE
PSW IS FETCHED, CONDITION CODE BITS 34 AND 35 WILL VARY ACCORDING. TO
THE PREVAILING CONCITIONS.

THE INSTRLCTION ADDRESS IN THE LAST PORTION CF THE PShW WILL ALWAYS POINT
TC THE FIRST PROGRAM INSTRUCTION TG BE EXECUTED AFTER IPL IS COMPLETED.

IN THIS PAPER THAT INSTRUCTICON ADDRESS WILL ALWAYS BE IN LOW CORE SO THE
FIRST 12 BITS CF THE ADDRESS FIELD (BITS 4C-51} WILL ALWAYS BE ZERCS.

IN HEX, THE PSW FOR A 2-CARD PRCGRAM WILL USUALLY APPEAR.

00 00 00 00 Q0C 00 OX XX
Cgmed
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CHANNEL STATUS WORD: CHANNEL ADDRESS WORD2

THE CSW IS A DOUBLE WORD WHICH IS GENERATED INTERNALLY AND STDRED A CAW CAN BE CLASSIFIED AND TREATED AS A CONSTANY RATHER THAN AN
IN LOCATIONS 40-47 BY THE CPU AT SPECIFIED TIMES. IT IS AVAILABLE INSTRUCTION. BEFORE AN OPERATION CAN BE PERFORMED ON A PARTICULAR
7O THE PROGRAM AND FROM 1T MANY CONDITIONS CAN BE CHECKED. 170 DEVICE, A PERTINENT CAW MUST BE LOCATED IN CORE STORAGE POSITIONS

48-4B. THESE FOUR CORE STORAGE LOCATIONS ARE PERMANENTLY RESERVED

F
~tore LoCATIONS OR CONTAINING A CAW.

14
{0 4/—13 44 45— Yé-47 PERHANEN TLY KRESERVGY) CorE LOCATrodS
L~ ~ e e — 48 9 4A 48
f———_—A-____\ ,————-*——_——‘ ,———-—ﬁn——_—\ ’————_&-____\
KEY Jooog] CoOMMAND ADDRESS STATUS COUNT
° 34 78 3132 39740 4748 63 KEY |o000 cCoMMAND ADDRESS
‘/__—/ \ ' o 3 4 78 19 20 3}
32 ATTENTION 40 PRGM-CTLD-INTRPTN
33 STATUS MODIFIER 41 INCORRECT LENGTH
34 CONTROL UNIT END 42 PROGRAM CHECK
35 BUSY 43 PROTECTION CHECK BITS 0-3 WILL ALWAYS BE ZERO IN THIS PAPER
36 CHANNEL END 44 CHANNEL DATA CHECK PROTECTION KEY IS USED. S PAPER BECAUSE NO sTORAGE
37 DEVICE END 45 CHANNEL CONTROL CHECK
38 UNIT CHECK 46 INTERFACE CONTROL CHECK BITS 4-7 MUST CONTAIN ZEROS IN EVERY CASE.
39 UNIT EXCEPTION 47 CHAINING CHECK

BITS 8-31 COMMAND ADDRESS ¢ ADDRESS OF [TS ASSOCIATED CHANNEL
COMMAND WORD) WILL ALWAYS BE A POSITION IN LOW CORE IN THIS PAPER
SO ITS FIRST 12 BITS (8-19) WILL ALWAYS BE ZEROS.

THE MATERIAL IN THIS PAPER WILL REFER TO ONLY BITS 39 AND 42.

THE HEX FORMAT OF THE CAW IN T =
BIT 39 (UNIV EXECEPTION BIT) [S TURNED ON BY SENSING AN UNUSUAL USUALLY APPEAR ASS HE 2-CARD PROGRAMS IN THIS PAPER WILL
CONDITION AT THE DEVICE SUCH AST RECOGNITION OF A TAPE
MARK, A 12 PUNCH ON THE 1403 PRINTER CARRIAGE TAPE, OR
LAST CARD ON THE 2540 READERy ETC,
00 00 0X XX
*

BIT 42 ¢ PROGRAM CHECK BIT) IS TURNED ON BY PROGRAMMING ERRORS ) w__—
SUCH AS INVALID CCW SPEC, INVALID COMMAND CODDE, ETC. HEX ADDRESS OF PROGRAM cew



CHANNEL EpHNAND EPRD:

A CCW IS A DOUBLE-WORD (8 BYTES IN LENGTH) AND MUST ALWAYS BE LOCATED IN
CORE SO THAT ITS HIGH-ORDER BYTE (ADDRESS BYTE) IS EVENLY DIVISIBLE BY 8.
THE CCW, LIKE THE CAW, CAN BE CONSIDERED A CONSTANT AS FAR AS THE
PROGRAMMER IS CONCERNED.

/Hrc/,t OQRIER MYl HUST BE DWisiBé BY 8

COMHUMID | haTa ADDRESS |FLACS ooo///////acoour

o 78 19 20 31 32 36 37 39 40 4748 63

COMMAND CODES IN BITS 0-7 WILL VARY ACCORDING TO THE [/0 GPERATIONS BEING

PERFORMED BY THE 2-CARD PROGRAM. (SEE COMPLETE LIST ON SYSTEM/360

REFERENCE DATA CARD) ©d=WRITE ¥SPACE 1403, Of = WRITE TAFPE, 1B= TRIPLE 5 PACE,
02 = READ{ALL DRVICES) 47= READ & STK SEL. 2540, ETC.

THE DATA ADDRESSES FOR THE PROGRAMS IN THIS PAPER WILL ALWAYS BE IN LOW

CORE SO THE FIRST 12 BITS (B-19) OF THAT FIELD WILL ALWAYS BE ZERO.

FLAG BITS 32433,34,35 (CHAIN DAYTA, CHAIN COMMAND, SUPPRESS INCORRECT
LENGTH INDICATION, AND SKIP FLAG BITS) MAY VARY AND WILL BE EXPLAINED
IN DETAIL FOR EACH 2-CARD PROGRAM DISCUSSED. THE SETTING OF THE

SILI BIT €BIT 34) IS IMMATERIAL IN MOST CASES.

FLAG BIT 36 (PCI) WILL ALWAYS BE OFF (SET 70 0) IN THIS PAPER BECAUSE
THERE WILL BE NO PROGRAM CONTROLLED INTERRUPTIONS.

BITS 37-39 MUST ALWAYS BE ZERODS.

BITS 40-47 ARE IGNORED BY THE CPU BUT ARE FILLEN IN WiTH ZERQS IN
THIS PAPER.

BITS 48-63 (COUNT) ARE THE HEX NUMBER OF BYTES TO BE TRANSFERRED OR ACTED
UPON BY THE COMMAND CODE IN BITS 0-7. MAXIMUM IS FFFF OR 65,535 BYTES,
REMEMBER THAT 80 COLUMNS (BYTES)= HEX 50, 100 PDSITIONS = HEX 64, ETC.

HEX FORMAT OF A CCW IN THE 2-CARD PROGRAMS IN THIS PAPER WILL USUALLY
APPEAR AS3S

XX 00 0X XX X0 00 00 XX CovwT (v H,
Xx XX €x) ofF
[ — r - '\/ baTa 8¥reg ToF -
Sy terey Ae
Cop f*0 #iey o’ L
& L6 ofbs “24 HMA”D Coos
Ad‘ <:4;7°‘, ‘e ‘: 4’/ °
% Y op 32‘3 s
Yo s
: 445_:4

/ ) FoCART LIET PROGROM FOF &1 oF 2
"o N - -

INITTAL PROGRAM LOADINGS

INITIAL PROGRAM LBADING FOR THE 2-CARD PROGRAMS IN THIS PAPER WILL ALWAYS
BE FROM THE CARD READER.

THE LOAD UNIT DIALS (GyHeJ MOD 30) WILL BE SET TO THE PHYSICAL ADDRESS OF
THE READER (00C).

WHEN THE LOAD BUTTON IS PRESSED, THE FIRST 24 COLUMNS OF THE FIRST CARD
(1PL CARD) ARE READ INTO THE FIRSV 24 CORE POSITIONS (HEX ADDRESSES 00-17)
ANY OTHER PUNCHES BEYOND COLUMN 24 ARE IGNORED BY THE CPU SO THEY CAN BE
USED FOR PROGRAM IDENTIFICAVION OR LEFT BLANK AS DESIRED.

00-07 /08-0F/ 10-17 4 “CoeeLoa,,.,o”S

FIRST % [ pspmys [SECoN0 TAL
oy PN [ Fies (K 1R

FOR 2-CARY IFPL [oka
pRocrAM | Cen  [for i I GrorED BY apP/ AT TFL
CONSTRNT, e e,
/ — ——

ﬁUGDUEE&EQﬁbDﬁUﬂﬂBﬂﬁﬂEHJOUGUPD‘
IREREREN] ENFEESEY EET PP SH 5 EIRE

IRRERRRN INRRRERE IRRERRRE IRRRERN]

|eso UQQDAB&\ &ﬂﬂ 0060000000080
%o 190 & 42 (1464545 47 R 50 91 52 PR ¢ 62 BEFEREI LN 213 M TSIE T I8 TIRO
(AR IRRERERERE) 117111 1T 118111111 11111

2277222722 222771227222:2 2 222222212122222227

1217232207223 2242222222922:2 2
1333323Y:03327533333333 4335333 3323333233 33 3333333233333333 333 3330333 33332
J4444440044244a444 148448444844 444 444948443428 8444444 454448445844 40"

5L BG83 ey L0 I5550059555555555555555555888%8¢°

E66b66EY ERGEECH666E0EEABhRi """

117771771770

00-07 THESE 8 BYTES ARE LOADED FROM CC 1-8 OF THE IPL CARD AND CONTAIN
THE FIRST AND ONLY PSW TO BE USED IN EACH 2-CARD PROGRAM. THE
ADDRESS IN IT POINTS TO THE FIRST PROGRAM INSTRUCTION TO BE
EXECUTED AFTER IPL IS CGMPLETED.

08-0f THESE B BYTES ARE LOADED FROM CC 9-16 OF THE IPL CARD AND CONTAIN
THE FIRST IPL CCW. THIS IS THE CCW WHICH AUTOMATICALLY READS IN
THE SECOND CARD (PROGRAM CARD) WHEN IPL ACTION IS INITIATED BY
PUSHING THE LDAD BUTTON. . '

10-17 IF THE FIRST IPL CCW IN 08-0F SPECIFIES CHAINING IN EITHER OF ITS
BITS 32 OR 33, THEN THERE MUST BE A SECOND IPL CCW IN CORE
LOCATIONS 10-17. [IF NO CHAINING IS SPECIFIED IN THE FIRST IPL CCW,
THEN THE ADJACENT POSITIONS (10-17) CAN BF USED TO STORE ANY CCW
OR CONSTANT THAT THE SECOND CARD (PROGRAM CARD) MAY REQUIRE.

1F CARD COLUMNS 17-24 ARE LEFT BLANK, ANYTHING IN CORE POSITIONS

10-17 FROM THE PREVIOUS PROGRAM WIL{ BE OVERLAID WITH BLANKS
(HEX 40) AFTER THE IPL PROCEDURE IS STARTED.

_g-



I/0 INSTRUCTIONSS

In THE INSTRUCTION SET FOR SYSTEM/360, THERE ARF UNLY FOUR
INPUT/UUTPUT INSTRUCTIONS. THESE ARE PRIVILEGEN INSTRUCTIONS

SO THE SYSTEM MUST BE IN SUPERVISGR STATE BEFORT ANY ONE OF THEM
IS EXECUTED.

9C START /U
3D TEST 1/0
9E HALT 1/0
9F TEST CHANNEL

THE 2-CARDS PROGRAMS IN THIS PAPER WILL USE CNLY THE FIRST TWO,
START I/C AND TEST 1/0. THEY ARE GENERALLY USED TOGETHER AND

MAY BE IN EITHER SEQUENCE. HOWEVFER, IT WAS FOUND THAT IN SOME

TAPE OPERATIONS THE FIRST RECORD WOULD BE INCORPECT IF THE TEST [/79
WAS GIVEN BEFGRE THE START 1/0.

START I/0 (9C) INITIATES A WRITE, RFAD, READ-BATKWARDS, OR CONTROL
SUCH AS REWIND, WRITE TAPE MARK, SKIP TG CHANNEL 1, ETC. WHEN AN
OPERATION IS NOT STARTED SUCCESSFULLY, THE CONDTTIUN CUDE IS SET
ACCURDINGLY. A PERTINENT CAW MUSYT BE IN LOCATITNS 48B-4R BEFURE

A START I/0 INSTRUCTIUN IS GIVEN. THE ADDRESS IN THAT CAW MUST
POINT TO A CCW WHOSE COMMAND CODE wWILL PERFGORM THE CORRECT FUNCTION
WHICH THE DEVICE DESIGNATED IN THE START 1/ INSTRUCTION DESIRES.

TEST i/0 (9D) TESTS THE STATE OF THE ADDRESSED CHANNFL, SUB-
CHANNELy AND DEVICE. THE PSw CONDITIUN CODE IS SET WHEN AN
GPERATION IS NOT TERMINATED SUCCESSFULLY. THIS INSTRUCTION wilLL
ALSO CAUSE AN ENTIRE CHANNEL STATUS WGRD TU BE STURED IN ITS
RESERVED CORE LOCATIONS (€40-47). NC CAW OR CCW IS NEEDED FUR
TEST 1/0.

I/0 INSTRUCTIONS IN THIS PAPER WILL APPEAR AS:

9D 00 00 OE | 9C 00 00 OE 9C 00 00 _1F ll 30 00 01 85
‘7'7 4 Pmm 5'7;_7 R0 FER [ 105Z sy :‘;-'J
/o o Ifo TYPE- Ife e
naTerR /95

SUGGESTIONS FOR WRITING 2-CARD PROGRAMS

NOTE. WHEN STARTING TO CONCEIVE A 2-CARD PROGRAM, IT IS NOT NECESSARY
TO BE IMMEDIATELY CONCERNED WITH THE IPL CARD (FIRST CARD OF
THE 2~CARD PROGRAM). ITS CONTENTS WILL BE DEVELOPED LATER
AT VARIOQUS STAGES IN THE PROCEDURE.

STEP 1.

SKETCH PROGRAM IN MACHINE LANGUAGE USING HEX NOTATIONS. IN DOING SO
REMEMBER TO ALLOW PROPER SPACING FOR UNKNOWN ADDRESSES AND LENGTH COUNTS
WHICH CANNOT BE DETERMINED IMMEDIATELY. [N THIS PAPER THOSE UNDETERMINED
POSITIONS ARE TEMPORARILY FILLED IN WITH X's ONLY TO SIMPLIFY EXPLANATION
AND ALLEVIATE THE POSSIBILITY OF WRONG POSITION COUNTING.

EXAMPLE OF A SKETCHED PROGRAM WHICH CAN BE WORKED INTO A 2-CARD PROGRAM
PROVIDING ITS INSTRUCTIONS, CAW'S, CCW'S, AND CONSTANTS CAN BE CONTAINED
WITHIN 80 DR FEWER BYTESI

000000XX 090000XX000000XX 9DOOOOOE 477000XX 9CO0000E 47FOQDXX

THE FUNCTION GF THIS PROGRAM IS TO REPEATEDLY PRINT OUT THAT CONSTANT
INFORMATION WHICH IS PUNCHED INTO THE SURPLUS COLUMNS OF THE PROGRAM
CARD, USING ONLY THE 2-CARD PROGRAM AND NO OTHER SOURCE OF INPUT.

SAMPLE OF REPEATED LISTING OF
DATA PUNCHED IN SURPLUS COLUMNS

~—=-NAME OF CUSTOMER----WELCOME TO IBM DATA CENTER---
—--—NAME OF CUSTOMER----WELCOME VO IBM DATA CENTER---
--~NAME OF CUSTOMER----WELCOME TQ IBM DATA CENTER---
--=-NAME OF CUSTOMER----WELCOME TO IBM DATA CENTER---
-—=NAME OF CUSTOMER---~WELCOME YO IBM DATA CENTER-——
---NAME OF CUSTOMER----WELCOME TO 18M DATA CENTER---
---NAME OF CUSTOMER----WELCOME TO IBM DATA CENTFR-——
~~=-NAME OF CUSTOMER----WELCOME TO IBM DATA CENTER---
~~~NAME OF CUSTOMER-—--WELCOME TO IBM DATA CENTER--—-
---NAME OF CUSTOMER----WELCOME TO IBM DATA CENTER---
--=-NAME OF CUSTOMER-~---WELCOME TO 18BM DATA CENTER---
~--NAME OF CUSTOMER----WELCOME TO IBM DATA CENTER---
---NAME OF CUSTOMER---~-WELCOME TO 1BM DATA CENTER——-

-10-



PROGRAM ANALYSIS STEP 2. CHECK PRUGRAM LENGTH

N 80
esT cows,  STHRTIL  Ukeows. CHECK TO SEE IF THE SKETCHED PROGRAM CAN BE CONTAINED I
PRINTER RN TESTHo iy ik BeANcH COLUMNS. ONLY ONE COLUMN WILL BE REQUIRED FOR FACH PAIR OF
006430XX D90000XXO00000XX IDGODOOE 477000XX ICODOCOE 47FOBORX ‘ HEXADEC IMAL CHARACTERS (2 HEX CHARACTERS EQUAL ONE BYTE).
— VLTHIATE AODESS OF PRocestys cow wae P e
4
00 00 00 XX CHANNEL ADDRESS WORD FDR PRINTER 00 00 00 XX 09 0O 00 XX 00 00 00 XX ~ 9D 00 00 OE
[ A P N T R T T e N
1z 3 4 5 6 7 8 9 o0 U iz i3 14 15 /6
THE FIRST ITEM IN THIS PARTICULAR PROGRAM IS THF CAW WHICH EVENTUALLY
MUST BE IN CORE LOCATION 48 BEFORE THE PROGRAMMED 1/0 OPERATION CAN BE
STARTED. IT IS NOT MANDATORY TO HAVE A CAW AS THE FIRST CONSTANT BUT 47 70 00 XX 9C 00 00 OE 47 FO 00 XX
THERE IS A DEFINITE ADVANTAGE TO ITS BEING THERE IN THIS PARTICULAR 7 % 7 i 57 32 55 34 o5 36 27 18
2-CARD PROGRAM AS WILL BE SHOWN LATER.
oAb e MATA FLre BITS(1353 4L oFF ONLY 28 COLUMNS ARE REQUIRED SO IT WILL BE POSSIBLE FOR THIS
e ADORESS PROGRAM 10 BE EXECUTED AS A 2-CARD PROGRAM.

AFTER PRINT
aAovNT

-

09 00 00 XX 00 00 00 XX PROGRAM CCW FOR PRINTER (NOT IPL CCW)
) FOR THIS PARTICULAR PROGRAM, THE SURPLUS COLUMNS (80-28=52) WILL BE

THE DATA ADDRESS CANNOT BE DETERMINED UNTIL THE PROGRAM IS LAID OUTY. USED FOR THE DATA TO BE PRINTED OUT REPETITIVELY ON THE 1403. IHESE 52

THERE WILL BE NO DATA OR COMMAND CHAINING SO NO FLAG BITS NEED COLUMNS OF DATA CAN BE ANY VALID PUNCH INCLUDING WHATEVER SPECIAL
BE ON. THE COUNT CANNDT BE ASCERTAINED UNTIL IT IS FOUND OUT HOW MANY CHARACTERS ARE ON THE PRINT CHAIN.

SURPLUS COLUMNS REMAIN IN CARD TWO AFTER THE PROGRAM IS ACCOMMODATED.

¢ /Aw‘z /‘”"WSIML APDRESS oF LR e CODED PUNCHES FDR LOWER-CASE EBCDIC CHARACTERS WILL PRINT AS THEIR
‘ of CORRESPONDING UPPER-CASE CHARACTERS ON THE 1403.

3D 00 00 o TEST I/D INSTRUCTION

£G. EBCDIC PUNCHED CARD CODE FOR LOWER CASE "e" IS 12,0,5.

THIS INSTRUCTION MAY BE GIVEN BEFORE A START I/0 INSTRUCTION TS THIS PUNCH CONFIGURATION WILL PRINT A LDHEE;?QSEE.f“IgE ggs
ATTEMPTED. IF THE DEVICE IS BUSY OR NOT OTHERWISE AVAILABLE, THIS 1052 TYPEWRITER BUT ON THE 1403, AN UPPER-

INSTRUCTION WILL SET THE PSW CONDITION CODE ACCORDINGLY. PRINTED, THE SAME AS A 12,5 PUNCH.

oA o - _
ot J'/O‘:;dﬁ;/ YLTIHATE ADDRESS ©F 7EST Z/o FPewree WS04 770
A~ ~

47 70 00 XX BRANCH ON CONDITION 7.

THIS INSTRUCTION WILL TEST THE CONDITION CODE AND CAUSE A LDOP BACK TO
THE TEST 170 INSTRUCTION. IT WILL FALL THROUGH ONLY WHEN THE PRINTER
IS AVAILABLE.

‘
51?«" g PHISCrL Ahdecss oF PrsuTeRe
~A—
9c 00 00 OE START 1/0 INSTRUCTION.

THIS INSTRUCTION WILL PRINT A LINE STARTING AT THE DATA ADDRESS
SPECIFIED IN ITS PROGRAM CCW AND EQUAL TO THE NUMBER 0OF BYTES
SPECIFIED IN THE COUNT FIELD.

o

e o

5"’ /\;“b /_uLT/MATE ADDORES oF TeEST i Prswrer S0 170
47 FO 00 xx BRANCH ON 15

UNCONDITIONAL BRANCH BACK TO THE TEST I/0 INSTRUCTION YO START ANOTHER
PRINT CYCLE. )
-12-
. . -11-



----- PUCARD T R R 0GR AMT T AR D
= - STEP 4., ESTABLISH FIRST IPL CCW
oSk [ | e [omee T b hon TPoiem ][ Joos o | 720
----- R {on- | --cope-- - T3 5P | - Cope e oon | —cooe || 992852 - “covE - PREPARE THE IPL CCW. THE IPL CCW IS USED TO READ IN THE SECOND CARD
E {conts addrjtents addrjtents addr |tents ( PROGRAM CARDI. THIS CCW WILL ALWAYS BE IN CC 9-16 OF THE IPL CARD
= (FIRST CARD?Y AND WILL ALWAYS BE PLACED INTO CORE LOCATIONS 08-OF
i1{oo 0o F 28 XXJ 55 DURING THE INITIAL PROGRAM LDAD PROCEDURE.
— —— | 5 I Bl onl 16 IHMATERIAL
2{o1 0o 2|29 56| W Aac s 81T
C3 B . S e =%l IPL CC
A L3 DR 3|0} ,,%., 30 k! S B B —_— oolo
4]o3 XX 31 58 L
- — | f— 02 00 00 48 20 00 00 50
ol —
I i B 09 N~ {|?2| - ng - J—— f re o K
o I 13 Gonnmvb CodE Yoaus (ENTIRE 2% CARD)
B3 Aok N 8|9 ___%... fudl (R B cre—— READ (Mo STK, SEL) JNTo CORE STARTING
FROM DEVICE IN AT LoCATioN
7/06 9o Il A s LAY OUT SKETEHED | [k var owis
_8jo7 XX el PROGCRAM I
. " »
308 oo g 36 _"hex confents” ___
olo9 37 — IN THIS SAMPLE PROGRAM BEING DISCUSSED, SINCE THERE IS ONLY ONE
! 2 = COLUHUS oW THE ___ CAW AND SINCE IT IS CONVENIENTLY LOCATED IN THE FIRST FIELD OF THE
A 18 ” ¥ ‘ PROGRAM CARD, IT IS MOST EFFICIENT TG HAVE THE TPL PROCEDURE LOAD THE
L33 L) N S “f—- ;O | R e RocraM Caedt CAW DIRECTLY INTO ITS RESERVED CORE POSITIONS (48-4B). THIS SAVES THE
X , _ PROGRAMMER THE TROUBLE OF HAVING TO PLACE THE CAW THERE WITH LDAD-
12108 32 SIDE oF 2-cAed REGISTER AND STORE INSTRUCTIONS OR BY ACCOMPLISHING THE SAME WITH A
13]oc 9D 40 PROCRAM [pAYouT MOVE INSTRUCTION BEFORE I1/0 EXECUTION IS STARTED.
v = TO INSTALL THE CAW PROPERLY WHILE READING IN CARD TWO AT IPL, THE
4
JL4j00 o L) SHEET, START WITH ___ ADDRESS IN THE ADDRESS FIELD OF THE IPL CCW MUST BE 48. THE REMAINDER
15]oe 00 42 THE CAW 1N CARD OF THE PROGRAM IN CARD TWO WILL FALL UPWARD INTN CORE IN CONFIGUOUS
gt ed) U g B B of [ R LOCATIONS.
16| 0F <3 43 COLUMA oNE AUD
—_— THE COUNT IN THE COUNT FIELD IS 80 CHEX 50) TO READ IN THE ENTIRE
17110 47 " CONTINUE OX. SECOND CARD €CAW + PROGRAM CCW + PROGRAM + SURPLUS COLUMNS INTO WHICH
oy S N ; e IS PUNCHED THE MISCELLANEOUS DATA THAT IS TO BE PRINTED REPETITIVELYJ.
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STEP 4 ESTABLISH FIRST IPL Cc¢

STEPL & ESTABLISH HEX ADDRESSES
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STEP 6. REPLACE PREVIOUSLY UNKNOWN ADDRESSES

STEP 7 COMPLETE ITIPL CARD

TPU CARD TP ROGRAMN —CTARD - o [T TPL CARD : TP R OGRAM T ARD o
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STEP 8 ENTER £BCDIC PUMHMH CODES

TPUCARD @ T PROGRAM CARUD
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STEP 9. KEYPUNCH 2-CARD PROGRAM

KEYPUNCH EBCDIC CHARACTERS INTO CARD. YOU WILL NEED TO
HOLD DOWN ONLY THE #MULT-PCH"™ KEY (NUMERIC SHIFT KEY NOT
NECESSARY) FOR EACH COLUMN BUT BE SURE TO RELEASE IT

BEFORE STARTING ON THE NEXT COLUMN.

A FULL 80 COLUMN CARD CAN BE MULTI-PUNCHED IN LESS THAN

FIVE MINUTES IF EVERYTHING IS WELL ORGANIZED.

IN THE APPENDIX, THE TABLE-UF-EBCDIC-PUNCH-CONFIGURATIONS—-
IN-CARD-ROW-SEQUENCE SHOULD PROVE HELPFUL WHENEVER

VISUAL VERIFICATION OF A PUNCH IS NECESSARY.

STEP 10. OPERATING INSTRUCTIONS
AFTER THE IPL CARD AND THE PROGRAM CARD ARE BOTH PUNCHED,
SIMPLY SET THE LOAD UNIT DIALS TO THE PHYSICAL ADDRESS

OF THE CARD READER, READY THE PRINTER, LOAD AND GO.

1
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PROGRAM™

POST-MORTEM

IT SO HAPPENS THAT THE SAMPLE PROGRAM

AS STATED WOULD NOT GET VERY FAR AFTER
A LOAD & GD. IT HAS A MAJOR FLAW.

THE PROGRAM JUST DISCUSSED WAS THE
ORIGINAL VERSION THAT THE AUTHOR

TRIED AND BECAME STUMPED AS TD WHY
IT DID NOT WORK. IT WAS NOT UNTIL

BIT 42 OF THE CHANNEL STATUS WORD IN
STORAGE LDCATIONS 40-47 WAS CHECKED
THAT THE REASON FOR THE MALFUNCTION
OR LACK DF FUNCTION WAS DETECTED.

THE ERROR WAS SHOWN YO BE A BOUNDARY
VIOLATION.

YOU WILL NOTE THAT AT IPL TIME THE
HIGH DRDER BYTE OF THE PROGRAM CCW

€09 00 00 64 00 00 00 3%4) WAS LOADED
STARTING AT HEX LOCATION 4C. 4&C IS

DECIMAL 76 WHICH IS NOT EVENLY
DIVISIBLE BY 8. ALL CCW'S AND SIMILAR

DOUBLE-WORD ENTRIES MUST RESIDE IN
CORE ON A DOUBLE-WOURD BOUNDARY.

OF ¢cwW ADDR
THE LOW ORDER HEX CHARACTER,MUST BE

EITHER A # DR 8. (XX X@#) OR (XX X8)

S/

FOR THIS PARTICULAR PROGRAM, THERE

ARE MANY WAYS TO REMEDY THE SITUATION
AND THREE wWILL BE DISCUSSED BRIEFLY.

PUNCHD" T‘hgﬁ‘ﬁekn
~cove|| e feon
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BE46]126) 63| x x
wndadlesle 4|
‘glﬁ\“ﬁ_ sl |
Q‘{B 31
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m{,ﬁ LI
caN_ fad T .
37
_____ R | ] R
§3 34_ 39
54| 9b 40|
5571 oo sl
861 oo ,,2
P ol R |
SBi 47| 4l f
59170 45
SAjoo 46
58154 Aot ]
57L ?21 - 6l |
| oo ,,;;
$Eloo B 50
Flec) s |
60147 52
¢/ | Fo 53
62| oo _ 54 B
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CCwW BOUNDARY ALIGNMENT---METHOD NG. 1l

THE CAW IS LEFT IN ITS GRIGINAL POSITION BUT THFE CCW AND REST OF
THE PROGRAM ARE SHIFTED UP FOUR COLUMNS. THIS WORKS, BUT FOUR
POSITIONS OF THE DATA AREA HAVE TG BE SACRIFICED. NOW ONLY 48
SURPLUS COLUMNS ARE AVAILABLE IN WHICH TO KEYPUNCH DATA THAT IS
TO BE LISTED REPETITIVELY.

THE CAW IS STILL LOADED INTO 48 BUT BY SKIPPING THE NEXT FOUR
CARD COLUMNS, THE CCW FALLS INTO LOCATION HEX SO (DECIMAL BO)
WHICH IS EVENLY DIVISIBLE BY 8.

THE ADDRESS IN THE PSW IN THE FIRST FIELD OF THE IPL CARD MUST
ALSO BE ALTERED TO PICK UP THE FIRST PROGRAM INSTRUCTION TO BE
EXECUTED {9D=TEST 1/0) WHICH IS NOW AT LOCATION 58.

THE DATA ADDRESS IN THE PROGRAM CCW IS NOW HEX &8 AND THE COUNT
IS REDUCED TO 48 (HEX 30).
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ALIENMENT-- METHOD NO. L

TPRTOGR AWMU ARD T T T T

CCW BOUNDARY ALIGNMENT---METHOD ND. 2.

THE FOUR SURPLUS POSITIONS LOST BY THE PREVIOUS EXAMPLE ARE
RECAPTURED BY USING THE 360 SCATTER-READ CAPABILITY. IN THIS CASE,

TWO IPL CCW's ARE USED WITH THE CHAIN DATA BIT TURNED ON IN THE
FIRST ODNE.

FIRST IPL CCW CC 9-164 CORE LOCATIONS 08-0F

& 4 BYTes 1,

REXD 1 oty
o 02 00 00 48 AD 00 00 04 7
‘a,,z"/;’\‘v b
£y LO%
<) Re sy lloW L enmiw DAty
5P e ’ R o

THIS CCW CAUSES ONLY THE FIRST FOUR BYTES DF THE PROGRAM TO BE
READ [NTO STORAGE. THUS THE CAW IS LOADED INTO 4B-4B AND NOTHING
ELSE. BECAUSE THE CHAIN DATA BIT IS ON, THE SECOND IPL CCW IS
EXECUTED BEFORE THE PSW IS FETCHED AND THE PROGRAM STARTED.

|6 o | " {ccfen frex fTEND” flcclhex bex | TERD
T % tents| CODE” gr:‘_  CODE addr{tentg CUDE
_i]oof 63 ssl |
2o ¢4 56 )
302 éf s7
4|03 6€ oo sef | |
5104 é7 sol | o
6105 _67 60 N
7]106(" f 6.1 ~
8lOTNOOY 1 RSB ¥ | 6?
10819 n | R0 ley . B 63 o
10)09 64
1110A|Q0 |} | QUL |CC ipl A8 65) | P
12108 5}6 _
13}0C 67 -
14]0D - 68
15106/00 |-\ Qus|56|oo (8O, M(«2| | | oo\
16 |oF 70
1710 |l |
18111 72
19§12 73
20] 13" 74
21|14 75 .
22|15 ol ||
2316 m o1l
24417 I 78 .
79
e = 80 _— —

Ye=bEC 76 (R EMAWN G-
eped QoLUMUS
sTARTME WITH

SECOND IPL CCW €C 17-24, CORE LOCATIONS 10-17

e, _\@ 00 00 50 20 00 00 4C

ProGrAM CCH)
4\>C’Vc g N
Sy &y g
Ty ot Tl ype,
= ,eq;’a»exw (’cy.{: SRAIN DATA B)T7S o
Wi0." O pey V- Stehrewe Frp, pp
fegy Ser o F £oRaron. pry
€ Be e ng"*EA P i Se

M PLE T TER 17

WHEN CHAINING DATA, THE COMMAND CODE IS IGNORED SO THE XX's ARE
INTENTIONALLY RETAINED HERE TO PROVE THIS IS THE CASE. HEX
ADDRESS 50 CDEC. 803 IS VALID FOR THE CCW WHICH IS THE NEXT FIELD
OF THE PROGRAM CARD TD BE ENTERED AFTER THE CAW. THE PROGRAM
AND SURPLUS DATA NOW RESIDE IN THE 76 POSITIONS 50-98 AND THE
SURPLUS OF 52 DATA COLUMNS 1S RESTORED.

THE PSW, CAW, AND PROGRAM CCW MUST BE REVISED ACCORDINGLY.
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ccw ALIGNMENT-- METHOD Alo. 2

CCW BOUNDARY. ALIGNMENT---METHOD NO. 3.

“IPLCARD - TP ROGRAW —TARD
ce| ofrem ["enea” fechoxlrex 1T [l chex s [ TEREED Nldlex  | 7ELER?
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1z|os| 49 1257134 | 1 3)‘;?2 : l|es|¥D _T“ o
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ahoix T Relsefar] L le77] | |
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6 20 K Rrleol 9C | | Nl gB) | |ls|%6)

15| 00 |ethes eolti 00 | | tlleotTCl | [irel97)

16| 00| “ne€ Wosfé2l00 | 1 Nsgfb| | 77198

17| 4€ 24|63 0E s 7€) 1899
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THE THIRD METHOD INCREASES THE SURPLUS COLUMNS FOR PRINTOUT .TQ

60 POSITIONS. WHILE THIS METHOD 1S-BEING SHOWN, THE OUTPUT DEVICE
1S CHANGED TO THE 1052 CONSOLE TYPEWRITVER (OLF) AND SOME OF THE
SURPLUS DATA WILL BE PUNCHED IN LOWER CASE EBCDIC FDR DEMONSTRATION
PURPOSES. HOWEVER, THE PRINCIPLE FOR CORRECTLY STORING THE

PROGRAM CCW WOULD STILL BE THE SAME IF THE 1403 PRINTER (O0OE)

WAS STILL BEING DISCUSSED.

IF ONLY ONE IPL CCW IS TO BE USED (NO DATA OR COMMAND CHAINING)
THE ADJACENT CORE STORAGE BYTES (10-17 WHICH NORMALLY CONTAIN

A SECOND IPL CCW) CAN BE USED AS GENERAL STORAGE FOR CONSTANTS DR
ANYTHING ELSE. SINCE HEX 10 (DEC. 16) IS DIVISIBLE BY 8, IT
SATISFIES THE PREREQUISITES FOR A DOUBLE-WORD BOUNDARY. ANY CCH
CAN BE STORED THERE AND USED WITHOUT OBJECTION. CONSEQUENTLY THE
PROGRAM CCW WAS REMOVED FROM IVS ORIGINAL POSITION (TRAILING FHE
CAW) AND STORED IN 10~17 DURING INITIAL PROGRAM LDAD.

A
THE PSW, CAW, PROGRAM CCW, AND COUNT MUST BE ALTERED ACCORDINGLY.

ToL Cew PROGRAM Cca)
0200004820000050 OF0060 XKOOOCTHOK
4 ~

-m»-tl{. ‘oo sw SUmID,
9DO000LF 47T70004C 9CO0QOLF ﬁ‘moxx .
47

IPL CARDY
Ps

00000000000000XX

PROGRAM CARD:

ccN

oGRAM
000000XX 90000XX000000X%X

SAMPLE auf/af L/ 5774/5- o

1052 UPPER & lower Case 2-Card Print Demonstration Program,
1052 UPPER & lower Case 2-Card Print Demonstration Program. _
1052 UPPER & lower Case 2-Card Print Demonstration Program,
1052 UPPER & lower Case 2-Card Print Demonstration Program.
1052 UPPER & lower Case 2-Card Print Demonstration Program,
1052 UPPER & lower Case 2-Card Print Demonstration Program, _
1052 UPPER & lower Case 2-Card Print Demonstration Program.
1052 UPPER & lower Case 2-Card Print Demonstration Program.
1052 UPPER & lower Case 2-Card Print Demonstration Program,



CCW ALIENMENT --HETHoD 0.3

______ TPU CARD TTTTTPTRTOTGTRTATM CTA'R'D ™7 T T
— S I T e - == —— 2-CARD GANGPUNCH PROGRAM
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E {conts CovE addrftents| ~ COPE " laddrtents|  COPE || zgget' f::t; “TLuoE"
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------------------------ - | CHAINED SECOND IPL CCW IS USED TO READ IN THE MASTER CARD CONTAINING
4«03} 00 |1z0951 | «|48] 10 7| e S8 THE DATA TO BE GANGPUNCHED. THE MASTER CARD IS READ INTD STORAGE
A DURING IPL AND BEFORE THE PSW IS FETCHED TO START PROGRAM EXECUTION.
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R-CARD GCANE PUNCH PROGRAM

[PL CTARD PRUOUGRANW CARD -
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25 Qe iz ns4
26} 006 1iof81 {153\ L aadipad IO |
211 | OO M 055 ||se B
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THE PROGRAMS DISCUSSED THUS FAR HAVE REQUIRED ONLY ONE
BURST OF INPUT DATA AND THAT WAS TAKEN CARE OF AT IPL
TIME. HOWEVER, THIS IS NOT THE NORMAL STTUATION IN

MOST DATA PROCESSING APPLICATIONS.

ORDINARILY, INPUT, OUTPUT, INPUT, OUTPUT TAKE PLACE AS

ALTERNATE OPERATIONS. WHEN THIS IS THE CASE,

COMBINATION OF CAW AND CCW IS NEEDED FOR INPUT, AND A

DIFFERENT CAW AND CCW COMBINATION IS USED FOR OUuTPUT.
NOW PROGRANS INSTRUCTIONS MUST BE INCLUDED
THE CAW'S INTO THE RESERVED LOCATION OF 4B-4B WHENEVER

THE RESPECTIVE INPUT OR OQUTPUT OPERATION IS TO OCCUR.

THERE ARE SEVERAL WAYS TO ACHIEVE THIS AND THREE WAYS

ARE OFFERED AS SUGGESTIONS.

-30-

A SEPARATE

TO INTERCHANGE



THE REMAINING PROGRAMS IN THIS PAPER WILL BE LOADED
STARTING IN HEX 140 AND THE. DATA 1/0 AREA WILL START
AT HEX 200. THESE LGCATIONS WERE CHOSEN BECAUSE THE
CORE PRINT UTILITY 360-UT-056 STARTS DUMPING AT HEX
140, THIS FACILITATES DEBUGGING, IF NECFSSARY.

80/80 REPRODUCE USING MOVE CAW

e caRo: o cew
42000200 5'7',4/?7' OF SAMPALE CORE 1/e//7 0000000000000158  0200014020000050

00000050
05000200 3é0-UT-056  oROGRAM CARD .
00000050 PR 3
- ] ~ Fo Ha
Zgggg?gg 14o-/188 4. READEC 1 o READ cew' Puwes capn
PROGRAM 00000148 400000150  4200020000000050  4100020000000050
9D00000C 76 B 200
700 oVE -
31050323 ¢ )27'55 D20300480140  SCO0000C  4770015E  9DOOODOC 47700166
9C00000D (Yo-CAw) MeveE
47700164 D20300480144  9CO0000D 47700174  9D0O00OOD  4770017C
9D00000D
4770016C 47F00I58
97080048 :
47F00150
40404040 PROGRAM ANALYSISS
40404040 40404040 4040404074 00000000

00000000 00000000 00000000 00000000 p Mey, 7o Frod
00000000 00000000 00000000 00000000 8 eve —~—
00000000 00000000 00000000 00000000 2c00-24F 6 8). Dz_g} 00 4p 01 30 MOVE READER CAW TO RESERVED AREA.
00000000 00000000 00000000 00000000 1'/0 AREA 5, S~ dbesss
00000000 00000000 00000000 00000000 >,‘rg€¢:‘e F READ 4y
00000090 —# s "’°&5”re4‘: CAW Ares (47-48)
00000000 00000000 00000000 )
DADADADA  DADADADA  DADADADA  DADADADA  DADADADA  DADADADA  DADADADA 9C 00 00 oc START 1/0 (READER
DADADADA  DADADADA  DADADADA  DADADADA  DADADADA  DADADADA  DADADADA  DAQAC
DADADADA  DADADADA  DADADADA  DADADADA 00000000 00000000 00000000  00PQe 47 70 01 SE BRANCH ON 7 RTED
00000000 00000000 00000000 00000000 ooooo 00000000 00000000 -#0¥0C FALL THROUGH WHEN READ HAS SUCCESSFULLY STA -

00000000 00000000 00000000 00000000  00ODDS
00000000 . 00000000 00000000 00000000 oooooooo 00000000 00000000  00POO

00000000 0D00O000 00000000 00000000 00000000 0000000 00000000  00POC 9D 00 00 OC TEST 1/0 (READER)
00000000 00000000 00000000 00000000 00000000  DOOGOD00 00000000  OOPOO

AREA PRINTED BY INITIAL PRINT COMPONENT 47 70 01 66 BRANCH ON 7
N t ¢ FALL THROUGH WHEN READ IS SUCCESSFULLY COMPLETED.
ENTIRE AREA.....000140 TO 0002FF Te FROM
INITL AREAcc.2+2.000140 TO O0OLTF MOVE Lo A
INIT2 AREAesc...000180 TO OOOLFF D2 03 00 48 01 44, MOVE PUNCH CAW TO RESERVED AREA.
INIT3 AREAcc....000200 TO 0002FF \-—xbmeess o
LAA@,f a4u
FLOATING POINT REGISTERS 0 2 4 )
0000000000000000 0000000000000000 000000000900¢ 9C 00 00 OD START 1/0 (PUNCH)
REGO 00000000 00000000 00000000 00000000 00000000 00000000 T 47 70 01 74 BRANCH ON 7
REGS 00000000 00000000 00000060 00000000 00000000 00000000 DOO0( FALL THROUGH WHEN PUNCH HAS SUCCESSEULLY STARTED.
40-CSW KEY-00 ADDR-000000 STATUS-0000001000000000 COUNT-000000 4«8-CAWl Kt 30 00 00 0D TEST 1/0 (PUNCH)
PSW CONTENTS EXTERNAL INTERRUPT SUPERVISOR CALL PROGRAM CHECK ) 47 70 01 TC BRANCH ON 7
FIELD FORMAT-DLO 18  -NEW 58 -OLD 20 ~NEW 60  ~OLD 28  -NEW 68 ) -( FALL THROUGH WHEN PUNCH HAS BEEN COMPLETED SUCCFSSFULLY.
SYSTEM MASK BIT-00000000 -00000000 -00000000 -00600000 ~00000000 -0000000§ -(
PROTECTION KEY HEX-0 -0 -0 -0 -0 -0 =C 47 FO 01 S8 BRANCH ON 15
AMWP 811-0000 -0000 -0000 -0000 -0000 -0000 - UNCONDITIONAL BRANCH BACK TO MDVE-READER-CAW AND REPEAT CYCLE.
TNTEDDIIDT FANC v nAnA nann —nnnn Annn _AnAnA _nnan _r
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§0/50 REPRODUCE US/ING Move Caw

TPUCARD PRUOUGRAM CARTD
= ‘ . , , : : ALTHOUGH FOR THE MATERIAL DISCUSSED UP TO THIS POINT THERE WAS
1C thex |PUTCHO M ‘lhex |hex [PUNCHD hox fhex | PORCHD|[— |, | ox | PUNCHD NO NEED TO SQUEEZE PROGRAMS IN ORDER TO FIT THEM INTO 80 COLUMNS,
01O on= ] CARD  MCCloorel con-f CARD JlCClooraloon- | CARD [lcc| 2% 18X | carp THE FOLLOWING TECHNIQUE IS GIVEN IN CASE THAT THAT NEED MAY EVER
R CODE ~dde tents | CODE a tooe |1 ~CODE"~ ARISE. IT WILL ALSO DEMONSTRATE ONE PRACTICAL APPLICATION FOR
-4.E {conts ts addr jtents addr [tents
il kxsed I THE EXCLUSIVE OR INSTRUCTION. BY USING THE XOR, ONLY ONE SERIES
' ' , OF INSTRUCTIONS IS NEEDED FOR BOTH INPUT AND DUTPUT. PROGRAM
L)ool @0 ivoys) B 1[1H0|00 |12 047/ ||28|15B\ 48 | /279 ||ss|1 7| 00|77 95 LENGTH IS THEREBY SHORTENED CONSIDERABLY.
2|oileo |noss B 2| t|oo |rergs ||| elof |2 9/ |lse| 7|oblmiss
3|o2| O |voss5/ B 3| 2107 17291 |10 9 Yo |8isuvk (s f Y2no97
4]o3| 00|12 095 W 4| 3148 [/209g ||| ElFe sz nrgilsel )P0 10 80/80 REPRODUCE USING EXCLUSIVE OR
sloslo@|vodss |l 5| 4|oo |/2e9si |[32] Fl|oo oy ¢ 1159|17R| @1 |12 9/
6l05)@0|/7095: M 6| §100 |o15/ ||33| 0] 00 |2o55/ ileo| B|ahrnes4 IPL CARD:
i : ‘ i - = - IPL ccwW FROGRAM cew
70o6j@) (/15 R 7 OF v 91 [3af 10C|pdg¢ |ler| CIID Vo nis 000000000000004C  2000004820000050  4200020000000050
8lo7| 58z 77 W8l 7|60 !V 35| 2147|1077 lle2| blOO|mejs) '
p - - .
‘g 0’ 02|miv §o 42 | 1m04 s 36 3 70 |13 40 63| E|BONMosF/ PROGRAM CARDS I”s-r/euc-r:ws FOR BOTH /Nbur Y ourg
- - - Y
to|ol 00re15 fuol 9100 hregss sl 401y 41 e o dalen sosho SRR «iiveosc  sishdk  eriasem
11 ol ol|rz 91 WulMAl oL |1 42 ||38| SISE |7 7% |lesl/go 097 v z
- 9701004F 97010057 97030010  &4TF0004C
11318 40| 844 Bi2| Bloo |1zatss |l3e ‘ B b vgs|les] 17017340 FiRsST xo&  SECONDXOR  THIRD XOR  uwcowd 8,
[2lod| 207052 Ris| Cloo oss) ||so| T|00 (10777 |[67] 2|00 9/
. : PROGRAM ANALYSIS3
«|o§|@0 V7095 1 Bia| D00 nosss ||| 800 12095/ |lss| 37| 7 4
Aslogl@O©]150495 1 Bis| €00 Vrois/i]ez 7 oc /795 %#|les 4 4713097 1. IPL CCW LOADS THIS PROGRAM HAVING ONLY A SINGLE CAW AND A
\ Fleo - SINGLE CCW, DIRECTLY INTO CORE STARTING AT LOCATION 48.
VoAl 50|~ 16 o /v 3\ RN Y7 1mog7 |l10] S|PO| 0
: - . 2. PROGRAM READS A DATA CARD INTO HEX 200.
1*10 -« eeWih,, 19141 1nos) ||aa] B0 |2 ve lln| 6lO1] /2 G/
RGAF 635- 3. FIRST AND SECOND XOR'S FLIP PHYSICAL READER ADDRESS ¢OOC) TQ
18|11 ,ro £ Ris| 1oo 12095, 1las Clor 1119 |lz2| T|88V2# 78 PHYSICAL PUNCH ADDRESS €00D), SEE DISCUSSION PAGE 36 ===
19 %GE ool 2|02 1292 ||4s] DG (o756 |l1a 4. THIRD XOR FLIPS COMMAND CODE IN PROGRAM CCW FROM READ-AND-
D-[ﬂ'f“ . STACKER-SELECT TO PUNCH-AND-STACKER-SELECT.
20| 13lp AR & 20| 3loo |4095/ (41| EIDL |7/ 2 |14
v : S. UNCONDITIONAL BRANCH BACK TO BEGINNING OF ROUTINE.
21]14 &6’ 21| 4|00 |/5055/ ||4s| Flo3 [# 93 |lis
- 6. PROGRAM NOW PUNCHES DATA FROM SAME POSITIONS INTO WHICH
22|15[$T 22| 5100 |/2055/ ||«s)/T0 oo |2075/ |16 IT WAS READ. ~
23{16 2| 8loo |r. 79/ |lsol 1| €8 /097 |17 7. FIRST AND SECOND XOR®s NOW FLOP THE DEVICE ADDRESS BACK TD
TO THE READER AND THE THIRD XOR FLOPS THE CCW COMMAND CODE
241117 24| 1152 /L si| 210/ 1247 lre) | | BACK TO ITS ORIGNAL READ-AND-STACKER-SELECT.
25 7 Do | /2 |lsz|] |4é¢ |79 (|18 8. THIS CYCLE IS REPEATED UNTIL ALL CARDS ARE PROCESSED.
26| 9|03 |1t 73 |ls3 419¢ |20 94 80| N
27|15 00 |#osss |1si| Sloo |/or5/ ) e



fo/50 tc-'Aeao YCE USING Excw.ure' a.e

“““ TPCCARD R PROUGRAM T CTARD.
cc|orex | TEiee” Reclexlnen FPUS® [lccpor o | TERE [leclnex fhex | PEEE
SRR s bon Bt i el T Bl e e
_i|wjooncis/ B 1149100 |iror5/ |120) 63187\ 157 |issl
_2f01{ 00 1075 M 2 49]00 (120457 |29 64 97| 12 107 |ise B _
_3l0z| 00 v cqss | 3| Bloo |nigsi ||s0651 03] 12 93 |lst
slosloo |messr W «|H| 10 |2 uisr|in G_E 00 /2 095/ |58 h
_slos|op |/2c58/ Q5 del| 9¢ Jru Sy |32 (7 /0 /‘H/ﬂ’; 59 o .
~slos| oo |rers Mol #D| 00 |osr|15368 |47 |/2ct7 60 ____________
7|06| 00 |ito7s/ § 7 $e| 00 /1/077/ 3469 Fole e
o 4e /'Iff’f rrof &1 |52 _‘ —_i w_:j_
| slos|OZ |1 g2 q4e| 11 34+ ||o3
10]09 ‘Do"‘ 110991 ;4 ___________________
11fonl 00| ode, W82 00 |1 c511]5 ol ||
12 os|49 |12 045 12|53 4e |12 54 ;'3;___;‘ :_-_, e
13)oc[200noyss Jus| A [ensslico] | |l
14]00| 00 [ /20481 fha| 55| 00 1ro45) (e 1 sl | ]
15|oE 00| i1 095/ 15 ’_56 00 |/2099/¢ |]42 69 |
16]0F| 50}/7 16 57\ 0¢ |2 75¢ 43 _ N o | | !
17|10/ 42| 12042 Wur| 58| 47 [ne 67 [laa| 71 |
18(11{ 00Yro98/ hisl59|70 |12 116 145 ___j __________________ ?2 _____________________ !
19]12(0Z Iy i 15|5A| 00 17098 |ias| | | ?~-3 ---------------------- E
20|13 9@y es 5/ Rool 58 §4|ienddlig o » N 7_4 S
21|14] 00| ros2 Rar[5C |97 Vv r7 las| | | 75 . :
2fis| 0o|peszy Qealsolor |rn g oo | | e '
23[16| OO woss] R3] SE 00 |reeis)isol | | 77
24117 5012 2|5F 4F /2 §7 |ls1 - __‘, ----- 78 1 "
. 25601 A7 |72 07 lsel ||l |
PROGRAM CeW 6|6 1] 01 |02 1 |I5s] 80
/N 10-1T7  B,4|62| 00120951 | 5 S

- EXCLUSIVE OR INSTRUCTION

IN THE PRECEDING EXAMPLE, SINCE ONLY ONE BYTE UF INFORMATION WAS
FLIP-FLOPPED EACH TIME BY EACH XOR INSTRUCTION, THE "“SI* FORMAT
WAS USED.

OF THMEDIATS

CapE _BYTE 8. D
[ 97 I I 0 I XXX J
£55 OF BYTE
éé“f'ﬁunw k_Ab,?f ‘ose FLp-FLOLP 24

FACTOR

PROCEDURE FDR ESTABLISHING CORRECT BINARY RECIPROCATING FACTOR.

1.

3.

DISPLAY BOTH THE ORIGINAL BYTE AND DESIRED FLIPPED BYTE IN
THEIR BINARY FORMATS IN THE ARRANGEMENT AS SHOWN BELOW.

/-\-fféx 1A

'

1100 —srORIGINE Byre

000D
o 000 0 1101 —wpeswed By e
o3
- HEX 0D
CREATE BINARY RECIPROCATING FACTOR. W B, N&;‘if'””‘
0000 1100 ’“cﬁm’ o
cooo ooou/"’giyﬂy Abnff,_’,_ es)
5000 T TO0T [ T eNok
CONVERT FLIP-FLOP FACTOR FROM BINARY TO HEX.
000D 1100
0000 0001 — =HEXO!
0000 1101
qopess oF 0e" sheT %
97 o1 00 4F/ 71'4,
M TES
91 ol o0  s571A—ANRES oF "0"
_3.6_



IF THE PHYSICAL ADDRESS OF-THE RE&DER.HAS 008 AND THE PUNCH 004,
THEN THE FLIP-FLOP FACTOR WOULD BE DETERMINED AS FOLLOWSS

; B oriGimvAL BITE

0
0000 1000

0000 0100 ——DeSIRED BYTE
0 4

”-..---'174?)( o9

3338 1933 ——— cREATE Fur-FLoP FACTOR
0000 0100 .

0000 1 000 -

0000 1000 __+»= HEX oOc

0000 0100

FLIP-FLOPPING COMMAND CODE IN CCW FROM
READ~AND-STACKER-SELECT TO PUNCH-AND-STACKER-SELECT

A
4 2
0100 0010 1P-FLoP FACTo
0000 o0011—T" EQ)uALSFA <
0100 0001
4 1 HEX 03
o
N —
PunicH w- a—ADIRESS oF Con.,
97 03 00 10 e
$7k -Ser O0€ 14 PROC ey aer

ACTUALLY THE RECIPROCATING FACTOR CAN BE DERIVED BY GETTING THE
MODULO-TWOD SUM DIRECTLY, BUT THE THE PICTURE OF THE MECHANICS
OF THE FLIP-FLOP IS NOT AS OBVIDUS.

= CMND CODE READ BACKWARDS

oc
ORIGINAL BYTE™>0 0 0 0 1100—7 - FTER PRINT
DESIRED BYTE~¥0 0 00 100 | —w0F=NRTE ¥ SPACE L 4
0000 0101

‘I-\.f=lh’-nF2¢u0 ;;’C;Zh('a.ﬁasx
L os
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THE FORMAT OF EITHER OF THE TWO PROGRAMS JUST DISCUSSED COULD

BE USED TO COMMUNICATE BETWEEN ANY. WO I/0 DEVICES. JUST THE
PHYSICAL 1/0 DEVICE NUMBERS WOULD HAVE TO BE CHANGED AND THE
COMMAND CODES ALTERED TO CORRESPONDING I/0 OPERATIONS. HOWEVER,
THE MOVE CAW METHOD COULD BE PRUGRAMMED MORE EFFECIENTLY AND

THE SECOND METHOD §USING XOR) IS TOO PAINSTAKING HAVING TO FIGURE
OUT THE RECIPROCATING FACTORS FDR ALL THE VARIOUS DEVICES AND
COMMAND CODES.

THE FOLLOWING GENERAL PURPOSE FORMAT IS A SORT OF COMPROMISE

BETWEEN THE TWO AND SEEMS TO WORK SATISFACTORILY WITH MOST 80
CHARACTER UNBLOCKED RECORD I/0 APPLICATIONS.

GENERAL PURPGSE UNIT-TO-UNIT 2-CARD PROGRAM

IPL _CARD. cen/ 7o LoAd
o Psw ecw 7o LoAs eAW REMAINDER o F ProcAAM

0000000000000150 02000048A0000004% 000001402000004C

PROGRAM CARD.

saleLe ZNPoT cen) oUTPYT CeW
et AT ¥ ONIT #2Z
06000140  XX000200000050 XX00020000000050

START /e ioor 70 TesT T TiiP AW ADDEESS

Lool 7

9C000XXX 47700150  9DOOOXXX 47700158 97080048 o

INPST  yrr Bt STAnT T4& 1] EST 70 UNT #2 CC v
PHYS ADIR PHYIS AddR !

S7ALT Ho Loof To TEST b toof 7o FLol CAW AddeesS

9CO00XXX 47700164  9DOOOXXX 4770016  9T08004B w
QTN ez AT Sora  TET To UMIT#1 &&

PHY3 AbSL. PAYS AbOE,

47F00150

UN Conid Zion/ A

BRAVEH To

REPEAT eyelE
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G ENERAL~PUR POSE UMIT-TOUNIT 2-CARD FROEAAM

gol/go REPR owce- USING G-EM-PMMI f«mr

-39-

-40~

TPLCARD : P ROGRAMN —CARD “TercaRD "PROGRAM TARD -
R N N S | e el s I 3 e & 22;; o TR e e | PR e e | "ERERD)
3 lconts addr| tents ddr ftents|  COPE addr [tentd CODE E conts addr{tents - addrjtents|  CODE addr [tents ceoE
1|ool 0O NCATZA P 238|157 50 ss| 17y o1 _t|vo| cOlr2c95/ B 1|4§ | 00 | 10651 ||2557 | S0 |/ ssvi0! |z 4/
2101/ 00 2| 49|00 |\ ¥eyel|2s| 1] 9D sell73 [ _2|o1 ,00_. noss) N 2|49 00 o151 ||os) (90 ross ||so 3lecloss
3]02{ 00} 3|44| 01 || €44y (|30 9] 00 st 097 | oo | | 2|02 00 |0ciss W al¥h100 N 1 1ol 9] 0olirosg) ls7l 4197]/ 07
«|osloo 4B 4o 31{1SA| ox sel Y og e,,z,‘, «|o3| 00 |11 099/ 4 44140 |24k |15 1A 00|/1055/ ||58| & 07 /’me}
5|04l 0O s\ | XXM 52| 8 XX 53| 6|00|%,.7| | {0400 veds | s\bo| 4y [1ogs (|2 8loe|niss (|55 €|oolrons,
6|os| 0O o )| o0 33 Cl¥7 co| 7|98 .e‘?o*; _6os{ 00 nog5/ f of 1] oo |imodg; |133| e|#7 izes7 |lsol 7|81/ 53
7|06 ©F | 1|03 ['%_ 3«| D| 70 o1 y7le, 10| 01112/ | | ov| b |{34] d|Po|izie s RIY¥T|nes7.
8|07 50 8| 3loof\ca?||5s| £]os o 9|Fo|%e 2| | sl 501 8| 3| 00055/ |'s5| E|O2 126/ |2 GlPO|c
s]os| @2 9 9 oo r’bof 3| F]5¥ s3|/74(0) ?%ﬂ slosloviiiy || #| 00 110§ 1i36| F 58|iisy e3\l7A [0/ nes
10| 09| 00 ol cloe 1% |l 760 f7 "ep. on /78|50 X-%\ﬁi; 10]09| 90 |120981 fho 5| oo /Z"ofi_] 37|lhe | G2 2 v 7 ||sel178]52 )/
11]oa{ 0o | <=7 Bl €] oo o, ’__ 38| 110% %/g/ 65 11j0a 0010 098) Juy) G | GO 3095/ :’8 108|215 Jles|
12|os| 47 L,’_o 12 7] 50 30 ;;_o_m(/”;z_ 6 1203|494 |1teig Nia| 7150 V> 350 gloo|vofg) |les
13]0c| AO £on 1l 8 xxh 0| 3 46 ‘_’Q},’fg 67 13]oc ﬁg nefr sl §| 41t \izcas ol 3481753 || L L
14]|on| ©O 14 q 00 | al 4 9¢ {9, 68 140D 00 l1cis! ksl 9|00 /209 817 |j41 ‘4 Qe lirnsd 68
15|0e| 0O 1594 OLRO 2 _||42 §leo 52 ":.”?‘ 69 15|oe| 00 10551 Wis\BAl OL| 12 G |le2| §loo |/mofssfles| | |
[1slorl @ o] Bloo \ CeON .| bloxh ., & o | 1olor 0417294 W] Bl 00|io9ss |las| §|00 (/22951 (|10
|16 ] OF) : ' 2> | — Sl el el B
171000 uf eloo || Ra . ||| 2/X% 2 17(101 00} 74098 fh7| Cl OO J/¥o98/ “"__|7 0by:77s lin
18]11] 00|, u‘l’ 18] Djoo 04’7 45 ¢7 72 1811 00  1veq8 ! Mis| b _QQ_.{!;?if_.’ "Z.-.i 47 |2t 7 7?
wihet]] 7o Rl £leo 4@; «| 3|70 73 19(12|01 {11 5/ fis| €100 Vrofs/ llss| G| Jo |rzice jloaf | |
26(13 4_‘0 f@ 20| F|%5©0 o w11/ o1 74 26 13_.4__0_. Aesik Mool FlSo /% 147 /_‘A o) vl |l |
11|20 4 Moo 9 |, ||| B[ 6% |l 2114/ 20Y10751 Rarlrsp) G€ iz o1 f#(lao| BI6K 110 0F o5l | |
22{15/00. %A 221 1100 '4"?% «o| £19D 7; 22(15/00 (12095 Q2| 1100 |17¢f§/ 1asl CIGp (2155 lize| i
231ejo0 |} 2 *Res| 3|0 Xh o, |[so] D|eo al ||| |e|efeelreist Rl tloo lness lisol bleo presss () |
24 17 4C. ‘.: . 24 a XX }‘0.,7A si| € oxX 7; 24117 4& J1 $4 4| 3106 L§gY iSl E|00 11645/ |78
- — | 447 szl £LXX {2 | 47 |inos7 oo FlOB |0 f55 N | |
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UNIT=-TOo-UMT LAYOUT SHEET

READ G-TRACK TAFPE axfcwmeb AAD P£/4/7' 2—04»0 FROG-RAM

AFTER THE FIRST UNIT-TO-UNIT CARD IS PUNCHED, OFHER DEVICE COMBINATIONS BRI o [ PRUGRAM CARD 775'.005
MAY BE MADE BY DUPLICATING ALL COLUMNS EXCEPT THOSE LISTED BELOW: —= — _
——— — ener = — ; h hex |hex | PUICHD | hhoy fhex | PUCHD h | PUNCHD,
PROGRAM ?g/go?,sﬁ;)mf‘;iczrff”:”hgz‘;m—ro TAPE|eARD-Ta -TAPE | cc|Of0% _card_ JcCloorelcon-| S0 i core foon- | _CARD_|fee| 0% 2% | cako |
@O0C-00 & ooe—orF ooc—/s80 aac-/ﬂx(lta’l) E jconts addr|tents{ C9PE addrjtents} COCE addr ltents  CUUE !
- HEX] PUNCHD HEX| PUNCHOD HEX] PUNCHD HEX] PUNCHD - :
FURCTION cclcn-| caro  jcclen-) carp  [cclcon-) CARD  jCCICN-} CARD 1100 SZ‘/JL,yoMa 4y /51! So 551/73 0] |
TNT| CODE INT| CODE TNT| CODE TNT| CODE - i B A Rt
— 2|01 UMTTo -~y 4 2| ISY| 9p 5] 3(6€
cmND. ODE UNIT 1 | 5|§z|Bed 2 | s|urd 1rofr| 5| Y3 -0fr| 5| ¢¥|iv0F ¥ “slo2| ZAE CAkd "'{4 ? 0 | Y197,
conp. CGoE UNIT 2 |13\ oflee 98¢ [13)07 |4a981 13| 0t 12 91 |13|or| 12 F / . s 48| 4 A 0’ ----------- - fo; o
' " 58
23{00 (10§91 |23| 00| (vofs1|23| 001v 0981 |23| 00|¢va 781 | 7| | 7|7 - o B -3; — . Ol e
PHYSTCAL ACCRESS 1, wos 59
UNIT N {24 oclsa 94 |24| 0e|i% 984 (24]0C 12984 |20l 0c |42 6 £ 4 ---—'~ 47 J G|
e 60
31| oo |czaf#i 31| 0o lys o8y 31|00 livat gt 31|00 (130781 aa y : j -70 ----------
SICAL ACDRESS . . > 61
i { s2|0e| 98¢ (a|oc|is 784 |32|0c |12 984|501 T 8 ¢ §‘é't‘“ =~ P . LILIAR
p 28398, 3 Elol 52| 9|Fo
43loolrofft |43|oolrsoffr |3lor|is 1 |e3]0lji2r T 4/ -“:Ld;\ﬂ “““ B I M i R R
PHYSICAL ADDRESS { ] %l100'% Lr ¢ F| 5% 63| J7A| o!
SNIT AO. 4s|O&| /1 T86 (44| 1F|tig8 T |44| 8o 12081 [+4|8Y| 120 "7 g Jet - 500 OF bATA kol 97 = 175 7S
— o 3 0 64
si{op |tvafsr |51|o0|tvof&r 51|01] 12 91 51 "7: 129/ - —2 LE /’/MFA‘ ; pé_ !
PHYSICAL ACCRESS { - 33y 65
Unit G, 2 52| 0€ 12986 |s2|1F|ud8T |52|80|1v08/ |52 S-f‘lto 5, - “7‘ D(; s pb. SRS | g N— )
r— e 375 66
T T To4PE~To - CARD| TAME-70 ~TAPE | T4AT-To-Pon T | 74/ % To~ ,5“’7' T ' CHWD Conel g T I
2, ACAC. RC D, R w, b | :
PROGRAM ‘,,‘,,é‘{":': RBH CNBIERED | soemms AL o el D ke < |a 15| 0§ _:;;ggr i‘*o 3 46 oT . _
- 18X—00D | /8% —18X | /8X ~00& | /18X —co0& MH 9 00 1 )“c Ge o8
HEX| PUNCHD REX] PUNCHD HEX| PUNCHD FEX| PUTCHD <|e B B S K4 7.4 B < N | o
FUNCTION cclen-l caro  |cclon-| caro  fcclen-| caro  jeccicn-! caRD ola NAYO P\ «2| {100 69
TNT! CODE | INT|. CODE TNT{ COODE TNT| CODE ~{o ‘”“ ' ) Y S . Bt Bl e -
L) A8 e |43 _é 00 70
CHNG. CODE UNIT 1 | 5|eals2ad 2 | 5lerlinga (5|02|129 2|5 °¢'—'%11— 784 < ! o wl 7 O_E B s e
Q 4 71
CHND. CODE uNIT 2 13|42|42 ofs \13lo/l1a @y 13|07 |a@8r |13 o4 1198/ : w W prpe 7 _____ -
a S0 (\F Ly 21
23loslr29¢ 23|01 |12 47 |23|0o/ /291 |23|@/ v/ l 9 Bl il R
PHYSICAL ACDRESS { ~ 4x sl 9 T 73
UNIT NO. i 24| 8 X 24| 8X 24| 8X 24102 | %Al o) :
74
sileg i q 1 |2r|or |12 9 1 PPr|o7 (4> 9 1 3Liof 1297 ¢ -
PryYSiCalL nBuRESS{ | Bl 6% 75
UNLT NO. 1 32| 8 x 32|8X 32|8xX s2|8x Ly Mrae i e
Ze C\ 7P !
wlga l1rogr 4301|139 1 |2| 00| 179981 [03)00 moq8s TN MO T 0 it N A ot | et R 3
PHYSICAL ADDRESS { ] A Ler - so|, Dloo| LI . .
UNIT NO. «s|OD |13 98 57|44 Ix “4| & 12956 |44| 0 €12 . S5 | oo . I B
n soamess {sl 00 |1n098¢ [51{01 | 1294 51| 00|mo984 51| 00|1¥0 781 | Flogl” .
HYSiCAL 13 v
NI NO, 2 s2|0D |12 §85" [52)|8X 52| 0E| 13 986 |s2| 011+ 1 86 ol B T D
5: 80
NOTE: CHANGE ADDRESS IN INPUT CCW WHEN READING TAPE BACKWARD--SEE LAYOUT SHEET s+ 171 70 ]
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80/80 LIST OF CARD-TO-TAPE INPUT FOR READ-TAPE-BACKWARD DEMU

BLAUK, CARD - ~FrST CAHLD
esssssellecsseveelDecsscces30cnvescseab40cvsceveee’0sccesnsebleascccvealOnsccnssns

SEQUENCE.

REVERSE

IN

ARE

CARDS

THESE

THAT

SEE

WiLe

YOU

DECK

INPUT

THE

CHECK

YOU

1F

leecseceolDenncceeel0ecccccee3d0ecoccceet40oenncneeifocccccacblecsccace?0ccncones

FIRST CARD MUST BE BLANK BECAUSE IN THE READ-TAPE-BACKWARD PROGRAM, NO
PROVISION IS MADE TO TEST END-OF-FILE (NG. 1 RECORD ON TAPE WHEN READING
BACKWARDS). CONSEQUENTLY THE PROGRAM KEEPS PRINTING THAT RECORD UNTIL
STOPPED MANUALLY BY THE OPERATOR. IF THE FIRST CARD IS A BLANK, THE PRINTER
WILL SIMPLY KEEP REPRINTING HARMLESS BLANK RECORDS AFTER THE RFAD-

BACKWARD OPERATION REACHES THE FRONT REFLECTIVE SPOT.

SAMPLE LISTING PRODUCED BY 2-CARD READ-9-TRACK-TAPE-BACKWARD-&~PRINT PRGM.

leveasaslOecasncee20nnnccase3dDecccenaat40sonnsesa50ccncecesbtdOuooscncea?Docansnan

IF

You
CHECK
THE
INPUT
DECK
YOU
Witl
SEE
THAT
THESE
CARDS
ARE

IN
REVERSE
SEQUENCE.

leeseoseallcencocea?20ceccncacldVecsnaceatDocccceceBVcencceasbBloceccccelOncccsoscs
BLavk L HES LRINTED HEREAFTER.
VOTIL S§70PPED ABY ofRATaR
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80

-t ot g o ot
VP WNeQO®N®N R NN -

16
80

80
16
15
14
13
12
i1
10

9

8
7
6
5
4
3
2
1
0

8

8C/8C LIST WITH OVERFLOW 00C~0CE

STANDARC Z-CARD UNIT-TO-UNIT IPL CARD:

P e e

psn FRsT I#L Cew
€C0C0CO0CCOCCL50 02000048A0000004 (}200(31.‘»02000032&7G
e AN LOAD REMAIM!,
LoAb * CoLomls oF FPROGRAM
CARD
PROGRAM CARLC: -
CARRHEE SIMNEL
SgacLE ConTROL CCW PreoGrAM cau)
CC0C0148 8BC0000000000COX 4200020000C00080
-y prd v £ e
8 4 s
b e L'ov{)T 8
MIST BE
SKif To ANY THIMG
cHAuveEL 1 BUT z&eRo
1000t O}
. .
TesT 7o euAd= STA&DT I/o CON D TronAL
! -
e e Tt r eier 4rAncH
\—PQEOCOCLLC S1010044 lt'lew(ll'llsF 9co000CC 47700150
-~ - .
v esw BT 39 RANCH 1 v TR ACANK
g g UNIT  eXesPrioN) %’i’: u&z&fﬁos 3 = 8usy
TheE
UNGw DI TionAL
XoR XOR Xew BeanNCH
\-—P‘J?OZO[SB S702015F 97480148 4TFOC150
FLIP - FLoP FLIP-FLoP o ¥uf—F;:F’ ; RECEAT
ROR/PRwTER ROR/ PRINTE! READ PRINT eNTRE
W TesT Ij W START Th f:‘::ev?:::/ /o eyets
OVvERFLow RoUTINE
( MoVE THHED, Sest o Cokd Tt STACT To Hove Teted,
\—P 92400048 SDUCO0CE 47700178 9C0CO0CE 92480048
'y v RY AGAN EXEeUTE REVERT AR
q 7 P BOSY CkaP To IS CAw  BACK
4 8 chavneLl To 149
ALTER AWRESS (AreesS oF
4 CAN To SINGLE
ADDRESS OF PReH. cew)
CARRIAGE CTL
ecw. (140)
-44-

U NCob DiTowaL
pRANCH

47F00150
BACK To
START oF

Mad e
PRoGRAV



360 $0/0 L/5T WITH OVERFLOW 00c—0OE

SUGGESTIUN FOR 3-CARD PROGRAM.

TPUCARD T "_"P"R“U_'G'?R’“K’H"””‘C“A' R D "
cefofrer | Tarn” Bechex e [ [lecher oo | TR [[cc|ex fhex | PG
. g gggts ~cooe— ddr] tents| ~CODE™ adar ftents| COPE ||| caas rante ~ CUDE
_t]oojeo |nods) W 1|4f| 00 | /20981 |l2a|r5TI 44 |12 094 ||ss|r72 |6 | /29y
_2fon) oo Yrods) W 2|48 00 pnofei aol/sh| 47 |2 077 Ylsel 3lso b
_sfo2| 0o fnots) Wal#Alor | nd i NlsolisTlo \r20fsr (st 442l sz

alos|@o 12095/ W o|#B1 48 |12 005 \Isilrspl 01 | 1241 |1sel 5|40 |8eavk
slosloo|moder W sliko| 98 | 1205 iso| p| T4 |suofd\Issl ¢ |ao | #2098
8[05| Q0 )rosg1 Wl (| oo |rofss 133 e) fe iz ES Yool TI4B1L5S
_;os o/ 91 1| 2|00 2075/ {34] ) 0010551 {ler] ¢ 9 lrengs
slalso bz 8| 3| 00|09l |l3s| £]00 12075 (62| G| do|norsi
SjosjoZ iz 92 _9__‘}_ 00 |/2095; ||36] Floe |/2 784 1l63|/74| 00 |no781
10{09f{ 00 |/2075) Rho| §|00 jiz0d ¢ 31 /6o| 47 |14097 |lea OE2 976
1ijon|0oyroffs M| 6|00 lnogs (138l (|70 [Luo  les| CI¥7|/tof7
12|oa|4F |1n iy Bie| Tlor 1 |lss| 200 [7297 |lss] D{T0|r2 10
13)oc|AO0)osi Risl 9142 [ os2 0| 3{%50 /2 61, E|Of{12 91
14{oo] 002043 Ba] 9| 00 |12odss [Jar] 4197 11 117 les] £| 72 (11t0Gg
15|0e| 00 [ir099) Wis|/4A{ 02 |/t 12 ilu2| 5] 02 1293 ies|lfp|9e (nusy
welorl 041294 o 8|00 [20191 |las| glor | 297 Yo 1|00 |itases
1710l 00 | /20751 li1| €| 90 [12099/ ||as| T| 53 {12055 |11] 2|90 |1075)
18[11} 00|/ o781 Rig| pl 0 (/2098 |las| §| 9711211 T |l _-3.0-5#3_1‘%,__
wofizjor /297 Rl E|0o |110791 las| 9102 |12 4 v |lia| 4|F2|0 02
20( 13|40 |BLavk Roo| Fls0 /> latlp |01 | 1291 |ira| 5|45 |11 045
21f1s4) Z0|1ogs1 Wor|/50| 90 |12 185 \las) BISF | 1 87 |lrs| €|00f130151
22[15{ 00 |12 095) Raa| (| 90 Vzot5illas] €| §7 |2 117 |lre] 7481 53
23{16{ 00 /2098 | Wa3| 2|00 |/2098) 1so| Dl 4B 1/283 (17 g 4§71 nnog7
4211254 Wil 3loc liedse||si| €los [ 1297 |lis| F|Fole
os| 4] 91 |20 ||sel F148 L2097 (lnsliga|or |72 9
20| £l or| 9 Msslite| 470977 |leols88180 |18
| 600 20951 Isulit| Fo o

BY CUMMAND-CHAINING A SECOND IPL CCW, AN ADDITIONAL PROGRAM CARD
CAN BE PLACED IN CORE LOCATIUNS IMMEDIATELY FOLLOWING THE FIRST
PRUGRAM CARD WHICH IS READ IN BY THE FIRST IPL CCW. THIS NOW
INCREASES THE INSTRUCTION STREAM TO 160 BYTES.

CARD TO TAPE--BLOCK 10

IPL CARD.

Psw FIRST TPL CCW secons T/ cciW
000000000000004C 0200004860000050 0200009800000050
43-97 95-£7
PRUGRAM CARD ND. 1
SINeLS a s'-r “Te pusy Fﬁ"c,nhu‘”o
i T U A
cAW. gg»ﬁg Gl Loof Oyt PUT asw
Q0000080 9C00000C «F95604c $5605Toc 47700054 978004
FoP caw  gNeowh 8e.
f STAR ffﬂ TesT Busy To WAIT & Rebenr el
ocoGBTEL 41700060 90805185 47700068 9TF80048B 4TF0004C
Salgre ouTpuT CeW }"\rSTAzf oF lo e WAUT CHAIU
‘I’Rrrez'0100030020000320 4200030060000050 4200035060000050
Ao 7 stwrde g [ E
4
&w 8 weee ByTes o / b 3 locriod
Loc oF ReT, 1
e 420003A06 0000050 Rexs o
EAD ~ o Co
b3 gz% 7) CHAM Brr o
STk &L

PROGRAM CARD NU. 2

420003F060000050 4200044060000050
Lol 5
REC4
4200049060000050 400004EQ60000050 4200053060000050
é 7 END o
CHaN AT
GIT{&F'F ‘gm:d'—l !'——SURPLUS cenl’s
420005806 0000050 4200050020000050 420 00620)(0000050
tet.. o
42000670Xx0000050 420006C020000050
—— R E
For LARGER BLocks 7
(F Destred
_46-



—

CARD To TAPE--[3LoCk /10 0oe ~1§5 CARD To TAPE --RLeCk 10 coc-1 55

""" TercaRD For SN TP ROGRAMN TTARUA W K—----TPL--CKRD = T PROGRAN CARUVAZL  BorB |
2| S jhex | PUNCHD B hex {nex | PUNCHD || oy |ney |PUNCHD'|| o koo | PUNCHD ~[C 1oy | PUNCH hex |hex | PUNCHD ||~ e Ty 7| PurcHD |- | PUNCHD
Rl e et Wl e e B e e e L R o o R | el M B e R
_tjoojoo) R 1¥§loo % 23163 95 ss|7€ 03| _ 198| D |l2883|c0 ss|C&| oo f‘f/é)
2lotjpo| W 2l4glae 4 ﬂzg 6H 47 <= ||se|7F |20 2| 9|00 ; 29| 41 ¢0| | s6|CF |52 wzfr
Ho0zip0) O M 3¥poo T4 (o) 5 To %d/\‘ o | 47| B M3l Alos] A |0 sloo] | |57 E¢ ,ff
]93] 00 Ué RI7IRL sl bloo| D o t]oo) ! 4| B|Fo ~§ 31| 6| oo se| f|oo|
2foeer T S\4¢ 4o J‘)’; 52| _T1éo ¥ _¥143 ?A / s| Cl6o AN 32| 7| %0 59| 2ld6|
sjosjoe) Qe Dl oo | R R 6E b | By |10 2[%° o | |eleb Ll el ploa] |l 88| | “ 370 | (a
7|06 0O 7| €| oo __% 34 4100 AJ‘/\ 61_1&_‘“_‘ NeTE THAT - 7 3'00 I q 00 s1l 4|Xo |
sl #e 8| _F1o¢ Zllos| Alor '8%\ e2| floo| M || Tie sow Y| E2 Zolbsl o] [ thad slo N
sloslor] o BB 4, |1 BLIS o3| £[%0| /IZOER’ aex JolAdl el o e 4 30 1le3| 6190 N
lofos| o° i:\ 5’._’7_"‘_%3 37_6;2 47| 7 |ls4| 7|52 S 9 w| (oo 7] 371 € 6o o4 T|s0] WN
1ijoal oo g’v\ ul z1oo | Go (|38 D|T0 {__.%?. 65|68 | ¥t (e 28 : CHARACTER - ul Hodl o |l Ddloo| | ss| ¥ |l @
12]0s| 47 - 12| 3] 4 3|_&| oo Oo_f 6% 1|20 (@ 1 OF ALL 12| 31 %o _9 39 El o0 56 900 Wn
1loc| 60| > l}ﬁ&-ﬁ%,_ o Al T Ikl Aozl s | |, 22 4|60 (|l FL3e ler|_4| 06
14]00i 00 T\ 14| I 00 fé> 17097 ’6‘ e8| BlSo) 1 A'DDQESSESD 16| 51601 D ||a1]Cd| 43 es| B|70 0
isjocloo| G fhs| 600 N AR Y, Pleo| Cléo| m | |1 15 E1THER Nisl ploo | S ||| (|0 oo| alXo| 'O
oloel g0 = R Tloc Ll | 00]a C ol Dloo| & | |, & 7 3| o5 ol D|oo| O
ooz w\ Ri|F47| & |« 3] 48 T L ENGe| R |l J 31f| | || €las _{
wlulool R Kl 1| 7% | ¢ Ve|os|24 47 || eSS 1o .l %{60 2| £|50 il
whalool 2 Jsl Aloo | g |l 5170 | 57Q ||2]d0] 4] o vl 5160 13| E8| 42
wlisl 7] 7 ko 54 al 6 \%’7/\ ta ol 20fis bloo 14 ﬁog
sl 00 Q Wl 17| %y |fesl T & 4 > ofl 14 s 7|50 | los|
2\i5( 00| T Rl 9| F8[Ty " Nleol 28 = | |4 | C8 | 45 | Sleo)
2316 00| B Rl £l 00 e il 1 16 9100 | 420
2417] 50 g 2| 148 I, "/,4 |, | Alos L 8] 5loo|

esl6ol fe | oz |2 B 2| A|oo 0| bloa| ’

2l | 00 | sl 2|2 S Claol & kol 7152

REAENE bloo




iN THE PROGRAMS IN THIS PAPER, NO ATTEMPT WAS MADE TGO CHANGE THE
STATUS OF THE SYSTEM ONCE IT HAD STARTED. CONSEQUENTLY, AT THE
COMPLETION OF ANY RUN, THE STOP BUTTON SHOULD BF PRESSED. AFTER
THE CPU IS IN THE STOPPED STATE, PRESSING THE START BUTTON WILL
ALLOW THE SAME PRUGRAM TG CONTINUE PROUCESSING WITHOUT HAVING TO
RELOAD THE PROGRAM CARDS.

IF AN INTERVAL TIMER FEATURE IS INSTALLED, THE TIMER SWITCH MUST
BE OFF WHEMEVER ANY PROGRAMS WHOSE INSTRUCTIONS, CAW's, CCW's, OR
CONSTANTS ARE LOADED INTO CGRE OVERLAYING THE TIMER-USED-AREA,
HEX LOCATIONS 50,51,52.

INSTRUCTIONS IN ATTEMPTED PROGRAMS NEED NOT BE RESTRICTED TO
ONLY INPUT/OUTPUT FUNCTIONS. LGGICAL AND ARITHMETIC OPERATIONS
MAY ALSO BE INCLUDED IN 2-CARD PROGRAMS. BY REFERRING TO
T.1.E. PAPER NO. 6504-0079 ENTITLED "SUGGESTIONS FOR WRITING
ONE-CARD PROGRAMS FOR IBM 1440 AND OTHER 1400 SERIES COMPUTERS®
OTHER IDEAS FOR 2-CARD PROGRAMMING MAY BE STIMULATED SUCH AS:
STACKER-SELECTING NEGATIVE BALANCE CARDS, SEQUENCE PUNCHING IN
SPECIFIED COLUMNS, ETC. IT MAY ALSO BE POSSIBLF TO FOURMULATE A
SERIES OF PROGRAMS WHICH COULD BE USED TO ILLUSTRATE AND/OR TEST
INDIVIDUALLY EACH OF THE 141 INSTRUCTIONS PLUS THE ADDITIONAL
COMMAND CODES OF THE ENTIRE 360 SET.

ANYONE CONCEIVING A UNIQUE UR NOVEL SMALL PROGRAM WHO WOULD LIKE
TO SHARE IT WITH OTHERS, FORWARD IT CON COMPLETED LAYOUT SHEETS 701

WILLIAM BATTEN

IBM TEST CENTER

570 BROAD STREET
NEWARKs NodJdoy 07102

PROPER WRITTEN PERMISSION AS PRESCRIBED IN SECTYION 4 OF THE
MANUAL OF SYSTEM ENGINEERING MUST ALSO ACCOMPANY THE PROGRAM.
THEY WILL BE ACCUMMULATED AND PUBLISHEDy WITH ACKNOWLEDGEMENTS,
IN SUBSEQUENT EDITIONS.
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EBLDIC PUNCHED-CALD-COIE /N CARD-RON-SEQ VENCE

HX. DEC HX DEC _ HX DEC, HX DEC

121101 8 30 48 121118 10 16 1201 8 00 o0 121809 09 9
121101 8 BO 176 12111 8 90 144 1201 8 80 128 1218 49 73
1211019 71 113 121119 51 Bl 12019 41 65 1219 o1 1
1211 0 1 Bl 177 12 11 1 91 145 1201 8l 129 12 1 c1 193
1211028 FA 250 1211 2 8 DA 218 12028 CA 202 12289 oA 10
121102 8 BA 186 1211 2 8 9A 154 1202 8 8A 138 12 2 8 4A T4
1211029 72 114 1211259 52 82 120209 42 66 12 2.9 02 2
12 110 2 B2 178 12 11 2 92 146 12 0 2 82 130 12 2 C2 194
121103 8 FB 251 1211 3 8 DB 219 120 3 8 CB 203 12389 08 11
1211 0 3 8 BB 187 12 11 3 8 98 155 12038 8B 139 12 3 8 48 75
12110 3 9 73 115 1211 3 9 53 83 120 3 3 43 67 1239 03 3
12 11 0 3 B3 179 12 11 3 93 147 12 0 3 83 131 12 3 C3 195
12110 4 8 FC 252 12 11 4 8 DC 220 120 4 8 CC 204 12 4 89 oc 12
1211 0 4 8 BC 188. 12 11 4 8 9C 156 120 4 8 BC 140 12 4 8 4c 76
12 11 0 4 9 74 116! 12 11 49 54 84 12049 44 68 12 4 9 04 4
12110 4 B4 180 12 11 4 94 148 12 0 4 84 132 12 4 C4 196
121105 8 FD 253 1211 58 0D 221 120 5 8 cD 205 12 589 00 13
1211058 8D 189 1211 5 8 9D 157 12058 8D 141 1258 w77
12 11 05 9 75 117 12 11 5 9 55 85 12059 45 69 1259 05 5
121105 85 181 12115 95 149 120 5 85 133 12 5 €5 197
(121106 8 FE 254 12 11 6 8 DE 222 12068 CE 206 126809 0E" L4
12 110 6 8 BE 190 12 11 6 8 9E 158 1206 8 8E 142 12 68 4E 78
1211 06 9 76 118 12 11 6 9 56 86 1206 9 46 70 12 6 9 06 6
12 11 0 & 86 182 12 11 6 96 150 12 0 6 86 134 12 6 c6 198
1211078 FF 255 121178 DF 223 12078 CF 207 12789 oOF 15
121107 8 BF 191 1211738 9F 159 12078 8F 143 1278 4F 79
1211079 77 119 121179 57 87 120 79 47 71 1279 o1 7
121107 87 183 12 11 7 97 151 1207 87 135 12 7 €7 199
12110809 78 120 12 11 8 9 58 88 12089 48 72 12 8 9 08 8
121108 B8 184. 12 11 8 98 152 12 0 8 88 136 12 8 €8 200
1211 09 B9 185 12 11 9 99 153 1209 89 137 12 9 €9 201
12 11 0 70 112 12 11 6A 106 12 0 €o 192 12 50 80

o HX DEC HX DEC

1101 8 ;g gg 11189 19 25 0189 29 41 189 g; Dgg‘
1101 9 E1 225 1119 11 17 019 21 33 1 o 31 a9
1101 Al L6l 11 D1 209 01 61 97 1 F1 241
110 2 8 EA 234 11 289 1A 26 0289 2A 42 289 3A 58
11028 AA 170 112 8 54 - 90 028 E0 2264 28 7A 122
110209 62 98 1129 12 18 0209 22 34 59 32 50
11 0 2 A2 162 11 2 D2 210 02 €2 226" 5 F2 282
110 3 8 EB 235 11 389 1B 27 0389 28 43 ‘389 38 59
11038 AB 171 11 3 8 58 91 0 38 68 107 38 78 123
11039 63 99 11 3 9 13 19 0309 23 35 39 33 51
110 3 Az 163 11 3 D3 211 03 €3 227 3 F3 243
11048 EC 336 11 4 89 1c 28 04839 2C a4 %85 36 60
110 4 8 AC 172 11 4 8 5¢ 92 0 48 6C 108 4 8 ¢ 124
110 49 64 100 L1 49 L4 20 049 24 36 49 34 52
11 0 4 A4 164 2 D4 212 04 E4 228 4 F4 244
11058 €0 237 11 589 10 29 0589 2D 45 58 9 30 61
11 05 8 AD 173 ‘115 8 50 93 058 6D 109 5 B T 125
1105 9 65 101 1159 15 21 i 059 25 37| 5 9 35 53
11 0 % A5 165 115 D5 213 05 E5 229 5 F5 245
110689 EE 238 11689 1€ 30 0689 2E 46 689 3E 62
11 0 6 8 AE 174 11 6 8 SE 94 068 6E 110 6 8 7E 126
11069 66 102 1169 16 22 069 26. 38 6 9 36 54
1106 A6 166 1t 6 D6 214: 06 E6 230 6 F6 246
11078 EF 239 11 7859 LF 31 0789 2F 47 7809 3F 63
11078 AF 175 1t 78 5F 95 o718 6F 111 78 ¥ 127
‘1o 7 9 67 103 1179 17 23 i 079 27 39 79 37 55
1107 AT 167 1L 7 D7 215 i 07 E7 231 7 F7 247
11089 68 104 11 8 9 18 24 ;089 28 40 89 38 56
‘1108 AB 168 118 Ds 216 ;08 EB 232 8 F8 248
11 0 DO 208 L 60 96 10 FO 240 NG PUNCHES 40 64
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AFTER THE FIRST UNIT-TO-UNIT CARD IS PUNCHED, OTHER DEVICE COMBINATIONS TIPLCARD. e R UG RAM T ARU
HAY BE MADE BY DUPLICATING ALL COLUMNS EXCEPT THOSE LISTED BELOWS - ,
~H4Ct— - IPUNCRO | hex | PUNCHD UNCHD : “PUNCHD]
PROGRAM ! o hex pibgi c hex | hex carp e hex [hex CARD |lce hex |hex CARD
jcc con- B C|core| con~ icore |con~ -l core |con-| -
- ]é conts| CUUE addrftents| “UOF  fpddr tents o addr tents CovE
HEX] PUNCHD HEX| PUNCHD HEX| PUNCHD HEX| PUNCHD :
FUNCTION CC| CN~| CARD fcc|cn-{ carD  fcc|cn-| carD  [cc]cn-| carp 1loo 1 28 55
TNT| CODE TNT| CODE TNT| CODE TNT| CODE
2 29 56|
CMND. CODE UNIT 1 | 5 s 5 5 j A LL
B i 3 30 57
CMAD. CODE UNIT 2 [13 13 13 i3 2102
4103 4 31 58
23 23 23 23
“PHYSTCAL ADDRESS s|os 5 32 59
UNIT NO. 1 24 24 24 24 .
605 6 33 60|
31 31 31 31
PHYSICAL ADDRESS { 7]06 7 34 61
UNIT NOD. 1 32 32 32 32 -
8|o7 8 3s 62
43 43 43 43
PAYSICAL ADDRESS { 9]os 9 36 1163
UNIT NO. 2 44 44 44 4%
olo9 10 37 64
51 51 51 51 1040
" WHYSTCAL ADDRESS { 11lda 11 38 65
UNIT NO. 2 52 52 52 52 ; '
= =g12]|o08 12 39 66
- PROGRAM ] 13]oc 13 40 67
I S Yi4fop 14 41 68
HEX| PUNCHD HEX| PUNCHD HEX] PUNCHD HEX] PUNCHD :
FUNCTION cCicN-] caRD Jcc|cn-| carD  Jcc|cN-| cArRD  [cclcwn-| carp 15l oe 15 %2 69
TNT| cope TNT| CODE TNT| CODE TNT| cope
s|oF 16 43 10
CMND. CODE UNIT 1 | 5 s s 5 1610
e 17 44 71
CMND. CODE UNIT 2 |13 13 13 13 17110 -
! 18 45 12
23 23 23 23 B Jsiii .
PHYSICAL ADDRESS { 11912 19 46 73
UNIT NO. 1 24 24 24 24 -
20|13 20 47 74
31 31 31 31
PHYSICAL ADDRESS { la1]1e 21 48 15
UNIT NO. 1 32 32 32 32
22|15 22 49 76
43 43 43 43
‘PHYSTCAL ADDRESS { 23|16 23 50 77
UNIT NO. 2 44 44 44 44
2417 24 51 18 .
51 51 51 51 -
" PHYSICAL ADDRESS { ( 25 52 L]
UNIT NO. 2 52 52 52 52 11
. . 26 53 L)
- 27 54






