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IEF28ST SYS1.FORTLfB 
TEF28~r-""VOL SF.R NOS=·000005. 
I~F2851 AAAAAAAA.AAAA~AAA.AAA~AAAA.AAAAAAAA.00000049 DELETED 
IF.F205I·· 'VOL SFR NOS= 000011. ~, 

KEPT 

IfF285I SYSUUT SYSOUT 
IEF285I VOL SFR NOS: 

••• _ •• __ ._ •• ____ -"_. _. __ .. ______ .• _._ ... _ ..... _ •. _ ••. _~ - .... _ • ___ "_JO 

IfF285I LOAO.TRf~EAD DELETED 
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[tF2851 VOL SER NOS= 000011. 
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IIFT01F001 00 OONAME=SYSIN 
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00000150 
00000160 
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/IFT02FOOl DO lJNIT=PllNCH 
//FT03F001 DO SYSOUT=A 
IIGO~~T06FOOl DO SYSOUT=A 
IIGC.FTP)FOOl DO OllHMY 
/IGO.FT05f001 DO DArA 
I(F236I ALLOC. FOR TREREAD GO 
IEr-2311 ~G~=*.OC ON 190 

'TFF2371 FT02F001 ON QUA 
tEF2371 F10~FCOl ON OUC 

-'·00000170 ...... ----.---.----.--

STEP 1 -
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1234.56 7891.23 4567.89 1234 
1234.56 7SQ1.23 4567.09 1234 
1234.56 7891.23 4567.89 1234 
1234.56 7091.23 4567.89 1234 

----·1234.56· .,. 7091.23 4561.09 1234 -.------------------------.--
1234.56 78~1.23 4567.89 1234 
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-•.. ~TOC'OJEC'f~!oOe-~~lj:_ri~R~io()ti1>~s rtlK1~'f}js ~~ TEeg ~ 
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-~·OOOOOO ............. . 
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000000 5800 F060 00060 6 L O,AOlZZ 
000004·',5810". F06't .------... --.. -00064---·· 7 ......... _...... L 1 ,AD 1 BCOM 
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(OAD 1 WITH ADOReSS'OF~IJTACO~' 

000008 5000 1816 . . 00818· 8 ST O,~%o.la 
-oooooe O'lFE:' ......... - ...... : ............ ' ....... . ." ... _.. 9' .......... HCR 15, 14 .... I 

OOOOOE . 10 US I NG *, 1 . ~ . . I 

OOOOOE' ·'q·04F"·1·05A--.----·-----.. 00068 11 ll1..---"· S fM. 4 t 15, SAVE ....... ------..... -._ ............ __ ._ .•..... ··~--·· .. -··· .. ·-··-·· .. --.. -··-··- .... ·I 

12 DROP 1 . . I 
000012 l8Ul ........ '''-'''- .... 13 .. ... .... LR 11,1 ....... -............. .. ..... _ ............... -: 

onOOOE . 14 USING lll,11 . . I 
000014 1840' ... - 15 . LR 4, a .............. --_.-.. . .. ~ ; ........ _ ...... -....... I 
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000020 56l0,BOA2: 00000 18 L 1,AOFloes . 
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000028 a-1Ft . " 20 BCR . 15 t 1 
00002A D~O 3 EOOO" SOA6 ~OOQOO . 00084 ... _._ .. 21 CHK99'-'" eLC . 0%4, 14D, (99 .... -... - , 

000030'4780 U03E 0004C ·22 BC' 8,BVPASS 
-0000.34"': i'82E ...... ' ......... -.. ,_._-,_._.-.-_ .. ,.. . 2'3 ~--.... ---.-.... -... - LR 2, 14 ............ _ .. -_ .... _ ..... - ._- ....... -

000036 5810 DOA2 OOOBe 24 l ItADFIOCS 
00003A 0501' ......... --._-,-, .... _...... 'Z5'-"-'--':':BALR' 0,1 

000D3e OOFO • 26 DC X@OOFO@ 
00003t: '0000 . .. ... ...... - _n ..... _ 21 ...... -..... .. . DC ~@QQQQ@ 

000040 5020 'BOAA 00008 28 ST 2,SVl 
~·OOOQ·44 .. 5030'-'S'OAE OOOBe 29 .. ·-----·-·----·, ST 3,SV2;' .. ----........ --.--..... " ..... \ ..... - .. -.-.. -.-- .. ---~':.----.-.~.--- ... 

. , 
00004U 47FO U04() 00054 ' 30· Be 15, LEAVE 
00004C, 5820 UOAA .. -. -_ .......... _... OOOBS 31" BVP.ASS L . . 2, S VI 

000050 5830 BOAE' OOOBC 32 L 3,SV2 
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00005E 0000 
OOOObO OOOOOOOE .. ...... ........... 36 ADZlZ "DC' 
000064 00000000 37 AOIBCOM DC 

-"000068 0000000000000000·· ...... _· --" ................... 38 SAVE .. DC 

000060 o~pOOOOO 39 AOFiocs DC 
--OOOOB4'~ OOPOOOOA .. ~--·-.··-· .. ~-· .. ~ .. · _ .. _ ... _ ......... _ ..... -:._ .. 40 199' DC' 

000068· 41 SV 1 OS 
--'00008t"":' , ..... ~.:-................... ~- .... - .............. " .. ,,-, 42' SV2 . ,OS 

. OOOOCO,OOFOOOOO . 43 HOOFO DC --._. ---.". ... ".... ...... ............. "... ... .. .......... ' ....... 44 
. END' 
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ABS,]~RACT 

A method is -descr:i.bed- for incorporatin~ overlapped. printing --

into IBM 1130-Commercial FonrrRAN programs. Communtcation-- -

to the subprogram which performs a printing operat"ion is 

a.chieved. th~ough the FORTRAN WRITE statement rathe~ than 
-

-. through the CALL statement. The advantage of this method _is 

tha~ limited use can he made ofth~ formatting ability of the 

Ji'ORrRAN language. Headings can- readily be j.ncorporated, and 

the layout of the printed page specifica1ly by use of- FOru1AT 

-statements. 

(' -
'-_ I 

o 
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DISCLAIHER 

Although each progra.m has 'been __ tested by its contributor, no 

_-war:c~nty, _express or· implicd,is made by the contributor or 

- COMMON USERS Group,. _.as to the 'accuracy and functioning -of the 
.- -

program and related proBram material, nor shall tli"e fact of .. 
- . _ distribution constitute any s:uch warranty, and no responsibj.lity' 

is assumed by the contributor or-' COr·1MON USERS Group, in conn-ectlon 

therevlith. 

o 
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OVERLAPPED PHINTINGFOR IBM 1130 COMMFA1CIAL 

APPLICATIONS USING FORrRl\N v':RIrrE STATE'riffiNT 

. I. -- Use of Fortran for Conmlercia1 .~ppl:tcattons on the IBM 1130 • 

. - Since the IBM l130.was conceived as a computer to be used for 

the' solution of moderate siz.ed engineering and scientific problems, 

Fortran is the only compiler .supportedon the system. Atmany 

inst~llations, it is necessary to use the computer, not only 

in this prime role, btlt also in the preparation of. commercial 

reports, such as payrolls, labo-r dis'tribution, and time control. 

In order to penult the use of Fortran for these applications, 

("'-'. 
--./ 

a number of subroutine packages have been developed. IBtJl' s 

o Commercial Subrouttne Package, Version II, is an example. Others 

are the contributed program packages COHh""T and I1JE~IJ' The 

purpose of these subroutine packages is to overCOnle the problems 

which would other'~.,ise be presented in handling 90mmerc.ial appli-

cations in Fortran. Prirlcipally th~se are the folloi,vinS: 

1) Moving character strings. 

2) Use of floating.dollar signs, check protection, etc. 

3) Elimination of round-off in crossfboting totals 

4) Zone recoBnition 

5) Stacker Selection - -

6) Overlapped input/output for increas:i.ng processtng 

speed. 

o 

-·s// 
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Use of Fortran - for Cotmnercial A-pE:~~C2.cl,tions on the IBM 1130 cont I d 

The first five j.tems' in the It-st 'abov,e exist. ,-on account of' the 

fact that Fortran is not intended asa commercia]. dat,B- processing 

language. 'l'he sixth -item' occurs on account of the fact that the 

Fortran compiler for: the IBlv1 113-0 has been design'gel to conserve-
- - . 

cor.e space as much' as possible. The normal input/output_, subroutines 

for use vlith Fortran -use the same_area in core as a buffer area to 

contain the image of a card being read or a line being printed. ,It 

is th~refore not possible to overlap these opcrattons, although the 

interrupt hard\{are provided on the system \'iould other,:iise penni t 

this to be done. In the design 'of the IBN 1130 Commercial Subroutine 

Pa-ckage, it has been recognized that for commercial applications, 

pr~cessing speed ~,s~}.unes a greater importance. Overlap of inp..l t/output 

operatiQns h::l.s therefore been achieved at the expense of the ad,d:itional(() 

core required for multiple buffers, and for the more con~licatea 

-subroutines Tequired to seryice the interrupts. 

II. Progran1"ning Phi1osop}:ly Us~ng Commercial Subroutine Paclzages 

The programming philosophy usually 'employed \{hen commercial sub--

routine pack~1ges are- used ~s as fo11m'Ts: 

1) Input data 'on cards- is read and stored as a'·card 

'image, in EBCDIC form. A sUBRourrINE subprogram 

i~ used for this purpose. 

2) Tests are made to deterrnine the type of card 

which has been read. 
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P~og~~mming Philosophy Using Commercial Subroutine Packages cont'd 

3) Data is extracted from the card im~ge, 'and stored 

for subsequent calculations,', If 'it is to be used, 

in arithmetic opel'at:io ns, nurr'lerlcal data- is 

converted to a code Ylhich permits these operations 

to- be performed. 

4) "At the conclusion of-the nec_essary calculations, 

an j.mage is built up of the' output :Line to be 

printed_in the report. Numeric infonnation is 

reconverted to EBCDIC code for inclusion in this 

output line image. 

The output line is printed, using a SUBR01Il'INE-, 

subprogram. 

The use of this philosophy imposes virtually no restriction on 

the manner of pr_escntation of data in the inplJt file, or on the 

appearance of the final report. The subprograms' for carel , 

-reading and printing permi't. overlap of these operations. '-lith _ 

each other. ,Conversion _from card cocle to -EBCPIC is also over-

lapped with card reading. 

-III._ Difficul~ies Presented by the Use of Commercial Subroutine 
Packages. 

~--, 

Al though the use of cormnercial subroutine packages in the manner 

described above overcomes the shortcomings of }I'ortran for commc-rcial 

s/a 
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applications, a-number of' additional difficulties -are introduced. 

Prinqipally these ax:e the i'ollm,ring: 

1) The introduction of headings into the output 

report. 

2) - Loss of traGing capabili ty.. IB1~ 1130 Fortran 

has been providedvTith a very useful trace 

feature. This cannot be used \-Then -the overlapped 

input/output subroutines of the Commercial 

Subroutine Pack[-tge are loaded, as it is not 

possible to include the Fortra.n input! output 

subroutines- in the sa.me core load. The Fortran 

input:/output subroutines are required- for the-

use of the trace feature. 

3) A consid.erable amount of ma.nipulation is often 

required to build an image of a line of the output 

report. This tends to make the coding-of prograxas 

~onger and- more prone to errors. 

h) The introduction of masks for editing. The use 

of Commercj:al Subroutine Pacl~age EDIT subroutine 

reqtli:r:~s that non-numeric :Lnformation to be mixed 

into a numeric field (such as $ -. etc) _be :Lntro-

duced iOn the form of a mask, \olhich is- suhsccluently 

-- to 
cont· d l 

~ 
j 
1 
~ 
,i 

C· "\. ! ; 

! 

.0 
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. --

applica.tIons, a· number of JtcJdi tional difficulties are introduced. 

Principally these a:re the follouing: 

1) The introduction of headines-- i~to the Ol!tput 

report. 

2) j:Joss of tracinr; capability. IB14 1130- Fortran 

has been providccL vlith a very useful trace 

feattrre. This cannot be us eel. \·rhen the overlapped 

input/output subrout-inuj of the Commercial 

Subrout.ine PacJ~agc are loaded., as j.t ls not 

o 
possible to include the Fortra-n input/output 

subroutines' in the sam~~ core load. The Fortran' 

input/output subroutines are requtred for the 

use of the trace feature. 

3) A considerabI·e amount of mB,nipu1ation is often -

required to build an image of a line of t.h.e ou.tput 

report. This tends to make the coding·of programs 

--longer and more prone to errors. 

1~) Th8 introduction of masks· for cdi tine. The use 

of COlil.mercial Subroutine Pac}~age EDIT subroutine 

requir~s that non-numeriE j.nformat5.on to be mixed 

into a numeric field (such D.S $ • etc) be :i..ntro-

duced in the form··of a mask, vrhich is subsequently 

o 

SIS 
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Diffj"cu:;~.ties Presented by the Use of Commercial Subroutine Packa.ges 

destroyed by the"inclusion' of" the numeric information. 

In vie"\-, of the fact· "that alphabetic Ii terals.- canpot 

be directly defined in the IBM ~130" F'ortran". 

compiier, this operation is clumsy (Note - Version 11-

of the IBM 1130 Fortran conipiler includes -the DATA 

" statement which overcomes this difficulty). 

IV Use of Fortran "']RrrE Statement for Output in Conunercia1 R~R.~ts. 

At 'rhe ShavTinigan Engineering Company JJimited offices at Montreal, 

Canada, an IBtJI 1130 computer vras" installed in Janu.ary 1967, 

pr:!-rnarily to perform engineering calculations. HOv7evcr~ it was 

desired to use the machine for processing the conmlercial reports 

which llould be required for the administration of the Company. 

_ A study was made "of the available software fo~ cOITilnercia1 pro-

cessing, and as a result a set -of subroutin"cs "lritten, '·lhj.ch 

combined the best features of" the IB!·1 1130 C,ommercial Subroutine 

Package, COIvl1"T,,, and IDEAL. 

In recognition of the difficul tics vlhich would be presented by 

the' use of SUBROurlllE subprograms for printlpg, after the ~9-nner of 

the IBM Conunercial Subrout?"ne PacRage, it vias deciclccl ~o adopt a 

differerit approach" A new" subroutine SFI¢( the" subrouti.ne 'fh:tch 

handles in Fortrcl,n the :input/ou.tput "functions) "las "Y[1"i t"Len in 

" rf~ 
cont t d.L~) 

"c~ 
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Use of Fortran vl~~ITE~ st~~ement for Output in ConuUl.~rcial Heports cont 'd 

1130. assembler langua.ge, "having more . limited capabili tie~ than 

the _ versj.on supplied-as part o~: the sy~tcm, but taking advant-ages 

.. of tpe overlap feature of the hardHare. 'l'he ad.vantages of this--

.-:procedure over the tlSe of the Commerc:i.al.Subroutine Pacltage 

subprograms are the following: 

1). Head.ings may be introduced' by the use of a FORMAT -
- -

'statement, as is done in norfllal processing using 

Fortran. 

Tracing can be employed. 

The amount· of' m.anipulation requj.red· to format 

an output. line is reduced, as the FO:ffi·l~T statement 

may be used for this purpose. 

,. It yTaS not considered necessary to incorporate al1- the features 

. - 'Which are supported by the normal SFr¢. subrout:l.ne as supplied 
/'\.. 

-in the system. Indeed to have done so would have resulted ip. 

a su.broutine oc<;!upying a large core space, a consiclerable -portion 

of "Thich \vould have been ·wasted. on features vlhich would be rarely -

used ~n the COlI~mercial area. The follovTine restrictions were 

therefore iI}troduced: . 

1) Only integer variables and arrays Ihay be-included 

in -the output list_~-

2). -X'ONg 1'lORD ·-Ir-fJ~EGgRS option must be used. 

Sf? 
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Use of }t'ortran vlHEL'E Statenlent for Ou~put in -Comrnerctal -Report~ cont 'd 

3)' Card reading is not 'supported, and all ·wr:i.ting 

is done on the 1132 printer, regarCUess of the-

devic~ cod.e appeari-ng in the \v~ITg staternent.­

Card, type"i'rrj_t-er and console input/Qutput are . 

. haru:l~ed by SUBROUTINE E}ubprograms' as in the IBM 

Comrnercj al Subroutine Fe,cka-ge. 

11.) Only the follo,\-line; format field specifications 

are recognized: 

A . for alphameric information. The only .-

field widths recognized are Al arid A2 

Anythins else is interpreted asAl. 

I for integer variables 

X ·for spaces 

H for printirie alph$.betic - information. The 

form using quotes ma~ also' lYe used. 

5)- The group repeat, e.g. 2(lHl,12A2), ie;" not recognized. 

6) Carriage control characters are restricted to 

the follo\-ling: 

Blank Print on next line-

. -Zero Skip 011e line before -printilig 

1- 6' Skip to channels 1 to 6' 
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Use of Fortran \1RJ:ll'E Statement for Output in Conunercj.al Rep?rts cont I d 

None of these restr:ictions prevent the, use of -the system in 

association uith Commerc1al- Subroutine Package, C_O~JfE,T _or IDE.A.L. 

An attempt. to pi"int a real varia.ble "Till resul tin the output-

fie.ld being filled with asterisks.. This restricts the use of 

tracing to j.nteger variables only~ l?eal variables· appeari].1e; as 

a- line of asterisks. -It is our experience that this is not a 

serious restriction, as it is the values of integer variables 

which determine- the logic flmv of a program. If it is necessary 

to determine the value of a real variable for tracing purposes, 

then this can be done by converting it to ]-;}3CDIC, for display 

using a vlRrrE statement temporarily inserted in the program. 

, Definition of A~habetic IJiterals Using Fortran HE .. A.D Statement 

In order to perrrri t the d.efini tion of alphabetic literal character 

strings, a feature _"las introduoed into the re-,\"ri tten SFI¢ 

-
to permit this to be done using the Fortran READ statement. 

The manner of achieving this is sho"1n- by the follO\.,ring example: 

DIMENSION IA(13) 

RF.AD (99,101) IA 

101 FOHIv1Nf ( 'Tfirs -MF.i:)SAGE TO BE STOHED f_) 

- These- statemcl)ts cause the EBCDIC equi v$~ent of the ch8.racters 

containerl- :i.n the ·li'ORtvl.A.T statement to be stored in IA. No modi-

- fication to the compiler is required. Characters are store(1 

-- ~ 
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Defini tion of Alphabe~:Lc ~?-terals U~ing }i'ortran ~E:AD Ste.:!:-_cment cant 1 d 

t~o per ,vord. If it -is desired to store characters onc' per '\-Tord, 

_then apprOl)riate, spaces should be introduced in the f:Leld. 

to be used for editing operations. 

V. Perforn1ance of the Subroutine 

Using the Disk Ivlol1:tt~r System, the subroutine is implemented by 

deleting from the dJ.sk the version of SFI¢ as supplied "\-lith the 

system. The subroutine PRN'l~Z must also be deleted. The sub­

routines SFI¢ and PRNXX, "\-lhich form the overlapped output pacl~age 

are then substituted. Note ~hat SFI¢ can be stored as a subtype 

3. prograJu, '\-'hich permi t_s j.t to be included in SOCAL overlays. 

The subroutine PRN'rl supplied by IBM is also reqLilred as it is 

used to drive the 1132 printer. li10rtran programs should contain 

the record 

*IOCS(1132 PRII\ffER) 

or 

*IOCS(1132 PHIN'rER,DISK) 

depend.ing :upon '\vhethcr disk- 'input/output is requir-ed. The 

-principal benefit to be derived from using-the method 'is the 

simplicity of coding. Also the processing speed vhi.ch can be 

achieved using this subroutine is apparent.ly identical to that 

achieved usj.ng the overlapped output subrou.tines suppliccl ,·[i th 

,."" \lJ1 

I. 
I,j· 
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Perl'ormance of the Sub rout ine cont 'd 

. the Commercial Stibroutlne-_Package.· The· core requirenlent for· 

_SFI¢ anq. PRJr'lX is "Torcls 1.t·70,-· -:Ylhich l.S some\.That in excess- of 

the equivalent subprograms supplied rlith the Cornmerci8.~ Sub-

routine ~ackage. However, tnis is offset- by the slIk'1.1ler core -

requirements of- programs rThich use this method. As an example, 

one of- the sample programs provi~ed '\vi th the· COlU.L'1lcrcial. Subrout;ine 

Package was modifi·ed to su:i, t_ the ..Q.Y~rlal'ped input/output sub-

. routines. The processings.pe.ed was· the sa.me in both instances. 

Despite the smalle-r and simpler main progra.m "Then using the 

overlapped Fortran I/O, the total .c:ore requi.rement i-s somevThat-

larger, as ts shovH1 in the tab-le- below. . For· comparison, the 
. .--

, core requirements and pro.cessing speed using the normal Fortran 

input/output subroq.:tj.nes as supplied with the disk monitor system 

·are also sho'\vn. 

Comparison of Typical Small 
Cormllercial AWli.c£\tj-on 

csP I/O 

Main Program Statements 102 

Main Program Core Requirement ··978 

. Total· size of Core· Load 5006 

Executio n Time .1 32 
min sec 

Overlapped Stanclard 
Fortran r/o Fortran I/O. 

94 83 

850 "' - 800 

-5298 4858 

1 32 2 1~5 
min sec.- min sec. 

··S:LI 
_____ -'"-____________ ,_..-.-.....,UO:, ..... W""".'L~· 
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Performance of the Subroutine 'cont t d 

The problem selecte4 "\-Ta's _ the" invo~cing problem vrhich is included 

as SampJ_e Problem 2 J_n the IBM:. Commercial Subroutine Pa.ckage, ·Version II • 

. It is considered that for programs' to produce la-rge and complicated 

cc:>mmercial repo:,cts, "\-The~'e the size'of a core load becomes - important, 

the total cQre load requlrement of programs using the output method 

descriQ.~d here "\-Tould be smaller than \TGuld be required for the 

-
same programs using the Corrnnerctal Subroutine Pac$age; 

o 

I 

, I· O
· 

S~" 
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APPENDIX I 

'. 

]'ortran Output Houtine, ,,,i th Overlap 

Users Guide. 

This "is a program to' replace t!l.e IB~1. ,libr~ry program SF'I¢, 

.'Whic)1 is called for Fortr.an input/output operations. Its 

'. purpose is to permit overlap of' printing, card reading -and 

processing, for commercial appli~ations. Ii'or this reason,· pei~ 

missible devices, allo1·rable variable types and format field . 

specifications have been restricted. Only integer variables 

and arrays, are recognized. *ONE \-IORD INTEGERS option must be 

used • 

. rlRITE 

~ll writins is done on the 1132.printer, regarcUess of the 

devic-e code appearing i-n the \-lRITE statement. If it is 

desired to vTri te on the Console Printer or punch cards then 

an appropriate S:tJBROUTINg subprograms must be used. Data to 

'be printed must be stored in EBCDIC or integer form as an 

'integer variable or array._ 

The follovfing F9HMl\T field specifications are recogniz-ed: . 

A· . for alphameric information. Th~ only 

field widths recognized are A1 and A~. 

Anything else is .interpreted as Al, ",ith 

no error indication~ 

I for integer varlablp.f: 
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cont'd o· 
x for spaces 

H for prlntj.ng alphabetic. information. 

The form U.stilg quotes e.g. 

~_THIS MESSAG~' may also be used. 

Field repeats .e.g. l-2A2 

The group repeat, e.g. 2(lHl, l2A2), vTil1 not be recognized. 

The max-imum nur;lbe}" of characters per line is 120, excluding the 

carriage control chara~ter. The use of E or F field specifications 

will cause the field to be filled ,..,i th asterisks ",i thout 

further indication of error. 

The first character of a line 'fill be treated as a carriage 

control character. The follo'\vine;characters are recogniz~d: 

blank print on next line 

o skip one line before printing 

1 - 6 skip to channels I to 6 
-

All other carriage control cha.racters 

are treated as blank. 

The follo'\'ling errors vTill cause _ a program stop ,.;i th the error 

code displayed in the accumulator. 

EEOl . ·line exceeds 120 charaC"'~ers 

EE02 invalio. forina t- type· 

-0 



"if j"'"au 

o 

(c 

o 

RFAD 

No read statement, accepting information froni an external medium 

.is inclucled. Appropriat.e SUBHOUTINE subproe;rams must 1:;>~ use_d 

-for input from the card reader or console keyboar~. The 

fol101·r1ng stateme:1 t is provided in order to generate alphabetic 

literal array-s. 

REI\D(99, n). IA 

or 

READ(99,n) IA(I) 

RE.4D(99, n) (IA( i), I:::K, L) 

RFJill(99,n) ((IA(I,J) ,I::K,L) ,J~I.1,N) 

",hich transfers H-type fielcls from format statement 'n' into 

,variable or array lA. The characters \-rill be stored in EBCDIC 

form,' 2 characters per viord. Only. H-type fj.eld_s are permit:ted 

in the FORHAT statement. If the nurnber of char-acte~s in a 

_ field is odd, the rie;htmost character of the last vlord. is filled -

"lith a blank. Characters Hill be moved until the array is 

filled. If' the FOH1 .. 1A.11 statement is exhaust"cd, -control will 

return to the last open bracket ~ The foll?"lin& e"rrors \·rill 

C1lasc a pro8ra.m stopvith the error code displayed ·in the accumulator. 

EE02 

EE03 

format not II-type 

device code not 99 

This rout ine uses the DJN library subroutine IJRl'TTI. Since printing 

occurs :tn overlapped mode, a call to ION]) must be made before 

a PAU0E or STOP statement. 
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READ cont'd 

The inptit/output routine requires ,the use of -X-I,OCS(1132 , PRINIIER). 

SinceCOl:l1nunication to the card-reacler, or typc,'rriter is th:rough' 

CALL statements to subprograms vlhich load the approprj.ate card 

or type,?ri tel"_ subroutines, then CARD, TYPEHRrrEH or h'"EYBOARD 

must not apl)ear in the *IOCS re'cord. 

Tracing may be used in _ conjunction "'~th this overlapped, I/O 

routine. Since real variables are not c~nve::cted by" this routine, 

they vTill appear as asterisks in the ~racj_ng output. _ 

-T" " I 

o 



A~PENDIX II 

0-

Us;i..ng the disk monitor system, the folloi"ing procc_o.ure is 

required. 

Load the oyerl~pped verslon of SFI¢, ana, PRNXX. 

Note that SF1I?; carl be designated· subtyPe 3 (punc!l 3 in column 11 

of -l<-S1.10RE. cardY', and hence "can be includ.ed in saCAJ.) overlays. 
,-

PRNXX cannot be included In overlays. 

Core Rcqu:lrements:. 

SFI¢' - 456 ,words 

PRNXX- II 

.. 

The IBM supplied subroutine PRNTI and lf5tJP from the Com.rnerciaJ, 

Subroutine Package are also required. 

o 
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II ASM 
*LIST SOURCE PROGRAM 

; 

----0000 
0076 
0095 
0013 
OOlF 
0026 
002F 
0033 
01C4 

22189580 
, 22645100 

229998CO 
22256240 
22256267 
22256049 

" 22256180 
22006517" 
176558E9 

0000 0" 1000 
0001 01 66800003 
0003 0 7212 
000'+ "0 6.AO 1 
0005 01 4COOOo"07 

0007 0 (030 
0008 0 9069 
0009 01 4C080011 
0008 01 74FFOlll 
OOOD 01 7LI-FF0038 
OOOF 01 4COOOO8D 
0011 01 l}cooeo 13 

0013 0 1000 
OCt14 01 66800016 
0016 0 (200 
0017 0 " 7201 
0018 01 Dl tOO0111 
OOIA 0 (057 
0·018 0 D01C 
001C 0 6AF5 
0010 01 4COOOOBD 
Q01F 0 1000 
0020 01 66800022 
0022 0 (200 
0023 00 84000001 
0025 0 " 70Fl 
0026 0 1000 
00"27 01 66800029 
0029 0 (200 
002A 01 D4000111 
002C 0 (,201 
0"020 0 7202 
002E 0 70E( 

002F 0 1000 
0030 01 66E500032 
0032 0 70F3 
0033 0 1'000 " 
0034 01 66800036 
0036 0 1810 
~-

* 
* 

LIMITED CAPABILITY I/O SUBROUTINE 
WITH OVERLAP 
LIBR 
ENT SFIO 
ENT SRE-D 
ENT S~1RT 
ENT SIOl 
ENT SIOIX 
ENJ 510AI 
ENT SlOP 
ENT SCOI\1P" 
E"NT PRNT-l 

* MAINLINE PROGRAM INITIALISATIO~ 
SFIO NOP 

LDX 12 * SET X R2- TO - LIB F & f 
MDX 2 18 
STX 2 *&1 

o 

Bse L * -RETURN TO START OF PROGRAM -

* 
* 
'* 

END OF MAINLINE INIT1ALISATION 
CALL ROUTINE _ 
RETURNS TO MAIN PROGRA~ T~ ~ET 

*" NEXT VARIABLE DESCRIPTION 
CALL LD LOOPS TEST FOF I/O OF cor·1PLETE 

S ONEl ARRAY 
BSC L RETRN,& 
MDX L VARAD,-l 
MDX L LOOPS,-l 
sse L DECOD 

INCREMENT TO NEXT WOR~IN 
ARRAY 
GO TO DECODE RouTINE " -

RETRN SSC L * RETURN" TO "'"1A I NL INE PROGRAi'10 
* MAINLINE PROGRAM 
5101 NOP 

CALLS ONE OF FOLLO~ING "ENT~IES 
ENTRY FO~ SINGLE INTEGER 
SET XR2 TO LIBF&l-LDX 12 * 

LO 2 0 
UPl MDX 2 1 

GET AQDRESS OF VARIABLE 
COMPUTE RETURN ADDRESS 

5AVAD STO L VARAD 
LO ONEl SET LOOPS TO 1 

LPSET STO LOOPS 
STx ~ RETRN&l 

"BSC "L DECOD 
SAVE RETURk ADDRES~ 
GO TO DECODE ROUTINE 

5IOIX NOP - ENTRY FOR SUBSCRIPTED INT. 
SEt XR2 TO LI6F&1 

SIOAI 

-r.- -

* SIOF 

scor"ip 

LOX - 12 * 
LD 2 0 
A L 1-
MDX UP} 
NOP-" 
LDX 12 * 
LD 2 0 
STo L VARAD 

GEl ADDRESS OF VARIABLE 
MODIFY BY XRl 

- JO INS I 0 lEN TR Y 
ENTRY FOR ARRAY 
SET XR2 TO LIBF&l 
GET ADDRESS OF VARIABLE" 

LD 2 1 GET NOo OF ELEMENTS 
MDX 22 COMPUTE RETURN ADDRESS 
MDX- LPSET JOI N 5101. [NTHY 
THIS ENTRY TO" SATISFY LISF SIOF IN 
TRACE ROUTINESo JOINS SIOl 
Nap 
LDX 12 * SET XR2 TO LIBF&l 
MDX 5101&3 JOIN SIor 
NOP ENTRY FOR END OF OUTPUT 
LOX 12 * SET XR2 TO LIBf&l 
._~_r~_A _____ l_"6 _____ S_E T LOOP? T ?_~ ___ " __ £~ .. _ 

"--~-----"""" -----

\,1 

I ~ 
I 

'I 
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PAt 

0037 0 70·E3 MDX· LPSET JOIN SIOl ENTRY 
0038 0001 - LOOPS S;;S 1 ARRAY COUNTER 

0 * END OF CALL ROUTINE 

* HTYPE ROUTINE 

* TRANSPERS·H"';TY")[ CHARACTERS TO I/O BuFFER 
00.39 o - 6200 HTYPE LDX 2 0 SET XR2 AS CH/\R -~OUNlER 
00-3A 0 7201 HLOOP ~iDX 2 1 INCRCt COUNT 
0038 OJ. l~4 0 0 0 lll~ BSI L LINE 
003D 00 C4000002 LD L 2 BIT lS·OF Xf-~2 TO CARRY 
003F 0 1010 SLA 16 
001+0 01 ('+800112 LD IFfvlT GET CHAR F RO~1 FOI~i/iAT 

0042 e 4802 BS( C_ SKIP IF. EVEN Ct-IAR --
00l+3 0 1808 SRA 8 IF ODD, SHIFT RIGHT 
004l~ 0 E030 AND MASKR· e L EAr~ GARBAGE 
OOltS 01 4L} 00_0134 B5 I L lOFIt MOVE TO. IOBUF 
0047 00 ('+000002 L-D L 2 MOVE FGRrvlA T POINTER IF 
0049 01 irCO 40 0 LtD SSC L HODDt"E SECOND CHAR I N ---:~\ OF~ D IS 
OOl.S o 1 -740 1 0 1 1 2 MDX L IFMT,l MOVED 
004D 0 9026 HODD S F~'JI DE TEST FOR LAST CHAR CI 

OOltE 01 4C28003A BS( L HLOOPt&Z LEAVE WHE;''-l DIFF -0 
0050 0 (023 - LD FvJI DE END OF TRANSFEf~ 0 IF ODD NO 
0051 01 [,(040054 Bse L HEND9E OF CHARACTERS, (,-lOVE FORr-"lA T 
0053 0 7069 rw1DX DECOD POINTER 
0054 01 74010112 HEND . r\1f)X L I Fi-tiT ,1 
0056 0 7066 MDX OEeoo 

"* END OF HTYPE ROUT It~E 

* XTYPE ROUTINE 

* SKIPS OVER CHARACTERS IN I /0 BUFFER 

0 0057 0 C01C· XTYPE LD FvJ! DE SET XR2 TO FIELD 
-. 

~'JIDjH 

0058 00 D4000002 STO L 2 
OOSA 01 'iAOO0114 XLOOP 8SL_ L LINE 
OOSC 0 72FF ·MDX 2 .. ·1 TEST FeR LAST CHARACTER 
005D 0 70F( MDX XLOOP 
005E 0 70SE -MDX DECOD 

~. END OF ~TYPE ROUTINE 
"* A-TYPE ROUTINE 
it- TRANSFERS ONE OR TwO CHA-RA CTERS FROM VArtIABl.E 

* TO I t~o BUFFER 
OG5F 01- 44000114" ATYPE BSI L LINE 
0061 01 (4800111 lD I VARAD TRANSFER LEfT CHAR/\( T Ei~ 
0063 0- 1808 SRA 8 
006'+ 01 4'+000134 BSI L IOFIL STORE 
0066 0 COOD LO FWIOE 
0067 0 - 900A S ONE1 

. 0068 o _ '~808 BSC - & 
0069 0 709D MOX CALL -

006A 01 l;A-00011'+ BSI L LINE· TRANSFER RIGriT Cr-iARAC.T Ei~ 
006e 01 (4800111 LO 1. V-ARAD 
006E 0 E006 - AND MASKR 
006F 01 '+4000134 BS! L IOF!L 
007L 0 7095 .- MDX (ALL 
0072 0 0001 ONEI DC 1 
0073 _0001 FTYPE BSS 1 STORES FOHi\lAT TYPE 

0 1 

007Lj. 0001 F ~-J I DE BSS 1 STORES FIELD \~ I D T r-I 
0075 0 OOFF MASKR DC /OOFF 

*- END OF ATYPE ROUTINE 

* INITIALIS!\TION ENTRIES 

* SRED CALLED BY READ STATErvlENT 
0076· 0 1000 5RED Nap Sc2~_ 



0077 01 66800079 
0079 00 C6800000 
007B·0 901E 

-007C 01 4C180084 
007E.30 09595100 

·0080 0 COJB 
0081 0 3000 

-0082 00 4(000038 
0-084 6 1810 
0085 01 D400010A 
0087 b.·· C201 
0088 01 0[+00·0112 
OO"8A 0 7202 
008B·O 6A86 
OOBC 0 18-10 
OnOD 01- D400014F 
008F 01 (4000113 
009.1' 0 DO 7 7 
0092 0 OOA5 
0.093 ·01 4(00-0007 
0095 0 1000 
0096 01 6680"0098 
0098 O' C07A 
0099 0 70EB 
009A 0 0063 

- 0098 0 0003 
009( 0 EE03 

-

009D 0 (OD5 
009E 0 906D 
009F 01 4(180039 
OOA1 0 8010 

-' 0 a A2 0 1 '+-( 18 0 0 5} 
00 A4 ·0 -- 90 16 
00A5 01 4C2000AA 
00A7' 01 44000150 
OOA9 0 7013 
OOAA 01 74000038-· 

-OOAC 0 7004 
QOAD 01 44000150 
OOAF 01 4:(000011 
OOBt p 800A 
0082 01 4C18005F 
0084 0 8005 
00 H5 0 1. 4 C 1 80 1 79 
00B7 01' l{·(0801BF 

_ -00 B 9 o· 7 0 3 4 
OOBA a 0001· 
OOSB 0 0003 

-_OOBC 0 0004 
·003C 

'~-.. --.. ~\, . 

SET XR2 TO LIBF&1 ! f 

'-19-

LGX 12 * 
TEST .DEVICE NO. O· LD· 1.2 O' 

S NINTN 
BSC· ·.l..._--.. --ROK t.&-

DERR CALL IOND ERROR. DISPLAY IEE03 
LD -. EE-3 
WAiT. 
BSC . L 

... 

/38. 
- 16 ROK· SRA 

SAVS", STO 
LD 

- STO 

L 'READS 
2 1 

- MDX 
L .. I F~T 

2 2 
_STX 
SRA 

-'STO L 
LD L 
STO -
STO 
SSC L 

SWRT NOP 

2 RETRN&l 
16 
IOCHR -
ONE 
MULT 
LOOPS 
CALL 

LOX 12 * 
LD ONE 
MDX SAVSW 

NINTN DC 99 
THREE DC 3 

EXIT 
. -SET READ S\vI TCH 

COMPUTE RETURN ADDRESS 
-

SET 'INITIAL CHARACTER .. 
COUNT- -

SET fvlUL T IPLE F ItL.D_ COUNT 
SET ARRA~ COUNTER ~_ 

SET XR2 TO LIBF&l 
SET \'1 R 1- T E S v!l T C ti 

EE3 DC IEE03 _ 

* 
* 
* 

END OF INITIALISATION 
FIELD ROUTINE 
TESTS FIELD TYPE 

* .,TRANSFERS TO APPROPRIATE ROUTINE 
* TO MOVE TO I/O BUFFER 
FIELD LD FTYPE 

S . HCODE 
BSC L HTYPE.& .... 
A HXCOD 
BSC L XTYPEt&-.-
S SXCOD 
BSC L ATESTtZ 
as I L PR I NT 
MDX . DECOD 

AlEST MDX L LOOPS,O 
MDX ATT·S T 
aSI L PRINT 
BSC - L RETRN 

ATTST A SACOD 
BSC L ATYPE,& .... 
A HXCOD 
sse L .ITYPE,&­
BSC l f£TYPt& 

TEST FOR HTYPE 

T£S1 -fOR .XTYPE 

T ES T FOR -SLASH 

TEST FOR SCaMP CALLED 

TEST FOR A TYPE 

TEST FOR I TYPE _ 

MPX INVAL INVALID FIELD tYPE 
HXCOD DC /0001 HCODE~X~ODE 
5XCOD DC /0003.. SLASH-X(ODE 
SACOD DC /0004 SLASH-A(ODE 
IOBUF EQU /003C FORTRAN I/O 8liFFEH 

* 
* 
* 
* 

END OF EIELDFJUTINE· 
DECOD ROUTINE 
EXTRACTS FIELD TYPE ~ND WIDTH FROM 
For~MAT STATE~'1ENT 

. . 

Q 

. I 
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0080·0 C048 
OOBE 0 9054 
OOBF 01 4C300101 
00C1 01_C4800112 
00(3 0 E04( 
OOelt 0 DOl+A 
DOCS 01e4800112 
.00C7 0 ·lBoe 
00C80 0045 
00(9 01 74010J.12 
00e8 0 903F 
Ooe( 01 l}C2000D1 
ooeE n e040 
OOCF 0 D039 
0000 0 7030 
0001 0 e03C 
00D2 0 9034 
o 0 D 3 0 1 t~ e 2 0 0 0 E 3 
OODS 0 e03C 
00D6 0 903C 
0007 0 9037 
0008 0 0039 
00D9 0 (030 
00 D A 0 1 It C 08 00 e 1 
OODe 0 l}073 
OODD 01 C4000038 
OODF 0 I, L}e2000( 1 
OOEl 01 4C000011 
00E3 0 C02A 
00E4 0 D08E 
00E5 0 . (029 

- 00E6 0 0080 
00E7.0 C022 
00E8 01 4C20009D 
OOEA ··0 C088 

. OOEB· 0 9020 
OOEe ·01 4e1800F4 
OOEE ·30 09595100 
OOFO 0 . C>OlC 
OOFl 0 ·3000 
OOF2 00 I}C000038 
·OOF4 01 -C4000074 
OOF6 0 Bale 
OOF"! 0 1801 
OOF8 0.0010 

.. 00 F 9 0 1 C l~ 8 .0 0 1 1 2 
OOPB 01 D4800111 
00 F DOl -, 4 0 1 0 1.1 2 
OOFF 01 4C000007 
0101 01 ?£.rFFOI09 
0103 0 C006 
0104 01 ~e20009D 
0106 0 70F2 
0107 0 0008 

···r 
* 
* 
'* 

IF MuLTIPLE FIE~~, SETS MULTIPLE 
FIELD COUNTER 
IF END OF FORMAT· stATEMENT, PRINTS 

* AND RES-ETS FORt·1AT SCAN. POINTER· 
* IF READ· 99,XXX ,TRANSFERS t~ARACTERS 
DECOD LD MULT TEST FOR MULT1PLE FIELD 

S· ONE PREVIOUSLY Fo0~D 
BSC L ~1ULTFt-Z 

-NOML T L D 1 . I-FrvlT 
· AND MASK2 

S TO -. WI DEe 
LD I IFMT· 
SRA. . 12 
STO TYPEC 

· MDX L IFMT,l 
- S FREPT 

BSC L REDTS,Z 
LD WIDEC 
STO MULT 
MDX M-ULTF 

REDlS LD TYPEC 
S REDO 
Bse L SETF.Z 
LD I FMl 
S ONE 

· S WI DEe 
STO IFMT 
LD READS 
BSC L NOt~LT,~ 

BSI PRINT 
.LD L LOOPS 
Bse L NOMLT,Z 
asc L RETRN 

SETF LD TYPEC 
STO FTYPE 
LD WI DEC 
STO FWIDE 

ENDDC LD READS 
BSC L· FIELD,Z 
lD FTYPE 
S HCODE 
BSC L REPT,&-

INVAL CALL laND 
LD EE2 

·WAI T 
BSC l· 

R EPT . LD L 
A 
SRA 
STo 

TRANF LD· . I 
STO I 
MDX L 
Bse L 

MULTF 'v1Dx L 
· LD 

BSe L 
MDX 

REDO DC 

/38 
F~I I DE 
ONE 
1 -
MU·L T 
IFMT 
VARAD 
IFMT,.l 
(ALL 
MULT,-l 
READS 
FIELDpZ 
TRANF 
/OOOE; 

~OT MULTIPLE FIELDt GET 
FORMAT TYPE AND DECODE 
STORES WIDTH OR REPEAT 

MOVE TO RIGHT DIGIT 
STORES TYPE (ODE 
INCREMENT FORMAT·POINTER 
TEST FOR FI£LD REPEAT 

FIELD ~EPEAT, STORE 
NO. OF HEPEATS 

TEST FOR REDO CODE 

REDO CODE FOUND 
RESET FORMAT SCAN P6INTER 

TEST FOR READ 

READ SWITCH NOT SET 
PRINT. AND CHECK FOR 
seo~wip CALLED 

SET FIELD WIDTH AND TYPE 

END OF DECODING FOR~AT STo 

READ SWITCH sET, TEST TYPE 

INVALID TYPE 

SET MUl. r· I PL E FIELD COUNTER 
TO NOoOF WORDS ~N H FIELD 

TRANSFER CHARACTERS TO 
VARIA~LE 

TO CALL ·TO SEE IF DON£_ 
REDUCE MULTIPLE FIELD COUNT 

TEST·FOR REDO INDICATOR 
:5"3./ -

-_ ... _------------
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0108, 0001 
0109 0001 
OlOA 0001 

---- 0108 0 0009 
OlOC 0 0005 
0100 0 EE02-

.010'E '0001 
OlOF 0001 
0110 0 OfFF 
0111 0001 
0112 0001 
0113 0 0001 

0114 0001 
01150 C039. 
0116 01 l~C200124 

011s 20 176558Fl 
0119 0 0000 
011A- 0 70FD 
0118 0 6A06 
OllC 0 62(3 
011D 0 C015 
011E 0 D279 
OllF 0 7201 
0120 0 70FD 
0121 01 66000123 
0123 0 7009 
0124 0 . 900D 
0125 01 4C28012D 
0127 30 09595100 
0129 0 CP07 
012A 0 3000 
0128 00 4C000038 
0120 01 7401014F 
012F 01 'tC800114 
0131 0 EE01 
0132 0 - 0079 
01330 40'+0 

0~34 
0135. 0 

'·0136 0 
0.137 0 
0138· 0 
0139 0 
013A 0 
0138 O' 
013C 01 
01.3E 0 
0-13F 01 
Ollfl 0 
o 1 L,2 0 

0001 
- 0015 

C018-
1881 
8015 
D006 
1091 
C011 
I~C02 013F 
1808 
E(f-OOO 1. 41 
DOOA 
C008 

I; 

i 

TEMP BSS 1 
MULT 
READS 

·FREPT 

BSS 1 
BSS 1 
DC /0009 

MULTIPLE FIELD STORAGE 
o FOR READ 1 FOR PRINT 
TEST .FOR FIELD REPEAT 
TEST FOR HTYPE FIELD 
ERROR DIS~LAY-I~VALID 
TEMPORARY STORAGE fOR 
TEMPORARY STORAGE FOR 

o 
HCODE 
EE2 
TYPEC 
WIDEC 
MASK2 
VARAD 

DC 10005 
DC IEE02 
BSS 1 
BSS 1 
DC 10FFF 
B-SS 1 POINTS TO VARIABLE 

TYPE 
TYPE 
~vIDTH 

I F~~T BSS 1- ~POINTS TO FORMAT STATEMENT 
ONE DC 1 

* LIN E . ROU TIN E 
~- CHECKS IF LINE IS FULL 

* *, 
.0 I 5 P L 1\ Y S lEE 0 1 IFF U L L', 0 THE I~ It) I S E -
I~CREMENTS LINE COUNTER 

* IF START OF LINE. CHECKS PRINTE~ -
* READY, AND CLEARS 1/0 AREA 
LINE BSS 1 

LD IOCHR 
Bse L NOTST,Z 

TESf3 LIBF PRNTl 
DC. 10000 
MDX TEST3· 
STX 2 SAV2&1 

- LDX 2 -61 
LD BLNKS 

STRBL STO 2 IOBUF&61 
MDX 2 1 
MDX STRBL 

SAV2 LDX L2 * 
MDX- L INBK 

NOTST S LIMIT 
_sse L LINBK,&Z 

CHECK FUR START OF LINE 

START OF LINE, CHECK 
PRINTER NOT BUSY 

CLEAR 1/0 AREA 

RESTORE XR2 

CHECK-FOR LINE OVERFLOW 

CALL IOND 
LcD' - EEl 

OVERFLOW _ CLEAR INTERRUPTS 
AND WAIT WITH ERROR DISPLAY-

~JA IT 
SSC L 138_ 

LINBK MDX ~ IOCHR,l 
Bse I LINE 

EEl DC IEEOl 

·EXIT 
NO OVERFLOW INCREMENT 
CHARACTER. POINTER 

LIMIT DC 121 MAXo NO~ OF CHARACTERS-
BLNKS DC 14040 BLANKS 
~. . END OF L Ir'~E ROUT I ;\i-E 

-* IOFIL ROUTINEo ENTERS CHARACTER FROM 
* ACCUMUCATOR IN FOR~ ooxxINTO IOSUF 
* IN POSITION GIVEN BY IOCHR 
IOFIL BSS 1 

STO HOLD 
LD IOCHR 
SRT ... 1 
A IOADD 
STO AND&l 
SLT 17 
LD· MASKL 
BSC L AN·D-, C 
SRA 8 

AND- AND L * 
STO TE~Pl 

SAVE ACCU;"-1ULA. T OF< 
CALCULATE ADDRESS TO 
STORE - CHAHAC T El~ 

MOVE REMAINDER INTO CARRY 

IF CHARACTER ~Q. IS EVEN 
.- til 0 V E f'vtA S K TOR I G H T S, IDE 
DELETE UNWANTED CHARACTER 
FRO~ DESTINATION wORD 

o 

'LD HOLD GtT CHARACTEi-< __ TO __ INS[~~4L 

.. -_._._-_._------ --._._--_._------... - ... -..... --~~---



.0 

o 

Ol'-l3 01 
·0145 0 

- --- O-lA-6 0 
0-147 01 
0149 01 
o ll~B 
014C 
o ll~D 0 
014E 0 
014F 

0150 
0151 0 
01-52 01 

- __ 0 1S 1+ 00 
01-S-6 0 
0157 01 

-0_t59 0 
DiSk 0 
:0 l_5.8 __ 01 
015D 0 
015£:-0 
01-SF·O-
0160 20 
0161 1 
0162 20 
oi63 0 
0164 0 
0165 0 
0166 0 
G167" 00 
0169 01 
016B 0 
016C -00 
016E 0 
016F 00 
0171 20 
0172 0 
0173 0 
Oi74 01 
0176 0 
0171 0 
0178- 0--

4C020146 
1008 
E805 
[>i+800140 
4C80013 Lr 
0001 
0001 
FFOO 

-003C 
0001 

0001 
COFD 
4C080162 
C400003C 
901F 
4C200158 
COlD 
7003 
4(089165 
100a 
E819 
DOOl 
176558F1 
0162 
f76558Fl 
0000 
70FD 
(OE9 -
1801 
D400003C 
4C200171 
eOA7 
D400003C 
CO(4 
D400003D 
176559E7 
1810 
DODB 
'+C800150 
40FO 
ODOO·-
3000 

0179 0 COD5 
017A 0 D03C 
017B 01 (4000074 
017D 00 DI~000002 

-22- : ~. -=.!.::.:-------------------,. f 

- OR 

HOLD 
T Et-1P 1 
MASKL 
IOADD 
IOCHR 

* 
.* 
* 
* -* 

BSC L OR,C 
SLA 8 
OR TEMpl 
5TO I AND&l 
Bse I IOFIL 
ASS 1 
B$S· . 1 
DC IFFOO 
DC lOBUF 

IF CHARACTER NO. IS EVEN -
MOVE CHARACTER TO LEFT 
COMBINE 
STORE IN -DESTINATION wORD 
RETURN 

BSS l' CHARACIER IN LINE 
END OF IOFIL ROUTINE 
PRINT ROUTINE 
GETS CARRIAGE CONT~OL_CHARACTER AND 
SETS UPAPPROF~IATE S~IP 
P·RINTS LINEo RESETS CHARAtTER. POINTER 
I-F S T A r< T 0 F LIN & f T EST S P R I NT ERR E A D Y 

PR.INT BSS 1 
LD IOCHR 
BSC L TEST2,& 
LD L IOBUF NOT-START OF LINE 

I i 
p~~ 

I -

S Bll CARRIAGE CONTROL CHARACTER···-
BSC L Nur .. ~, Z 
LD SKP1 
MDX SKIP 
Bse L OUTLN,& 
SLA 8 

SKIP OR CNTWD 
STO CNTRL 
LIBF PRNTl 

CNTRL pC * 
TEST2 LISF PRNTl 

DC 10000 
MDX TEST2 

OUTLN LD IOCHR 
SRA 1 
STO L IOBUF 
Bse L P1CAL,Z 
LD ONE 
STO L IOBUF 
LD BLNKS -
STO- L IOBUF&l 

P1CAL LIBF PRNXX 
SRA - 1"6 
S TO -IOCHR 
sse I PRINT 

IT IS bEROt SKIP 1 ~LINE 

IT IS A CHANNEL NO 
SKIP -AS REQUIRtD 

-

WAIT -UNTIL SKIP-COMPLETE 

PRINT LINE 

T ES T FOR ZfRO vJC -
IF COUNT IS ZERO 
t-'lAKE COUNT 1 AND 
PUT BLANKS IN I03UF & 1 

PRINT WITH OVERLAP 

Bll DC 140FO BLANK AND ALPHA ZERO 
SKPl DC 10000 CONTROL DIGIT fOR SKIP 
C NT 'I'D DC 1-3 000 CON T R 0 l FUN C T I 6 N -
* . END OF P R 1 N T R 0 UTI N E 
* ITYPE ROUTINE 
* CONVERTS INTEGER VARIABLE TO DECIMAL 
* TRANSFERS DIGIJS TO 1/0 BUFFER 
* IF FIELD_ WIDTH TOO SMALL, FILLS FIELD 
* wITH *~~* 
I TYPE LD I.OCHR 

STO SAVCR 
S A-V E PO SIT ION 0 F -
CHARACTER ~OINTER 

LD L FWIDE 
STO l ~ 

. MARK POSITION OF RIGHT 
END OF FIEL.Dt ALSO TLST 

---,- 333-' 

-
-:;.-
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o 1 -, F 0 1 it 4 00 0 lil. 
0181 0 72FF 

------0182 0 70FC 
0183-0 
018{~ 0 
0185 01 
0187 01 
0189 0 
OlBA 01 
OlBC 0 . 
0180 0 
018E 0 
018F 0 
01_90 0 
0191 0 
0192 0 
0193 0 
0194 0 
0195 0 
0196 0 
0127 01 
0199 0 
019A 01 
019C 01 
019E 0 
019F 0 
01 AO 01 
01A2 0 
01A3 0 
01A4 0 
01A5.0 
01A6 01 
01A8 0 
01A9 01 
01AS 01 
o 1-AD 00 
OlAF 01 
01 B1 0 __ 
0182 0 
01B3 0 
01 B'+ 0 
01B5 01 
01B7 
01f}8 
01B9 
OlBA 0 
0188 0 . 
OlBC 0 
01BD 0 
OlBE Q 

COCB 
D033 
C4800111 
l~CI0018( 

1810 
9l{·800111 
D02C 
(028 
1890 
A82A 
0028 
1090 
E828 
40;"0 
(OBA 
9028 
00B8 
74000189 
700E 
(4800111 
4(1001A(~ 

COBO 
9017 . 
i~C0801AB 

C019 
4090 
(013 
001\9 
l~C000007 

900E 
4(30018D 
(4000074 
D4000002 
44000114 
COOB 
l}081 
72FF 
70FA 
4C000007 
0001 
0001 
0001 
OOOA 
OOFO' 
0060 
OOSC 
0001 

01BF 01 C4000074 
01(1 0 EOOl 
01(2 0 70EA-
01(3 0 007F 

01(4 0 10'00 

-23-

PII' 

I LP BS ILL I N E 
MDX 2-1 
MDX ILP 

FOR SUFFICIENT SPACE 
AVAILABLE IN LINE .0 

LD IOCHR 
STO FEND 
LD I VARAD 
BSC L POSV,'" 
SRA 16 
S I VARAD 

POSY SiO VABS 
DlVL LD VABS 

SRT 16 
o TEN 
STO VABS 
SLT 16 
OR Fl 
BS 1 I OF I L 
LD IOCHR 
S ONE2 
S TO I oeM/:< 
MDX L VABS90 
MDX NEXTD 
LD I VARAD 
Bse L RESET,-

·LD IoeHR 
S SAVCR 
Bse L FILL,& 
LD MINUS 
BSI IOFIL 

RESET LD FEND 
STO IOCHR 
BSC L CALL 

NEXTD S SAVCR 
BSC L DIVL,ooZ 

FILL LD L FWIDE 
STO L 2 

FLP . BSl L LINE 
LD ASTER 
BSI IOFIL 
MDX 2 r,.l 
r-1DX FLP 
BSC . L CALL 

SAveR BSS 1 
FEND BSS 1 
VABS. BSS ~ 1 
TEN bc' 10 
Fl De 100FO 
MINUS De- 10060 
ASTER DC 1005C 

. ONE2· DC 1 

GET ABSOLUTE VALUE OF 
VARIABLE 
IF NEGATIVE,CHANGE SIGN 

DIVIDE BY 10 

CONVERT. REMAINDER TO EBCDIC 

STORE 
MOVE CHARACTER POINTER LEFT 

TEST FOR ZERO QUOTIENT 

TEST FOR NEGATIVE VARIABLE 

TEST FOR SPACE FOR SIG~ 

ENTER rv1! NUS SIGN 

RESET CHARACTER POINTER 

NEXT DIGITe TEST FOR SPACE 
AvAILABLE 
,,! 0 SPA C E. F ILL FIE L D \\/ I T H 

RIGHT END OF PREVo FIELD 
RIGHT END OF T~IS FIELD 
ABSOLUTE VALUE OF VARlp.f~LE 

CONVERTS DIGITS ·TO EBCDIC 
MINUS SIGN 

* 'END Of ITYPE ROUTINE 
* FETYP RouTINE 
'* FOR E TYPE. FILLS FIELD ",lITH .~*-::-
FETYP LD L FWIDE 

AND NOD 
MDX FILL&2 

NOD DC I007F 

MASK OUT 0 PART OF SPEC~ 

. JOIN NO SPACE BRANCH 

* END OF FETYP ROUTINE 

o 

PRNTZ NOP ._____ DUMMY ENTRY NDT USED~4._. 
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't ------

PI 
01C5 0 70FE MDX *-2 
01C6 OOOl~ ASS 1 
01C8 END 

NO ERHORS IN ABOVE ASSEtvlBL Y c 

o 

o 

L-. __ . ___________________ _ 



II ASM 
*LIST SOURCE PROGRAM 

0000 
0000 
0001 
0003 

·0004 
0005 
0006 
0007 
0008 
OOOA 
0008 
603C 
000E 

176559E7 
o 1000 
01 (4000003 
o 0005 
20 l76558Fl 
o 2000 
o 003C 
1 ·OOOA 
01 -4COOOOOA 
1 0008-
01 4C80000A 

'* 
* 

PRNXX 

BACK 
ENDPG 

lOBUF 

PRNXX 
THIS 
LI8R 
ENT-
NOP 
LD 
STO 
LIBF-
DC 
DC 
DC 
BSC 
DC 
Bse 
EQU 
,END 

-25-

PRINTS IN 
SUBROUT l"NE 

PRNXX 

L * BA(Kf71 
PRNTl 
12000 
IOBUF 
EN-DPG 

L ~. 

* I ENDPG 
IOO3e 

NO E-RRORS IN ABQV E ASSEMBL Y. 

OVERLAPPED MODE 
NOT OVERLAID DURING SOCALs 

SKIP TO CHANNEL 1 IF 
END OF PAGE 
FORTRAN 1/0 BUFFER 

o 

o 
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II ASi"1 
~·LIS·T 

aQQ 09595100 ENT 
*CALL IOND 
*CALL laND 
'* 0000 0001 IOND BSS 

0001 00 7'+000.032 IOPND MDX L 
·0003 0 70FD MDX 
0004 01 l.C8000-00 BACK Bse 
0006 END 

NO ERRORS IN. ABOVE ASSEMBlYG 

o 

o 

. . \ ~; 
--------~------~~--------------~--------·~l 

I DEAL /t8,1' 

IOND _ SUBROUTINE NAME 
NO PARAMETERS 
ALLOWS 1/0 OPERAfIONS TO [ND BEFO~E 
PAUSE OR ·STOP IS ENTERED -
1 _ - ARGUi'vlENT ADDf~ESS 

50~0 ANY INTERRUPTS PENDING 
IOPND 
IO'ID 

IDEAL488 
IDEAL48C 

. I DEAL48 D 
A IDEAt..48E 

I [}EAL'~8 F 
I DEALl~8 G 
ID[ALl~8H 

_ IDEALlir 8 I 
IDEAL49 
I DE!,LLt9 A 

S37 
THE 51: .. 



/1 "lOB T 
// FOR 

.** SAMPLE PROBLEM 2 
*IOCStl132 PRINTER) 
*LIST ALL 

-27-.4--------.. ------------.;....--w~-S-P-1-2-8-24-l' 

CSP10° 

* NAME .SMPL2· 
* ONE WORD INTEGERS 
* EXTENDED PRECISION 
( DEMONSTRATE USE OF OVERLAPPED PR1NT SUBROUTINE 
C THIS PROGRAM IS IDENTICAL TO COMMERI(\L SUBROUTINE PACKAGE 
( SAMPLE PROGRAM NOe 2 -
C NOT E I NPUT OAT A CARDS CSP 13 96 o· 'TO CS P l'L~030 ARE NOT REQU It~ED 
C--ab--THE INPUT IS ~1ADE uP OF A ~1AsTEr~ (t\RD FOLLO~\/~D BY THE THANSACTION 
C-----CARDS FOR EACH CUSTOMER. WE WANT TO PRINT AN INVOICE AND PRINT A 
C-----NEW MASTER CARD FOR EACH CUStOMERe -

D I ME N S ION INC R D ( C3 2 ) , I P R N T ( 6) , lOT CD ( 80) f 1ST 0 P ( 5 ) f I ~J t<. ( 1 3 ) , I S Urvl ( 8 ) , 
lIEROR(6) 

READ(99,lOl): ISTOP 
101 FORMAT(II 5 T 0 PI)' 

READ(99.106) IEROR 
106 FORMAT(IE R R 0 R ,). 

J=2" 
INC R D ( 8 1 ) :: 1 6 4 {~ 8 
I NC R D ( 82 ) :: 5 L~4 ° 

1 . 1=0 
L=O 
M=O 
CALL READ(INCRD,l,80,J) 
I F ( J-l ) 22 • .2 ,2 

2 IF(NCOMP(I~CRD,1,5,ISTOPtl) 3,22,3 
3 (ALL NlONE(INCRD,7Q,5,K) 

IF(K-l) 26,4,26 
4 WRITE(3,102) (INCRD(II),II=1,60) 

102 FOR~-1AT('1·',20A1/(1 ',20Al» 
REA D ( 9 9 , i 0 3) I 'tJ K 

10 3 FORMAT ( I t $ • CRt) 
CALL EDIT(INCRDs61,68,I0K,1,13) 
W R I T E ( 3 , 1 0 4) I 'Ii K 

104 FORMAT(///lOX,'QTyl.10X,'NAME',46X,'AMT ' /23X,JPREVIOUS BALANCEI. 
1 2 8 X , .1 3 A 1 .) 

LJNES=8 
40 CAL L ··A 1 DEC ( INC R P , 6 1 ,6 8 , L ) 

IF(L) 5,5,23 
5 CAL L M 0 V E ( INC R D , 6 1-, 68 tIS U ~~ , 1 ) 

CALL MOVECINCRD,lsgO.IOTCD,l) 
6 CALL READ(INCRD,l,aO,J) 

I F ( J-l ) 22, 7 , 7 
7 CALL NlONE(INCRD,70,5,K) 

IF(K-l) 18,19~8 
8 IF(K-2} 18,9,18 
9 IF{NCOMP(INCRD,1,20,IOTCD,1» 18,10,18 

10 READ(99t110) IPRNT 
110 fORMAT(' • 0') _ 

CALL EDIT(INCRD,49,52,IPRNT,1,6) 
REA D ( 9 9 , 1 0 3) n~ K -
CALL EDIT(INCRD,41,48,IWK,1,13) 
IF(LINES-55) 31,31,17 

3 1 \AJ RI T E ( 3 , 1. 0 ~ ) I P R NT. ( INC R D ( I I ) , I I :-;; 21 , iI-0 ) , I 'd K 
105 FORMAT(7X,6Al,lQX,20Al,24X,13Al) 

LINES=LINES+l 

CSP 12 8 /+0 
CSPJ.2850 
CSPl"2860 

CSP12880 
CSP12890 
CSP12900 

CSP13010 
CSP13020 
CSP13030 
CSP130 l +0 
CSP13050 
CSP13060 
CSP13070 
CSP1~O 
CSPl~~O 
(SP13100 
CSP13110 

.. 

CSP13250 
CSP13260 
CSP13270 
CSP13280 
CSP13290 
CSP13300 
CSP13310 
CSP1-332J 
(S'P13330 
CSPl-3340 

·0 

,----------------------
5'3'~ ---------_._-- -----------.......;.---

~~ .- ...... --.-~~ ..... - ........ __ . __ .. -.. 
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-----------------------------------~----------
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SAMPLE- PROBLEM 2 

CALL AIDEC(INCRDp4lt48,L) 
I F ( L ) 1 2 , 12 s -1 t. 
CALL' ADD( INCRDt41 ,48, ISUM~ 1_, 8 t~)-
1 F( M ) 13 , 6 t 13 

13 

14 

15 

16 

CALl. 10NQ-
STOP 777 
CALL NZONE(INCRD,L,4,Nl) 
Nl=O 
CALL AIDEC(INCRD~LJL,Nl) 
IFCNl) 16~16,15 

CALL 10ND 
STOP '-666 
CALL DECA1(INCRD,41,48,L) 
L=O 

. GO TO---11 
\~RfTE(3tl09) - _ 17 

109 FORMAT(' l' ,9X', 'GTY' ,lOX, 'NAME' ,46X, 'AMT') 
LINES::1 

18 

19 

20 

GO TO 31 _ 
CAL L T Y PER ( I E RO Ri 1 -, 5 ) 
CALL TYPER(INCRD~lJ'32) 
GO TO 6 
CALL DECA1(ISUMjl,8,L) 
JF(L) 20,21,20 
CAL L IOND - _ __ _ _ 
STOP 555 --
REA D ( 9 9 , 1 0 3) IvJ K ---~,\1 V CAL lED I T ( -I SUM, I ; 8", -n", K , 1 t 1 3 ) 

, 23 

25 

2·6 

CALL MOVE(ISUM,1,g,IOTCD,61) 
CALL TYPER(IOTCD,1,80) 
~J R I T E ( 3 , 1 0 7 ) H-} K 

107 FORMAT(1123X,'TOTALf,39X,13A1) 
CALL fYPER(INCRD,a~,82) 
GO "0-1 

22 READ(99,1081 IWK 
108 FORMAT( 'E N-D. 0 F- ~.O B f) 

CAL L T Y PER (" I l.A:i< 9 -1 , 1 0 ) 
CALL IOND-
STOP 111_ 
CALL NZQNE ( I NeRD, L, 4, NJ. ) 
N1=0 
CALL AIDEC(INCRD-,L,_L,Nl) 
IFCN1) 2~,25,24 
CALL _ LON()-

_ STOP 4'+4 _. 
CALLDECA1(INCRD,61968,L) 
L=O-
GO To 40 
CALL' TYPERiIEROR,l,5) 
CALL fYPER(INCRD,1,82) 

_ GO TO -1 
E'NO _ 

VAOABLE ALLOCAT·IO!\)S 
INCRD::OOSl" IPR/~T;0057 IOTC-D:::OOA7 
M = 00<: B K = 00 C C I I .:: 0 0 C D 

STATErvlENT ~ALLOCAT IONS 

ISTOP=OOAC 
LINES=OOCE 

101 =QOFa 106 =OOFF 102 =0107 102 =0111 

PAGE 02 

CSP134-30 
CSP1341.1·O 
CSP 13L~SO 
CSPl.3460 
CSP13470 

- . CSPJ.3 Lt80 
CSP13490 
CSP13500 
CSP13510 
CSP13520 
-(;.Sp13 530 
CSP 13~LrO 
CSP13-S50 
CSP13S60 
CSP 135-70 

CSP13620 
CSP13630 
CSP1364-0 
CSP13650 
CSP13660 
CSP13670 
CSP13680 

CSP13820 
CSP13830 -
CSP1~8lj·O 

CSP13850 
-CSP13860 
CSP1387Q: 
CSP1388--Q 
CSP13e90 

"CSP13900 
CSP13910 -
CSP13920 
CSP13930 
CSPI394-0 

I vlK =0089 - ISUiVi = 00 C 1 IE ROR=oO-C \ 
Nl . =OOCF 

110 :::013E lUS :::01 L 

:53., THL 
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lS-Ar-.1PL~_OPRAOBL~.·M2 ~01 SD .~ .~. . .... PA~E.-l 

1 5 ~ - ~ =01C6 4 =0102 40 =0202 5 =020(· 6 . 
l-o-'-:- '=02l~3' 31=0265 11 =0288 12 '=0292 13 =029F li; =02A3 21.550,' 
19 =0200 20 =02E~21 =02E8 22 =0313 23 =0322 24 =0336 

FEATURES SUPPORTED 
ONE WORD ~NTEG~RS 

-EXTENDED PREC~SION 
Ioes 

CALLED SUBPROGRAMS 
READ NCQMP' NZONE 
SFIO -'SIOAI 5-IOIX 

INTEGER CONSTANTS 
99::'OOD2 
60=OODC 
48=OPE6 
lO:::OOFO 

- 2=00D3 
.61=00DD 

- 55=00E7-
-111=00F1 

-EDl T A1DEC 
SUBse- S-TOP 

16 '+48 =OODlt· 
68:::'PODE 
21=00E8 

441.t·=00F2 

CORE REQUIREMENTS-FOR SMPL2 

MOVE 
- PRNTZ 

5440=00D5 
13=o"oe F 
40=00E9 

1911=OOF3 

,COMMON 0 VARIABLES 210 PROGRAM 640 

END OF COMPILATION 

ADD IOND -- DECAl - TYPEr-< 

0;-00D6- 1=00D7 80 
8=OOEO 20=00E1 l~ 9 

777=OOEA 4=00EB 666 
f638=OOF4 1365=OOFS 273 

-0 

s~o 
'~~--------------------.-----------~-----~------------~~-----------. 
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R 47 OB4E (HEX) WORDS AVAILABLE 

o 

CALL TRANSFER VECTOR 

CARRY 
NSIGN 
FILL 
TYPER 
DECAl 
IOND 
ADD 
MOVE 
AlDEC 
EDIT 

. NlONE-
NCOMP 
READ 

1123 
1007 
1082 
OC05 
08-5 A . 
OB3E 
OA7E 
OA40 
09D2 
08AF 
07FD 
07AF 
0750 

lIBF- TRANSFER VECTOR 

HOll 
. PRTY 

EBPA 
TYPEO 
EBPRT 
RPACK 
SUBIN 
ARGS 
SWING 
SPEED 
CAROl 
PRNXX 
PRNTl 
STOP 
SCOMP 
SIOIX 0 

SUBSC 
SWRT. 
SIOAI 
SRED 
ESTO 
ElO­
PRNTZ 
SFIO 
D I SKZ 0 

13AE 
135 E 
130 E 
l1E6 
1180 
1050 
1090 
1022 
106F 
OE06 
ODEO 
00D2 
0(50 
o BAl; 
0547 
0533 
087C 
05A9 
053A 
058A' 
06EO 
06F6 
06D8 

-0'0514 
OOF4 

ILS04 1401 
I LS02. 141D 
ILSOl 142F 
ILSOO 1441 

o 0338 (HEX) IS THE EXECUTION AODR6l 

___ --------_--.---_.....,....._-.--~~-- Tr 
~¥I 
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DAVESMARKE"T 
1 997 \-JAS H I NG TON S T" . 
NEWTOWN. MASSa 02158 

QTY 

8 
11 
10 

8 
. 6· 
17 . 
17 . 
17 
17 

-' 17 
17 

.25 
25 
10 

.10 
- 12 

12 
12 
12 
12 
12 

1.000 
4.000 

·200 
100 

5-() 
100 

'100 
100 

10 
-12 

12 
12 ~ 

12 
12 
12 

1,000 
A.,OPO 

200 
50 

100 
100 
100 
100 

10. -
12 

1,000 
4',000 

NAME 
PREV IOUS' BAl.ANC E 
SUGAR .", BAGS 
~HICKtN SOUP - CASES 
TOMATO SOUP - CASES 
SUGAR RETURNED 
COOKlES -'CASES 
GINGER ALE - CASES 
ROOT BEER - CASES 
ORANGE ADE ~ CASES 
CREME SODA - CASES 
CHERRY SODA - CASES 
SODA WATER - CASES 
DOG FOOD ... CASES 
CAT FOOt) - CASES 
SOAP ~OWDER - CASES 
DETERGENT - CASES 
HAM - TINS 
HAr·1 - LOAF 

. SALAr-11 
BOLOGNA 
CORNED DEEF 
ROAST 8EEF 
BREAD - LOAF 
ROLLS 
MILK - QU~,RTS 
MILK - HALF GALS 
MILK" GALS 
POTATOES --BAGS 
TOMATOES - LOOSE 
CARROTS - BUNCHES 
DETERGENT - CASES 
HA~~ - TINS 
HA~1 - LOAF-
SALAr-lI 
BOLOGNA 
CORNED BEEF 
ROAST BEEF 
BREAD - LOAF 
ROLL~ 
MILK'" QUARTS 
MILK' .. GALS 
MILK - HALF GALS 
POTATOES - BAGS 
TOMATOES - LOOSE· 
CARROTS - BUNCHES 
DET~RGENT - CASES 
HA~w1 - TIKS' 
BREAD - LOAF 
ROLLS' 

.···0 
AMT 

- $111.29' 
$-21002 
$38a76 
$30.11 -
$210 02CR '. 
$45(121 
$52037'-

- $52037 
$52.37 
$52c37 
$52037 
$.52037 

$101026 
$101.26 

$72.89 
$72.89 
$36.75 
$33.75 
$33.75 
$33.75 
$33.75 
$33075 

$150.00 
$150.0~i 
$57.4~ 
$57.42 
$57 ~lr2 
$11.23 
$11.23 
$11.23 
$72089 
$3.6075 
$33.7.5 
$33.75 
$331_75 
$33075 
$33.7"5 

$150.00 
$150.00 

$57042 
$57 a' .. 2 
$57.42 
$11 c 23' 
$110'23 
$11e23 
$72089 
$36.75 

$150000 
$150000 

C
··-
. II·) 
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Qry 
200 
100 

50 
. 100 
100 
100 

10. 
1-·2 
12 
12 
12 
12 
12 

f,ooo 
4.000 

200 
_ 100 

100 
100 
100 
100 

10 
12 

. NAME 
(\1ILK - QUARTS 
MIL K HALF G/,LS 
MILK GALS 
POTATOES - BAGS 
rOr-1ATOES .,.. LQOSE 
CARROTS - BUNCHES 
DETERGENT - CASES 
HA~1 - TINS 
HAM'- LOAF 
SALA\11 
BOLOGNA 
CORNED BEEF 
ROAST BEEF 
BREAD ... LOAF 
ROLLS 
MILK NO QUARTS 
fVLl L K •• HALF- GAL 5 
MILK'" HALF GALS 
POTATOES'" BAGS 
TO~·1ATOES tl> LaOS E 
CARROTS - BU~CHES 
DETERGE~T ~ CASES 
HA~1 - T l-NS -

TOTAL 

'-------:-------. ~ 
AMT 

$57.1+2 
$57042 
$57 ~42. 
$11.023 
$11023 
$11023 
$72089 
$·36 () 75 
$33c75 
$33,675 
$33(175 
$336)75 
·$33075 

$150'000 
$150000 

$ 5 -, () '~2 
$5704? 
$57,,4·2 
$11e23 
$11~23' 
$11023 

'$72.89 
$36075 

~ 
.; 

. ______ . ________ --:-:=:__ 1. 

5-'1',3 



STANDISH MOTORS 
10.WATER STREET 
PL¥.¥lOOTHt MASS.02296 

t·' . 

aTY 

20 . 
6 

20 
50 
50 

100 .. 

NAME 
PREVIOUS BALANCE 
AIR C(EANERS - CASES 
GREASE BARRELS 
TIRES 650 X 13 
TIRES 150 X 14. 
TIRES 800 X 14 
GASOLINE CAPS 

TOTAL 

~ __ "_C"~"-:~"'.:T"~ .1 

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

r~·. 

~/-

AMT 
$2,356036 

$200 (l03. 
- $1650 2l~ 

$260.038 
·$90.0053 

- $1,-·012000 
$99.68 

1 ,4 
. I 

__ . __ £ J..jJ..j _ TI 
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1130 COMMERCIAL SUBROUTINES 

ABSTRACT: 

Version II of the IBM 1130 Commercial Subroutines will be 
the primary emphasis of this session. - The general problem of 
commercial programming in pure FORTRAN and the history of 
partial solutions available at this date will be discussed. 
Version II of 1130 CSP will be compar~d to Version I and other 
available commercial routines. Performance in execution time 
and core requirements as well as current limitations will b~ 
presented. 

," 

, 
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s. F. Seroussi 

Thomas J. Watson 
. Research Center 

P. O. Box 218 
Yorkto\vn Hts •• N. Y. 

A series- of programs has been \vritten to-al1ow-180.0. 
user s to fully utilize the capabilities of the mM 2841- 2311 disk 
storage system within the frame \vork of the Time-Sharing 
Executive -- TSX, Version.3, Mod 1. 

A comparison is made between the 2311 and the 2310 
disks in programming techniques arid timing. 

I: 

G: 

o 



o 
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Physical Characteristics 

2310 

Capacrtr - Oxide coated disk with 200 primary, 3 alternate 

2 track cylinder s capable of storing 521, 304 16 bit words 

(1,042, 304 bytes) of which about 5I2K words are available to 

the user the rest being used as alternates to defective tracks. 

Each track is divided into four sectors. A sector is the basic 

. addressable unit \vith a capacity of 321 v/ords one of which is 

usually used for sector addressing and error checkout. 

Titning - The disk rotates a~ a speed of 1500 rpm; 

a revolution taking 40 ms. Word transfer rate is 36 K words/ sec. 

Cylinder to cylinder access' is 15 ms
l 

in single steps 

or 20 for double cylinder steps and a delay of 20 ms must be 

added to allow the carriage to stabilize itself. Average access 
time 530 ms. 

Bet"',veen sectors the shortest time available is 235!lsec 

(plus 27~sec for each word not used). As an exarnple, if we 

write 310 v/ords in a s ector and then continue to ·\-vrite on the 

next sectors the delay betvveen writes will be a minimum of 

235 + 27 x 11 or over half a millisecond. 1 

Programming - The following hard\va~ (rr..achine 

languaJ e) operations are available: 

1 
11odt1s AI, A2, and A3 .. 

SJ./7 



z. , 

CE Mode 

INITIALIZE ·READ-

INITIALIZE WRITE 

READ TO MEMORY 
READ - CHECK 

CONTROL (SEEK FORWARD OR BACKWARD) 

SENSE 

These operations must be executed one at a time with no 

chaining allowed and ,vith several restrictions imposed such 

as the need for a 20 millisecond delay between seeks or an error 

will result. Only ~ sector can be processed per I/O c0-mmand. 

Interrupts - Sensing the DSW for each disk unit provides 

the user with a series of indicators. The occurrence of an 

Operation Complete, causes an interrupt in the 1800. All other 

indicators 'Nill only be detected tog ether \vith Operation Complete. 

Bit 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14-15 

Data Status Word 

Interrupt 

Any Error 
OperatiQn Complete 
Disk Not Ready 
Disk Busy 
Carriag e Horne 
Parity Check Error 
Storage Protect Error 
Data Error 
Write Select Error 
Data Overrun 
Not Used 
CE Not Ready 
CE Busy 
Not Used 
Sector Count 

o 

o 
\ 
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3. 

Two or znore indicators '\vill be on when an interrupt occurs. 

Number of Drives Per System- Standard up to three. 

RPQ three mo~e. 

Typical I/O Comznand: 

XIO IOCCI 

IOCCI "DC TABLE 

DC 14DOI 

TABLE DC 321 

BSS 321 

DATA TABLE 

WRITE ON DRIVE 1, 
SECTOR 1 

COUNT 

A previous XIO would have moved the arm to the proper 

cylinder. 



4. 

2311 

Capacity - 12 oxide coat~d disks with the ten inside 

surfaces used :for recording data up to 7. 5 million 8 bit bytes. 

A pack is divided into 200 primary, three alternate 

cylinders and ten tracks (one for each recording surface) of 

3694 words each. Each track can be subdivided into records 

of variable length as defined by the user. The home address 

. which identifies the track and the first record on the track, 

RO, usually used to define the condition of the track (and its 

alternate if needed), are generated with special IDM provided 

programs with a standard format. A track would have the 
() 

follo\ving configuration: 

2311 Track Format 

Each of the above areas contains the follo\ving in.formation: 

Index Home 
Marker Address 

Oato Record R I 

Home Address 0\ 

5S0 
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Home Ad~ress Flag Byte: The flag byte in the home 

address is transferred automatically to the using system by 

perforrn.ing a read home addres s operation on the track. The 

bit significance is: 

Flag 
Byte 

lit Function or Setting 

o Zero 

Zero 

2 

3 

4 

S 

6 

7 

Zero 

Zero 

Zero 

Zero 
;,.. 

Track Condition 

Track Use 

o indicotes operative track 

1 indicotes defective track 

o indicates primary track 

1 indicates alternate track 

Flag: Byte 0 of the count area is generated by the 2841 

as each record i~ '\vritten. It is not sent from the CPU. Bit 

7=1 indicates an alternate track. 

Flog 
Byte 

Bit Function 

o 0 for even-count records (RO I R2, R4, Rt/ 

1 for odd-count records (Rl , R3, RS····) 

Used by the 2841 to ensure that all address 

markers (and records) ore present. The 2841 

signals a missing address marker when two 

consecutive, identical bits are encountered 

(unless on index point intervenes). 

Used only with record overflow feature. 

o for all non-overflow records and for the last 

segment of an overflow record. 

1 for each segment, except for the lad segment 

of on overflow record. 

2 Zero 

3 Zero 

4 Zero 

S Zero 

6 Track condition 0 indicates operative trock 

7 

1 indicates defective track 

Track Use o Indicates primary track 

1 Indicates a hemat. track 

Bits 6 and 7 are transmitted to the flog bytes of 

a II records on the treck from the flog byte ,.r the 

Home Addr~ss of thot track by the 2841 • 

SSt 
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Storage 

Units 

6 •. 

~-------------------y __ ------________ -J 

Coont Area Key Area 

index HA 

~~~~~ ______ ~ _______ R_l ______ ~ ________ ~ 

~ 
~ 

Address 
Marker • May Not be Present 

Record R I - Rn Format 

rn 
Address 
Marker 

Data Area 

Track Copocity in Bytes Track Capacity Bytes Required by Data Records (KL = Key Le.1gth.) 
DL = Dotu L~ngth 

When RO is Used as Sp'!cifj~d When RO is ~sed for Oo~o Records (except for lost record) Lost Record 

By IRM Programmi"9 Systems. Applicotion Data Without Key With Key Without Key .with Key 

23tr 3625 3694 61 + 537 
°L 

81 + 537 (Kl + D
L
) .D

L 20 + (Kl + Dl ) 
512 512 

Number of Bytes per Record when Number of Equal Length Records Per 2311 Track 

Record RO vsed as specifIed by 

IBM Progrommin.l Systems. I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 

Without Ke)' 3625 1740 1131 830 651 532 447 384 334 295 263 236 213 i?3 177 162 149 138 127 li8 

W' h K ~ I neTudes key bytes + 
.t ey tdoto bytes - I<'L + DL 3605 1720 1111 811 632 512 428 364 315 275 244 2'7 194 174 158 143 130 119 loa 99 

Record gaps are of a length determined by the size of the 

record. Track capacity then, varies with record length as 

shown in the above figure. 

Timing - The disk rotates at 2400 rpm with a revolu-

tion time of 25 ms. Access time fron1 cylinder to adjacent 

o 

o 



o 

o 

o 

7. 

cylinder is 25 ms; maximum access time (from cylinder 000 

to 200) is 135 ms and average time for' a random access ~s 

75 ms. Once the cylinder is accessed, an average of 12.5 ms 

is needed to reach the desired record. No delay is encountered 

in going from track to track because the access mechanism 

includes one read/write head per track. 

Progranlming - A series of commands each taking 3 

1800 words, are available to the user which allow for manipu­

lation of both the control unit and the 2311 drives. These commands 

can be classified mto four groups as recognized by the selector 

channel: Output Forward (Write, Control) 

Input Forward (Read, Sense) 

Branchi...'1.g (Transfer in Channel) 

Test I/O 

There are forty possible command codes(l) SOIne of which allow 

the user to operate on any of the elements contained in a track 

or in a whole cylinder. There is no capability to cross 

cylinder boundaries. This has to be programmed for and is 

very simple. 

Interrupts - Before considering the interrupt capabilities 

of the 2841-2311 system let us look at a simple diagram of one 

of these devices connected to an 1800. 

1. See Appendix I, pp L.2 for table of comrnands 

SS3 
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1800 1826-M2 
Selector Channel 

REQIN" 

~R_E--..;;:Q __ O.;...U..-.;.;T __ ""j')8 41 

2311 

2311 

From this diagram, it is evident that there are two interfaces 

of importance; (1) Selector Channell Control Unit (2841) and 

(2) Control UnitlIIO Devices (2311). 

Selector Channell Control Unit 

(a) If more than one control unit is attached to the 

selector channel, SENSE ILSW will deternline 'which one of 

them has interrupted. The machine configuration under 

consideration has one control unit so there is no need to 

execute this instruction. 

. 
(b) To determine the status of the selector channe.1, a 

SENSE CHANNEL STATUS \VORD can be executed. It is a 

similar step to sensing DSW on the 2310. It provides the pro-

grammer with the following information in the accumulator: 

o 

-r 
1 
I 



o 

BIT 

o 

1 

2 

3 

4 

5 

6 

7 

8 

STATUS 

Not Operational 

Unit Status Pending 

Program. Control 
Interrupt 

Program Check 

Data Check 

Interface Check 

Incorrect Length 

Channel Busy 

Unit Operational 

MEANlliG' 

Device Addressed not ready 
or not connect ed 

Control.Unit and Device Status 
Waiting for Further Action 

.Requested by Programmer 

Bad Parity on IOCC - Request 
Out of Bounds 

Parity Error - Write to 
Protected Ar ea 

Hard\vare Error 

Requested Length and Length 
in Disk Unequal 

Busy - Do not Request Another 
I/O or Card Check will Occur 

Unit Up - Actually In Use 

The fir st four conditions generate an interrupt. Further 

information can be obtained from the status of the control unit 

and devices. 

Control Unit/ Devices 

Up to eight 23lls can be attached to a single control 

Wlit. To obtain their status, a SENSE UNIT STATUS can be 

executed. If Unit STATUS PENDING occurred, it is necessary 

to do this sense in order to clear the interrupt. The 16 bits 
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0 
of information placed in the accunlulator are: 

BITS STATUS MEANING 

0-3 Address of Control Unit 

4 - 7 Device Address (0 - 7) 

8 Attention Not Used 

9 Status Modifie,r With 11, Control Unit Busy 

10 Control Unit End Control Unit Available 

11 Busy With 9 

12 Channel End (GEl ) Indicate Status 

13 Device ,End (DE) Of Operation 

14 Unit Check Error C; 
15 End Exception End of File Detected (A 

Record with Zero Count) 

The above bits can be on in s everal com~inations depending upon 

the operation in progress. In general, CE - DE together and 

alone, indicate a successful end of operation. Unit Check on 

the other hand, indicates an error. Three more sense operations 

are available to assist the programmer in determing the error 

source: 

(a) SENSE CCvV ADDRESS - will give the address plus 

three of the last commands used. 

(b) SEI'~SE BYTE COUNTER - will give the residual 

byte count. 0' 
(c) SENSE BYTES - will transfer six bytes of informa-

tion concerning the unit check from the 2341 to the CPU at ~1'l 



1 n '111 

o 

o o 

o 

o 2 

o 3 

o 4 

o 5 

o 
o 6 

, 
! 

o 7 

o 

o 

le:r'Y 

address specified by the user. The first two bytes contain 

most of the needed information as shown below: 

Command 
Reject 

Intervent ion 
Required 

Bus Out 
Parity 
Check 

Equipment 
Check 

Data Check 

Overrvn 

Trock 
Condition 
Checlc 

Seek Check 

Data Check 
in the Count 
FifJid 

Byte lit DesignatIon Significance of "I" 

Indicates that t~e 2841 has received an invalid 
operation code, on invalid sequence of com­
mands, on invalid Seek AddreH. The write 
portion of the file mask hos been violatcd. 
(See Set File Mosk.) 

Indicates that the specified file is not physIcally 
attachcd to the system :;,r, if physi colly attached 
to the system, it Is not available for use because 
the file mator is not on, a cover interlock is 
open, etc. 

Indicates that the 2841 has detected a parity 
error during the transier of a command or data 
from the channel to the 2841. A parity error 
detected during command transfer signals a 
Parity Check. 

Indicates thot on unusual condition is detected 
in the control or storage unit. Conditions 
covered by this bit are defined by Sense 8yte 2 
(See Appendix B). 

Indicates that a dota check error hos been de­
tected in the inFormation received by the 2841 
from the storage unit. 

Indicates that a chained CCW was issued but It 
was received too late to be propP.riy executed; 
or that a byte was received too late (during 
... ,;,~ operation) to be tronsferred properly; or 
the channel did not respand fast enough during 
a r~ad or s('arch. 

Whon writing, the remaining portion of the 
record area Is filled with zeros and the overrun 
check is generated. When rcoding or searching, 
the remaining portion of the record is ignored. 

Indicates defective track. 

A Track Condition check is generated under the 
following conditions: 
t. If on overflow record is being reod, written, 

or searched which overflows to a defective 
track, the interrvpt occurs after the lost 
byte on the previous trac k has been operated 
on and before the first byte for the defective 
track is requestcd from or sent to the channel. 
In this case overflow incomplete Is also set. 

2. If a single track command other thOR a 
Search HA, Read HA, or Read RO is executed 
on a defective track. 

3. If a multiple track command or an overflow 
operatiOf'1 attempts to switch from on alter­
nate or defective track after an operation 
has been executed. 

Indicates that the file has been unable to com­
plete a Seek becl]use: 
1. The Seek address is outside the valid address 

boundaries of the storage device. Unused 
seek address bytes must be a valid address 
for the device selected. Command Reject Is 
also set. 

2. less than six seek address bytes were sent. 
Command Reject Is also $et. 

3. The equipment foiled, which resulted In the 
access mechanism going to either the inner 
or outer stop. 

Indicates that cyclic check error has been de­
tected in a Count Area read from the storage 
device. Data check (bit 4) II' byte 0 Is also 
turned on. 

2 

·3 

4 

5 

6 

7 

Trock 
Overrun 

Cylinder 
End 

Invalid 
Sequence 

No Record 
Found 

Fil. 
Protected 

Mhslng 
Address 
Morlcer 

Overflow 
Incompl.te 

Sense Bytes 0 and 1 

Indicates thot writing has not been completed 
by the time the index point is detected. 

Indicates that Cylinder End has been detected, 
but the CCW Command Chain has not been 
completed. 

Indicates that on attempt has bp.en made to 
execute on invalid sequence of CCWs or that 
two Set File Mask commands appear in the 
some command chain. 
Valid commpnd sequences are defined in the 
Write and Erase command descriptions. Com­
mand Reject (Byte 0 bit 0) is also set when on 
Invalid sequence is detected. 

Indicates that while executing a chain of CCWs 
the 2841 has d~tected two I ndex Points witholJt 
completing on intervening command to read or 
write or search the Data Area, Read Home 
Address, or Read RO. It is also set in 
conjunction with Missing Address Marker if 
there is na data on the track. No Record Found 
is never set if the Multi-Track bit in the com­
mand (8it 0) is on. No Record Found will be 
posted if the address marker in front of the last 
physical record on the track is not detected. 

Indicates that a command was issued contrary to 
the file mask. The Comrr.and Reject oit is also 
set by this condition, if the operation violates 
the write portion of the file mcuk. 

A mining Addrt!u Marker, Which may indicate 
a missing rccord is dctected Juring the eKCCU­

tion of command or chain of commands whicf'l 
operates on successive Count Areas on a track. 
The condItion detected is two successive records 
on a track with equal bit conditions in bit 0 of 
the Flog bytes, with nl) interv~ning Index Point. 
MIssing Address Marker is set in coniu"ction 
with No Record Found if there is no doto on the 
track. 

This bit is used with the Record Overflow 
special feature. It Is set with other Indicators 
to signal conditIons as follows: 

Condition 

Overflow to a 
defective trock 

Overflow from on . 
alternate track 

Data check in data 
oreo of overflow 
record other than last 
segment. 

Ove rflow to File 
1 Protected boundary 

Overflow to wrong 
track (Head number 
unequol) 

Sets Overflow 
Incomplete and 
Other Indication 

Track Condition 
(Byte 0, bit 6) 

Track Condition 
(Byte 0, bit 6) 

Data check 
(Byte 0, bit 4j 

File Protected 
(Byte 1, bit S) 

Seek Check 
(Byte 0, bit 7) 

SS7 
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TyPical I/O Command: READ HOME ADDRESS; CYL 180-HEAD 8 

XIO SIO START I/O 

SIO DC CCW START I/O - IOCe 

DC "/9502 AREA CODE 18 - UNIT 2 

CCW DC 5 SEEK A.L~D CHAIN 

DC /4007 FOR RECORD SPECll"'IED 
AT SEEI{ ADDRESS 

DC SEEK "f"'\ 

~; 

DC 6 READ HO}Y1E 

DC /OOlA ADDRESS INTO 

DC HOME THIS ADDRESS 

SEEK DC 0 

DC 180 CYLINDER 

DC 8 HEAD 

HOME BSS 3 



c 
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Sofnvare 

The available software for the 2310 is well known to 

most users. In brief, there are programs to initialize the 

disk cartridges, test them for errors, label and define length 

of LET and FLET tables, and dump their contents when needed. 

Both FORTRAN and ASSEMBLY LANGUAGE routines are 

available to read and write to almost any area on the 2310 

. disks. System routines will define and label at your request 

buffer areas and will assign sector addresses. All the user 

has to do is punch a define file card, or a STO REDAT A card 

and the system will do the rest. Moreover, all of this is 

usually done with re-entrant subroutines enabling the user to. 

be free of worries about using a device from different interrupt 

levels. The only penalty paid, as the sample program vlill 

show, is time and overhead costs. All 2310 routines eventually 

call an I/O subroutine, DISKN which has been charg ed wi~h 

the responsibility of controlling all II 0 to the 2310 sand 

servicing the resulting interrupts. It should be noted that 

FORTRAN calls are not overlapped, 1. e., control is returned 

'to the user after the operation has been completed successfully 

or not. 

The software available for the 2311 as provided 

SS~ 
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is restricted to diagnostic programs and a disk initialization 

program. TSX does not support the 2841-2311 but programs 

have been written "which allow the 1800 FORTRAN and 

ASSEMBLY LANGUAGE user to fully utilize the 2841-2311 

capabilities.. These routines are at the present time being 

submitted as Type TV programs~l) Work in switching 

T SX to the 2311 is also being contemplated. The structure 

. of these routines is similar to those used to service the 23l0s 

but three differences must be mentioned: 

(1) The routines are not re- entrant. Given the speed 

of data transrnission, it is possible to rnask any interrupts 

while the 2311 routine is generating a chain of commands 

prior to executing the I/ O. The time delay is comparable to 

the time it would take to save and restore all needed parameters 

if made re-entrant. 

(2) The I/O can be overlapped. The return to the 

user is made irnmediately as soon as the I/O is initiated. The 

user has the option to examine the final interrupt to determine 

if the operation was successful o.r not or to ignore this fact 

'comp1etely and continue with his program. 

(3) The different I/Os are requested through calling 

sequences.. There is no special WRITE or READ as L~ the 
1. See Appendix II for further explanation and exarnplese 
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2310, and most of the parameters in FORTRAN must be fixed 

integers. There are 10 calls that can be used to generate a 

sequence of in~structions that will perform a certain I/O on the 

; 

2311 and two auxiliary calls; one that allows the user to write 

his own command chain and the other a busy test routine. In 

machine language, a th-ird special call allows the user to get 

to a table of param~ters and indicators saved by the 2311 ISS. 

As in the case of the 2310, the 2311 calling sequences execute 

all I/ a through a subroutine, DISKZ. 

Having provided a brief sketch of the software available 

for both 2310 and 2311 disk storage devices, it is possible now 

to look at the programs run to obtain some timing comparisons. 

The philosophy used was very simple; write and read back a 

fixed length record to both disk units under similar conditions 

and record the lapsed time between start and finish. 

TIMING 
Time 

Routine WRITE-READ I/O 2310 2311 Language 

- TTh1El 3200 words 7.188 sec. • 3-22 sec. FORTRAN-TSX 

TTh1E2 3200 words L 609 sec .. ASM-TSX 

TIME3 3200 words • 192 sec. A.SM-TSX 

$TIM:E 320 words .262 sec. ASM-ABS 

0 TIME4 320 words .. 918 sec. ASM-ABS 
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It should be pointed out that a data area for use of all the se 

routines was set up in FLET and '\lnprotected by means of 

DWRAD. This time was not included in the co:mputationso 

Also J the time shown for $TIME doe s not corre spond to a 

single write of 320 words but to five repeated attempts to 

write the same record. T:his was caused by an error in one 

of the routine s used and show s the timing effect of retrying 

a'n operation that failed with a recoverable error (in this 

case unrecove rable). 

It is evident that the use of FORTRAN for disk I/O in­

stead of Assembly Language is costly for the 231 o but that 

in the ca se of the 2311 storage device s, at the pre sent time, 

the difference is quite tolerableo 

o 
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STORAGE CAPACITY (MILLION BYTES) 

HIGH SPEED ACCESSIBILITY (milliseconds average) 

DATA TRANSFER (KILO BYTES) 

MULTIPLE UNIT GROWTH 

NUMBER OF CYLINDERS 

NUMBER OF TRACKS/ CYLINDER 
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APPENDIX II 

110 1 

The 2841 and 2311 Subroutine Package 

The 2841-2311 subroutine 5 were written to allow FORTRAN 

and/or Assembly Language users to avail themselves of 

the se high speed storage device s. 

The aim. wa s to or ganize the routine s along the line s 

of the 2310 support programs. To accomplish this~ a set of 

three subprograms were developed: 

1) The interrupt service subroutine (ISS), DISKZ, 

that ha.ndle s all I/O reque sts through its subroutine 

entry point and take s care of all re sulting inter-

rupts inforilling the user J if he care s to know, of 

the status of the last I/O executed. 

2) Ten calling sequence s which operate upon all or 

any elernent of a record, track or cylinder (see 

Table I). 

3. One additional subroutine with three entry points: 

(a) One entry point, DISI<X, which allows the 

user to write his own command chain and calls 

DISKX to execute the I/O and handle the interrupts. 

(b) An entry point T 2311 to a routine busy te ste 

~-"­~) 

o 
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0·""" ',.,) 

'An indicator is set to zero or one according to the 

busy status of DISKZ 

4) A d~mmy entry point X8Y9cp to a table of para-

meters and indicators kept by DISKZ .• 

DISKZ performs the same functions for the 2311 as 

DISKN doe s for the 2310. The other subroutine s determine 

which opera.tion is to be performed by the 2311 .. 

o 

o 



TABLE I 

2311 CALLS AVAILABLE UNDER 1800 TSX 

CALLWR 

CALLWRO 

CALLWKD 

CALLWD 

CALL RH.A 

CALL RRO 

CALL RCKD 

CALL RC 

CALL RKD 

CALL RDD 

CALL DISKX 

CALL T2311 

CALL X8Y9cp 

WRITE COUNT t KEY AND DATA 

WRITE SPECIAL COUNT KEY AND DATA 

\VRITE KEY AND DA TA 

WRITE DATA 

READ H.OME ADDRESS 

READ TRACK DESCRIPTOH. RECORD 

READ COUNT, KEY AND DATA 

READ COUNT 

READ KEY AND DATA 

READ DATA 

DIRECT CALL TO DISKZ 

DISKZ BUSY TEST 

ENTRY POINT AT BEGINNING OF TABLE 
KEPT BY DISKZ ~DUMMY CALL SHOULD 
NEVER BE EXECUTED) 

All these calls have a variable nu:mber of parameters. For 

furthe r inior:mation contact: 

R. C. Yens 
The Mitre Corporation 
Command and Management Systems 
Planning and Engineering, D-74 
P. O. Box 208 
Bedford, Massachusetts 01730 

o 

o 
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EXAt'lPlE OF 2311 CALL f ~!G SEQUEt'!CE' I N ·FORTRr.~ 

EXTEfHlAL RET 
INTEGER A(453),B(453) 
[STAG L I SH ADD RESS OF nECORD TO 8 E ~'~'r. t TTEr\ BY APPEND I NG TO 0/\ TA 
THE C Y Lit IDE", H E A DAr·! D P. r: cor. D ~! U 1/8 EnD Est nED (K E E P t N GIN HI r\ D 
T H f-, T J\ r. rL/\ Y S ArE S TOr< E D F R C L III C H TO L [I \J cor E I ~! THE I ~ Iv: 1 8 0.0 ) 

CYLltJDER 

A ( l~ 5 3 ) = .1 0 0 

I·:EAD 

A(452}= G 

• HtCG~~!) ~JUMnER AND KEY LENGTH I t! THE FORMAT RHKK ~'iUST BE GIVEN 
I t1 THE DEC I ~:Al [flU I VALENT OF THE HEXADEC r r·jAL ~!UMBER 
I N THE EXA'·~PlE T:·~Er.f \'/1 LL 3E NO KEY SO THAT FOR RECORD NUrv:CER 1, 
THE HEXADEcn·~AL NU:'1~~ER HILL ~E 0100 OJ{ DECIt,:AL 256 
1\ ( 4 5 1 ) = 2 5 £; 

\!R I TE COUNT KEY f,ND 0/\ T,"-

CALL \.'r:(RET,1,1,A(453» 

HEAD COUNT KEY J\ND DI\T/\ 

CALL RCKD(RET,1,100,G,1,C(453» 

HAlT Fon END OF OPEHATION 

CALL T2311(1) 
IF(lJ10,15,10 

'cALL Df.~PP(A(l), B(453)} 
CALL EXIT 
END 

.~ 
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c 
C CALL RET (KK) IS A USER WRITTEN SUSROUTINE TO HANDLE ALL NORMAL 
C AND ERROR ROUTINES - KK IS AN It'DICATOR PASSED TO THE USER 
C BY THE INTE~rUPT HANDLING SUE~CUTINE, CISKZ 
C 
C 

SUBROUTINE RETCKK) 
CA II :;~·lpP C KK) 
f-: ETU r{~! 
END 

(~) () 
, - -- -~ .. ---.- - -----.--~--.--.----
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ENT DHPP 
or·'!pp SHOU LD C E A US ER ~!R I TTEN SUB ROUT I NE 
TO Dur<p IN HEXADECn·1AL THE ",RRAYS DELIMITED 
PY T!-IE r" VEN PARAr,:ETEi~S 
DC .-. 
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ABSTRACT 

- Process Control in Natural Gas Transmission 

This paper will present the progress made by Trans-Canada Pipe 

Lines Limited, Toronto, in the field of process control computer"s. A 

brief desc ription is given of the feas ibility study prior to orde ring the 

compute r, the organization of the implementation team and the methods 

of implementation. 

The purpose of installing the process control compllter at Trans ... 

Canada is to save fuel by more efficient operation of compressor stations, 

and to guide the dispatcher into better control of the line, thus allowing 

more throughput at the s arne or bette r ope rating cos t. The c omp ute r is 

not closed loop, but accepts telemetered data from all compressor stations 

on a priority interrupt basis, optirTIizes the line by means of an on-line 

simulation program and then informs the dispatcher by typewriter output 

what changes, if any, to make to achieve optimal operation. 

A description is given of the telemetering system that feeds the 

computer and of the sirnulation/optill1ization program that is used to control 

the line. The cOll1puter, the IBM 1800, was installed in June 1967. 

o 

o 

o 
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PROCESS CONTROL IN NATURAL GAS TRANSMISSIvN 

1. Introduction 

As pipelines become more and more complicated, it is becoming 

increasingly difficult for the dispatcher to run his line with a high level 

of efficiency. This, of course, does not reflect on the dispatcher's ability 

but rather is a direct result of the tremendous number of variables that 

have to be controlled, espec ially in a line that is running at a high load 

factor. To make an intelligent analysis of the line the dispatcher has to 

know the flow through each compressorstation,. the horsepower available, 

the number of units running at each station, RPM of the engines, surge 

o 
restrictions and the sales pattern. 

The answe r to this problem has to lie with the on-line proces s 

control computer. The re are m~py fast, reliable and relatively inexpensive 

computers that, when connected to a good telemetering system, can provide. 

answers quickly and accurately to the dispatcher. I would like to discuss 

briefly the results of having installed a 1710 in September 1965, and later 

an 1800 in June 1967, at Trans-Canada Pipe Lines Limited. 

2. Desc ription of T. C. P. L. 's System 

Trans-Canada Pipe Lines Limited owns and operates one of the 

longest natural gas transInission lines in the world. It stretches 2,300 

miles from the Alberta-Saskatchewan border to Montreal and to export 

S?3 
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markets in the United States. In the domestic market it sells gas to 11 

distribution companies. 

Trans -Canada's main activity is the purchase, transportation and 

sale of natural gas. The original system was completed on October 10, 

1958. As a result of the wide acceptance of this fuel, the $ystem has been 

constantly expanded, and as at December 31, 1966 it consisted of 2,900 

miles of pipeline including loop-line. The investment in facilities is close 

to $600 million. 

The present system can deliv~r ~p to 1.4 billio11r cubic ~eet of gas 

per day. About 950/0 of the gas enters the system at the Alberta-Saskatchewan 

border, and takes about three days to reach Montreal. To give you an idea 

in terms of equivalent Bo T. U. 's this is equal to over 200, 000 barrels of 

fuel oil or about one,-fi£th of the current Canadian production an,d consump-

tion. 
''-, 

The power to transport the gas is provided by III compressor units 

totalling about 550, 000 horsepower. To give you an idea: 

An outside view of reciprocating station. 

An ins ide view of a rec iprocating station, high 30,000 
H. P., $7. 5 mm. 

An Orenda industrial gas turbine. 

A compact, fully automated jet station, 9 -·12, 000 H. P. , 
$1.5 mm. 

These units, most of which bu;rn natural gas, a~e grouped into 

45 highly automated compressor stations. This makes fora bewildering 

•. 
C

"'lt '\ 
I 
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Ci combination of power units and compressors, each with its own operating 

characteristics and restrictions. 

3. Statement of the Problem 

The problem has generally been outlined in the "Introduction", that 

is, the re are too many variables in a large pipeline for the dispatche r to 

effectively control the line. Spec ifically at T. C. P. L. the aim of the 

process control computer is to save fuel by more efficient operation of 

compressor stations and to guide the dispatcher into better control of the 

line thus allowing more throughput at the same or better operating cost. 

With the fuel consumption being in the order of 100 million cubic feet per 

day, it would only take a one percent saving to make the system pay for 

CI 
itself. In addition, from five to twenty million cubic feet of additional 

throughput can be achieved on some days that the line has upset conditions, 

by giving the dispatcher better operating data quickly. 

Since Trans -Canada Pipe L"ines is designed such that all the gas 

. that is moved can be sold, the above figures can be translated into direct 

additional revenue and are not merely paper savings. 

4. Feasibility Study 

In the early part of 1963 management approved the starting of a 

feasibility study for the installation of a process control computer. A 

task force was formed consisting of the Supervisor of Programming, 

o 
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together with two part time representatives from Engineering and Operations 

departments. The task force reported to the Manage r J Systems and Data 

Processing, and regular monthly reports were issued to management. 

Outside consultants were also introduced to work with the task force and 

advise primarily on selection of hardware. 

The task force concentrated on: 

I. Definition of the problem, including current practices. 

II. Visits and discussions with other transmission companies. 

III. Intensive disc us s ions with equipment manufacture rs . 

IV. Selection of equipment. 

Around November 1963 it was established that through increased 

automation in the field, the instantaneous transmission of such information, 

by teletype, into a process control computer was possible and economically 

feasible. In our case the economic justification was one of the most 

difficult as s ignments . Though the?retically no one could argue with the 

mathematics and the fact that all technical people agreed that the savings 

should eas ily equal the expenditure, it was hard to show it. In this bus ine s s 

it is impossible to establish a controlled experiment whereby the line is run 

with and without the computer, under the same conditions. The alte rnative 

was as follows: 

Part of the feasibility study was the creation of a program simulating 

the pipeline. It was a crude version of the eventual process control 

prograITl. We then selected certain events in the past and the decision ITlade 
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C' by the dispatcher. Then by running the program on an off-line computer, 

we develop the solution. This we found could then be compared with the 

actual facts and its effect on the operation translated into dollars and cents. 

We had little difficulty in showing that even if the compllrter was not 

used for anything other than such occasional events, we would recover the 

investment. Any additional application would represent extra benefits. 

In spring of 1964 rnanagernent approved the prograrn and a full 

time implernentation group was established. The hardware was selected 

and the delivery set for September 1965. 

The computer selected was the IBM 1710. We had been using a 

1620 up to this point so changing to a 1710 on a time-shared basis eased 

c) our prograrnming effort. The computer was a Model II, 60K d~sk systern 

I"t,,": 

" 

with card I/O and typewriter output to dispatch. In addition, the dispatcher 

could communicate with the 1710 by a n1anual entry device. 

This 1710 was replaced by an 1800 after only 19 months, since the 

latter had about three tirnes the core, five tirnes the speed ap.d only rented 

for three quarters of the 1710 system. 

The conversion was simple since the 1800 prograrn~ were all in 

FORTRAN while the 1710 programs were written in SPS. 

5. De sc ription of Telernete ring &. Autornation 

All 45 cornpressor stations and three large meter stations are fully 

telemetered and most are remotely controlled frorrl the central dispatch 

office in Toronto. 

S?? 
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The telelnetering works on an exception basis, i. e. no inforlnation 

comes in from a station unless an alarm or upset is present at that station. 

An alarm is a change in the status of a unit or the recycle valve. An upset 

is defined as a change of 10 p. s. i. in either the suction or discharge 

pressure. The lnaster telemeter control at Toronto, continuously polls 

each station sequentially to see if there is an alarln or upset there and if 

not) passes on to the next station. If there is, an alarIn or upset message 

consisting of all the variables for that station, COInes in to the 1800. 

An hourly log is autoInatically produced on a logger showing the 

suction and discharge pressure, number of units on-line, horsepower and 

fl~w for each compressor station. 

The dispatcher will eventually have full unit stop/ start control at all 

compressor stations. When a unit is turned on or off by the dispatcher, 

the station autolnatically adjusts itself to this new condition. 

At present there are about 1,000 alarms and upsets corning in to the 

1800 in a 24-hour period. It is obvious that this amount of data does not 

allow the dispatcher sufficient time to analyze each Inessage. One of the 

functions of the process control cOInputer is to filter these Inessages and 

print out only the significant changes. 

6. Description of Co:mputer Guide Syste:m 

The IBM 1800 is co:mposed of a 32K Model II me:mory, card reader I 

punch,· three disk drives, two remote 1053 typewriters and a decade switch 

··c' '\ \ 
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c manual entry box. In addition, a special interface/buffer has been designed 

by IBM that accepts the telemetered alarm and upset messages as they corne 

in serially by bitt .converts them from Baudot Code to internal code, stores 

them in a special buffer and creates an interrupt to the computer when a 

digit has been assembled. 

The system is operated on a time-shared basis in the sense that all' 

existing computer applications are run on the 1800 at the lowest priority 

level. These applications include engineering design, gas sales, sales 

forecas ting, delive rability of gas wells, etc. 

We are using TSX-3, Mod. 3 which takes about 11K of core. We 

have had very little trouble operating with this system except for minor 

troubles in earlier versions. 

All the process control and most of the off-line programs are stored 

on the disk. In total, there are ten levels of priority within these programs 1 

(see list in Appendix). The non-process or off-line programs have the 

lowest priority. Level 4 has been assigned to the manual entry box whi<;:h 

allows the dispatcher to ask for any data or program fronl. the Gomputer. 

The timed interrupts from the real tiIne clock every 35 seconds, is level 1, 

and the telemetered alarms or upsets, level O. Hardware interrupt for 

the typewriters, digital inputs and disks fill the intervening levels. 

The following is a detailed description of the various programs 

s e rvic ing the s ys tern . 

c 
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A. .Alarm/ Upset Program 

This program handles the assembled alarm, upset and demand log 

messages which have been assembled into complete messages by an in-

core routine called CAEPG, and operates at level 7. CAEPG itself 

operates at level 0 and calls in the Alarm/Upset program after it has 

assembled a complete message. An alarm is defined as a change in the 

status of a unit, recycle valve, gene rator lock-out or local/ remote 

indicator. As soon as the message stack located in the computer memory 

contains an input message to be processed the Alarm/Upset program is 

called in after any appropriate lower level has been saved. This program 

then checks the incoming message to determine if it is an alarm ?r upset. 

If it is an upset it takes all the data that has come in on the upset message, 

i.e. pressures, temperature, flow, number of units on-line and calculates 

horsepower and if it is a turbine ~~ation, RPM, Head, ACFM and Surge 

condition. At this point the program checks these variables against 

operating restrictions and if any are violated, types a message to the 

dispatcher telling him the time, station number and the particular offended 

condition. Ii no violation has occ urred, no advice is given to the dispatche r; 

in this way many of the needless upset messages are eliminated. 

If the interrupt has been caused by an alarm, the above procedure 

is repeated, but in addition, the particular data that comes in for alarm, the 

status of each unit and position of recycle valve, are checked and the reason 

for the alarm is printed out in English. 
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B. • Time d Inte rrupts 

There are several programs that can be called in this level by the 

tiIned interrupt that occurs every 35 seconds. The intel'rupt is ignored 

until fifteen minutes to the hour at which titne a program is called in to 

check if there are any stations that have not produced an alarm~ demand 

or upset in the past three hours. If there are, these stations are printed 

out for the dispatcher to call up via a demand log. Altho\.lgh it is perfectly 

acceptable for a station not to alarm or ups~t in a three hour period, this 

acts as a check to make sure that the station's alarming equipment is 

working, and ensures that these stations will have their computer-stored 

data updated at least eve ry three hours. 

Every hour, an hourly log is p;rinted from data stored internally. 

The suction pressure J discharge pJ;'essure ~ number o.f units, set point, 

flow J and B. H. P. are logged for each of the stations on the logging type-

writer. After this has finished, a.:nother program is called in that 

computes horsepowers J flows, flowing temperature and pressure J and line 

pack for the entire line. This information is used during the following 

hour in the handling of alarms and upsets. 

At eight o'clock in the morning a complete statistical repo;rt is 

produced showing the horsepower hours ~ operating and standby hours for 

each station, the number of alarms J upsets and fals'e alarms and change 

in line pack for 24-hours. 

" ... ~~:: ~ 

sfl 



Page .•• 10 

c. Manual Entry Unit 

The dispatcher can call for either data or a program from the 

computer' or enter data into the computer via his 1077 manual entry device 

consisting of twelve rotary decade switches and an interrupt button. For 

example, if he wishes to know what the horsep?wer is at a station, he dials 

the station number and a two-digit code specifying horsepower, presses 

the interrupt button, and if higher level programs are not running, will 

receive the horsepower within three seconds on the typewriter. 

If he wishes to change say a sales volume at a particular point in 

the data stored in the computer, he will dial a sales code, pipeline section 

number and the new sales volume, press the interrupt button and the data 

will be entered into the disk. 

He can also call the simulation/optimization program at any time he 

wishes, by dialing the particular c,ode for that program. He would 

probably do this at the occurrence of a major disturbance to the line such 

as a station or large horsepower unit suddenly dropping off-line. This 

program may take up to five minutes to run depending on the number of 

alarms and upsets which occur and also the complexity of the pipeline due 

to the non-availability of horsepower. 

D. Simulation and Optimization Program 

The heart of the process control system is the simulation and 

optimization program mentioned above. This program is called in by the c" 
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o dispatche r via the manual entry device to scrutinize pipeline conditions 

and determine if there is any way to improve its operation. 

The sUnulation program uses an iterative procedure that increments 

the flow into the line by 5 million cubic feet, using the existing flow as the 

starting point. With each inc rement in flow, the program proceeds down 

the line computing pressure drops, and determines if there is adequate 

horsepower available to handle the additional flow. The initial increment 

of 5 million cubic feet is doubled with each iteration. Eventually after 

several iterations, there comes a point at which the line is incapable of 

handling additional flow. The program then decrenlents the flow by one-

half of the last inc rement and tries this amount down the line. If this 

C proves successful, another half again is added and so on, until the difference 

is down to.z million cubic feet. This process is quickly convergent, azlH 

the whole process takes about six minutes on a Model II 1800. When the 
'-, 

final flow has been determined, a check is made to ascertain if any 

miniInuITl RPM or Surge restriction has been violated. If so, corrections 

are made to the stations in question and a final pass determines if the flow 

has to be reduced slightly to compensate for these adjustments. 

The final output to the dispatcher consists of a list of compressor 

station's settings to be used to achieve efficient running line conditions. 

The dispatcher has to use his judgement as to what order to change the 

horsepower, and whether to do so at all, if he knows of a particular line 

o condition cOIning up that is unknown to the computer which would negate 

its instructions. 
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The dispatcher can call in the simulation/ optimization program to 

solve a hypothetical problem such as: how should the line be set up to 

handle the' shutdown of a partie ular station that is going to occur tomorrow 

due to n'laintenance? In this case, he can dial in the station that is going 

to be shutdown, plus any other pe rtinent information, call in the program 

and get his answer within five minutes. 

7. Conclusions 

Here is what we have achieved. For a relatively small incremental 

cost we have successfully entered the process control field. Without any 

reservation we are satisfied that we have met the original target. We know 

that we have saved in fuel requirements. The computer has provided o 
guidance to the dispatcher which in turn resulted in higher throughput. It 

would be rather difficult to pinpoint exactly how much of this extra throughput 

- ......... " 

is due directly to the process control system due to many inter-related 

factors. Whatever the inter-relationship we are satisfied that it is higher. 

In addition we have derived the following extra benefits: 

We have a hardware system capable of accomITlodating large and 

sophisticated programs to be used by other departments in the 

company. Our Engineering department uses it several hours a 

day for pipeline design. 

We have a competent and active group trained in the disciplines o 
re,quired for a successful development of advanced scientific 

application ~ 
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o 
Protection of facilities against hazardous operation by scanning 

and informing the dispatcher when a station does not respond. 

We learned new facts about our system. Installing a computer 

system forces one to think more deeply about your operations. 

Faster preparation of reports on daily operating conditions and 

inunediate corrective action. 

Management can reach decisions on quantitative facts presented 

in real time J instead of afte r the fact. 

o Plan a better maintenance shutdown schedule. 

Closed loop which is theoretically possible now, is a possibility. 

For the time being we are not investigating this aspect for a num~er of 

reasons J the most important of whis.:h is safety and the fact that reaction 

time is not critical in our ope rations and hence closed loop would be 

difficult to justify financially. 

Thank you. 

o 
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Levels Position 

0 0 

1 0 
2 0 
2 1 
2 2 
3 0 
3 1 
3 2 
3 3 
3 4 
3 5 

'3 6 
4 0 

4 1 

7 0 
8 0 
9 0 

10 o 

11 o 

APPENDIX 

Inte rrupt Levels 

Device, 

Tel. Inte rface 
(CAEPG) 

Time Inte rrupt 
2310-1 
2310-2 
2310-3 
TYP-l 
TYP-2 
TYP-3 
1442-1 
1442-2 
DAD 
DI 
1077 

. Console 

...... , 

LEVLV 
Console 
Manual Ent ry 

Out of Core 
Interrupt 

Keyboard 

Type 

Us'er 

TSX 
TSX 
TSX 
TSX 
TSX 
TSX 
TSX 
TSX 
TSX 
TSX 
TSX 
User 

TSX 

User 
User 
User 

User 

User 
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Recognize interrupts - Call 
Level 7 for all reading and 
analys is. 

Recognize interrupts - CaIJ~. 

Level 9 for reading and. 0 
analysis . 

Calle d by Level O. 
Call QUEUE Prograln{CONSL) 
Called by Level 4/0 - for 
reading dials and all 
analysis. 

. Type message. 

Call Intex. 

o 
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SYSTEMS AND PROGRAMMING PROJECT MANAGEMENT 

The allocation of limited systems and programming 

resources to the highest payoff areas is becoming more 

important as data processing installation costs continue 

to rise. Long and short-range plans properly approved 

by top management and formalized systems project manage-

ment are vital tools to assure that systems capabili'ty 

is focused on the major areas of the enterprise and ade-

quately controlled to attain the stated objectives. To 

o work effectively in this environment, additional demands 

are placed onto the systems group to develop systems plans 

in terms easily understood by top management and onto 

data processing management to bring about fulfillment of 

the approved plans on time and as economically as possible. 

Ralph B. Sackman, Jr. 

w~@~~n LS[]j 
OCT 25 1967 

C.S.C. COMPUTER CENTER 
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ORGANIZING FOR MAXIMUM COMPUTER RESULTS 

By Ralph B. Sackman, Jr. 

A typical goal of many organizations today is to"use a com­

puter 'to provide information for more effective management of the 

enterprise. In the. eyes of management the computer has passed 

through the trial stage, 'which has tended to restrict its usage to 

record keeping activities in the past, and third generation equip-

ment has been developed with far more capacity and flexibility than 

was previously available. But more than management approval and 

.computer equipment.capacity is needed to achieve maximum computer 

results for the entire organization. 

The first step is to eliminate "fire fighting" that can ab-

~" d 
sorb most of the available system'sAprogramming resources. This 

can be accomplished by formali~ing responsibilities within the data 

processing area and by establishing a standard method for computer 

users to request program changes and other services. The timely 

and accurate reporting that results from a'well organized data pro-

cessing function builds confidence in the ability of systems and 

programming people to assist in solving problems in other parts of 

the organization. 

The next step toward achieving maximum computer results is to 

assure "that new systems are relevant' to the interests of management. 

An approach toward this end would include a top level management 

steering committee to direct the overall data processing program. 

Effective communication between the steering committee and the systems 

o 

group, including development of a long range plan, assures mutual 

understanding of management interest and expected system performance. Cit 

1. 
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An example follows of the specific actions that could be 

taken to formalize responsibilities in an existing computer opera-

tion and to .expand computer usage. 

EXISTING OPERATION 

A large number of program maintenance tasks could remain 

after the conversion of a large application. An inventory should 

be taken of the maintenance ·items and a short term schedule publish-

ed citing the task·description, the requester and the approximate 

time to comple~e. The schedule would enable the supervising pro-

grammer to ascertain priorities and assign the work on a systematic 

basis to his staff. A request for data processing services· form 

should be put into effect simultaneously with the short term schedule 

for use by interested parties in requesting additional maintenance 

programming work. Verbal requests for programming work should be 

discontinued. 

Other procedures should be put into effect to make formal the 

communication between the programming unit and computer operations. 

Verbal requests for services from or instructions to computer opera-· 

tions p~rsonnel from the programming unit should be discontinued by 

means of two rather simple forms. One is a transmittal letter for 

requesting computer room services, including the keypunching, assem­

bling and testing of pr·ograms and other related -- tasks. The second 

transmittal letter is to send new or revi~ed object pro~rams to the 

computer operations supervisor. He would utilize this document to 

assure adequate program library maintenance and to inform the computer 

operators of changes to programs. Formalizing the communication in 

this manner would reduce the misunderstandings between the programm-

Of ing unit and computer operations. <, •. 

2. 
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computer operations could meet the servicing needs of the 

programmers while maintaining production schedules by establish­

ing priorities for compilations and testing. Only vital produc­

tion jobs should carry a priority higher than program, compilations 

and testing. Programmers should receive the results within a few 

hours and carryon with their work without lost ,time. Through 

this procedure the computer users should receive good service on 

their requests for modifications and difficulties should not be 

experienced in meeting existing production schedules. The computer 

operators should run all program tests and assemblies utilizing 

written instructions submitted by the programmers. Keypunching of 

programs should also be handled under a priority 'procedure where a 

priority one would require immediate attention of the keypunch 

operator and a priority two would require return of the punched 

cards and coding sheets within forty-eight hours of receipt. 

The librarian !unctions within the computer operations unit 

should be assigned to a single individual. That person would main­

tain the program object deck library utilizing the object deck trans­

mittal forms from the programming unit. Programmers or other indi­

viduals should not be permitted to insert or delete object programs 

from the library. The librarian should update the computer setup 

and run instructions to notify the computer opera tors of changes 

in operating procedures'brought about by the program revisions. The 

single xesponsibility concept should also be utilized in maintain­

ing the magnetic tape library. Only the librarian should be per­

mitted to select tapes from and return tapes to the library. 

3. 
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A reporting system for computer utilization and scheduling 

should be developed. The reports should include program efficiency 

statistics which would show the number of program tests and compila-

tions provided to each programmer. The results would indicate the 

problem of excessive computer runs caused by inaccurate coding. 

Utilizing this information, the supervising programmer could discuss 

performance in specific terms with each of his programmers. Other 

reports should show computer time spent on production runs by appli-

cation area. Computer time trends should be charted to foresee any 

need for additional equipment_or a modified configuration. Machine 

loading would be leveled by means of a monthly forecast of computer 

time which would portray days that are overloaded. The computer 

operations supervisor would utilize this report to rearrange sched-

ules, where possible. 

Programming standards should be developed to assist in main­
~"d 

taining the quality of work tft a high level production in the pro-

gramming unit. Standard methods and documentation permit the 

assignment of program maintenance to junior programmers, thus re-

leasing for other new work the programmers who originally wrote the 

programs. Approv~l for departure from the standard methods should 

be obtained from the supervising programmer. The standards should 

be·reviewed regularly to insure that they are up to date, realistic 

and useful. Preparati6n of standard'program documentation prevents 

misunderstandings by maintenance programmers. and by computer opera-

tors responsible for the proper usage of the program. Thus, the 

program maintenance and program running tasks should become routine 

functions that do not require substantial time of systems and pro-
~, 

gramming personnel assigned to new areas. 

4. 

S9/ 



NEW AREAS 

Attention should next be focused on the w~y to organize the 

systems effort for work on new long term projects. Definition and 

selection of future projects often is not as obvious as the original 

application that justified the computer. The justification of cer-

tain projects would be based largely upon intangible benefits 

rather than reduce9 clerical workload, reduced accounts receivable 

float or improved customer service. To provide continuing assurance 

that the systems and programming group is working on the right prob-

lem, a martagement steering committee should be appointed by the 

president. The committee's broad function should be to ev~luate 

planned systems projects and establish priorities. 

Soon after appointment of the, steering committee, the'data 

processing group should prepare a tentative long range schedule 

showing the major areas of computer usage. The long range schedule 

should be submitted to the steering committee with the understanding 

that systems planning reports would be furnished to the committee 

prior to final approval on any new project. The systems planning 

reports would show the changes required to improve the flexibility 

of existing systems, the recommended sequence of projects and the 

approximate costs. The reports would be written in business termi-

nology and make little, if any, reference to the computer itself. 

The steering committee would review the reports to assure that the 

proposed results are relevant to needed management information and 

. to satisfy itself that the results are worth the conversion costs. 

Upon approval the steering committee would request that appropriate 

persons be assigned to a project team to work with the systems analyst uC 1 . \ 

to develop a detailed systems design. 

5. 
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With multiple systems projects in progress, effective project 

management is essential. The data processing group should operate 

~ under the project leader concept where one person is responsible 

for a project from the systems planning phase through to the time 

that all programs are operating successfully in production. The 

project leader would be responsible for estimating the completion 

date, scheduling all required activities, and recommending the pre­

cise boundaries between his project and others. Each project leader 

would report monthly a~ to his progress against plan and ~ould state 

problems he has encountered that are beyond his control. Programmers 

would be assigned to the project leaders based upon demonstrated 

ne~d. Project backlog should be documented at all times. 

The project leaders would work in partnership with designated 

operating personnel toward realistic and economical systems design 

in new areas. The operating personnel would approve the systems de-

sign as it affects their operations and the systems project leader 

would develop the detailed plan to meet the desired criteria. The 

management steering committee should be kept informed of progress 

through minutes of meetings and should review the Objectives and 

their values prior to implementation. 

A significant advantage in reducing "fire fighting" and es­

tablishing a reporting relationship with top management is the 

salutary effect upon the esprit de corps. of the systems and pro-

gramming group. Personnel in the group know what projects are ahead 

and realize that consideration of the backlog and work in progress 

is considered thoroughly prior to a decision involving a change in 

direction. Each of them would be assured of participating in a 

o . worthwhile project. In addition there is little chance that per-

sonnel would be pulled off a long term project to correct a day to_ 

day reporting or control problem. 

6. 593 



---------------,-------.. "".,~ .• ~~ ... ~.~.".,.,~~== 

In summary, formalizing the.present operation would make 

intelligent assignment of person~el possible. Appointment of a 

management steering commi ttee and the systems planning concept C; 
would.assure that new long term projects attack the largest payoff 

areas first. There would be a mutual understanding between manage-

ment and the data processing group as to where the data processing 

effort stands today and where it is going. Ultimately, the customers 

and stockholders would benefit because effective computer'usage would 

enable management and employees to do a better job. 

7. 
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December 20, 1967 

To: Members of 1620 Project Section COMMON Users 

o From: Tony A. Ross and Richard D. Ross, CQ-chairman 1620 
Project Section 

c 

• 

As I promised in San Francisco, enclosed you will find a copy 
of the names and addresses of all 1620 USERS regis,tered at the 
San Francisco meeting along with the comments that each of you put 
on the sheet that Richard passed out at the first meeting. Please 
read these comments carefully and if you can help any of your 
brother-members in any way, please contact them on an individual 
basis~ . 

I noticed that many of you were interested in some items and 
upon compiling the list I found that someone else had been doing 
work in this particular area. So maybe with a lot of correspondence 
back and forth, we can be of help to each other. 

I just finished a letter to Dr. Jardine suggesting that he 
send a copy of the Kingston compiler directly to me and I, in turn, 
will send each of you a copy if you are interested. As soon as 
he answers my letter and sends a copy of the processor, I will then 
write to each of you, and you may request a copy from me. Do not 
let this deter you from writing directly to Dr. Jardine if you so 
·desire. 

I am also in the process of completing the copying of the 1620 
Newsletter and as 800n as these are completed, I will mail these 
to each of you that specifically requested the remainder of the 
Newsletter. 

Keep in mind our next COMMON meetin~ to be held in Chicago 
A,ril 8-10 at the Pick-Congress Hotel. I will be glad to accept 
any abstracts or papers you would like te, present now. I think 
the meeting in San Francisco was very informative and useful to 
each 1620 User that attended. Let us all work together to make the 
meeting in Chicago even more useful and this can only b~ done with 
the cooperation of everyone. 

Since it was suggested that some.papers be given on how to 
write or modify compilers, I am especially interested in papers of 
this nature. Although, any useful paper will be accepted. If any 
of you are doing work 1n the CAl area, I am sure that this would 
be of interest to the Users that attend the Chicago meeting. 

I want to use this letter to personally thank each of you for 
attending the meeting and.making it the success that it was. I 
especially would like to thank the ones of you who presented the 
very useful papers that were given. 

,~:,.~, 
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Again, let me remind you to be thinking about papers and 
send any information that you have that might help for the 
Chicago meeting. 

I hope' that each of you had a Merry Christmas and a very 
Happy New Year. 

'Y 9urs t ru).y ), 
. i /['71,7 ;i tA. {9-:! .. :!_/ 

Tony A. Ross and Richard D. Ross 
Co-chairman 1620 Project Section 

P.S. Don't tell me about "sunny" California anymore. I almost 
froze to death the whole time I was there. 

10." V 
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A. Moore, W. T. 
Presently awaiting deliv~ry of Monitor I system 
1620 Mod-l, 40K, 2-tapes 
1443 Printer and Disk 

B. streeter, T. D. 
Modell, 40K 

c. Sloboda, J. 
1620 Mod-I, 20K 
Interested in obtaining help on modifying processors 

D. Brummer, Bro. Elmer 
1620 Mod-1, 20K 
Interested in COBOL compiler for 1620 

E. Schrader, H. C. Mrs. 
1620 Mod-l, 20K 
Have made modification to PDQ compiler 
Have~recompiler for PDQ FORTRAN 

F. sward, R. W. 
1620 Mod-l, 20K, 2-1311, 1443, Teleprocessing working on 

• 1. Computer assisted instruction 
2. Computer based counce11ing 
3. student scheduling 
4. Student transcript processing 

Interested in DATA SPS for 20K - 1620 

G. LaRue, Richard 

1620 Model I, 40K, 1 Disk, Printer 
1. Interested in obtaining: 

2. 

a. Kingston FORTRAN 
b. DATA SPS 

Can 
a. 
b. 

c. 

d. 
e. 
f. 

Contribute. 
Test analysis program using 1230 optical scanne~ 
Tabulation and cross tabulation program for 
Questionnaire and survey Analysi s.· 
Medi.cal (or other graduate college) . school adm;,s$ions 
evaluation system . . 
student Scheduling Programs 
Alumni processing ~9/) 
SPS SORT routines available for FORTRAN .~. J 
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H. Fricke, E. C. 
1620 Modell, 20K 
1. Interested in 

a. Student use of 1620 
b. Student scheduling on 1620 
c. Batch processing 
d. PI:"ecompi.!.ex for PPQ 

I. Goldstein, J. H. 
1620 Model II, Disk Drive, 40K, paper Tape Input 
1. Need 

a. Information on Data SPS for 40K 

J. Lahners, E. L. 
1620, Model I, 20K, 1621, 1622, 1624, 1626, 1627 
1. Need PDQ for plotter 
2. Processor Available 

a. FORTRAN 
h. PDQ FORTRAN 
c.. FORCOM 
do. PDQ-FORCOM 
e. NeE 

3. Programs Available 
a. Payroll 
b. Engineering manpower, cost analysis 
c. Pharmacy drug cost accounting (patient, service) 
d. statistical programs 
e. Neutron Activation Analysis (Simplex Method) 
f. Registration (patient Record Information Retrieval) 

K. Jones, C. E. 

L. 

M. 

1620 Model I, 40K, 1443 Model' 2 (on order), 1 Disk 
1. Need information on Kingston FORTRAN for Disk with 

and without printer 

Jones, C. E. 
Model I, 40K, with P Disk and Printer 
1. Interested in re-read for. FORTRAN II and save paper 

for Monitor I 

Emerson, J. T. 
Model II, 20K, with 1 Disk and no printer 
1. Interested in Data SPS, 20K, Version and Compiler 

modification (10 cards) 
2. Can contribute: 

8. Program that reads Porta punched cards for FORTRAN II D 

r 
! 

i 

I 
r~ : U! 

program 
b. Program to punch a contour map in 9 densities 
c. Program interrupt - runs large program until start 

"0 
button is depressed, then the large program is stored 
on the disk and the smaller program is processed. Upon 
completion of the smaller program, the larger program is 
then brought off the disk and continues to run. 

.. ", .......... { 
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For information on items 1-3 contact 
H. Miller 
Fresno state computer center 

Em 



Mrs. LoB. Austin 
General Motors Inst. 
Flint, Michigan 

Paul A. Bickford 
DePauw University 
Greencastle, Indiana 

Bro. E. Brummer 
St. Edwards University 
Austin,Texas 

J. C. Cakin * 

J.G. Caslin 
Aerospace Research 
Dayton, Ohio 

JoT. Emerson 
Fresno State College 
Fresno, California 

R.L. Ferral 
U.S.W.B. Sacramento RFC 
Sacramento, Calif. 

DoW. Forsyth 
Continental Can Co. 
Ch i c ag 0, Ill. 

E,C. Fricke 
Linfield College 
McMinnville, Oregon 

J. H. Goldstein 
Emory University 
Atlanta, Ga. 

L.L. Hoffman 
Princeton University 
Princeton, N.J. 

S. Iwasaki 
Palo Alto UNFD School 
Palo Alto, Calif. 

C.E. Jones 

1620 PROJECT 

Tennessee A & I state Univ. 
Nashville, Tenn. 
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C' W. G. Lane 
Chico State College 
Chico, Calif. 

E. L. Lahners 
VA Hospital 
Omaha, Nebraska 

R. H. LaRue 
Univ. of South Dakota 
Vermillion, S.D. 

E.S. Lee 
Univ. of Toronto 
Toronto, Canada 

J.A. N. Lee 
Univ. of Mass. 

,Amherst, Mass. 

S. MacGregor * 

N. Michalowski * 

W. T. Moore * 

John Powell * 

Mrs. H. L. Schrader 
CSCH-Hayward 
Hayward, Calif. 

J. Slobda 
Flint Jr. College 
Flint, Mich. 

R. F. Steinhart 
IBM 
White Plains, N.Y. 

T. D. Streeter 

0, R,OCk Island Arsenal 
"Rock Is1and, Ill. 
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R. W. Sward 
Palo Alto UNFD School 
Palo Alto, Calif. 

Dr. Jose A. Treuino * 

T. Watson 
Stanford Electric Labs 
Stanford, Calif. 

J.E~ Wilson 
Rock Island Arsenal 
Rock Island, Ill. 

P.C. Wood 
Lowell Tech. Inst. 
Lowell, Mass. 

O.G. Wright 
Pioneer Natural Gas 
Amarillo, Texas 

Hugh Kerr 
Tenn. Tech. University 
Cookeville, Tenn . 

* Address not availabe. As soon as these addresses 8re 
available, they will be sent to yau. 
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by 
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California State College at Hayward 

Hayward, California 

1145 Carlsbad Drive #1 

San Jose, California 

(408) 266-4863 

Session MoJ.] 

Text: 9 pp. 

6 Figures 

603 



Acknowledgement 

.My work on this project was done under a Western 

Data Processing Center Research Assistant Grant. Two 

other persons also contributed to the development of the 

project. Mr. Jerry Rose, Assistant Director of the 

California State College Computer Center, was instrumental 

in theimplementatlon, and Mrs~ L. Eo Schrader, Director 

of the Computer Center p aided in planning and guiding the 

project. 

o 



o 

o 

INTRODUCTION 

This paper describes a batch processing FORTRAN system, written at 
California state College at Hayward, for a 20K, card system IBM 1620 
computer. The system is designed to increase throughput and int~oduce 
larger system concepts ih a stud~nt oriented installatiori.-

The primary characteristics of the computing environment at Cal-State 
are 

1. A large number of fairly short FORTRAN pro.grams which have 
a fast turnaround requirement during periods of heavy 
computer usage. (These are computer class assignments.) 

2. A lesser number of -FORTRAN programs for classes such as 
chemistry and physics. These can be r~n during off-hours 
in a "closed shop" ·environment. 

The most important factors contributing to efficient utilization of 
computer time and student time during the prime hours of class usage 
are 

1. Source Language Error Detection 

Most 1~20 card system compilers have limited error checking 
and will not detect source language errors'. These execution 
errors are costly in terms of student and assistant time. 
Most students require assistance in diagnosing errors, and 
machine debugging in such cases is both difficul~ and time 
consuming. 

2. Decreased Deck Handling and Loading 

In an env~ronment where there are many short programs to be 
comp~led and executed, the time spent i~ loading the compiler 
and subroutines can easily become the most significant machine 
time factor. Efficient use of batch processing techniques can 
greatly increase the total throughput and also provide fast 
turnaround for any particular job. 

Another im,F·ortant consideration in a system oriented toward programming 
inst.ruction is the compatibility of the system with larger computer 
systems .. It is desirable that the language used be consistent with 
FORTRAN I S found on larger systems, and that it contain 'as many basic 

,FORTRAN features as possible. 

~l 
~ 

The C.S.C.H. FORTRAN system,' designed to satisfy the requireme'nts of 
fast throughput and larger-system compatibility, is based on the PDQ 
FORrRAN system. The PDQ compiler was chosen because it has the shortest 
compile time and produces smaller and faster executing object pr.ograms 
than any 20K card system compiler available at the start of the project. 
In addition, the PDQ FORTRAN language appears to be the most advanced of 
the available 1620 FORTRA~ with features such as-extended FORMAT capa-
bilities and COMMON and_PROCEDURE statements. 



The PDQ system has two major drawbacks, however. Source language 
error detection is minimal, and is unsatisfactory for use in a 
teaching system. In addition, the subroutines must be separately 
loaded with each object deck. This constant loading becomes quite 
expensive when a large number of short programs are to be run. 

The C.S.C.H. FORTRAN maintains the speed and language attributes of 
PDQ while reducing these disadvantages. The three principal compo­
nents in the system are: 

1. FORTRAN Precompiler: 

Since the level of error detection required could not 
be provided in the compiler, a separate precompiler 
was written which provides a high level of error 
detection. The total time -- both student and machine 
required to produce a working program is greatly reduced 
in this manner, since the previous compile-execute-debug 
phases necessary to find one error is replaced with a pre­
compiler phase which detects multiple errors. 

2. FORTRAN Compiler: 

Some additional features have been added to the PDQ language 
and some modification and deletion of existing statements 
made. statements are included that provide communication 
with the batch processing execution monitor. 

3. Subroutines and Batch Processing Monitor: 

A monitor has been added to the subroutine library which 
allows batch execution with only one loading of the sub­
routines for any number of stacked execution jobs. Job 
card control, FORTRAN calls to the monitor, output line 
counts, program timing; program linking facilities, and 
continuous no halt execution of programs are features 
provided by the monitor. 

Both the compiler and precompiler operate in a batch processing mode 
under control of JOB cards. This means that any number of programs 
can be processed to execution in three phases with only one loading 
of the precompiler, compiler, and subroutines, and no halts aside 
from the loading process. The procedure is indicated in figures 1; 
2; and 3. 

The entire system is card oriented, and no typewriter input or listing 
of source statements is allowed. It is also possible to suppress type­
writer output at execution (by using a monitor option) in order to 
achieVe faster throughput. 
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Execution Subroutine Co~figuration o 
One of- the undesirable features o.f the -PDQ_system, as well as other 
l620FORTRAN systems, is the requirement that the subroutines be re­
loaded for each object deck. This procedure is necessary so -that the 
functional subroutines (SIN, COS, etc.) used by the program can be 
relocated behind the object program.· The execution .configuration is 
illu-strated in Figure 4. In the -environment discussed,- however, tbe 
optimization of core storage proviaed by including only the subroutines 
requ;i.red for a particular program is not as important a factor as the 
time required to load the subroutines with each program. 

This reloading of subroutines can be eliminated at the cost o£ storage 
space by keeping all of the subroutines in core at the same time. 
Programs can then be loaded behind the subroutines into a fixed location. 
This configuration is shown in Figure 5~ It has been found that the 
"variable core" remaining. for--object programs in this system is adequate 
for practically all programs in the student environment. This I'student 
version" also allows the batch -execution of object programs under control 
of a monitor subroutine. 

There are three execution subroutine configurations possible. These are 
specified to the compiler by a field on the JOB card. The compiler 
origins the object programs to load into the proper location. The 
configurations are () 

1. Basic Student Version: 

The following functional subroutines are included: SIN, 
COS, SQRT, LOG, EXP, ABS. Object programs begin at 
approximately 09600. 

2. Expanded Student Version: 

Thi$ consists of the basic set plus ATAN and DRH routines. 
Object programs begin at approximately 10500. 

3. Original Relocatable Version: 

Object progra~s begin at approximately 07400. 

Option 3 is rarely required since most programs can be batch executed 
in the student version. The same subroutine deck can be used for either 
of the student versions. 

Execution Monitor 

The monitor provides batch execution capabilities by loading the next 
program stacked in the card reader when certain_end-of-program condi­
tions occur. The start <:>f prog:-ams in the inJ?ut -stream is defined by C) 
a JOB card. The automatlc loadlng and executlng of the next stacked 
program is initiated by anyone of the following: 
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1. Execution of a CALL LINK or CALL EXIT statement: 

These statements functionally terminate a FORTRAN program,,­
The primary difference between the s,tatements is conceptual. 
CALL EXIT terminates a job and CALL LINK is used together with 
COMMON to link overlay phases of ~ program. 

The overlay of a program can be profitably used to- conserve 
core in large programs. For example, all program variables 
can be put in COMMON and initialized in a phase which is then_ 
overlaid by the main program. Figure 6 illustrates the source 
deck arrangement for this example. 

2. Readin~ of a JOB card: 

3. 

An attempted READ of a JOB card by the FORTRAN program will be 
treated as an end-of-file condition for the input to the program. 
This will cause the monitor to branch to the specified statement 
if an ON ENDFILE statement is used or to terminate the job and 
cause loading of the next program. The ON ENDFILE statement is 
described later. 

Execution of an END statement: 

For those who forget a CALL EXIT. 

4. An ,Input Data Error 

An input error will be considered a job terminating error-unless 
an ON DATA ERROR statement is used. This statement is further 
described under the FORTRAN compiler. 

5. A Console IInterruptl: 

Pressing INSTANT STOP, RESET, INSERT, RELEASE, and START at any 
time during execution will cause the current job to be aborted 
and the next program found and loaded. 

6. Lin€ Count or Times Overflow: 

These will be described below. 

A· separate termination message is typed by the monitor for each of these 
end-of-job conditions.' The JOB card is also typed £:or each job. 

~/3 
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The PDQ system has two major drawbacks, however. Source language 
error detection is minimal, and is unsatisfactory for use in a 
teaching system. In addition, the subroutines must be separately 
loaded with each object deck. This constant loading becomes quite 
expensive when a large number of short programs_are to be run. 

TheC.S.C.H. FORTRAN maintains the speed and language attributes of 

",,'!!':mt'lIf'ij'NU""lf'lP'""trliT 

PDQ while reducing these disadvantages. The three principal components 
of the system are 

1. FORTRAN Precompiler 

2. 

. Since the. level of error detection r-equired could not be 
provided in the compiler, a separate precQmpiler was 
written which provides a high level of-error detection. 
The total time -- both student and machipe -- required to 
produce a working program is greatly reduced in this manner, 
since the previous compile-execute-debug phas~necessary to 
find one error is replaced with a precompiler phase which 
detects multiple errors. -

FORTRAN Compiler 

Some additional features have been added to the PDQ language 
and some modification and deletion of existing statements 
made. statements have been included that provide communica­
tion with the batch processing execution monitor. 

Subroutines and Batch Processing Monitor 

A monitor has been added to the subroutine library which 
allows batch execution with only one loading of the sub­
routines for any number of stacked execution jobs. Job 
card-control, FORTRAN calls to the moni~ori output line 
counts, program timing, program linking facilitie~, and 
continuous no-halt execution of programs are features pro­
vided by the monitor. 

Both_the compiler and precompiler operate in a batch processing mode 
under control of JOB cards. This means that any number of programs 
can pe processed to execution in three phaser~ ~i th only one -loading 
of the precompiler, compiler, and subroutines. The procedure is 
indicated in Figures 1, 2, and 3. 

The entire system is card oriented, and no typewriter input or- listing 
of source. statements is allowed. It is also possible to suppress type--­
writer output during execution (by using a monitor option). in order to 
achieve faster throughput. 
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FORTRAN Compiler o 
The compiler is essentially the PDQ FORTRAN "compiler with the followirig 
mc:;>difiqations <;1esigned to'increase language and batch compiling capabi-
li·ties: - - . 

1. "The compiler has a batch compiling option which suppresses 
the halt between jobs. A card with eighty asterisks is 
punched following the trailer cards for an object deck. 
This permits easy separation of object decks when batch 
compiling with no stops. 

'2. A JOB control card must precede each source deck. The 
JOB control card will be recognized by-the compiler and 
typed to provide a record of'jobs. The JOB card also 
contains compile options that specify execution subroutine 
configuration. . 

3. All source input to the compiler is from cards~ Also, no 
typed listing 'of the source deck or symbol table is allowed, 
although the symbol table can be punched alphamerically. 

4. Subroutines cannot be compiled into the object deck. 
-

5. Almost all error detection has been eliminated. A program 
with no precompiler errors will compile correctly, however. 

6. The following statements have been added to the PDQ language: 

a • CALL nnnnn 

where nnnnn is a five digit memory address. This generates 
a BTM instruction to the address specified. The operand is 
the return address to the-calling program. This statement _ 
is used for communication with assembly language subroutines. 

h. IF (SENSE LIGHT n) S1' S2 
SENSE LIGHT n ON 
SENSE LIGHT n OFF 

where n is a single digit number and S1 and 52 are statement 
numbers. The IF statement is similar to the IF SENSE SWITCH 
statement except that it tests an internal logical indicator. 
The test does not turn off the IIsenselightll. The other two 
statements ar~ use~ to set tbe ten indica~ors. 

Since the senselights -are internal indieators and require no 
core storage,their use will require less object code and 
symbol table space than the use of arithmetic variables as 
indicators .. 
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c. CHECKPOINT nnnn 

This statement is the same as the STOP statement except 
that the program does not halt after typing the s2ecified 
number. This has been found to pe-a useful-logic flow 
debugging aid without the slow execution typeout dis­
advantages-of TRACE. 

d.- ON ENDFILE GO TO Sl 

e. 

where Sl is a statement number. This stat~ment specifies_ 
the number of the statement to be executed when the last 
data card has been read. - This condition is defined by the 
last card indicator or the reading 0.£ a JOB card. The 
statement can be ,placed anywh,ere in the program but must 
be -executed before the end of file condition occurs. If 
this statement is missing, the reading of a JOB card will 
terminate the program and cause execution of the following 
stacked program. 

ON DATA ERROR GO TO Sl 

This is similar to the ON ENDFILE statement and specifies 
a program entry point if an input conversion error is 
de±ected. An input error will terminate the job if this 
statement does not precede the occurance of the error. 

f. ' CALL EXIT and CALL LINK 

These are described under the batch processing monitor. 

The PAUSE and CONlROL statements have been deleted from the language and 
the syntax of Procedure Statements has been changed. 

FORTRAN precompiler 

The FORTRAN precompiler is a one pass error checking program which 
executes at approximately the same speed as the compiler. JOB card 
recognitio~ and batch processing capabilities are included. Some of 
the major features of the precompiler are 

1. As far as is known, all non-logical checkstop errors are 
detected. Execution errors sUch-as a'calculated sUbscript 
going out of bounds.are, of course, undetected. 

2. A large number of separate diagnostics (approximately eighty) 
are provided. Errors are identified by a two digit number 
which is typed out along with the statement containing the error. 
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In addi1;.ion to controlling the initiation and termination of programs 
in a batch execution mode, the monitor, also provides optional monitor D" 

functions during the execution of a program,,_ The features provided ar' , 

1. output-Line-Count Monitoring: 

The number of output lines allowed i,s specified- on the 
JOB card. If this limit is exceeded, the job is aborted. 

2. Suppression of Typed Output: 

A TYPE or PRINT statement will execute as a PUNCH stat~ment. 
This results in considerable throughput increai:;e in a batch 
processing environment. JOB cards are_punched when en­
countered in order to easily-separate output when listing 
the cards from a series of jobs. Because of the construction 
of the JOB card, a 407 board maybe easily wired to cause 
ejection to a new page when a JOB card is encountered during 
listing. 

3. Suppression of STOP statement: 

In order to maintain the no-stop, batch processing concept, 
the halt of a STOP statement may be suppressed. 

4. Execution Time Monitoring: 
~\ 

Since the FORTRAN compiler produces very little in-line code V 
and practically all operations are performed by a few basic 
execution subroutines, it is possible to provide software 
execution timing capabilities. This is done by placing code 
in fifteen basic subroutines which will increment a software 
timer by an amount proportional to the length of time required 
to execute that subroutine. ~his will increase the execution 
time 0 f such a subro"u tine by 240 l<"-: S if the time monitor is 

-disabled and by 1040/ls if the monitor is operative. The 
total increase in execution time has been found to be less than 
3% if _the time feature is not used and approximately 15% if the 
timer is used. The software time count has been found to be 
accurate to within 10% of the actual t~me with one-tenth of a 
minute accuracy. 

The maximum time limit is specified on the JOB card and overflow 
is considered a terminal condition. The timer feature is pri­
marilyused in closed-shop, batch processing operations where 
quite lengthy jobs are often run-. 

All of the above options are enabled or suppressed by sense switch settings 
when the subroutines are loaded. 
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3. Multiple errors in one statement can be detected. This 
reduces the number of precompil-er passes necessary to 
produce an error free program. 

4. Error checking is to a higher level than is required by 
the compiler in order to produce valid code. For instance, . 
key words are generally identified by only one or two letters 
in the compiler but are checked for six letter-s in the p+,e­
compiler. 

Some of the major errors detected are 

1. Possibly undefined symbol 

Any variable which haa not been defined in a previous statement 
(in terms of card order, not logical flow) will be typed out as 
a possible undefined symbol When it is used. This procedure 
catches most undefined symbols. statement numbers which are 

- undefined at the end of the program will be typed out. 

-·2. Branch to FORMAT statement 

3. Duplicate statement Numbers 

4. All DO Loop Errors 

These include overlapped DO loops, modification of-DO para­
meters within the loop, end of theloop i~ previous statement, 
etc. 

5. AII-- Subscripting Errors 

These include contradictions involving the number of subscripts 
-en a variable and complete checking of subscript structure. 

6. All FORMAT Errors 

7. All Procedure Errors 

8. -- I/O statement References non-FORMAT statement 

9. Exponentiation -of Fixed Quantity 

IO~ All Syntax Errors: (misplaced commas, etc.) in-Other Statements 

In addition, some logical errors and some potential errors such as program 
possibly too large are detected. 



T1ie precompiler symbol table is the same size -as that of the compiler 
so-that compiler symbol table overflow conditions can be detected. 

\ , 
__I C--"';,.--

The following special implementation restrictions exist but-, aside from 
the firs~, they hav~ no practical implications in our environment: 

1. -A FORMAT statement must precede the first I/O statement 
to reference it. 

2. Maximums of three continuation cards, five negted DO's 
and five levels of exponentiation are allowed. 

3. A maximum of twenty symbols can be undefined at any time. 

The important known flaws in the precompiler are 

1. There is no way to detect all undefined symbols in a genera.l 
program. The likelihood of undeflned symbols at execution 
causing checkstops is reduced, however, because the monitor 
fills in the unused core with fixed point constants. This 

- produces invalid results in the case of an undefined symbol 
but preve-hts the subroutines from being destroyed by the 
Transmit Field instr~ction. 

2. The appearance of a variable i~a DIMENSION statement causes 
that variable to be considered defined. 

~ 

3. Arguments of functions are incompletely checked bu~ this will ~;. 
not produce checkstop errors. Mixed mode expressions in the 
argument will be det~cted. 

------------
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ABsrRACT 

The following describes and addition to the programming system for the 
IBM 1800 computer. The expanded system will support up to 16 remote teletype 
terminals being used in a time-sharing environment primarily to solve real­
time information processing problems. 

INI'RODUCTION 

1800 Hardware 

The 1800 CPU makes extensive use of hardware interruyt levels and 
data channels to operate its standard data processing I/O equipment. In 
addition the 1800 can have analog and digital I/O capable of communicating 
directly with almost any kind of equipment. The terminal system uses 2 
words of digital input and 1 word of digital output (16 bits/word) to 
control all 16 terminals simultaneously. No data channels or additional 
hardware are employed. 

TSX Programming System 

The 1800 programming S,ystem provides many conveniences. Programs are 
of two types, pr~cess and non-process. 

Process programs can be initiated by externally generated interrupts 
or can be queued by any pror-;ram for execution. They can be a part of the 
S,1stem skeleton which is in core at all times or they can be kept on disk 
in core-image form. Process programs have highest priority and generally 
use some analog or digital I/O. 

Non-process programs ordinarily do not use the process (analog and 
digital) I/O. They are usually stacked jobs of a conventional type to be 
run under the non-process monitor. 

When time-sharing, the system does the following: 

(1). Rursnon-process programs for background (job shop). 

(2). Periodically chec~the queue for process programs. 

(3). Pern'.!i:tB externally or internally generated interrupts to 
load and execute process programs at any time. 

Both (2) and (3) require that the non-process job be saved and restored when 
the process work is finished. 

The Terminal System 

The terminals extend the time-sharing capabilities of the system by 
allowing up to 16 users to communicate with the s.ystem simultaneously. 

Terminal activities \nc1ude: 

(1). Queing process programs for execution. 



- 2 -

(2). Communicating with programs during execution. 

(3) • Programming in NUtran (conversational fortran). 

Maqy other activities are planned. 

.-.......... '.'-'.----.~--~-

Most of the terminal system capabilities are achieved by simply making 
the standard TSX functions more accessible. The only programmin~ efforts 
unique to the terminal system are the communications controller (simulated 
by an in-skeleton program), and the time-slicing of terminal service pro­
grams. 
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