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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, CCW1S, 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 iunction. 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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T AHLE: ClF COf\TfNT S 

ABSTRACT 

INTRUDU~TORY NOTES 

CORE S TUR AGE: MAP 

GENERAL INFORMATION: 
PROGRAM STATUS WORD 
CHANNEL STATUS wORD 
CHANNEL ADDRESS WORD 
CHANN~l COMMAND WORD 
INITIAL PROGRA~ LOADING 
I /U I NS TRUC T IUNS 

SUGGEST IONS FOR 
STEP l. 
STEP 2. 
STEP 3. 
STEP 4. 
STEP 5. 
STEP 6. 
STEP 7. 
STEP 8. 
STEP 9. 
STEP 10. 

WRITING 2-CARO PROGRA~S: 
SKE:TCH PROPOSED PROGRAM 
CHECK PROGRAM LENGTH 
LAY OUT SKETCHED PRLGRAM 
E:SlA~LISH FIRST IPL CCW 
ESTABLISH HEX ADDRESSES 
REPLACE PREVIUUSLY UNKUWN 
COMPLETE IPL CARD 
ENTER fBCOIC PUNCH CODE 
KEYPUNCH 2-CARD PROGRAM 
OPERATING INSTRUCTIONS 

CCw AL IGNMENT--METHCD Nll. 1 
cc~ ALIGNMENI--METHOO NLl. 2 
CCw ALIGNMENT--METHUO NO. 3 

2-CARD GANGPUNCH PROGRAM 

SAMPLE CORE PRINT 

80/80 REPROOUCE USING MOVE CAw 

ADDRESSES 

80/80 REPRODUCE USING EXCLUSIVE CR 

GENERAL-PURPOSE UNIT-TU-UNIT 2-CARD PROGRAM 

R0/80 REPRODUCE USING G~NERAL-PURPUSE FORMAT 

UNIT-TU-UNIT LAYOUT SHEET 

RE AD-9-Ti<.ACK-T APE:-BACKW ARD-ANO-PR l NT 2-C AR l) PR ll'";R AM 

80/80 LIST WITH OVERFLUw 

SUGGESTION FOR 3-CARD PROGRAM: 
CARD TO TAPE--BLOCK 10 

APPC:NDIX: 
TABLE UF EHCDIC PUNCHED CARO CODES 

IN CARO-ROW SEQUENCE 
eLANK UNlT-TO-U~IT LAYOUT SHEET 
HLANK 2-CA~O PROGRAM LAYOUT SHEET 

PAGE NU. 

3 

4 
5 
6 
7 
8 
9 

10 
12 
13 
14 
16 
17 
18 
19 
20 
20 

22 
24 
26 

28 

31 

32 

34 

38 

40 

42 

44 

46 

50 

INTRODLCTCRY NOTES 

l. ~CRE DETAILEC INFORMATION CONCERNING THE MATERIAL CISCUSSED IN THIS PAPER 
CAN BE OBTAI~ED FROM THE TWO MANUALS: 

PRINCIPLES OF OPERATION llA22-6828- l 

SYSTE~/360 INPUT/OUTPUT OPERATIONS #R23-2959-0 
(5TH ~ANUAL OF THE FLD. ENG. EDUC. SELF-STUDY CCURSt) 

2. A COPY Of 18~ SYSTEM/360 REFERENCE CATA CARD IX2C-1703 
IS INCISPENSABLE WHEN FORMULATING 2-CARD PROGRAMS. 

3. All CCRE STORAGE ADDRESSES REFERRED TO IN THIS PAPER ARE IN HEX NOTATION 
UNLESS OT~ER~ISE SPECIFIED. 

4. NC BASE CR INDEX REGISTERS OR DISPLACEMENT FACTORS ARE USED IN THIS PAPER 
SC ALL EFFECTIVE ADDRESSES ARE NATURAL BASIC ADDRESSES. 

5. LIST CF T~E PHYSICAL ADDRESSES OF THE I/O DEVICES USED IN THIS PAPER. 

2540 
2540 
1403 
1052 
2400 

CARD READER 
CARD PLNCH 
PRINTER 
CONSOLE TYPE~RITER 

EIGHT TAPE DRIVES 

ooc 
coo 
COE 
Clf 
180-187 

6. DEVICE ACCRESSES AT VARIOUS INSTALLATIONS ~AY DIFFER FRO~ THOSE LISTED 
ABOVE. ~~E~ THIS IS THE CASE, PROPER ADDRESSES ~UST BE SUBSTITUTED IN 
THE 2-CARC PROGRAM WHERE APPLICABLE. IT ~AY ALSC BE NECESSARY TO MAKE 
OTHER ADJLST~ENTS. 
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CORE STORAGE HAP! 

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

HEX 
AODR. 

00-07} ~FIRST 24 BYTES OF CORE STORAGE IS THE AREA INTO WHICH THE 
08-0F IPl DATA FROM THE FIRST CARD OF THE 2-CARD PROGRAM IS 
10-17 PLACED WHEN THE CONSOLE LOAD BUTTON IS PRESSED. 

18-lF}-{PERMANENT STORAGE AREA FOR OLD Psw•s BUT NOT USED BY THE 
20-27 2-CARO PROGRAMS IN THIS PAPER BECAUSE NO INTERRUPTS ARE 
28-2F ALLOWED AND CONSEQUENTLY NO INTERCHANGE OF PROGRAH STATUS 
30-37 WORDS Will OCCUR. 
38-3F 

+-{
-THiS iS THE AREA iN WHiCH THE CHANNfl STATUS WORD IS 

40-47 AUTOMATICALLY STORED AT SPECIFIED TIMES BY THE CPU. 
IT MUST BE RESERVED FOR THIS PURPOSE. 

THESE ARE THE FOUR CORE POSITIONS INTO WHICH A CHANNEL 
48-4B ADDRESS WORD HUSf BE PLACED BY THE PROGRAMMER BEFORE 

ANY 1/0 OPERATION IS STARTED. 

-{

THIS AREA IS NORMALLY USED FOR THE TIMER AND NEW PSW 
STORAGE BUT~ AS STATED ABOVEw THERE Will BE NO STATUS 
SWITCHING INVOLVED SO THESE SECTIONS NEED NOT RE 

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-CARO PROGRAM) 
IS READ. 

A--CORE}....._/AREA WHERE DATA CAN BE READ INTO OR OUT OF 
END. ~OR ACTED UPON BY THE PROGRAM. 
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~ROGRAM llATUS WORD! 

S '(STE 11 
MASK KEY AMWP 

GENERAL INFORMATICN 

INTE~~IJPT 

C.ol>E I LC CC 

0 7 S II fl. ~ 14\ 15" I& 

IN THIS P~PER THERE WILL BE ONLY ONE PSW PER 2-CARO PROGRAM. THIS PSW 
WILL ALWAYS BE IN CC 1-8 OF THE FIRST (INITIAL PROGRAM LCAO) CARO AND 
WILL ALWAYS BE LOADED INTO CORE POSITIONS 00-07 BY THE IPL PROCEDURE. 
IT RESIDES T~ERE UNTIL THE IPL CCW ACTIVITY IS CCMPLETED AT WHICH TIME 
IT IS FETCHEC FROM THESE POSITIONS AS THE ~E~ PSW ANO STARTS THE CPU. 

BITS 0-7 (SYSTEM MASK) WILL AlwAVS BE ZERC I~ THIS PAPER TO PREVENT All 
INTERRUPTS. 

BITS 8-11 ARE ALWAYS ZERO IN THIS PAPER BECALSE NO PROTECTION KEV IS USED. 

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

BITS 16-3~ ARE ALWAYS ORIGINALLY ZERO IN THIS PAPER. HOWEVER AFTER THE 
PSW IS FETCHED, CONDITION CODE BITS 34 ANO 3' WILL VARY ACCORDING TO 
ThE PREVAILl~G CONCITIONS. 

T~E INSTRLCTION ADDRESS IN THE LAST PORTION CF THE PSw Will ALWAYS POINT 
TC THE FIRST PROGRAM INSTRLCTION TO BE EXECUTED AFTE~ IPL IS CbHPLETED. 
I~ THIS PAPER THAT INSTRUCTION ADDRESS Will ALWAYS BE IN LOW CORE SO THE 
FIRST 12 e11s OF THE ADDRESS FIELD <BITS 4C-5ll Will ALWAYS BE ZEROS. 

I~ ~EX, T~E PSW FOR A 2-CARO PROGRA~ Will USLALLY APPEAR! 
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SHANNEL tTATUS ~ORD: 

THE CSW IS A DOUBLE WORD WHICH IS GENERATED INTERNALLY AND STORED 
IN LOCATIONS 40-47 BY THE CPU AT SPECIFIED TIMES. IT IS AVAILABLE 
JO THE PROGRAM ANO FROM IT MANY CONDITIONS CAN RE CHECKED. 

f 
4-o 41-1/ 3 44- 45-- ~-91 

r.-._..,j"~-, ~~---_,,,.,,, _____ ~..,. ~ ~ r--____ _,,,.. ____ """' 

32 ATTENTION 
33 STATUS HOOIFIER 
34 CONTROL UNIT ENO 
35 BUSY 
36 CHANNEL END 
37 DEVICE END 
38 UNIT CHECK 
39 UNIT EXCEPTION 

STAIUS COUNT 

40 PRGM-CTLD-INTRPTN 
41 INCORRECT LENGTH 
42 PROGRAM CHECK 
43 PROTECTION CHECK 
44 CHANNEL DATA CHECK 
45 CHANNEL CONTROL CHECK 
46 INTERFACE CONTROL CHECK 
47 CHAINING CHECK 

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

BIT 39 (UNIT EXECEPTION BIT) IS TURNED ON BY SENSING AN UNUSUAL 
CONDITION AT THE DEVICE SUCH AS: RECOGNITION OF A TAPE 
MARK, A 12 PUNCH ON THE 1403 PRINTER CARRIAGE TAPE, OR 
LAST CARD ON THE 2540 READER> ETC. 

BIT 42 (PROGRAM CHECK BIT) IS TURNED ON BY PROGRAMMING ERRORS 
SUCH AS INVALID CCW SPEC, INVALID COMMAND CODE, ETC. 
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S,tiANNEL ~_DDRESS ~ORD! 

A CAW CAN BE CLASSIFIED ANO TREATED AS A CONSTANT RATHER THAN AN 
INSTRUCTION. BEFORE AN OPERATION CAN BE PERFORMED ON A PARTICULAR 
ItO DEVICE, A PERTINENT CAW MUST BE LOCATED IN CORE STORAGE POSITIONS 
48-48. THESE FOUR CORE STORAGE LOCATIONS ARE PfRMANENTLV RESERVED 
FOR CONTAINING A CAW. 

/'1?1' NAA1£AI TLY ,t!e-s e~NJ <'.!AOlf!e ~oM~o"1s 

48 4'l 4-A 4B 
,. A \ ,- ~ ~,.. "" 

I l<E't' I ooool C.o M MA-NP A t>t>9'.ess 
0 '3 4 1 8 1q I 10 

BITS 0-3 WILL ALWAYS BE ZERO IN THIS PAPER BECAUSE NU STORAGE 
PROTECTION KEY IS USED. 

BITS 4-7 MUST CONTAIN ZEROS IN EVERY CASE. 

' 

31 

BITS 8-31 COMMAND ADDRESS (ADDRESS OF ITS 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 HEX FORMAT Of THE CAW IN THE 2-CARD PROGRAMS IN THIS PAPER Will 
USUALLY APPEAR AS: 

00 00 ox xx -._.-

~HEX .AOMeSl OF p,fotrR.!lM CJ!W 
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CHANNEL £_OHMANO ~ORO: 

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

Hvsr tJE J1J11s1~t.t IJ Y 8 

eo<J AJT 

47 46 b5 

COMMAND CODES IN BITS 0-7 Will VARY ACCORDING TO THE lfO OPERATIONS BEING 
PERFORMED BY THE 2-CARD PROGRAM. (SEE COMPLETE LIST ON SYSTEMl360 
REFERENCE DATA CARD) o'l-=W"-lT6"'t-)PA<"' ''*03 J 01~ WRni<TAPi=, 1s.::r(1P1-S SPACE: 

o2.: ~EA-~(4LL. )li'v1e£5), ~2.-=l<eAt> q. 'STt< se:1-. zs-401 E.ic. .. 

THE DATA ADDRESSES FOR THE PROGRAMS IN THIS PAPER Will ALWAYS BE IN LOW 
CORE SO THE FIRST 12 BITS (8-19} OF THAT FIELD WILL ALWAYS BE ZERO. 

FLAG BITS 32,33,34,35 (CHAIN DATA, CHAIN COMMANO, 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 TO 0) IN THIS PAPER BECAUSE 
THERE Will BE NO !,RDGRAM ~ONTROLLEO .!,.!'JTERRUPTIO~S. 

BITS 37-39 MUST ALWAYS BE ZEROS. 

BITS 40-47 ARE IGNORED BY THE CPU BUT ARE FllLE~ IN WITH ZEROS 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 BO COLUMNS (BYTES):: HEX 50, 100 POSITIONS : HEX 64, ETC. 

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

-7-

INITIAL PROGRAM LOADING! 

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

THE LOAD UNIT DIALS (G,H,J MOO 30) Will BE SET TO THE PHYSICAL ADDRESS OF 
THE READER (OOC). 

WHEN THE LOAD BUTTON IS PRESSED, THE FIRST 24 COLUMNS OF THE FIRST CARD 
(IPL CARD) ARE READ INTO THE fIRSf 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 IDENTIFICATION OR LEFT BLANK AS DESIRED. 

oo-o~ oe-oF 10-11 ,,--eo'Ct: L.o-A '-'TT/04JS 
F1~ ~7 ¥- AtW'AVS St:CoND V1.. 
ONlY l'.SN Fl,fST .v~!.!:sfftt_y 
Fo~ t-c:A/lj> Il'L- M Bl./fllks I/' No~L:"A ~u A...,.., Ar "'P'"l'L 

//(<Hrl?AM CC W 0.lf ANY \.r" '\ ,_~ OT --.rv ..1.' 

eo#S7iflt!r ,,,,,,,,,,._------------~----------~ ~ 

4444444 444444~ 44-14444 444444444 PH44H4<44444444 444444444( ., •. 

t66b6bE •:Cf.666C fi66f6to lifii-.«·· 

711711', 

00-07 THESE B BYTES ARE LOADED FROM CC 1-8 OF THE IPL CARO 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 COMPLETED. 

08-0F THESE B BYTES ARE LOADED FROM CC 9-16 OF THE IPL CARO 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 LOAD BUTTON. 

10-17 IF THE FIRST IPL CCW IN OB-OF SPECIFIES CHAINING IN EITHER OF ITS 
BITS 32 OR 33, THEN THERt MUST BE A SECONO 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 CARO (PROGRAM CARD) MAY REQUIRE. 

IF CARD COLUMNS 17-24 ARE LEFT BLANK, ANYTHING IN CORE POSITIONS 
10-17 FROM THE PREVIOUS PROGRAM Will BE OVERLAID WITH BlANKS 
(HEX 40) AFTER THE IPL PROCEDURE IS STARTED. 
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I/Li INSTRUCTIONS: 

IN THE INSTRUCllUi~ SET FOR SYST!::M/360, THERE Aflt: LlNLY FOUR 
INPUT/UUTPUT INSTKUCTIONS. THESE ARE PRIVILEGEn INSTRUCTIONS 
SO THE SYSTEM MUST RE IN SUPERVISOR STATE REFURr ANY ONE OF THEM 
IS EXECUTED. 

9C 
90 
9E 
9F 

START l/U 
TEST 1/0 
HALT IIO 
TEST CHAN~J EL 

THE Z-CAPDS PROGRAMS IN THIS PAPER Will USE ONLY THE FIRST TWO, 
START llG AND TEST 110. THEY ARE GENERALLY USE~ TOGETHER AND 
MAY BE IN EITHER SEQUENCE. HOWEVFR, IT WAS FOU~D THAT IN SOME 
TAPE OPERATIONS THE FIRST RECORD WOULD PE INCOR 0 ECT IF THE TEST !ID 
WAS GIVEN dEFORE THE START JIU. 

START 110 (9C) INITIATES A WRITE, RFAD, READ-RArKwAROS, OR CONTROL 
SUCH AS REWIND, WRITE TAPE: MARK, SKIP Tu CHANl'llEI l, HC. WHEN A'V. 
OPERATION IS NOT STARTED SUCCESSFULLY, THE CJNOTTIUN CUDE IS SET 
ACCUROINGLY. h PERTINENT CAW MUST BE IN LUCATtnNs 4H-4R REFURE 
A START 110 INSTRUCTIUN IS GIVEN. THF ADDRFSS IN THAT CAW ~UST 
P~I~T TO A CCW WHOSE COMMAf';D CODE Will PERFORM THE CORRECT FUNCTION 
WHICH THE DEVICE DESIGNATE!) IN THE START llU IN<:;fRUCTIDN DESIRES. 

TEST I/O (9D) TESTS THE STATE OF THE ADDRESSED rHANN~L, SUB
CHANNEL, AND DEVICE. THE PSW CONDITIUt\i CCJOE IS Sf:T wHf:N AN 
OPERATION IS NOT TERMINATED SUCCESSFULLY. THIS INSTRUCTION ~ILL 
AlSU CAUSf: AN ENTIRE CrlANf';EL STATUS WGRO TJ RE STJKEO IN ITS 
RESERVED CORE LOCATIONS (40-47). NC CAW OR re~ IS NEEDED FUR 
TEST IIJ. 

IIO I~STRUCTIONS IN THIS PAPER 

90 00 00 OE 111 9C 00 00 OE re ~ :;71,::..1 .__,.__, f/o7 f~11•lt.A T/o h:1t.ile:t<:.. 

WILL APPEAR AS~ 

Ill sf4~,° 0 0~ 
Ijo ~%:-

Ill .JD_ QO 
lc:,1 

Ifo 
r.e1rt:r<.,. 

_9:... 

SUGGESTIONS FOR WRITING 2-CARD PROGRAMS 

NOTE. WHEN STARTING TO CONCEIVE A 2-CARO PROGRAM, IT IS NOT NECESSARY 
TO BE IMMEDIATELY CONCERNED WITH THE IPL CARD (FIRST CARO OF 
THE 2-CARD PROGRAM). ITS CONTENTS Will BE DEVELOPED LATER 
AT VARIOUS 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 ANO LENGTH COUNTS 
WHICH CANNOT BE OEfERMINEO IMMEDIATELY. lN THIS PAPER THOSE UNOETE~MINED 
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, ANO CONSTANTS CAN BE CONTAINED 
WITHIN 80 OR FEWER BYTES: 

OOOOOOXX 090000XXOOOOOOXX 9000000E 477000XX 9COOOOOE 47FOOOXX 

THE FUNCTION OF 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-CARO PROGRAM AND NO OTHER SOURCE OF INPUT. 

SAMPLE OF REPEATED LISTING OF 
DATA PUNCHED IN SURPLUS COLUMNS 

---NAME OF CUSTOHER----WELCOHE ro IBM DATA CENHR---
---NAME OF CUSTOMER----WELCOME TO IBM DATA CENTER---
---NAME Of CUSTOMER----WELCOME TO IBM DATA CENTfR---
---NAME OF CUSTOMER----WELCOHE TO IBM DATA CENTER---
---NAME OF CUSTOMER----WELCOME TO IBM DATA CENTER---
---NAME OF CUSTOHER----WELCOME TO IBM 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 IBM DATA CENTER---
---NAME OF CUSTOMER----WELCOME TO IBM DATA CENHR---
---NAME OF CUSTOMER----WELCOME TO IBM DATA CENTER---
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PROGRAM ANALYSIS 

PR. 11J/€fC- Plf1N/G',,e, {€ST z/o (!Oj.ib, S"Tltl27./o {/#~JI~, 
<?A-W c.e.w PR.1J/1&e 81?.A!Jc/I P121AJ~te 8ie.1Nklf 

OOOOOOXX 090000XXOOOOOOXX 9DOOOOOE 477000XX 9COOOOOE 47FOOOXX 

~ (/l TIHATC frC>l>Ress o;c r'/f!P~RAH (!(!If/ Fo,e -00 00 00 XX CHANNEL ADDRESS WORD FOR PRINTER 

THE FIRST lTEM 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 
THERE IS A DEFINITE ADVANTAGE TO ITS BEING THERE IN THIS PARTICULAR 
2-CARO PROGRAM AS Will BE SHOWN LATER. 

~~:;.;-+-9'-Jll)S=- j)Af/1- 'Ff.It-~ ~/1502-~5')Af..l a;=;: 
,4P/)/,tc.:s5 tf-FTt:t€ PR.INT L I ~(LOcJNT 

09 00 00 XX 00 00 00 XX PROGRAM CCW FOR PRINTER (NOT lPL CCW) 

THE DATA ADDRESS CANNOT BE DETERMINED UNTIL THE PROGRAM IS LAID our. 
THERE Will BE NO DATA OR COMMAND CHAINING SO NO FLAG BITS NEED 
BE ON. THE COUNT CANNOT BE ASCERTAINED UNTIL IT IS FOUND OUT HOW MANY 
SURPLUS COLUMNS REMAIN IN CARD TWO AFTER THE PROGRAM IS ACCOMMODATED. 

r,'( oj.\oqe ~pf/.YSltAL /tliMf::-SS or: f>Rti)r. 
..(C. •"' ~ €11:'. 

,....o ~ 
90 00 00 OE TEST 1/0 INSTRUCTION 

THIS INSTRUCTION HAY BE .GIVEN BEFORE A START l/O INSTRUCTION IS 
ATTEMPTED. IF THE DEVICE IS BUSY OR NOT OTHERWISE AVAILABLE, THIS 
INSTRUCTION Will SET THE PSW CONDITION CODE ACCORDINGLY. 

_.~,. ... UA- - A/)~ ~J 
~ O"· "'' ~~ {)L 7fn.-rTC:- rr 1.1/Ze~s <Dr Tt:Sr .,L/O F',IE/1€/Te;,e. /,(/$",?;p eJA 110"_,<1' ~ "v~T/CJ<,I 

47 70 00 XX BRANCH ON CONDITION 7. 

THIS INSTRUCTION WILL TEST THE CONDITION CODE ANO CAUSE A LOOP BACK TO 
THE TEST 110 INSTRUCTION. IT WILL FALL THROUGH ONLY WHEN THE PRINTER 
IS AVAILABLE. 
~ 0 ..,~ c.oO~ ~,P/IYsre,;L APb.ei:ss l!JF ~,.el~TEte 

o!:., ~ 
9C 00 00 OE START 110 INSTRUCTION. 

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

UNCONDITIONAL BRANCH BACK TO THE TEST 1/0 INSTRUCTION TO START ANOTHER 
PRINT CYCLE. 
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STEP 2. CHECK PRUGRAM U:[\jGTH 

CHECK TO SEE IF THE SKETCHED PROGRAM CAN BE CONTAINED IN BO 
COLUMNS. ONLY ONE COLUMN WILL BE REQUIRED FOR fACH PAIR OF 
HEXADECIMAL CHARACTERS t2 HEX CHARACTERS EQUAL ONE BYTE). 

~ ~ ~o xx 09 00 00 xx 00 00 00 xx 9D 00 00 OE 

¥ 'f 
..__,, 

~ s c; '-" 
..__,, ....... '-' 14 75- 16 I z s 6 7 /0 /} 12 13 

47 10 00 xx 9C 00 00 OE 't? FO ~ xx 
17 IB 'it( '-" .......... Z3 ~ ~ :2.0 v '22. 24- Z.f> Z.7 

ONLY 28 COLUMNS ARE REQUIRED SO IT WI LL BE POSS IBLE FOR THIS 
PROGRAM TO BE EXECUTED AS A 2-CARD PROGRAM. 

FOR THIS PARTICULAR PROGRAM 7 THE SURPLUS COLUMNS (80-28:52) Will BE 
USED FOR THE DATA TO BE PRINTED OUT REPETITIVELY ON THE 1403. THESf 52 
COLUMNS OF DATA CAN BE ANY VALID PUNCH INCLUDING WHATEVER SPECIAL 
CHARACTERS ARE ON THE PRINT CHAIN. 

CODED PUNCHES FOR LOWER-CASE EBCDIC CHARACTERS Will PRINT AS THEIR 
CORRESPONDING UPPER-CASE CHARACTERS ON THE l403. 

EG. EBCDIC PUNCHED CARD CODE FOR LOWER CASE" e" IS 12,0,5. 
THIS PUNCH CONFIGURATION WILL PRINT A LOWER-CASE "e" ON THE 
1052 TYPEWRITER BUT ON THE 1403, AN UPPER-CASE "E'• Will BE 
PRINTED, THE SAME AS A 12,5 PUNCH. 
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-----TPC-C:ARO__________ -------------------- --- - p 1< a··G- R-·1c K-----i:--A- R D 

C hex "PUNCHO - hex hex PUNCHD 
CC 0 CARD CC core con- CA~D 

~- jh~x hex - ---PUNCHO-- CC hex hex PUNCHD 
LC core con- __ g~~~ __ core con- _ ~~~~ _ ~ ~~~~s --couc--- --- addr tents -co-oF- addr tents addr tents 

l. 00 l ()C> "' ~ 28 xx 55 
-1----t------ -- -- r-~ --i--.. --... 

2 ~-1- ------ ------------ 2 q_(!_ >-z----~ 2~ ----- ------ ------- 56 

3 ____ g_r:L _ --4--- 3~ ____________________ _ J 02 57 

4 03 __ , _______ 4 xx~ 3_~ ---- ---- 58 

5 04 

6 05 

7 06 

8 07 

9 08 

-~ ----- -~-9 __ " --~--- -~~- ----- -
6 oo ~ 33 

-- ----- ------ --~ - --

7 Oo ~ 
~-xx ~

___ ----- ------ - ~ ---~ 

34 

35 

LA'/ our SKErei/E/) 
/';(loG,eA H JU 

_'! ____ _ Q_Q_ _ -<> __ 36 ''A e x co" ferJrs 11 

_1_0_,_0_94--1,-----1~ - _O_o_ t--% 3~ - - t!.oL OH AJS 01./ /HE 
_!_I:. ~~ ______ ___________ !~ ____ _ p_o 3~ _______ '~l!!.aG/RA# c A.e I>" 

r2 XX1i 39 SIDE oF 2-eA2iJ 12 OB 
---- --- ------ -----------

13 _oc_,__~·-----1~- q~ ~. ~ ~-- f~06RAM J./fY()V/ 
~~ _____ -~-~- -t-0_~~-- ~~- ________ S"llt:ET: S/At<r 11/ITJI 
15 oo :...... ).. 42 TllE CAif/ 1AI CA~l> ---- -------- --o-- -

~-_o_F,_-ir---•1 . .:::6
1 
_ _,.o.E .... t• __ _, ~-- Ct>LvUA/ aN€ AJJI> 

1_7 ,0 Hm mmH- l7 ---- _'t'l_ tH:H 44 CONTiAJ()I: oJ/. 
:~ -~~ ______ __________ ;:----- -~- -~~ :~ _____ ( ~:;x(!~,,~~cras 

--·----- -- -t--, ---- - -

20 13 20 xx 47 

14 OD 

15 OE 

------ ·----------. 

:~ ~:-H-H ____ m ___ 21 --- j_~-l:~ 48 --- Hm 

l=:=-:=--. =-~=;=--=_-_=_-_=_-~---=--~--=_-_=_-_=_~--:II~~ = ? ,, -~~ ~~I 'r'~ --,-~;--~~--·_ -_-__ -__ -_-__ -__ ~r --
---1---1 --l~ ~ --l!-1 ----- ----

26 - fa()_:~- ~ ~~ kJ1 -- --- --- 80 

27 u ·_;,,,. 54 .i 
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STEP 4. E:STABLISH FIRST IPL CLW 

PREPARE THE IPL CCW. THE IPL CCW IS USED TO READ IN THE SECOND CARD 
<PROGRAM CARD). THIS CCW Will ALWAYS BE IN CC 9-16 OF THE IPL CARD 
(FIRST CARD) ANO WILL ALWAYS BE PLACED INTO CORE LOCATIONS OB-OF 
DURING THE INITIAL PROGRAM LOAD PROCEDURE. 

IPL C.,C W 

48 
'-"' 
A 

00 00 50 

~ 
V"<!l.MS (EtJT/R.E ~--' C.41'0) 
]N/o CoRe S7AR-/o./G-

AT L..0C.A110/J 

IN THIS SAMPLE PROGRAM BEING DISCUSSED, SINCE THERE IS ONLY ONE 
CAW ANO SINCE IT IS CONVENIENTLY LOCATED IN THE FIRST FIELD OF THE 
PROGRAM CARD, IT IS MOST EFFICIENT TO HAVE THE IPL PROCEDURE LOAD THE 
CAW DIRECTLY INTO IJS RESERVED CORE POSITIONS (48-4B). THIS SAVES THE 
PROGRAMMER THE TROUBLE OF HAVING TO PLACE THE CAW THERE WITH LOAD
REGISTER AND STORE INSTRUCTIONS OR BY ACCOMPLISHING THE SAMf WITH A 
MOVE INSTRUCTION BEFORE I/O EXECUTION IS STARTED. 

TO INSTALL THE CAW PROPERLY WHILE READING IN CARD TWO AT IPL, THE 
ADDRESS IN THE ADDRESS FIELD OF THE IPL CCW MUST BE 48. THE REMAINDER 
OF THE PROGRAM IN CARD TWO WILL FALL UPWARD INTO CORE IN CONTIGUOUS 
LOCA TIDNS. 

THE COUNT IN THE COUNT FIELD IS 80 lHEX 50) TO READ IN THE ENTIRF 
SECOND CARD {CAW +PROGRAM CCW + PROGRAM+ SURPLUS COLUMNS INTO WHICH 
IS PUNCHED THE MISCELLANEOUS DATA THAT IS TO BE PRINTED REPETITIVELY). 

-14-



STEP 4-. ESTABLISH TlltST IPL t:!~W 

- C -pum:Ho hex hex Pu:~CHD 
CC 0 hex CARD ~~- core con- CA~{[) 
---- R con- --cuUE-- - CODE . 

.- hex hex - t'UNCHD 
CC core con- CAtW 

PU:-·ICHD 
CC hex hex CAfW 

core con- ··coDE 
addr tents E conts addr tents addr tents -- CODE ·-

~ o_~ ---1------~- -~ --- 2~ -·xx_·--- 55 

2 01. ·- .._, 

:i 02 ·--- -- · · -- ----1-n-- · · 
~~--V-~ 

______ s_ ?_4_-~----~~-~~~ . l!>--(;,: 
__ 8: _o_! - --- ~-e-~-~~ 

9 08 0 2. lf(f\~' . 
---- ---· ------ ~:_ ______ _ 

LO 09 00 .L::l. _ 

l_l ~· -~0~1ti 
!_2_ ~~- _f~_ A! c~~·~ 

2 oc 29 56 
- ---- ---·--- ·---·-- ---·--

57 3 - 6{J 30 

~ __ ~i- :: ___ 11 :~ :: ::-::-:-:_:-: :: 
6 ()(j 33 60 
-- ----- ------ ·--------- - . ----- ------- -------·--- -

1 Oo 34 61 --------

-~- ---- _y~_ ----- --- 35 &2 

9 00 36 63 
- - ----- ------ ·- ------ ---

10 00 37 64 
-- ---- ----
11 00 38 65 

12 "!-"f._ 66 

t3 qD 40 67 ~ ~~ .10 ~~~~~~ 
14 OD ()() i,e1-f< 

------- --·----· -- -- ----
14 ()0 41 68 ---- --- ------ ·-- ---------

42 69 

43 70 :~ ;; ;g~-Bt> :: ~~ 
-;; 10 r~ ~ 1 ! ____ _ 11_ 

--1----11----1---1---1 

44 

;~ ~! ::::: ~ff & ·~· ··-· J()_ -------- ·~ :::: -=:: --------
19 12 C. 19 Clo 46 

20 13 20 x~ 47 ------ ---------- - . ----- ------

21 14 21 qc 48 
--- ------ --------- ---- ------

22 15 22 (;O 49 

23 16 23 00 50 
--- ---- -------

24 l7 24 Ofi: 51 '==========- ---··- -· ·--·-
25 _ f1 -- ~-2 ____ _ 

26 

27 

f O 
00 

53 

54 
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71 

72 

73 

74 

75 

76 

17 

78 

80 

srE, r. £STA8LISH HE~ AOl>RESStS 

-- C -pu0JCHO . hex hex PU:~CHD 
·CC 0 hex CARO ~~- core con- CMD 

--- R con- ---coUE___ addr tents - CODE--
E conts 

-- ~e-~ h~-x - --PUNCHD- cc hex hex . PU:-~CHD 
CC core con- CARD __ core con- CARO 
- addr tents ----cooE___ addr tent~ - CODE. 

L 00 i 48 Oo za ,3 XX. 55 1£ -·--------··-- --- -----------
2 01 

j 02 

4 03 

5 04 

6 05 

2 4-'f (:JO 

3 4A oc ... 
- - ----· -

4 48 xx 
-~- i~- _Qj__ -----------
-~_ 11 _g~ - -- ----- . -

7 06 __ , ______ 1 4£ oc --
8 07 -~_ 1_f_ }_f._ -----------
9 08 02. 9 5o 00 

~l-~1-0_6_1-----· ~- i!__ Q_Q_. ------
11 o~ _9_9___ ________ _ ~~- g_ 00 

!_~ ~-~ _1_8-_ ___________ _ 
13 oc 'lo 

14 OD O(J 
·:--- --·- ------ -----------

15 OE 00 

16 OF S°O 

17 10 

57£~5 
FILL IN 
C OA./l. ES />oNl>IN'° 
HEX AZ>l>~£S.SES 
NtJW THAT rr 
15 1<.JIOWJJ THE 
C oA/ TENTS c!I F 
COJ-.1. JN THE 
Ft(o<rMH ~.4/1.D 
WILL STA~ IN 
ttJ/l.E t.DCATICN 
tlEX 4-8. 

!~. -~~- -~25- -- --------
1~ 5'4 _g__p_ ~--
14 5S DO 

15 5, oc 
16 57 (}£ 

l!_ ~?- _{] __ 
l~ -~t _19__ ---------- -
19 SA DC --------
20 _f~_ -~~- --------- --
21 ~~- _q_e__ 
22 5"D 00 

----

23 5"f oo 
24 5F 0£ 
2_5. ,0 ~f -- ---------

26 '' Fo 
27 't. --o-c-

-11;-

30 IS 
. ----- ------ ·---------·-

31" ----------
32 '7 
--· ----- ------ -----------

33 68 
3~ i/F ------ -----------

35 'A -- ·----- ------· -----------

36 'B 

56 7F 
57 so 
5~ ~ i ·- -----· ·--. 
59 tz 
60 13 . 
.... ----- ----- ------------

6 l N· --·---· 
62 ir 
63 16 

-- ------ . ------ ----------- --- - ----- ·----- -----------

37 'c 6.4 n --1----1 ··- - - ---

38 '1> 65 n 
. ------- ----------- -- ------ ----- ·----------

39 'E 66~1 --- ------ ------- ----------- -·-- ------ ------ ·-----------. 

40 l>F 67 1.4 -----
41 1tJ 
---~ ----- ------ -----------

42 11 69 fC. 
- - ----- ------ ------------ - - ------ --- --

43 72 
44 u 

- ----- ------ -----------

45 14 --- ---- ------ -----------

46 75' 
47 1{, 

. ------ ------ -----------

~~ _zz ------ -----------
49 7S ------
50 1f 
51 7A 

- ------ ·------· ·----------

52 1/J ·-- -. -1----
s3 1e 
54 1D 

70 fl> 
--1----1 

11 'lE 
12 fF 
---- ·----- ----- -----------

73 'io 
1 1t_ -~L _____ _ ________ _ 
75 'It 

- ----- -----· ·----------

76 9~ 
-·--------

77 '14 
78 9S' 
71 % 
~~ w----



-·cc g :hex PUNCArr- .• hex hex -puNCHD - ~;;~. hex-- -PUNCHD h h PUiKHO 
~ CARD cc core con- CAKD , cc CARO cc ex ex CARD 

---- ~ ~~~;s -- coue--- ---c, addr tents -- couE-- - ~~~~ ~~~t~ ---cooE ··- -- ~~~~ ~~~t~ ·--cooE 

3001-_· l J/8 00 28~@1:/DNl~~ 

H; ~; H .... ----····· ~~~ ~·!~ --~1 .. :IZ r:~-1-1\ ·--· 
--~ ~; H ---- H.HL v.' 46 ~~~ ... ~ 66 ---~1;~r{t 58 H v i HH •. • 

-:~ ~: ::::: :T_~~ 1 ~ ~ :~ :~ t- ~---~ --1 ~~ ~. :: 1 = ,:--" ~~ 
~ !! :~ ::y:- ! ~~~~~ ~:~ :::: ::::: :· _::::::: :: ':~ :::: :: 

\-. r- - - --1--1----·--,---• 

:! ~~ -~: =---~ ~*~if~~~ :~ =:: :::: - ~~ : ~:: ::::::~ 
-- 5S" of'~v"''.5. --- ~!1~1-~ 
_!_~ ~~ _Q_~_ ---+----- !~ ~--- -~.£.. -i~~~;;5~: -~~- ----- ------ --1 -------- ~~- -- --- -----lb,t~---

;~ ;!-~~- ---,~--- ;! i-~ 5JcC]~O;< :: ___ ---- . ::.~, --· t:~ 
... S 7tP fl:------ -- 11_!s f'! ~Jo __ ----------- 44 ----- ------- -- ----------- n_ - -- ----- '!f/-t1----

11ow TllAT ALL - -- f ~ ---------· 45 
----- --- ------

1
-
2 

-- -- -----·~~1'-h 
Co~EAM>~ESSES ~ ~ C AIJC.ff 

46 ~1-+--~ 
A-ll&' GS7AdltSH~i, ~~~t® ~c.IL-'f~_ 47 74 ~ 
f.EPLACri 711£ 21 5t. q~ rfes1 Jjo .~ :::: ::::: :: ::::::: 7~ ·.- :·: :::: ·:::=~ 
~K()j~L~ W.-r'/llT~ 2_~5i>- -~~- ~~~i 49 1 761i I 

rf/EJ";kNt;WA/11 
23 SE 00 ·~ ~ljJ 5-~ - . \I 11v!--- - ---- i 

t. oc.1tno1s. Aue 2~ ;fF -oi "AU:•-,;" - ~-1- ----- ------ -----~ ~ ---- ----- ------- ---

F1u. 1AI rll£ - ----- ------- --------- ----- _____ ________ _ ___ _ 
Ptto&-iiAM tcw 25 6o. 41 ?-~---- 19 _____ _ 

COVJlr Ft£t./) 26 ,, 'Fo 53 80 
(/II HE x) ----- ------

21 '2 00 54 
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STEP 1. 

C --PU~CHO--
CC 0 he~ CARO 
--- R con- --couE-

E cants 

·--~ _°:? ~ _! _______ _ 
;-~ ~: ~-~------

:~~~*~:~ 
14 OD Of> 

15 OE 00 
-·- - -- ------ -----------

16 OF 5'"0 --11---....---· 
17 10 

. ' I l 

57£1 z 
FILL IN 
flSIV /tV 
c. e.. J-8 
OF Ill 
CA~/). 

.. hex hex PUNCHD 
CC core con- CA:{D 
--· addrj tents -- CODE-

~- he~ -hex. - -PUNCHD 
L.Ccore con- ___ CARD 

addr tents CODE 

-- . - . "PUi'lCHO 
CC hex hex CARD 
. _core con- ---·cooE 

addr tents 

1 t/8 00 28 ~3 S4- 55 

-~ -~J !!__(}__ -. 56 

-~ JA_ !!.~::: ---- ------ -- 57 
·- ----··- ·-. -

4 'I~ 1-c 
3~ 1--- ------ ·-----------
31 58 

--·----1 

-~ -~~---~J___ ---------- -~~ ----- ------ --------- 59 

-~ '!__~ ___ q_q __ --- ----- --- 3~ ----- ------ -------
60 

- - ----- ----- -----------

1 l/ t ~o 34 61 

81/F 6 tf 35 62 
-- ---- ------ -----------

9 50 00 36 63 
-- ----- ------ --- ----- ·--. 

10 Si 00 37 64 

!~ .§!: __ 9_9-_ -- ------ ·-· 3_~ ----- ------ -----------
65 

12 ..f3 94 39 66 
-- 1---- ------ ----------- --- ------ ------ ----------- --- ----- ---- ------------

n 15 + <j f) · 40 67 --·----· -·- - - ----
~~ ~ _9-e__ ---------· ~~- ------ ----- ----------- 68 

15 5" 00 42 69 

1 ~ ~?/ --oE-- -- ------
43 70 

--•---<1----1 

~!lf~_ -~- 71 
--- ----- ----- -----------44 

--·-· -----c------ -----------

!!' §_1_ 2g_ ---------- 45 72 

19 51 oo 46 73 
-J---11..--1----1 -~1--~----11--1--1---•---

2~ ~ §_1__ ---------- ~! ------ ------ -----------

2~ g_ --~f_ ----------- ~~ ----- ·------ -~----------
49 

74 

75 

76 22 61> 00 --·----11 .. - - -----
23 S-• 00 50 77 
--- ---- ------ -----------

24 !F o~ 51 78 
25 ·i-o --l1- -------- -- 52 ----- _---_--_--,_--_---_--_--_---_ .. 1p __ --_--- _--_--_--_---_--

26 b/ Fo 
2 7 -,1. --Oo-
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53 80 

54 



C h -PONCHO-- . hex hex PUNCHD 
CC 0 ex CARD CC core con- CAKD 

-- h.E;~ -he~ --- -PUNCRo

c~ core con- CARO 
laddr tents ---cooc---

hex hex "PUNCHO 
----o- R con- --coUE____ -- CUDE--

' E cents · addr tents 
CC CARO 
___ core con- --·--·cooE 

addr tents 

J. 00 00 l'Z- c Cf~ I 

2 0 l 0 (J I?- C 'f ( I 

3 02 oa 1i a 1), 

l 4fi (;0 '.!._cf f I ~~ l1_ ·'Lf 1' fl C, 1/- 52 _____ £_-__ 

2 4q OC J'J d f I 2_~ --~±_ _______ ___ T_____ 56 

3 _1_1_ -~-o_ ~: ~~- ~~f-~L 
4 03 06 ttc'Jfl 4 /j!J 4-~ l'I !'f 

,_ -1--1----•-t--=--------
~ _t----- --~--- :: -· -

I 
----· ----- -----------__ ?_ ?_~ _<!_<?___ ~~-~J 5' -~ _'f_~ -~-L '_1:_ __ ~J-~_ 32 59 

60 
.. ·------- -----· ·-----------

N --~ -~~ _Q9-_ ~!_i_J__~L _!>_ lj__p__ _Qt:}__ '!. ~J-~L 3~ __________ ----~ 
1 06 00 l>o rf1 1 if.£ 00 11- c 'i St 34 # 61 T 

------ __ , ____ , 
62 E 

.... -~--- ----- ----------· --~ !>::! §__t_ !:_!!_!_~-- -~-1f__ _ff__ !!_=~!__l_ 3~ ------------ ___ j __ _ 
9 08 0').. It-~ 'J--

10 09 GO /ro'J1J 

11 OA 00 /}-cf f/ 
---- --- ------ --

!_?_ ~~- _'!_$__ :_~~JL 
13 oc 2-o /too/ft 

. 14 OD 00 l'h::ff1 

15 OE Oo "t1'o'tft 
~: ~-; x-o- -~-;-------

5TE.P 6 
/rE"~G" To IIJM 
ltEF. l>AT..+ C.40 
x %.0-1103 .fllj 
E"AJ TE~ 'THE 
P~oPE!f /PUNCH~' 
C"41tl> Col>E S 
Fo~ 'THE 
Nt:S/>G'C Tt//E 
C#ARA~ r~ teS. 
Al.So r11.1. IAJ 
77fl: HIS~. 
>A7A la 8F 
l'le11Jr£ b 
lftFP1FT1T1Jl£L'r'. 

9 50 0 0 It· cf~ I 36 /( 63 b --- -----· ------ -----------. -- ------ ------ ----------- ---- ----- ----- -----------
10 5/ oo 11"7' s-1 31 A 64 

~~- f_~_ !!_0 __ !Lo_!_~~ 38 
---- ----- ---~------ ~-~ -J--- ----- __ 1 _____ _ 

~~- -~~- -~_'f__ --~_'!______ ~_?._ ------ ----- ___ !_~---- ~!'__ ----- ----- ___ '!_ _____ _ 
13 5f 9D Ii I/ 1 _;- 40 

~~ §_~ _E!_~_ !-~~'LfL 41 12 
. --- ----- 1------ -----------

15 Sf. co n,!fit 42 5 
~~ -57 ---;;£ ~~--;-~-,--

43 
----- ------ -----------

44 c. 
-·-· ----- ------ -----------· 

1 ! __ ?_~ _ _Lj__l_ !!_:__!_7___ 

68 

69 

71 

E 

p 
u 

--·- ----- ----- -----------

!!' _ _r_-1_ -~q__ ~'!_--~-~--- '!?_ ----- ------ f-_fi_______ !_2_ ----- ----- ---~-------
19 SA 0 0 / 'J- d f I 46 () 73 II-
20 ~8 5"4 1t11'll./- 47 74 E -- - ----- ------ ----------- ----- ----- --------- -

21 Sc.. <le n" Rt/- 48 E 75 )) 
- -- ------ ------·· -----------

22 ~/) 00 In-off/ 49 Al 76 --------· 
23 S£ oo noH 1 50 17 II -- ------ ------- ----------- ----- ----- ----- -----------
24 SF O.G" it- 'I~ t; 51 I 1a E 
25 6~- -;j.7- ;;:~--;; 7- 52 
---·~-----

__ , __ o __ ,,1_~ _____ £ __ 
26 l1 ro o 53 80 E 
27 li __ o_o __ 1~ ~-~-~-;- 54 
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STEP 9. KEYPUNCH 2-CA~D PROGRA~ 

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-CONFIGURATlONS

IN-CARD-ROw-SEQUENCE SHOULD PROVE HELPFUL WHENEVER 

VISUAL VERIFICATION OF A PUNCH IS NECESSARY. 

STEP 10. OPERATING INSTRUCTIONS 

AfTER THE IPL CARO 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. 

-20-



POST-MORTEM 
CJ f hex hex PUNCHO
RO, CC core con- CAK.D 
D1 - addr tents - CODE--

hex hex 
~~core con

addr tents 
IT SD HAPPENS THAT THE SAMPLE PROGRAM , _.a_L.. 
AS STATED WOULD NOT GET VERY FAR AFTER--'....im--+--1---+~Jlr?:;...hi1-.t,;~~--l-l-.l---L---I 
A LOAD & GO. IT HAS A MAJOR FLAW. ~.._.,_1t_l/__;8::;_· 1~j~ ~ H xx 
THE PROGRAM JUST DISCUSSED WAS THE ~~n uv:~~l), 
ORIGINAL VERSION THAT THE AUTHOR 2 If 00 L.1'-'lc.*..1~~ 29h4-
TRIEO AND BECAME STUMPED AS TO WHY ·-:3- ~iA-- Q-~-o-- .. ~a1-~~, ... e 30- ---·-- -·-----
IT DID NOT WORK. IT WAS NOT UNTIL T I" .n·., v" 
BIT 42 OF THE CHANNEL STATUS WORD IN -~ ~;8-- ·-//.--~~ ~~~-0 - - Jl 
STORAGE LOCATIONS 40-47 WAS CHECKED ~I _l ""f' '- '°'' 0 
THAT THE REASON FOR THE MALFUNCTION ( .....: ~ ---- - ----
OR LACK OF FUNCTION WAS DETECTED. --~._'I<;_'?__'!__' 3~ -----nm 

THE ERROR WAS SHOWN TO BE A BOUNDARY 
VIOLATION. 

YOU Will NOTE THAT AT IPL TIME THE 
HIGH ORDER BYTE OF JHE PROGRAM CCW 
(09 00 00 64 00 00 00 34) WAS LOADED 
STARTING AT HEX LOCATION 4C. 4C IS . 
DECIMAL 76 WHICH IS NOT EVENLY ,~ 

6 Lfb OD 33 
--- ---- ------

7 //.£" 00 34 

-~ ~(} -~-~. . f'tl-Ct-1'\ 3~ ------ -----

_? _f~ _'!~ ? c.ew_ 36 

lo 51 Do 37 

11 S-'i- 00 38 DIVISIBLE BY 8. All CCW'S AND SIMILAR 
DOUBLE-WORD ENTRIES MUST RESIDE IN 
CORE ON A DOUBLE-WORD BOUNDARY. 

I ~~n--$4 ------ 3~----------

---1- --- ---- ------ ---:--------
OF CCW At>DR. 

THE LOW ORDER HEX 
EITHER A ¢ OR 8. 

CHARACTERAMUST BE 
C XX X\fJ OR (XX XB) 

13 Sf 'f D 40 
- -1--- --- -- ----

lit ss" oo 

FOR 
ARE 
AND 

_/ / 
THIS PARTICULAR PROGRAM, THERE 
MANY WAYS TD REMEDY THE SITUATI.DN ----1J 
THREE WILL BE DISCUSSED BRIEFLY. 

--~ -

I 
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4l 
-- ---- ------ ------------
15 !({:, co 42 

16 SJ OF 
-11---f---·----1 43 -- ---

17 S8 41 44 

!~- -?1 _7_9__ __ ---------- 4?_ ----- ------

t9 SA oo 46 
--1---

20 !'B S-4 47 
--- ----- ------
21 Sc. Cfc_ 48 

22 .!/; 00 49 

23 5"£ oo 50 

;:--Sf' -0£- 51 

25 60 47 52 
-1--- --- --- -- --

26 U Fo 53 
2-7 lz _o_o_ --- ------

54 

CCW BOUNDARY ALIGNMENT---METHOD NO. l. 

THE CAW IS LEFT IN ITS ORIGINAL POSITION BUT THF cc~ AND REST OF 
THE PROGRAM ARE SHIFTED UP FOUR COLUMNS. THIS WORKS, BUT FOUR 
POSITIONS OF THE DATA AREA HAVE TO BE SACRIFICED. NOW ONLY 48 
SURPLUS COLUMNS ARE AVAILABLE IN WHICH TD 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 50 (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 I/O) WHICH IS NOW AT LOCATION SB. 

THE DATA ADDRESS IN THE PROGRAM CCW IS NOw HEX 6B AND THE COUNT 
IS REDUCED TO 48 (HEX 30). 

-22-



AJ(J • .l 

- C -PtmCHU-- · hex l hex I PUNCl!D ! ! lhex hex - --PUNCHo-· -- h h ~I PUN CHO 
0 hex. CAK.D CC~.. CAIW CC ex ex CARD 

CC R con- __ ~~--- CC core con- C 0 __ . core con- --·cooi:-·- __ core con- ---cooE 
E cants "uuc --· addr tents ·- o E ~~ ~ addr tents 

1 oo-Oc l t/-<j oo l/-' ~ '3 ()/£ 
1 

55 ___ --~ 
2 01 oo ~ 49~ ... ___ .. 2_~ ~'l 4:.Z. ___ ____ 56 

--~ ~~ ~- --------~~ ~ ~r ;;;v---- :: 
__ ?_ 9_~ -~!! __ --------/ vv-~- _ ---~c~1~re' 3~ -~z ~ 
.l ~~ ~- -----i1 : : ~ -~If~ :~~1--- -------- :.;-= = = 

_ _!'. ~,~ _____ ~ff_ ___ r1~~:r~ ~· ___ _____ __________ 62 __________________ _ 

;·: ~; ~J --- - l: ~- ~~-~'"~~~I'~ --- ----- --------- :: -- --- --------
-11-J--f-t-'--t---• -- - - IV. ~ lt?_ - -- - - --
H OA ()() 11 !J1. 00 -~ 38 ---- ----- ---------- 65_ ----- ----· ----------

;~ ~~ 1:~ ~R~ :: ~ ~ --,--~-~i ~ =---- -------- :; = = = 
~ ~~ ~ ::~ ~,f ~~<:::·=:·::::: ::::::::: ::- -----------

59 

-- ... 

!!-~! -=::: :::=z ~~~ E: _::=:::: :~ :::: ::::: ::=:::::: ~.= ::=: :=-
20 l~ ~----- ---- 2~ _5"$ OE 4! ----- ------ ----------- 74 ----- ----- ---------

-~_l _ _!.._~ ------ ---- 21 .g __ f_J__ ----------- ':!~ ·----- ------- ----------- 75 

2~ ~ ~ . ~2 5j 7t.J --- ~~ - ----- 7.6 

23 16 ' 23 ~G oo. 5o 11 --- --- _____ ._ ----------- .-...:-- ·---- ~-

24 17 ' '2i:~~ 
'.'.:~.:=-....... ---

51 78 

2_? ~ f(! ---· 53 - ----- 7!J - - ---
26 ,, oo 53 80 

·---- ------

27 ,1 oo 54 
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CCW BOUNDARY ALIGNMENT---METHOD NO. 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~ ARE USED WITH THE CHAIN DATA BIT TURNED ON IN THE 
FIRST ONE. 

FIRST IPL CCW CC 9-16• CORE LOCATIONS 08-0F 
~COMT 4 er'TE.S T. 

04 /?e;jj) /.I/ C!./fJc.I d.(f<_~ AO 00 00 

~10 0000 
. \. CJM-1111 bA-T~ S JT O).) 

THIS CCW CAUSES ONLY THE FIRST FOUR BYTES OF THE PROGRAM TO BE 
READ INTO STORAGE. THUS THE CAW IS LOADED INTO 48-48 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. 

JI :::. /)Ee. 76 ( R t,:MA-JA!liJ<>-
SECOND IPL CCW CC 17-24, CORE LOCATIONS 10-17 / 7 (., Cfrt2<) M'-r)-"f,.f)~ 

~ ,C. 5T~R.7fPG- WI t"ff 
t-0 ~ oo oo 50 20 oo oo 4C 13¥ocfteA1-1 e.aJf/J 

~~o:~-?~~ - ~/JbR~ ~~ 10 o~ 
C'~ <!:>v ~ ""'.£0 c-ss Jf!lf--€ter:::- ~ 
~/V te~ii G.f2-1,1-f 1"<!..ry Ct+AIN t>/f-1/'f 18/TS IDFF 

Ip-IL<_( o,z:- r!,.f-/{t; _,.:_<Jt.. g :,,."Al-+uw~ FMIAL ZPL 
< D-'9- S7,;.12/ """-G 'i!:lf?/1-710.t). PS'I(/ 

.:l~,.a -St:-/.{fc.. [t:Tct-1-1:.0 19-Pr,- IV/LL. I.Jc= 
in~'°'-£ 7".tov -=rc- IT..s 

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 (DEC. 80) IS VALID FOR THE CCW WHICH IS THE NEXT FIELD 
OF THE PROGRAM CARD TU BE ENTERED AFTER THE CAW. THE PROGRAM 
AND SURPLUS DATA NOW RESIDE IN THE 76 POSITIONS 50-98 ANO THE 
SURPLUS OF 52 DATA COLUMNS IS RESTORED. 

THE PSW, CAW, AND PROGRAM CCW MUST BE REVISED ACCORDINGLY. 
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cew ALlfrNHTAlr-- HETllO/J NO. 2 
-- --TPC"C:A"RJJ - - - - -

C --puNcfflr- hex hex l'UNCHD 
CC 0 hex CARD CC core con- CARO 

~ ~~~;s .coue--- ---· addr tents - CODE 

Sl!C.OAJb 
7,0L 
CCIII 

!hex - hex -jPuNCHD - CC hex hex 
LCFore con- CAKD core con-

~ddr tents --_-CODE addr tents 

za & ~ 5'8 
29 ,-,..,.........1-T'-

___ ------ ··- -- -

30 '1_ ------ ---- - 57 ff 
. H 'A 58 fS' 

------1--1-1- -

32 ,.8 59 ,, 
-' --- ------ ----i, _ 

33 'c 60 f7 
' --- ------- -~ ----- - -

34 'b 5l _61 ,, ;---·----· --- -

PUN CHO 
CARD 

·cooe 

35 '-~ ------ ~~(#.__ 62 ~'-- ----- -----------

36 'F ~Ol.IJJllJS 63 tA · 
37 1~- ------ ------- - 6~ 11; ----- ---- -----

_,;:..::,._ ·- ----
38 7T 65 re. 
3 "J 11.- ----- ------- - 66 '/) 

-:i--- ------ -------- --- ----- --~-- --------· 

4'0 13 
-..-------l---

4l 14-
. - --- ------ -------- ·--

42 7l_ ------ ·------ 69 90 
43 1' 70 "' 44 71--ll--f----I ;~-fl. -- --. --

45 ~f~~~~~- ~~~~~~~~ -~~ 7~ -fi ----- ------- --

4b ~ 7~ ~f =l-==-
47 ~------- -------- - 74 '15· 
41:1 ~~ _ _: ____ ------- 75 ' ' 

49 Vt 76 '1 ·-------
50 Vb 11 98 
51 71£ 
~£ tE. __ 

78 19 
19 ~A 
80 q~ 

CCW BOUNDARY. ALlGNHENT-~-HETHOD NO. 3. 

THE THIRD METHOD INCREASES THE SURPLUS COLUMNS FOR PRINTOUT TO 
60 POSITIONS. WHILE THIS METHOD IS-BEING SHOWN, THE OUTPUT DEVICf 
IS CHANGED TO THE L052 CONSOLE TYPEWRITER (OlF) ANO SOME OF THE 
SURPLUS DATA Will BE PUNCHED IN LOWER CASE E3COIC FOR DEMONSTRATION 
PURPOSES. HOWEVER, THE PRINCIPLE FOR CORRECTLY STORING THE 
PROGRAM CCW WOULD STILL BE THE SAME IF THE 1403 PRINTER (OOE) 
WAS STILL BEING DISCUSSED • 

If ONLY ONE IPL CCW IS TD BE USED (NO DATA OR COMMAND CHAINING) 
THE ADJACENT CORE STORAGE BYTES (l0-17 WHICH NORMALLY CONTAIN 
A SECOND IPL CCW) CAN BE USED AS GENERAL STORAGf FOR CONSTANTS OR 
ANYTHING ELSE. SINCE HEX 10 (DEC. 16, IS DIVISIBLE BY 8, IT 
SATISFIES THE PREREQUISITES FOR A DOUBLE-WORD BOUNDARY. ANY CCW 
CAN BE STORED THERE AND USED WITHOUT -OBJECT ION. CONSEQUENTLY THE 
PROGRAM CCW WAS REMOVED FROM ITS ORIGINAL POSITION (TRAILING THE 
CAW) ANO STORED IN l0-17 DURIN~ INITIAL PROGRAM LOAD. 

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

IPL CAROt 
f>Sw 

ooooooooooooooxx 
J:IL ~._Ml 

0200004820000050 

~ eGaJ 
otoooe l<>C~OGOOeff 

' '"' v/ 

UIOf'" .r'*'IJ' 
4770004C 9C00001F 

SAMPtE ov11'ur 1.1 s-r/11&-

1052 UPPER & lower Case 2-Card Pr! nt Demonstratro_n_f>rogram~----
1052 UPPER & lower Case 2-Card Print _D_ei_nonstr_a_t_i_~n_J~_r.o__gr:_~111~ _ 
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 D~on~tra~IQri _er_Qg!"~I!!.., 
1052 UPPER & -lower Case 2-CaraPrlnt Demonstration Program. 
1052 UPPER & lower Case 2-Card Print Demonstr~_tlon_ P_r9.&r.:.m. _ 
1052 UPPER & lower Case 2-Card Print Demonstration Program. 



ccffl AtlGAIHENT--HETNoO lld. a 
- ----TPl · CA".RU - - -

-- c h -i>mrcmr - hex hex PUi\lCHo- ~iiw~- h~~- -PUNCHD- - - - --puNCHD 
CC 0 ex CARD ~~-core con- CARD CC core con- CARD CC hex hex CARD 
---- ~ ~~~;s --coUE___ addr tents -- CODE___ -- addr tents ---cooe- -- - · ~~~~ ~~~: ----coDi:-

.I. oo ()0 hcC/ft 

2 01 0 0 fj.,()9<;, 

3 02 ~o. /'i'.ci'lil 

4 03 tJ() 1i-oqi1 

s 04 tJ 0 n-ot/9/ 

6 05 "() JIJ..'()q9, 
t----- --- ------ -----------

7 06 () 0 /voCf '11 

--~ !H 4 C I 'Yi_ If 
9 08 0 I. /'J' q .,..... 

---- --- ------ -------------

10 09 00 in-off I 

_!_l_ ~~ -~~- '-~~1-_f l_ 

_ !~ ~-~ -~8 _W:_di_ 
£ oc ZO // srtit 

1 '18_ 00 1_!_0'1¥1 28 55 1l,, If/ II 5'_ 

-~ ~'I 0-~-- l/Yo_ff { 2~ ----- _!?_ __ ---------- 56 ----- A". l/_4 ___ ~---
-~ ~~- ~-~: 1~()_9JL ~~- _____ --~-- __________ _ 57 

4 1/4 10 vi-JJ!i.i.L 31 __ , ___ , 5~ __ -12_ ____ _ 

-~ i~ --~-~- 1~1Lf£ ~~- _____ -~-- ~'!:"__-~----- 5~ _______ A--_ !_~'._?:'_ __ 
-~ 1-'~-- _!?._~-- J~J__/_ 3~ ----- ------ ----------- 6_~ ------Ml. 1-~tL'f__ __ 

_!_ 4-E ~ 11'-of~t 34 R. '"'""a 6_1 __ r t1r ti 6 
a 4F If: JJ 'f_'l__j__ 3~ _____ _ ft_ __ -~!!(_~-- ~-~ __ . ___ ~- L'J:'iLL 

_'!_ E~ ~J__ L~e8_1 __ 
10 ~/ 7e> /~II O 

3t>_ ------ -~ _!~_q_jj! _ _,_ --~~ ----- ~- !/_~-~--

1--1--- - ---
37 .L 11-0 !I 6~ _ _t__ flt 3 

!!_ f__g._ _ ~-~ '.Jtv~_fj__ 3~ ______ --~-- !__~!!_9__ __ 
~~- 5~ /JC. 1-.-9'1- 39 

13 54 fj 4 J rJ,, ii ~LI- ~~ ------ -c.- ----------
~_s_ _____ tL_ lnLf_ __ 

~~ ---- -~ v~~-'----
6_~ _~~-

_!~ ~-~ ~-~- '-"!~Jl_L ~~ lg -~~- t!.<?JJL_ _'!!_ ~---- -~- l~f?._J___ ~~- _____ 1__ _/1:_f2_q_ __ _ 

!.?.. ·si_~ ~~- -~~~-1fL ~~ !__~_ ~~- L~J~-- 4? ____ -~- _J!__p___~-- 6? _______ f":Y1:.1L~--
_l6 OF Ge /'Y· 16 n. I F' l(g'/1 43 ~ jf:D ~ 70 71.. l?rll 6-

( !_~ -~~ -~!- -~~ff_~-- ~!- ~~- _'t7___ L!!.._f _7_ 44 ______ ___________ 11 

!_~ -~! -~~- L':lf¥L !!l_ ~f_ _f_~ _(}_________ 45 _g__ ___________ ~~~ -~~~~~ /!__~ ~~~~~~~~~~: 
__!:2_ 12 o·e Jhq11 19 5A oo '"'td'it - 46 - II n )t ILt..-11 'I 

1 _?Q ~-~ E~- tc!t __ ~~ _5"B_ ~c. 1~1 If ~! ______ C _____________ !~- _____ -~-- l~!!-~--
_?_1 __ l__'! -~~-~~~Ji_!__ 2! f_~ ___ L ____________ '!~- ______ --~-- _Lt~L 1~ _____ /:_ _ _ /_'!'__~_']_ 
~~00/'nfft ~1-~--- ~-9--~/1rlfl/ 76_4_lt-11_f 

~-~ -~~ -~~ l_t_~jj__J__ ~~ ---- --~-- ----------- 5.~ ---- --~-- !__~_~_f__ 7_~ ----- _I± l'J:J!_ /___ 
24· 17 3 c. q 'i If 24 t 51 78 "" /tll 'f 

25 _s-3_ _ L ____ !-~- __!__ ---

53 ----- -~-- l'!..!!.t _ 80 --- - ------ ------- ---
26 () 

-· ----- ------- -----------
21 p 54 ,;_ ~fro q 
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2-CARD GANGPUNCH PROGRAM 

A 2-CARD GANGPUNCH PROGRAM GIVES AN OPPORTUNITY TO DEMONSTRATE 
COMMAND CHAINING. 

THE FIRST IPL CCW IS USED TO READ IN THE PROGRA~ CARD. THE COMMAND
CHAINEO SECOND IPL CCW IS USEO TO READ IN THE MASTER CARD CONTAINING 
THE DATA TO BE GANGPUNCHEO. THE MASTER CARD IS READ INTO STORAGE 
DURING IPL AND BEFORE THE PSW IS FETCHED TO START PROGRAM EXECUTION. 

FIRST IPL CCW CC 9-16• CORE LOCATIONS OB-OF 

00 00 

SECOND IPL CCW CC l7-24, CORE LOCATIONS 10-17 

42 00 

~EAb 
tf.Nb STI< 
lkLC:CT 

00 AO ._.., 

-2.8-

00 00 

50 

fo__ CQ£.(Jl4_" ~4 
(~~~,.. cA .c!I)) 

IAJTo Co~E 
ST,#rlt.-r1AJG AT· 
L.o CAllOAJ . 

50 

fc C.OLUUIJ CA4t b 
(MAsro. c-A~~\ 
IAJTo ColtE 

'TA1tT1Al'6 AT 
LOC'AT10AI 



-TP[. ""ORU -- ------ -------~p~~-u--c;-"R"-r'M'------c--A'-:-"R"-u~------:_--- --------~-------

-- C h -pum:mr . - hex hex -puNolD- I~-' hex ~u-- -:· ·- -- --puNCHO 
CC 0 ex CARD CC core con- CARD . CC~ore con- CARD CC hex hex CARD ---- ~ ~~~is ---cone-- ~-· addr tents ---couE ___ - ·--·~ddr ~ents ---cooc--- -- ~~~~ ~~~~ ---cuoF-

1 oo DO It 0'1¥'1 1 1/-f 00 Ii offf 28 Ob J't- q fS- 55 
~-'-·l--+-~~-~~--1---'~~~~-f-~----'-I 

~-~- -~-1- fl(!_ -~"!:-~Jfl__ -~ _I/!!._ ~-- !J'..qjj_l_ ~-~ _____ __ '!_?_ -~~~~-1 I~--~~~'~'---------
__ !_ ~"~ -~-.. - L~!?.2!._L. --~-~A_ __ o_<?.:_- __ ,_'1-_<?_J_i __ f ___ 30 Fo &' 5'1:~ PA~. ~b 

•• 03 (Jo 1·1-01f1 • ~ So;,,,, ;;--- -;; ;;,-~fi;_ -,~~;;!'°--
.-__ -:_..-. ~--~r-_{!0-__ -,-__ 1-~.,--~-__;.1__~~-~.:.-1_ ---~-t_ft.~ ___ 1111_ ~ __ • __ • __ ""k.!_11.•_!' .. _~·-1 32 ~ ""' f8' ~I f-"1 :1i ~-=----
>--; ~~ -~· ~~~;;; -; ~ ----- -~7!1- ;~ -~ - --------- ~; ~'4~~.: 
r-__ -~7_.,.~? ... _-~-~-·· ,_!'! ___ l~_-'l_-t_-._ 1-at-fF-:--Jt--:t--;-b-:-/d-.-l..~1 

35 b2 ' 

I-'-~--:+. -_~!-t---~--'-'-~1-'~-~_;.;_r_; ___ - ---~~-+-~ ..... --.... -rt---~_!_~-I-~-~~-'-°;...:~_;.-;_-. :; -~~~ ~~ =-~: :== ==:: 
~- -°~ :~- t~M_U_ -~~ ~- -~-~- !lc~_HL ·~- ---:~i~_:_ 6.5. _____ ___ _ _______ _ 
i-!--2- .ei f8 __ 1,,,_c_1_s---•.. 1_~ ~~ ~tj_ !.~:_!.L-i -~.?.. ____ 1--~- J;t:-t--- ~~ --.., _ _, _________ _ 
13 oc 'o 11 131..&. Ot? .1rc'if 1 1to • b·1 

~ ·-----·----· 
.,!~ ~~ -~ .~'!'..':lf_!_ !~IC-., -~~ ']'_c:_J.¥L . _'.!~ ~---- t----- ___________ ~~ .-- ____ _, _________ _ 

.!?_ ~-~ -~-/!~flL is W -~~- !!:~JJL .'!~. ______________________ ~?. ____________________ _ 
lb oF Sb· 11'-· lb So ,,,,.. 43 70 

21 14 00 Jio1 SI 
---- --- ------1 ---------· 

1 ~_15 oo t':'-()7 f1 

23 lb 00~l-t'1-f I 
;-~- -;; -so- /-;;-------

-z.g..,_ 

THE PROGRAMS DISCUSSED THUS FAR HAVE REQUIRED ONLV ONE 

BURST OF INPUT DATA AND THAT WAS TAKEN CARE OF AT IPL 

TIME. HOWEVER, THIS IS NOT THE NORMAL SITUATION IN 

MOST DATA PROCESSING APPLICATIONS. 

OROI NAR IL Y, I NPUf., OUTPUT., l.NPUT • OUTPUT TAKE PLACE AS 

ALTERNATE OPERATIONS. WHEN THIS IS THE CASE, A SEPARATE 

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

DIFFERENT CAW AND CCW COMBINATION IS USED FOR OUTPUT. 

NOW PROGRAMS INSTRUCTIONS MUST BE INCLUDED TO INTERCHANGE 

THE CAW'S INTO THE .RESERVED LOCATION OF 48-48 WHENEVER 

THE RESPECTIVE INPUT OR OUTPUT OPERATION IS TO OCCUR • 

THERE ARE SEVERAL WAYS TO ACHIEVE THIS AND THREE WAYS 

ARE OFFERED AS SUGGESTIONS. 
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THE REMAINING PROGRAMS IN THIS PAPER WILL BE LOADED 
STARTING IN HEX 140 ANO THE DATA I/0 AREA Will START 
AT HEX 200. THESE LOCATIONS WERE CHOSEN BECAUSE THE 
CORE PRINT UTILITY 360-UT-056 STARTS DUMPING AT HEX 
140. THIS FACILITATES DEBUGGING, IF NECFSSARY. 

42000200 
00000050 
05000200 

57A-lfr or .SAl-f Pte C!.()l'ee /O~/A/T 

3'o -or-os-6 
00000050 
9COOOOOC 
47700150 
9DOOOOOC 
47700158 
9708004B 
9COOOOOO 
47700164 
90000000 
4770016C 
9708004B 
47F00150 
40404040 
40404040 40404040 
00000000 00000000 
00000000 00000000 

li./-0-18B 
~ltC&-ttAl-I 7' 8 Yre-s 

(fo- (,,/IV) 

40404040 00000000 
00000000 00000000 
00000000 00000000 ~oc-t.4F f081M 

00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 
00000000 
OOOOOO:gJl.---ee~omto----~~~.Q..-..J1°"Jlil.QWl.!l-------

00000000 00000000 00000000 
XfeMiA 

O 000 
DAOADADA 
OADADADA 
OADADADA 
00000000 
00000000 
00000000 
00000000 
00000000 

00000000 
OADADADA 
DAOADAOA 
DADADADA 
00000000 
00000000 
00000000 
00000000 
00000000 

00000000 
DA DAD ADA 
DADADADA 
DAD ADA DA 
00000000 
00000000 
00000000 
00000000 
00000000 

00000000 
DAOADAOA OADADADA 
DAD ADA DA DAD AD ADA 
DADA DADA 00000000 
00000000 00000 
00000000 000 
00000000 00000000 
00000000 00000000 
00000000 00000000 

AREA PRINTED BY INITIAL PRINT COMPONENT 

ENTIRE AREA ••••• 0001~0 TO OOOZFF 
INITl AREA •••••• 000140 TO 00017F 
INITZ AREA •••••• 000180 TO OOOlFF 
INIT3 AREA •••••• 000200 TO OOOZFF 

DADADAOA 
DADADADA 
00000000 
00000000 

00000000 
00000000 
00000000 

FLOATING POINT REGISTERS 0 
0000000000000000 

2 
0000000000000000 

REGO 
REGS 

00000000 
00000000 

00000000 00000000 00000000 
00000000 00000000 00000000 

00000000 
00000000 

DAOADADA 
DADA DAO A 
00000000 
00000000 

00000000 
00000000 
00000000 

00000000 
00000000 

40-CSW KEY-00 ADDR-000000 STATUS-0000001000000000 COUNT-000000 48-CA.W KE 

PSW CONTENTS EXTERNAL INTERRUPT SUPERVISOR CALL PROGRAM CHECK ~ 

FIELD FORMAT-OLD 18 -NEW 58 -OLD 20 -NEW 60 -OLD 28 -NEW 68 -( 

SYSTEM MASK B IT-00000000 -00000000 -00000000 -00000000 -00000000 -0000000 -( 

PROTECTION KEY HEX-0 -o -0 -0 -0 -0 -( 

AMWP BIT-0000 -0000 -0000 -0000 -0000 -0000 -( 
f ~T~oo11nT' rnnc 11r-v nnn,.., 
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80/80 REPRODUCE USING MOVE CAW 

IPL CARD! 
/>SW 

0000000000000158 

PROGRAM CARD: 

:!PL- a..<:!W 
0200014020000050 

I REAl>f( 
t· CAW 
00000148 

• Pu fJt!.H 
4. C.AW 
'*00000150 

REAi:> Ql!'11' 

4200020000000050 
P U'fVe.it C<!.>I.' 

4100020000000050 
Melle 

020300480140 
MIN£ 

D20300480144 

47FOOI58 

PROGRAM ANALYSIS! 

9COOOOOC 

9COOOOOD 

47 70 01 5E BRANCH ON 7 

4 770015E 9DOOOOOC 

47700174 90000000 

FALL THROUGH WHEN READ HAS SUCCESSFULLY STARTED. 

9D 00 00 oc 

47 70 01 66 
FALL THROUGH 

-r() 

TEST 1/0 (READER) 

BRANCH ON 7 
WHEN READ IS SUCCESSFULLY COMPLETEO. 

p:,e_oH 
,-'---; 

47700166 

4770017C 

Mo'/& ~ 
02 03 00 48 

~ 
O~ MOVE PUNCH CAW TO RESERVED AREA. 

.....___,,,l>l>t<ES$ o~ 
Pt./N~Jf e.,+W 

9C 00 00 OD START I /0 (PUNCH) 

47 70 01 74 BRANCH ON 7 
FALL THROUGH WHEN PUNCH HAS SUCCESSFULLY STARTED. 

9D 00 00 OD TEST 1/0 {PUNCH) 

47 70 01 7C BRANCH ON 7 
FALL THROUGH WHEN PUNCH HAS BEEN COMPLETED SUCCFSSFULLY. 

47 FO 01 58 BRANCH ON 15 
UNCONDITIONAL BRANCH BACK TO MOVE-READER-CAW ANO REPEAT CYCLE. 
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t---,- C h -PmrcmJ hex hex -puNCHO- --IJ..e~ - he~--PUNCRtJ - h h - - . "-PUNCHO 
CC 0 ex CARO CC core con- CARD , eel'" CARD CC ex ex - CARD 
~-~~ .~ ~~~~s --com:-- ---· addr tents ----con-E--· --- ~~~~ ~~~t: ---coot-- -- ~~~~ ~~~~ ---cuoF-

i. oo 00 l'Vo.f"Yj_ i _l'1_0_._0_0 ____ 1_'l _olt_l_f_, 28 1~8 l/.'l 11, o 19 55/_A oo /i'o 1f I 

--~- -~-1_ -~-~-- '!~q_f!_L_ --~ _J ~~-- ~>:_~J-~L ~-~ ---~- 9-L _!_!~-~-!__ -~~ _ '1 ct> '"" 9 f ~ _ 

__ !_ ?_2_ -~~- ~~-'?_-~!_L --~ __ J -~!_:_-:_ ~'!:_f_~--- 30 b 1/-o &4»J.. 5-! __ l '17 -~~-~-~_!._ _ 
_ 't_ 0} 00 _n-oH/ 4 ~ 4'1 '/"l {) r ~ 31. E 'le.. l'Z 11ft/ 58 q 1o l'P II~-

-~~- ?_~ ':_~~ -~"':_'!__~_~!_ --~- __ f_ _f?_f? __ ~1:_~-!~_!_ ~~- __ f_ -~~- IJ:~_j_f__L ~? L?8 -~L t!. __ f.L __ 
__ 6_ -~~ -~- ~~!:_!fL_ -~ --~ -~9-__ !!:~H.L ~-~ !_Ir!}_ __ '!_~-- (!~~-UL 6_~ ___ 6 74-11.• !!!__!:!__ 

1 06 el 'i q 1 1 '01 1i-11 34 i oC.- t-Y1ftJ 61 c. 'b 11.,,,,,s-
.--~ o 1., ss 'f, 11 f i _ -~ 1 io 1 

'/ ~~ --~ if__'!_ !!_~!_1__ ~-2- ---~ ~-~- !:!:!.H.L 
-.. "~ ~ -'~!- L'l:._f_:!!__ 9 r- f 1 1'1 o 'i .,,, 36 ~ 'le 1,,, ! " 63 E oo ).,o 1f1 
i:o o oo ,,,(; 1 f , ~~ -1-0-0-- ~;~~-;-i-,-- ~;- --.- -0-1- ;:;--q-~--- _ ~~ --£ ;;J;- ,-~-f"°f "i-

- -~· c 
~!)_.I~ ~ -~L ~]-_J__t__ !~ ~tt!. -~-1:__ ~J~_t__"::__ 3a - SE 11 f ~ · ~~ /_f()_ _'f_!_ !_~~'!_!_ __ ~ 
._!~~~ _40 hJNJ: .!~- _8_ !!!! __ !_!·_o _ _!_!L -~2- ____ -~-v_~_!~_[~_ ~~ _!+'!!_ /}:__!~~---
~ o to 11 o t n _u t ao vi~' 91 40 7 oo 1-vdf II 67 1 01 13:.!_!__ 

_'!_ E. !!..~Y!..~7-f_!__ .!~ _l_ _~-~-- !_!_~_!!L -~~ '_f_ .-~- ~!..~!-~L ~! __ 3 1c. r_± ____ _ 
t !, :~ ~~Jn ;!--~ ~~-~;;~tfL ~~ J :~ :;:H- ;~ -1 ~ -'.~~-~_!_ 
~-~ ~ .j"A.-~- 17_ J!!2 _'tL !!:_!!!.L_ _".'_ --~ 1~- ,~_!'__"___ 1_1 _ _! !!!__ !.!-_!._!__ 

!! I_~! I~~ :! --i ~i- ~~~L !~ -~ jf-7-!fh-- ;;--1 ~V~~!_ 
-~~ -1-~CA~e;-~-- ~~- -~- -~~-- ~t_~_!!L -~!_ __ /! ~~- .-!!__~--- ?~ ____________________ _ 

!~" ~; ffl~ ;;-; ~!- ~~:-;;;- ~! '~ ~;- ~!1~;- ;~ - ---- -----
·--;ll--t-"--h"':'ol:--1~-· - -1--1--- - ---- - - ---

~-3:_· _l_~ ~~~~-~----- ~?- __ !_ -~-~--~~~ltL ~~- __ _!_ f_~_ -~'!_!'__~!___ !_~ ____________________ _ 

•• 17 !~ -i ~ '.: 1--- ~~--H~-;:-H<! :: ----- ----
~~- ___ '1_ -~-~- ~~_[}___ 53 __ 1 9C. 11-_~~-~-'!- ~o ___________________ _ 
211~ oo Prof s>1 ~~ tfoo-- l~"rn 
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ALTHOUGH FOR THE MATERIAL DISCUSSED UP TO THIS POINT THERE WAS 
NO NEED TO SQUEEZE PROGRAMS IN ORDER TO FIT THEM INTO 80 COLUMNS, 
THE FOLLOWING TECHNIQUE IS GIVEN IN CASE THAT THAT NEED MAV EVER 
ARISE. IT WILL ALSO DEMONSTRATE ONE PRACTICAL APPLICATION FOR 
THE EXCLUSIVE OR INSTRUCTION. BY USING THE XOR, ONLY ONE SERIES 
OF INSTRUCTIONS IS NEEDED FOR BOTH INPUT AND OUTPUT. PROGRAM 
LENGTH IS THEREBY SHORTENED CONSIDERABLY. 

80/80 REPRODUCE USING EXCLUSIVE OR 

IPL CARO: 
I'S w I PL C c.W ~ te. otri81->I {!(!,Jf/ 

000000000000004C 2000004820000050 4200020000000050 

PROGRAM CARD: 

S1•G-LJF 
C..o\MI' 

~0000010 
r 
970l004F 
F11UT)I~ 

-:r;1ts-r~vc.n01Js R>tt tJorll INPvr 't" ovr~ 
' ;asscr~ It ;;o;04c 9io-~c;Qfr, 41700~ 

t 
97010057 97030010 47F0004C 
~ fFtONt> xoot. TJ-11iU> X'Olil vAJcol./b &e. 

PROGRAM ANALYSIS: 

l. IPL CCW LOADS THIS PROGRAM HAVING ONLY A SINGLE CAW AND A 
SINGLE CCW. DIRECTLY INTO CORE STARTING AT LOCATION 48. 

2. PROGRAM READS A DATA CARO INTO HEX 200. 

3. FIRST ANO SECOND XOR•s: FLIP PHYSICAL READER ADDRESS (DOC) TO 
PHYSICAL PUNCH ADDRESS (OOD). SEE DISCUSSION PAGE 36 ---

4. THIRD XOR FLIPS COMMAND CODE IN PROGRAM CCW FROM REAO-ANO
STACKER-SELECT TO PUNCH-AND-STACKER-SELECT. 

5. UNCONDITIONAL BRANCH BACK TO BEGINNING OF ROUTINE. 

6. PROGRAM NOW PUNCHES DATA FROM SAME POSITIONS INTO WHICH 
IT WAS READ. 

7. FIRST AND SECOND XOR"s NOW FLOP THE DEVICE ADDRESS BACK TO 
TO THE READER AND THE THIRD XOR FLOPS THE CCW COMMAND CODE 
BACK TO ITS ORIGNAL READ-AND-STACKER-SELECT. 

B. THIS CYCLE IS REPEATED UNTIL ALL CARDS ARE PROCESSED. 
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-----TPC-C~Rn--------~ 

-- C - PUNCHO 
CC 0 hex CARD 

____ R con- --cr..iJE __ _ 
E cants · 

he~ hex PUfCliC ,, _,- hex·-1h~x--1·Pu:~~HD jl_ !hex hex ?u:.;cHo 
~~core con- _ c~;o - c ... core con- __ CAi-D __ !eel core con- CARD 

- addr tents C JOE addr 
1
tents I CODE j I addr tents CuDE I 

l lf.'i O() lto'/fl - 2a '.3 !'iii "17 551 

2 4'1 10 11o1n n ~-~- JZ !!:._!!_ 7- 56 

t)O 00 !'lC7~( 

-2 OI 00. l}<;o/ $/ 

__ !_ ~~ p~_ U-:J_H.L 
~- ~3 oo_ ''!_1)ff1 

5 04 oo Jic-ff/ 
---- ·--- ·------ ------------
. 6 05 00 /"f'C!'f f I 

3 ~ ~o 11tfg1 ::;o 'f C3 ~~_J3 ___ s1 

-4 tfd JO 1-z- 11 ff t Jl ' ' _pp_ n- of ff_!__ sa 

__ 5- -~- }_~_- f_'Z-_!~I'f_ 132 ,1 10 /1 II HI 59 

-,~ J_p_ ___ (!_~_ -~>:gfJt 133 ~!- !({ _t!:.£f L ~o ___________________ _ 

!111111111:.: ... :.4.oo.e._..'.,:"""o s .. r ~"""1--m···--~-* ~ ~o ~l I:: ·~- ;;_ :~oti; i 1:: ~=- :::: -=--
i=i:--°-~- -~?__ !~-1_~--- _'! -~i?- _lj_l I~ o_f_ 'J 36 6 8 qc_ It f lf- 6_3 ___________________ _ 

i.o 09 oo /7.- 0'191 lo 5i 7o tt 110 j37 64 

11 oA oo 1'vo1~1 11 st oo ;;;n, ba -- -- --- 6-~ ----- --
~~~ ~;-~<i-i~-~~--£ ;; -~-ii 1i T¥- 1!3) -- ----- --------- 6-6 ----- ----- ---------- • 

Q ~~ 1... 0 _1_1 _o _? f_/_ l3 .f1 ~/) '.~ //ff ii •o - .. -= ==-~~ 6; ~=-= -~---~ -
_!~ -9~~- -~~" -~~_q_Zf_L !~- _f__f_ ~~~- !!:.~Lf L 4 1- _ ____ _______ ___________ ~!1- ______ ______ _ _________ , 
~_5-_ o_~ _'?__'?__ !!: __ c:_f__S:!_ is !'' 00 ti- o 1f f 42 69 

16 im= ~o iv 16 "5-7 -oc.- i~-(i '/- 43 10 
llliili ............. ... 

~-? 1:~. J_~_ -~~-9_1-~
!_~ __ U_ -~!?- 1-~~J_f_L_ 
19 12 oz. Jr'f"Y 

l7 5"8 '17 ho r 1 44 
-- - ----- -------- ----- ------ -: 

18 s-, 10 /'/, // c 45 
-·-- ----- ------ ---- ·------ - I - - ------ ------- -----------

73 

?Si_ 1_3 -~9-- '-~-C:._7-!L 
?_1_ -~-'! -~~ H_f!_1!_L 

19 5A OC> no1f-J 146 

~;- "5-8 s:4" ,-; 1-:iil; 4 7 - --- =-=~~ 7-4 -- -

-···' 0 
22 i·s ~ l'rc'f f" / 

23 16 oo 1"Voft I 
;-4- -;; -5o- ~-;--------

21 5"C. 97 it- II '1 I 48 

22 -~/J- ~~-!- !:! i~i Ii 49 

2! f_'?__- -~<]__ J ~c _t[l_j ! 50 ________ _ 

24 ;F '/-F 1 i f 1 I 51 

75 

76 

77 
--- -- ---~ 

78 

25 !_~ _!!]_ I~~ !__1 __ 1 ! 52 _ ___ __ 17r 

I 
- _____ -::::...._,_,_ ... ,.~ 

26 "I (!)I It ti I ! 5J - ,.&.-~-
27 '2. oO j;.-o-fr1 , ~4 

---~ .. ..::.=:..:::....::.......;.-~::. 
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- EXCLUSIVE DR IlliSTRUCTION 

IN THE PRECEOING EXAMPLE, SINCE ONLY ONE BYTE OF INFORMATION WAS 
FLIP-FLOPPED EACH TIME BY EACH XOR INSTRUCTION, THE «SI~ FORMAT 
WAS USED. 

0 p :Tlflft:l>l.415" 
~ODE 8VT'E 81 

97 xx I o 

PROCEDURE FOR ESTABLISHING CORRECT BINARY RECIPROCATING FACTOR. 

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

.r --f1EX ac. 

~ ~-~ 4~' 
Q Q Q Q 1 l 0 0 -0~ /{;{IVI '-

Q o o o t t o l ~1>es1L60 ~YTt: 
0

~f/e'fol> 
2. CREATE BINARY RECIPROCATING FACTOR. ~JJIH'f J>1trtr~1-1A-Td 

F'llJ. I JI ,; J.-1> ~ oAI ~ 11 

o o o o l t o o ~ w111e#"fP A-~>11"10A1 e-s) 
0 000 000 I 601 pd~f:i ¢,,+#I o o o 6 I i 6 1 (.-:Cfr 

3. CONVERT FLIP-FLOP FACTOR FROM BINARY TO HEX. 

0 0 0 0 
0 0 0 0 
0 0 0 0 

1 1 
0 0 
l 1 

97 

97 
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IF THE PHYSICAL ADDRESS OF THE READER WAS 008 ANO THE PUNCH 004, 
THEN THE FLIP-FLOP FACTOR WOULD BE DETERMINED AS FOLLOWS! 

,,--"'HEX 08 

~ ofUGINAl ~'(I£ 
0000 000--

0 0 0 0 0 l 0 o -~es1teEb 8YI& 
o .. 4 

.... 

" -H£X. 04 

0 0 0 0 l 0 g~-- t:~'ATe F'l.11' .. rLo/> rAC1D~ 
0000 ' • 0 0 0 0 0 1 0 0 

0 0 0 0 l 0 0 g~c 1-/IFX "t! !2 Q 0 0 1 1 0 
0 0 0 0 0 l 0 0 

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

"' ,, r ' 4 2 
0 1 0 0 0 0 l o __,-p1-ll'-F1.0P ~Ac Toie, 
0 0 0 0 0 0 l t ec;w1ts 0 l 0 0 0 0 0 

4 l HE:X O ! 
~ ... ~ ...-A04>~~5S of:" Co"' PuAJ<H .-.. 

97 03 00 lo ~ooe '" l'lf'o~ '""4ttlo $11f-f1FL ~4/1.f O(!,., 

ACTUALLY THE RECIPROCATING FACTOR CAN BE DERIVED BY GETTING THE 
MODULO-TWO SUM DIRECTLY, BUT THE THE PICTURE OF THE MECHANICS 
OF THE FLIP-FLOP IS NOT AS OBVIOUS. 
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THE FORMAT OF EITHER OF THE TWO PROGRAMS JUST DISCUSSED COULD 
BE USED TO COMMUNICATE BETWEEN ANY. rwo. 1/0 DEVICES. JUST THE 
PHYSICAL 1/0 DEVICE NUMBERS WOULD HAVE ro BE CHANGED AND THE 
COMMAND CODES ALTERED TO CORRESPONDING 110 OPERATIONS. HOWEVER, 
THE MOVE CAW METHOD COULD BE PROGRAMMED MORE EFFECIENTLY AND 
THE SECOND METHOD CUSING XOR) IS TOO PAINSTAKING HAVING TO FIGURE 
OUT THE RECIPROCATING FACTORS FOR 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 1/0 APPLICATIONS. 

GENERAL PURPOSE UNIT-TO-UNIT 2-CARD PROGRAM 

IPL CARO. 
~Siii ecw 70 LC.fl tMlll 

Cell/ 70 Lolf.I> 
lleN,1114/pe.4 "'" PJt~lf~ 

000001402000004C 0000000000000150 02000048A0000004 

PROGRAM CARO. 
S/Al~J..e 
CA#' 

00000140 

S"7A,fTz/o 
9COOOXXX 

lrl'llT. ,;;;:;:-111 

1,00,- 'To 
41700150 

STAteT 
PHYSAllM. 

~rAur/o Looi" "l"o 
9COOOXXX 47700164 

061Nf -v:;;;.t1a. S1'Ali.T 

/IHYS A6bi<. 

47F00150 
VN<!oAll17'1oA/.lft
"£..4-tV~ 11- r o 
Rel'EAr t!Yet..li 

Ot.I Tl"t/ r ~~Iv' 
VAlrr#Z. 

XX00020000000050 

TEST~ J.ooll .,,, "-1/I eAnt Al~iiSs 
90000~ 47700158 :.?~~~~~ cclfl l///IT :fl/ T~T 

PH1S ArllM 

1esr:d, .1.00/lro F°LOI' ~AW Ai>U6s. 
9DOOOXXX 4770016C 9708004B 

........,_J -res1 lo llAliT #I ~ew 
UAhT$ :Z. 
flfYS 1Hbt. 
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- C h- -Pum:RIJ , hex hex -PUNCHD- -lhe~-hex--PUNCl-m' - hex hex --puNCHD 
CC 0 ex CARD CC core con- CARD , CCir.ore co CARD CC - CARD 

---- ~ ~~~;s ---com:-- ---- addr tents ---couE-- --- ~~dr te~t~ ----cone--- -- ~~~~ f~~t~ ----cooe--

1 oo 00 l I/.~ "O _ 28 151 S'O 55 t1l- OI --1--------------1--
2 01 oo 2 # oo ~1J/'tE ~9 f 9D ;-"iii_ k --_ 

--~- -~~ o-o- ------------ _-_-3_- _ _ -,,_~A_-_- __ -o_-_-_-,_-_- ~_--e_--_4_-_-u_---f ___ _ 3_-_-o __ - _-_-_-,_-_- _-_o_-o_-_ _ -_-_~_-_--_-_-_-_-_-_-- ti 97 ~ 
---- --- ---~-- ----------- ~ 17_ - - ~! --,---- ----- ~t}.:1~~- -

4 03 oo 4 l/./; 4o 31 1rA ox 58 ('of (!"1-:_ /(/ 
__ ?_ '~-~ £9- --~ !~- -~~ -}-------- 32 d x~ ~~ __ J ~~- ~~r]-
t---~ ~~ _Q9-_ ___________ -~ _ _!_ -~-~- -----~---- 3.~ --~- '1_1 __ ----"'------- 6_~ 1 48 .~e4/ / 

t-7+0_6-t-0_/-t--·--lll--171-l--t-0_)_.~:!-4'hlilll!'-·r..-i 34 J> 10 ~~ g' !fl_ ".u ~ 
, a 01 so _ a _} __ -~~- -~r_-;_z_ -~~ --~ ~L ___________ ~-~ ___ ! ~- ~~~-

~~ ~; ~- ~== ;~ -H~- -~;:: :: ,~ : ~,,. ~~ j~l~-~ 
t-:~-l+O-A-i-0-0_._.,..t;.::·.,..~.-JV.cm--1--1---1-a-~-r.:t.:..:..--,~i - ~ 

-;~ ~~ -'if -:O:: ;; -~- -~~- -~/ .. :!--{ ;!-'/!-fr ·~ --- ----- --------
--,,;JTlfU --- ----- ----- -,--'L¥-;;-- ~~ ----- --'-- ---------

13 oc Ao _1!_,.;,., n e ~ 40 .3 4& ~<.!"~ < 61 

--~--;·-!-!t-=--:-=-~~-~-n.l--... Ec ___ '"':Mj~~,_-•-!~-t-J--__ -1...:_~~~~--1-__,_a _____ -__ -__ ' _'!~- :_"! '--~- -~~~~--- ~!=------ _-__ -__ -_-__ -_ 
. ·;~~ ~; 'b_i -------- ;~ ~ -~~- -~~) :! {-~-;~~ :~ ---- --- ------
!; ~ ~-·i~-,;;-- !! -~ -~ ;o;_ .. 7 xx ~.,,..c; !_' -- --- -----

~-; -;; bT -¥-- ;! -; ~- ~ !!-t ~ ----- ;~ - --- ------
~~~ _i_~ ~~~- ~~" 20 F ~o ~ 41 /'1+ OJ -1~--i--f-----1i---'-' 

to -~ 21 IS'<> 9c. l°'f4u ~~ ---~ 'l ----------- ;~ ----- ----- ------------
.~ ~! 66- Ok~ ~.~ -oo ~;:~ ~ c_ 91> 1~_---_-- -_---_-- -_------------~ 

;~ :;; ~ +-\! !! ·-t -~ ~-~~ !~ =i ~~: :::::::=- :~ :-- -:-: :::::-::: . 
~2_J_ l/7 ____ 52 F XX !~----
26 r 10 53 J1o 1/.1 80 2; --, --0-,-- 5~ ;-,,- ·10- ---- ----- --:J _______ _ 
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C -pu~~CHC 
CC 0 hex CARO 

R con- -- COUE __ _ 
E conts 

C~- core con- c.HIJ · "C core con- CAt-.:.u 
hex hex -YI PU Kl iD I r bex -ibex-- ·pu:~C~D 
addr tents, -CiJDE addr tents ---coDE --

CC CARD 
hex ,,hex PU:.CHO 

_ c~r_e con- _ -cuDE 
acc.r tents 

1 00 ~'?__ l_Z di! -~ 'fJ_ -°-~- 1~_0!_{/ 2a l!7 5"'o Jr 55 !1'Jl-'!!__1- !!_Jj__ 
2 O_l -~°---- '~-~£_%/ _ 2 'f9 OQ_ ,,,~ 1~ I 29 - _r __ jj __ 1.'±_'!I?:. 56 J 'c. 0 f If 

=~ ~:: -~~ g:~~7 : t ~- ~~~A -- :: ,J-~- ~~-~7t= :: --~ 1~ ;1H 
·-~~-· 9_~ -~_p __ -~~-~Jfj _ _s !~- _!__'!__ H fJ t/ i- 32 B «- /l tf f '/- 59 ' 00 l!roo/ i I 
___ 6 -~~- -~/;__ 1J~t?:_t~L -~ __ !__ _!!~- !r_~itl _ 33 -~- _f_7__ ~'!:_~f_y___ ~o ---7 M- ;;_--,3---

1 ·06 0 I h q I _1 _!_ fn,_ t!:Jr _ 34 J_ 1D 1-z,11tJ 61 1_ 1/-7 11-097 

~--~~So;;--- a 3 oo n'of ti 35 § __ -~L !!_f_L ___ 62 =-'- f'i:? __ q ______ -
---~ --~~: ~(}_~ a~-~J(____ -~- --~± ~~~~ 1~-0-tf ! 1 ?,~ F ~ It" f 1 ~-3· qi!_ ~L~!~f__L_ __ 
io 09 00 JZ-o'jft i_? S- Do_ n:of1f 37 ''° _!i_J_ (t 117 64 11~ ~ I~ 
11 oA oo n o 'I g 1 11 ' oO- 1i or n 38 _ _ L IJ.1- -~~_!!____ 65 

-~j: ~~~ ~~f~ _!!~;~fr___ ~~ --t rD 1~ ---- J] £ 00 hof t I ~~ ------ ------ ----------

-~3 ~--~- f}O_ II o ~I 13 _j_ 1/_! 12- o j_! ! 40 - j- -/ii ~ll~--,,-3-- ~-; ~-----=- ----~- --~--------------~-
_!~ ~Q -~I)__ L~!_.i_~L i_~ ____ ! __ Q~_ (~~~-il/__ 41 __ '_4_ _q_~-- !!_!~Lt/:__ ~_13 ____________________ _ 

,15 o~ -~'!___ ~~'t?.Jn 15 'M oi /"/,; f 1' 42 5 Ob l'Y'ofil 69 . i 

. ~: ~: i- /;:_~¥1 :~ :; :; '.!HE I:: ; ¥ ·! :~ =-: ___ ::_-::~: I 
---- ----- ----.- ----------- -- ----- ------- ---------- -- ------ ___ 1_ ------------- --- ------ ------- -------------
19 !_3_ ()f l_I_J__j_ 19 C (')() /~"Orf/ 46 ' 10 l'l i10 73 

-- - --- --- I --,-- -- ----- - ---- --- ----

20 u _'!_fl_ ~-~!!!_ 1::_ 20. F 5"o l"Y j 41 l« -~l__ ~":__-~_(____ 14 

:: ;: ~~- ;~~~11 . :: ']- -~~ ';;;:11~~1, 1 :: ~ ;,:_ :~:;; :~ -- - ---- -- 1 

23 _16 00 lic1rt z3 £.DO n-oHJ lsol ~ oo 111-c~j/ 11 

24- 11 i/.i-1-2---{if-- 24 --3-octnii-£/_115-1 '-i ~~--1-;.-~1-~-1 - 1a -- - --- --- -

25 __ ._'!. !i_l_ ,_'!:__o i-7 -! ! 52 F- ol ;; 1 is- 74"; 

26 !' 1_1J lti 11 o lisJ l'fo 'fl l~_o!t7 ilso 
27 , ()/ ~:,~ __ J:.4!~ 70_1,_~~~: .!I_! -----~---~-~~~ 
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MlEI\ 1"HE FIRST UNIT-TO-UNIT CARO IS PUNCHEOt orHt:R DEVICE: COMBINATIONS I TPL ___ C4RD - - -- ------ p ;{ 0 GR A w-----c "ARD J9~-"AA.-~ ] 
HAY Bt MADE BY DLPLICATING All COLUMNS EXCEPT THOSE LISfED BELOW! ~· vv~ 

{ 3l '"' /t,.off I 31 00 '"" f 81 PHYSICAL ADORE SS 
()C.. l•f84 l•ff#-IJ~I T lllO. 1 32 32 (JC,, 

{ 43 ()O '.Ji.of fl 43 00 1f.ofY, 
Pt<YSICAL ADCRESS 
tJNIT hO. 2 44 0£ lf..f8" 44 Ir llf81 

~CCRESS { 
51 oo 1•af It 51 tJO 1.,,otF1 

PHY~ICAL Ot 
-

VNH ... c .. 52 Jf, 18 6 52 IF 11'18 '1 

PROGRAM 

HEX PUN CHO HEX PUNCHO HEX PUNCHO HEX,PUlCHO 
Fl.JNC T IOh cc CN- CARO cc CN- CARD cc CN- CARO cc CN- CARD 

TNT CODE TNT -CODE TNT CODE TNTl CODE 

CHND. COOE ~NIT l 5 0,. 1'L'/1- 5 .,,. lit.~ .,... 5 en .. Is. '1 2.- 5 ocT1.,_ '18"7 

"/2-
:r --

Cl'tND. CODE u~IT 2 13 I~ of• 13 eJ/ ,.,.. 'I I 13 Of ,,,.,,, 13 tJ9_ 11-981 

~CDRESS { 
23 OJ 11.. '11 23 0/ If.. f I 23 0/ /1- f I 23 ~j N-f I 

Pt.YSICAL 
a~ Ix BX u:-.u N(I. 24 24 24 24 8 J 

··-

~CuRESS { 
31 Of ,.. f I 31 (')/ ,,. I/ I 31 DI /'J. f I 31 61 I,,_, I 

PrYSiCAL 
Sx Bx Bx 

ll"' If "'0· 32 32 Sx 32 32 

~DORESS { 
43 00 1~~981 43 o I l>'i I 43 fJO 1"4181 43 DO "'"/181 

PHYSICAL 
UNIT NO. 44 ~ b ,,,. t/ B s- 44 Sx 44 oe ,,,f/'1 44 ~61 J*Y f9(p 

~ODl'\ESS { 
51 oo 1,,,, o'/il 51 "' ti. 'i I 51 OD ,,,t>98 I 'j l IJO Jfto'/81 

Pl"t'fSi(Ai. 
52 OD 11-- f 8 fr 8K "~ ,,. '18"1 "£ ll--f9h 

UN IT NO. 52 52 52 

NOIE: CHANGE ADDRESS IN INPUT CCW WHEN READING TAPE BACKNARO;-SEE LAYOUT SHttT 
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80/80 LIST OF CARD-TO-TAPE INPUT FOR READ-TAPE-BACKWARD OEMU 

f>LMJi<. CA.e!J - - F/£S T ~,4.IL.() 
1 ••••••• 10 •••••••• 20 •••••••• 3o •••••••• 4o •••••••• 50 •••••••• 60 •••••••• 10 •••••••• Ro 
SEQUENCE. 1 
REVERSE 2 
IN 3 
ARE 4 
CARDS 5 
THESE 6 
THAT 7 
SEE 8 
Will 9 
YOU 10 
DECK 11 
INPUT 12 
THE 13 
CHECK 14 
YOU 15 
IF 16 
i ••••••• 10 •••••••• 20 •••••••• 3o •••••••• 4o •••••••• 50 •••••••• 60 •••••••• 10 •••••••• Ro 

FIRST CARO MUST BE BLANK BECAUSE IN THE READ-TAPE-BACKWARD PROGRAM, NO 
PROVISION IS MADE TU TEST END-OF-FILE (NG. l 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-TAPF-BACKWARD-&-PRINT PRGM. 

1 ••••••• 10 •••••••• 20 •••••••• 30 •••••••• 40 •••••••• so •••••••• 60 •••••••• 10 •••••••• 80 
IF 16 
YOU 15 
CHECK 14 
THE 13 
INPUT 12 
DECK 11 
YOU 10 
will 9 
SEE 8 
THAT 7 
THESE 6 
CARDS 5 
ARE 4 
IN 3 
REVERSE 2 
SEQUENCE. l 
1 ••••••• 10 •••••••• 20 •••••••• 3o •••••••• 40 •••••••• 5o •••••••• 60 •••••••• 7o •••••••• 80 

/j,£,,f.-Q/t:.. .IJPe-5 ,P£//VT€~ lft::IZeAFTelf!.... 
tlPTIL ~/or'/!'€/) /j Y o/t:£A-(al( 
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8C/80 LIST nlTH OVERFLOW OOC-0011 

( 

STANDARC ~-CARD UNIT-TO-UNIT IPL CARD; 

ps w' r11€•I .z:-;>, cc.w' 
ccococooccocc1so 0200004aAoooooc4 

se-cc,Jl> II''- CC.N 

0200Cl402000004C 
L.OA-1> teeMA1J11.IJG 7" 
Cot.cJMU§ <';:: /f'IE!.O G-~AH 

CA-l!D 

LoA ~ c.A-W 

(

PROGRAM CARt: 

S~-'!ftb~ ~:i:~r-:;_ /fl 
CC000148 BBOOOOOOOOOOOCOX 
4 ~ /'t I' 
S IS ( ~ eov{JT 

HllSTN 
$'1(1P To A1;y TH;;,;i;. 
Ci-IAIJIJ~l. .1 8rJT Z.Et'ft!O 

Xv~ 

~97020153 
FL.li<'-l"L.OP 

t~t1../1'~111TE/i! 

1.1 TEST rj, 

-re-s-r uMl>clf: 
NM~ 

Cil010044 
CSllJ SIT ilq 
(}IJIT "-XO'P)jDN 

~OR. 

Ci702015F 
'FLIP-Fi..oP 

fl. l>IV' Pf/. urre/2... 
JIJ START -r}o 

812A-JJCJI- IF' 
()Al~ 

47100174 
S~AIJCH 1F 

C!;!AfJIJEL 1%. 
O>J MU•/16-C' 
-rAP..-

Xoite! 

97480148 
'FL.1f-rLOI" 
t.f!,,l>/P~1Nf 
LM~i).Cbl>~ 

lo.I f'~'"l'l.C!C!llJ 

OVE !(FLOW ~our1J./t;-

( M'11f Trll1EC>, 

~'!!4C004B 

t 
4 
At.Tel( A~e-~ 
IN ~Al\) To 
Al>>IZE~ C>F 
C~1~€CT1-

CCIAI. (1+0) 

Tl<ST r/o 
<&OOOOOE 

I 
7 e 

c_91J:D111o<i+L 
P.>RA-,.,C..H 

47700178 
iil'( A&.Au.J 

tP- 1'usy 

s1N'?t.e-
1".teo~~H ccw 

4200020000COOOSO 
r 
14: 
8 

STAK.I ::1"/o 
ICIFADEIZ.
otl.. l'/?INe-~ 

9COOOOOC 
i' 
f; 

VN<!wl>1T1c!JA\... 
f>eAtJCH 

47FOC150 
~EfEAT 

e;/JTitU; 
-:r/o cyc.1..G 

ST..tl(.T r/o 
9COOOOOE 
Eltt:~\JTe 
~kif' T<.> 
CijAi.IU1. l 

CoNl>1T10M'rl... 

~1£.A-NcH 

47700150 
Ifft ,4(;;11;.; 
1F 8PS'( 

1-fovG" Y/./~e], 

92480048 
~1n1e:l(T ~OR. 
t~ C'hw 8AC.K 
To 14-'i? 
(Ane.esS oF 

S11Jb-LE 
f'Rc.-H. cc~) 
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c.J k)CoiJ l>1710/Ji!l. 
tJ(l..4ocH 

47F00150 
eAci:. T<> 
SIAR.T of"" 
M1>11Ju..it 

~oG'.-"l\'1 



360 8tJ/iCJ L/5/ W'lrfi tJJ/ER.FLOJ1/ (Joe.-ooE 

---- TPL · CA"RU___ -----

-- C -PUNCHO-
CC 0 hex CARO 
---- R con- -- COUE __ _ 

E conts 

l 00 t!) 0 !'/.- 0 Cf 3 ) 

2 01 Oo 1r,098 I 

:~ 02 Ot> 1i o HI 

4 0 3 00 I 1- 0 1 ~I 

-- ~- ?_~ -~-'?___ -~'J-_?J !_I 

--~ -~~ _q_9_ I !__9-_f<f__I 

1 06 o I 11 'i I 

. hex hex PUNCHD 
C-~- core con- CAKO 

addr tents - CODE--

_ hex hex --PUi•CHD 
CC core con- CAiW 

addr tents -- CODE 

- -- --PUiKHD 
CC hex hex CAKD 

core con- --·-cooE 
addr tents 

l !!j_ OCJ 11... ot;8'1 28 /61 'l'I l't- o 9 t/- 5~ /12. ~ !__!___J__j__ 

2 4-t/ o_q__ ~~ ~}_'!__~ 2~ !?}_ -~_!__ ~~-~f_?___ 56 3 oo 1;.. 

3~A ()t tHI 30/~ lo n11fi! 51 4 r,1.1';.-11~ 
-~ ~8- -4~-- ~-1 -~-~-~ - ~-~ 17,4 -~,-- _l_t_f_~---- ;~ ----s- 4~ ~:;!_ 

32 ~- 14 ti;~ ~!_<f_ 59 ---~ -~- ~~~-!!_!__ 
6 f oo 1ioH1 33 ~ '(. It 11 !¢ 60 1 1/-6 /'k f 3 

7 ~ 00 IZo'ffl 34 /) tJo 11 0 'j<? I 61 __i_ 9/J jJz II f s-
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SUGGESTION FOR 3-CARD PROGRAM. 

BY COMMAND-CHAINING A SECOND IPL CCW, AN ADDITIONAL PROGRAM CARD 
CAN BE PLAC~O IN CORE LOCATIONS IMMEDIATELY FOLLOWING THE FIRST 
PROGRAM CARD WHICH IS READ IN BY THE FIRST IPL CCW. THIS NOW 
INCREASES THE INSTRUCTION STREAM TO 160 BYTES. 

CARO TO TAPE--BLOCK 10 

IPL CARO. 

I'S w ~ttsr 7PL ~cw SE~UI TA eclt/ 
0200009800000050 

y 
000000000000004C 0200004860000050 

PROGRAM CARD NO. l 

S 1111'-~ ST,,ll.T 
C.4141. ltMD6!e 

00000080 9COOOOOC 

j STA-11.,. sos~ 
9CO,.o~fif'5" 4 7l00060 

l' 
+1-11 ff~E'7 

eusy I~ T &u ,y fj• ~ it1:':o 
LooP 1LBA~~ L.ODf' Ollf P\IT •tJIJ 

4770004C 9DOOOOOC 47700054 97F8004B 

le:ST 811<i>"i :f°LOP C/lrW UAltolJft a'1. 
TAPl:S LOOf" To 1111\JT &uJ ~PUrr <!'lt.t.E 

90000185 47700068 97F8004B 47F0004C 

s,tJ~'t.e OUTPitf ccMJ }.-.......STALi O"F lo O.CIAJ Jt.JfUT C!tfA-oJ 
W~rr~~Ol00030020000320 4200030060000050 4200035060000050 

l:S: ':f S1'~1//<r ;;;: j -, ~i'o S .....,,_.. 
eo_. & tide' B'(fe.S ~ •Yfk:!. a ~LocA-·floJ 

Loe oF ,&s-C. z_ 
420003A060000050 Rel:.f 

lee-M_....., ";;;;. 'f C(')Hl.fAAH> 

sJ bEl.. ic. '3 "?L CH.41 Al 8 1 r on 
PROGRAM CARD NU. 2 

420003F060000050 42000~60000050 

t t;C s-t "2"C.+ 
4200049060000050 ._.,,..., 

6 

42000~60000050 

f 

42000670X0000050 ......... 

400004E060000050 
'--" 

'1 ENl>oF1 CJIAtlll 1uNT 
4f IT .. 'l"F -iil ~tl.4-flJ 
4200050020000050 .......... 

L.oC 
tet... /O 

420006C020000050 
---' .... 

~tl LA--.'-"Efl 6LOC k.S 
IF j)GS. (~ e;i) 

E= 
7 
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4200053060000050 
~ 

e 
L S 11fULu~ et?..i$ 
~00620X0000050 ._..,..._, 



CAll.b To TAP£--&-oc1< 10 

--- C PU:\iCHD - hex hex PU:..!CHD 
-CC 0 hex CARD CC core con- CA!{D 

- -- - - - -pmJCHO-
CC hex hex CARD CC hex hex 

core con
addr tents! 

------ R con- -- CUDc:---- --- addr tents - CODE 
E cants ~~~~ ~~~t~ - CODE 

CAkD 
CODE 

2 01 Ob 

-~i- 0_2 _o_o_ '"'\) __ U' __ _ 
4 03 Ol> 
--------~ 

5 04 00 

(OJ 00 ~ !fj po ~- 2~ t3 <iS- 55. 1~ 03 
2 41 CJ_ o f!_-'f. c~ 29 tpfi _'f.1 ---~ 56c7::F::t=2.=o=== 
3 If) ()0 41 30 £ z~ ~'}:- s1f'1'P" "" -A..1 
4 J:j_ go _ J_1 ~ · oo ~- 58 --~ qo_ --~--
~if_~ _q_e_ __ .[~ 32 1 ho 59 --~ _f!p ---~ 

6 o5 oo _6 __ p_ __ l!.C!_ ~ .... ~)- 3~ ~J_ it>__ --~- _ 60 -~ -~-~ . ___ 

0 
__ _ 

1 06 _o_o_, ______ 1 ___!!__ oo --~ 3~ _j__ oo >-. J"> 61 tf 'o · 
B 01"/jt:. B F, 0(.. ~ 35 __ .11 ~L __ '?-~. 62 ·JO-;~ 
9 08 ()1- ~-- ?~ 'f1__ ~V- 36 ~ </S- 63 __ k_ -~p_ --~----

~-~ -~~ -~-~- --_:. \- lo _f 1o -~ J'~ 31 fpe_ 1/-1 ,..cy 6'4 7 So 0 
"' ~ --c::::-:; :~ ~i -~ '.: j -~ <Jo_ :: · -~ -~~ ~o~~ :: ~~- ! -- -~ --

---- ---- -----'--- -----.,--- ---- -- ------ ------- ------------ -- ----- ------ _____ Q __ 
-~~- ~_£ (, 0 j:.b L} S-4 jL _ -~ 40 ~ b ~ A:::> 6 7 ~ _qj_ ___ ~ 
;~ !~-~:--~-- ·-~-J -~"-- -~~- 41_ ·1o_ iL ~0:__ 68 --~--~- ____ _ 

- - ------ ---£_ 15 ' _q_o_ , -~ 42 _ __, f_f ~~-;.d!e 69 --~- -~9_ --~ -
16 oF 5"o 16_ 1 OG ~ ~ -~ ()O ~~ ~ 1_0 _Q _p.E_ _z__ 
17 10 l!>l- V\. l! .[J_ _'f__l_ ----~ --- 4~ 3 f~ ~1' !_l ___ €_ _t?_p__ ---~--
!~~ -~~- ~~~~ ~~~~~~~- l!J ___ _f_ _1g __ -(li'!r 4~ 7_f_ ~_7__ --~---- !!: F S-u ~ 
19 lz tJO g_ 19 -A- OD ~ 46 S- Fo Ll!.~ 1!. 'lo~~ 

!~_ :_: -~~: :::~ ;; ~ Ii-~,, :: ~ ~z 4>ef :: :~ ~~ -~ 
2_~_ 0 _o_o-;- 22 _p_ Fg_ ~o~ 49 7~ _pJ_ -'-0 _ 76 -~ {t2 __ ~ 

;: :;-%!---~- ;~ -~ ~f :~_ ~ :; 1J ~: 0~ ;: -~ -~~- l_-

25 {,oft_ 4 5~ A_ oo ~ 18 -~ Oo --~---
26 ' O.Q_ ~~ s3 t;. 1 o _ ~~ ao 1 S-o · 
21 ~ fJ I ~ s4 J:> oo 
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CAltb To IAPE*--Steck 10 
[-- --ypc-c.irn:o---------j ------------ -- ----- --- p--i< --u--G-R lfl w --c--A"-R_U_# 2. - -- -1- 4>-FS- --

1 
C I l PUNCH1 hex hex PUNCHD - h~-~ 'tie~ -l -PUNCHD -- 1- PU:-tCHO 
0 hex C~RO CC core con- CA,{0 . CC CARD CC hex hex CARD 
~ ~~~;s -- cm,-- --- addr tents - conF- -~~~ ~~~t~ ---cooc - --- ~~~~ ~~;t~ -- ·caoc -

-~ oo _ _ _ J i qg 'fy- -~-- n 83 G"o 5? t.G" Q_Q ~r 
2 ~l - - ~--l 2 9 IX?_ ~- 2? ___ ± _f!.e ___ 56 e.P: so ~3'N 

- ' 2 -t _:J_ ~ ~l 1 :_:1--f-~- --- ::[!)~ :: ----
~ o --t--: _s_~ ~{) _ ~-- 32 1 5o 59 L Ob 

--~ -~~l----- - -- - -~ __ p l}_l}__ - -~ 3~ ~8- -~ ---- - 60 - 3 '?:!'__ :--V\---
- 1 e {)o ;::; 34 " oo 61 t Xo -Kort: TIMI- -~--------s;;:--~ ___ _i_1-1-- ---~ L.' a r .iQ_ _ ~ 3s '- 0 ..n &2- s- l)O ......_ -- r ff t 1. ()"' -- --- - - - __ fr_ --'-~-1---~ --- - --. 

o~/Jt,f llEX - _? .4_t --~ - -~ 36
- __ /)_ ~~- ---~ ---- -

6-~ --~- -~~- ----~-
1 eJIAiAt. Te,( _ ~~- _, tJ() _]1_ 31 l (,o 64 7 ~ "-

1_1 __ ?: _q__'f_ - _, 38 _} ~_p_ ~!_}J ___ !fk_ ----~-
1_~ ___ } __ '!_~_ --- -~ 3 ! --~ _p_p___ ---- ------ 6_6_ __ j _ _e~ ______ !l\_ 
t3 _ __1_ 60 ----~- 40 F S-0- 67 _ _A_ O(o --

1~ ____ f_ _t!_~_ -----~--- ~~- ~i- _!t_~ ____ ______ ~~- ---~ zq__ -----o-
:: _{>? ~- -- --~ : -~ ·~ -- ·---- ~~ --~ !~ ----~ 
:: ,u-;;--~ :~ HH; -- ;; 7 ~- --~-
,~ 1-~-; -H:l)- ~ --~ ~-~- --- 73 lil 11-- - • 
20 --~ t<:>__ _ _§ 41 _ f ~_IL ________ 1~ _f !/!? ________ _ 

l 

~- {) r A-LL 
~ (lC!}t/ 

-~ A-~D ff G'SS ES --

-~ IS €1 l/./E~ --

l <I "~ ! -

~w _:::::1-----+--:::y:: 
2G l3 

-·-- ----- -----·-

____ _______ 21 __ ?._ -~~- ----n.-- 4s 7 S-o 1_5 __ A_ -°-~- __________ _ 
22 _b_ .P.!__ ~-~- 4~ eg &_, ___ 76 __§__ _w _____ _ 
2! __ _if __ QP:_ ___ ---~-- -~~ ___ c/___ --~-Q__ _____ ____ 1_1 __ 1_ _!~ __________ _ 
24 £ so ~ 5_1 _ _A __ (ls__ --- -- -- 78 ~ (}() - --- --

1 :1 :: 
~ :: - -----~ 

25 H 'f-¥ ~ ?! 1- l>O 78 " QO 

:: i~¥ • :: ~ ~d l so 1J?,;--
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IN THE PROGRAMS IN THIS PAPER, NO ATTEMPT WAS MADE TO CHANGE THE 
STATUS OF THE SYSTEM ONCE IT HAO STARTED. CONSEQUENTLY, AT THE 
COMPLETION OF ANY RUN, THE STOP BUTTON SHOULD BE PRESSED. AFTER 
THE CPU IS IN THE STOPPED STATE, PRESSING THE START BUTTON Will 
ALLOW THE SAME PROGRAM TO CONTINUE PROCESSING WITHOUT HAVING TO 
RELOAD THE PROGRAM CARDS. 

IF AN INTERVAL TIMER FEATURE IS INSTALLED, THE TIMER SWITCH MUST 
BE OFF WHENEVER A~Y PROGRAMS WHOSE INSTRUCTIONS, CAW's, ccw•s, OR 
CONSTANTS ARE LOAOED INTO CORE OVERLAYING THE TIMER-USED-AREA, 
HEX LOCATIONS 50,51,52. 

INSTRUCTIONS IN ATTEMPTED PROGRAMS NEED NOT BE RESTRICTED TO 
ONLY INPUT/OUTPUT FUNCTIONS. LOGICAL AND ARITH~ETIC OPERATIONS 
MAY ALSO BE INCLUDED IN 2-CARD PROGRAMS. BY REFERRING TO 
T.I.E. PAPER NO. 6504-0079 ENTITLED "SUGGESTIONS FOR WRITING 
ONE-CARO PROGRAMS FOR IBM 1440 AND OTHER 1400 SfRIES COMPUTERS" 
OTHER IDEAS FOR 2-CARD PROGRAMMING MAY BE STIMULATED SUCH AS! 
STACKER-SELECTING NEGATIVE BALANCE CARDS, SEQUtNCE PUNCHING IN 
SPECIFIED COLUMNS, ETC. IT MAY ALSO BE POSSIBLF TO FORMULATE A 
SERIES Of PROGRAMS WHICH COULD BE USED TO ILLUSTRATE ANO/OR TEST 
lNOIVIOUALLY 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 CN COMPLETE~ LAYOUT SHEETS TO! 

WILLIAM BATTEN 
IBM TEST CENTER 
570 BROAD STREET 
NEWARK, N.J., 07102 

PROPER WRITTEN PERMISSION AS PRESCRIBED IN SECTION 4 OF THE 
MANUAL Of SYSTEM ENGINEERING MUST ALSO ACCOMPANY THE PROGRAM. 
THEY WILL BE ACCU~MULATEO AND PUBLISHED, WITH ACKNOWLEDGEMENTS, 
IN SUBSEQUENT EDITIONS. 
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HX DEC HX UE:C HX DEC, HX DEC 
12 11 0 1 8 9 30 4B 12 ll l B 9 10 16 12 0 1 El 9 00 0 12 1 8 9 09 9 
12 l l 0 l B BO 176 12 11 l 8 90 144 12 0 l El 80 12B 12 l 8 49 73 
12 11 0 l 9 71 113 12 11 l 9 51 Bl 12 0 l 9 41 65 12 l 9 01 l 
12 11 0 1 Bl 177 12 11 1 91 145 12 0 1 81 129 12 l Cl 193 
12 ll 0 2 8 9 FA 250 12 11 2 B 9 DA 218 12 0 2 El 9 CA 202 12 2 8 9 DA i.o 
12 11 0 2 8 BA 186 12 11 2 8 9A 154 12 0 2 f.I BA 138 12 2 8 4A 74 
12 11 0 2 9 72 114 12 l l 2 9 52 82 12 0 2 9 / 42 66 12 2 9 02 2 
12 11 0 2 82 17B 12 11 2 92 146 12 0 2 82 130 12 2 C2 194 
12 11 0 3 8 9 FB 251 12 11 3 B 9 OB 219 12 0 3 8 9 CB 203 12 3 8 9 OB 11 
12 11 0 3 8 BB 187 12 11 3 B 9B 155 12 0 3 8 BB 139 12 3 8 4B 75 
12 11 0 3 9 73 115 12 11 3 9 53 83 12 0 3 9 43 67 12 3 9 03 3 
12 11 0 3 B3 179 12 11 3 93 147 12 0 3 B3 131 12 3 C3 195 
12 11 0 4 8 9 FC 252 12 ll 4 8 9 DC 220 12 0 4 8 9 cc 204 12 4 8 9 oc 12 
12 ll 0 4 8 BC l 88. 12 11 4 B 9C 156 12 0 4 8 BC 140 12 4 8 4C 76 
12 11 0 4 9 74 116 12 11 4 9 54 84 12 0 4 9 44 68 12 4 9 04 4 
12 11 0 4 64 urn 12 11 4 94 148 12 0 4 84 132 12 4 C4 196 
12 11 0 5 B 9 FD 253 12 11 5 B 9 OD 221 12 0 5 H 9 CD 205 12 5 8 9 00 13 
12 11 0 ~ B BO lB9 12 ll 5 8 90 157 12 0 5 8 80 141 12 5 8 40 77 
12 11 0 5 9 75 11 7 12 11 5 9 55 B5 12 0 5 9 45 69 12 5 9 05 5 
12 11 0 5 B5 181 12 11 5 95 149 12 0 5 85 133 12 5 cs 197 
12 11 0 6 B 9 FE 254 12 11 6 8 9 DE 222 12 0 6 B 9 CE 206 12 6 B 9 OE· 14 

I 12 11 0 6 8 BE 190 12 11 6 B 9E 158 12 0 6 B BE 142 12 6 8 4E 78 
12 11 0 6 9 76 llB 12 11 6 9 56 Bb 12 0 b 9 4b 70 12 6 9 Ob 6 
12 11 0 b Bb 182 12 11 6 96 150 12 0 6 B6 134 12 b Cb 19B 
12 11 0 7 8 9 FF 255 12 11 7 B 9 OF 223 12 0 7 8 9 CF 207 12 7 8 9 OF 15 
12 ll 0 7 B BF 191 12 11 7 8 9F 159 12 0 7 B BF 143 12 7 8 4F 79 
12 11 0 7 9 17 119 12 11 7 9 57 B7 12 0 7 9 47 71 12 7 9 07 7 
12 11 0 7 B7 lB3 12 11 7 97 151 12 0 7 87 135 12 7 C7 199 
12 11 0 8 9 78 120 12 11 8 9 5B BB 12 0 8 9 48 72 12 8 9 OB 8 
12 11 0 B BB l B4, 12 11 B 98 l52 12 0 8 BB l3b 12 8 CB 200 
12 11 0 9 B9 lB 5 12 11 9 99 153 12 0 9 89 137 12 9 C9 201 
12 11 0 70 112 12 11 6A lOb 12 0 co 192 12 50 BO 

HX DEC HX DEC HX DEC HX DEC 
11 0 l 8 9 20 32 11 1 B 9 19 25 0 l B 9 29 41 1 8 9 39 57' 
11 0 l 8 AO 160 11 l 8 59 B9 0 1 8 b9 105 1 8 79 121 
11 0 1 9 El 225 11 l 9 ll 17 0 l 9 21 B l 9 31 49i 
11 0 l Al lbl 11 1 01 209 0 1 bl 97 1 Fl 24 l. 
11 0 2 8 9 EA 234 LL 2 8 9 lA 26 0 2 8 9 2A 42 2 B 9 3A 58' 
11 0 2 8 AA 170 11 2 8 5A 90 0 2 B f:O 224 2 B 7A 12? 
11 0 2 9 62 98 11 2 9 12 18 0 2 9 22 34 2 9 32 50 
11 0 2 A2 162 11 2 02 210 0 2 E2 '226 ' 2 F2 242 
11 0 3 8 9 EB 235 l l 3 B 9 lB 27 0 3 8 9 2B 43 3 8 9 38 ':i9 
l l 0 3 B AB 171 11 3 B 58 91 0 3 8 b~ 107 3 8 1B 123 
11 0 3 9 b3 99 11 3 9 13 19 0 3 9 23 35 3 9 33 51 
11 0 3 A3 lb3 11 3 03 211 0 3 E3 227 3 F3 243 
11 0 4 8 9 EC 23b 11 4 B 9 lC 2B 0 4 8 9 2C 44 4 8 9 3C 60 
11 0 4 8 AC 172 11 4 B 5C 92 0 4 8 bC 108 4 8 7C 124 
11 0 4 9 64 100 11 4 9 14 20 0 4 9 24 36 4 9 34 52 
11 0 4 A4 164 l l 4 04 212 0 4 E4 22B 4 F4 244 
11 0 5 8 9 ED 237 11 5 B 9 10 29 0 5 8 9 20 45 5 B 9 30 bl 
11 0 5 8 AO 173 11 5 B 50 93 0 5 8 bO 109 5 B 70 125 
11 0 5 9 65 101 11 5 9 15 21 0 5 9 25 37 [ 5 9 35 53 
11 0 5 A5 165 11 5 05 213 0 5 ES 229 5 F5 245 
l l 0 6 8 9 EE 23B 11 6 8 9 lE 30 0 6 B 9 2E 46 6 8 9 3E b2' 
11 0 6 8 AE l 74 '11 b 8 5E 94 0 6 8 / bE llO b B 7E 126' 
11 0 6 9 66 102 11 6 9 16 22 0 b 9 2b 3B b 9 36 54 
ll 0 b A6 166 11 6 Ob 214' 0 b Eb 230 6 F6 246 
11 0 7 B 9 EF 239 11 7 B 9 lF 31 0 7 B 9 2F 47 7 8 9 3F b3 

'11 0 7 B AF 175 l l 7 B Sf 95 j 0 7 B 6F 111 7 B 7F 127 
'11 0 1 9 67 103 11 7 9 l7 23 I 0 7 9 27 39 7 9 37 55 
11 0 7 A7 167 11 7 07 21.5 I 

0 7 E7 2.31 7 F7 247 
11 0 8 9 6B 104 11 B 9 18 24 0 8 9 28 40 8 9 38 5b 
l l 0 8 AB 168 11 8 08 216 0 B f::8 232 8 FB 248 
ll 0 9 A9 169 l l 9 09 217 0 9 E9 233 9 F9 249 
11 0 00 208 11 bO 96 : 0 FO 240 NO PUNCHES 40 b4 
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- ---~-- ·-
AFTER THE FIRST UNIT-TO-UNIT CARO IS PUNCHED, OTHER DEVICE COMBINATIONS ---- -·- -- --- - ------ - -· P 'R u·-c; · lf-"i\--w-- --c-A lf-u---- -- - - ---- -----TPc-c1rnu- -------
M!V BE MADE BY OUPLICATlN; ALL COLUMNS EXCEPT THOSE LISTED BELOW: 

c 
hex 

17UNCRU- hex hex "PUNCHD Ibex hex l'Ul'ill\.MU he,x hex l'Ul'ill\,MU 
PROGRAM : cc 0 CARO cc CARD cc CARO cc CARO core con- le ore con- core con-' --- R con- ---coue--- addr ---coue·-- jaddr ----couc---

addr i!ents 
-----cuo-e--

E con ts tents tents 
---- -HEX PUNCHD HEX PUN CHO HEX PUNCHO HEX PUNCHD 

FUNCTION cc CN- CARO cc CN- CARO cc CN- CARO cc CN- CARO 1 00 l 28 55 -TNT CODE TNT CODE TNT CODE TNT CODE 
2 01 2 29 56 -CMNO. CODE UNIT 1 5 5 5 5 

i 3 02 3 30 57 -CMND. CODE UNIT 2 13 13 13 13 

4 03 4 31 58 ..... 
{23 

23 23 23 
--PHYSICII. ADDRESS 5 04 5 32 59 
UNIT NO. 1 24 24 Zit 24 

6 05 6 33 60 -{ 31 31 31 31 I 

PHYSIClt. ADDRESS 
I 1 06 7 34 61 

UNIT NO. l 32 32 32 32 

8 07 8 35 62 {It) 43 43 43 
PHYSICAL ADDRESS 9 08 9 36 63 .... UNIT NO. 2 't4 44 44 't4 

10 09 10 37 64 -{ 51 51 51 51 
. ·- -""l'RTSTCAl ADDRESS 11 OA 11 38 65 

UNIT NO. 2 52 52 52 52 _I 

12 OB 12 39 66 -
·- PROGRAM 

' 
13 oc 13 40 67 

. -----~----. J. 14 OD 14 ltl 68 
HEX PUNCHD HEX ruNCHD HEX PUNCHO HEX PUNCHD l 

FUNCTION cc CN- CARO cc CN- CARD cc CN- CARO cc CN- CARD I 15 OE 15 42 69 -TNT CODE TNT CODE TNT CODE TNT CODE 
16 OF 16 lt3 70 -CMND. CODE UNIT 1 5 5 5 5 .... 
17 10 17 'tit 71 

CMNO. CODE UNIT 2 13 13 ll 13 

j_8 11 18 't5 12 
{ 23 23 23 23 .. PHYSICAL ADDRESS 19 12 19 lt6 73 

UNIT NO. l 24 24 24 24 

20 13 20. 47 74 

{31 31 31 31 
PHYSICAL ADDRESS 21 lit 21 48 75 
UNIT NO. 1 32 32 32 32 

22 15 22 49 76 

{ 43 
't3 lt3 'tl 

·pttYSICAL A1>0RESS 23 16 23 50 11 
UNIT NO. 2 41t 41t 'tit 4't 

24 . l 7 21t 51 78 ~ 

{ 51 51 51 51 - -
PHYSICAL ADORE SS 25 52 !I 
UNIT ND. 2 52 52 52 52 

- ~ 26 53 80 --
27 54 

'• . - --




