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" ABSTRACT

A method is described for inéorporating overlapped printing;'

into IBM 1130 Commercisl FORTRAN programs. Communication.
to the subprogram which performs a printihg operation is
achieved through the FORTRAN WRITE statement rather than

through the CALL statement. Thé advantagé of this method is

ﬁha@ limited use can be made of the formatting ability of tﬁe

FORTRAN language. Headings can readily be incorporated, and

the layout of the printed page specificaily by use of* FORMAT

-statements.

G509




~ii-

* DISCLAIMER -

" Although each program has been tested by its contributor, ﬁo“

“warranty, .express or implied, is made by the contributor or

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

program and related program material, nor shall the fact of

~  distribution constitute any Spchrﬁarrantyg and no responsibility -

is assumed by~£hg contributor or  COMMON USEﬁS érouﬁ, in connection

therewith.




N

: OVERLAPPED.PRINTING'FOR IBM 1130 COMMERCIAL

APPLICATIONS USING FORTRAN WRITE STATEMENT

LI, -Use of Fortran for Comnmercial Applications on the IBM 1130,

" Since the IBM 1130 was conceived as a computer to be used for

the‘solution ol modefate sized engineefiﬁg and scientific problens,
Fortran is the only compiler supbérted on the systeﬁ. At many
instailations;-it isﬂnecessary fo uée the computer;_not only

in this prime role, but also in the preparation of_commeréial
reporté, such as payrolls, labor distribution, aﬁd time control.

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

a number of subroutine packages héve Been developed. IBM’S
Comnercial Subroutine Package, Version 1T, is an egample. _Others

are the contributed program packages COMET and IDPFAL. The

. purpose of these éﬁbroutine packages is to overcome the problems
" which would otherwiée be presented in handling commercial appli;

cations in Fortran. Principally these are the folIOWingﬁ

1) Moving character'strings.

2) Use of floating dollar signs, check protection, etc. '
- 3) ‘Elimihation'of round-off in crossfooting totals

h) Zone recognition - |

5)  Stacker Selection. ™

6) Overlapped input/output for in&reasing prdcessing

speed.

| \5_//
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The first five items in the list above exist:qn>account of the - @:D:‘

g

~-routine packages are used is as follows:

Use of Fortrqh-foerommefcial Appiicétions on the IBM ilBO cont'd‘

~fact that Fortran is not ihtemde&_as‘a commercial data processing
language. The sixth item occurs on account of the fact that the
"Fortran compiler for the IBM 1130 has been designed to conserve- -

core space as much as possible. The normal input/output,subfoutines

for use with 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 therefore not possible to overlap these opcrations, although the

interrupt hardware provided on the system would otherwise permit

this to be done. In the design of the IBM 1130 Commercial Subroutine
Package, it has been recognized that for commercial applications,
processing speed assumes a greater importance. Overlap of input/output

operations his therefore been achieved at the expense of the additional@S} ]

core required for multiple buffers, and for the more complicated -

-subroutines required to service the interrupts.

II. Programming Philosophy Using Commercial Subroutinz Packages

The‘programming philésophy usually employed when commercial sub-- o

1) Input data on cards-is read éﬁd sto;ed as a-card
- f » image, in’EBCDIC form. A SUBROUTINE Subprogra@
is used for this purpose. - :
2) Tests are Aade to determine the.type‘qf card

which has been read.



'1III,_ Difficulties Pfééented by the Use of Comnmercial Subroutine

- Although the use of commercial subroutine packages in the manner

"f3f

Programming Philosophy Using Commercial Subroutine Packages - cont'd

3) Data is extraéﬁed from the cdrd_image, and sfofed |
for_subs?quent caiculations.J If it is to be_ﬁsed;
ih arithmetic opefatmans; numericél daﬁa is:
conve?ted to-é code whiph.pe;mits'ﬁhese operétions
to be performed. |

ﬁ)‘__At the conclusion of.the nécgséary calculétiong,
an image is.built up of the‘outbuf 1line to be
printgd_in the report. NUmerié information is
reconverted to EBCDIC code fof inclusion in this
output line image. - , -

5) The output line is printed, using a SUBROUTLINE-

subprogram. o

The_use of this philosophy imposes virtually no restriction on

the manner of presentation of data in the input file, or on the

éppearance of the final report. The subprograms for card

-reading'and printing permit overlap of these operations with

each other. . Conversion from card code to-EBCDIC is also over-

lapped with card reading. )

Packages. :

described above overcomes the shortcomings of Fortran for commercial

S/3




D&fficuities Presented by'the Use of Commercial Subroutine~Packages cont.'d

- applications, a number of additional difficulties -are introduced.

Prinéipally these are the following:

1) The introductéon of'headiﬁgs into the,ou%pﬁt
K o ' - report. D _ ; -
é)f Loés of tracing capability. IBM 1130 Fortran - - ‘, o 5
- ‘_ ‘ has been provided vith a very useful trace | : o |
' featuré. This cénnot be used w%en”ihe overlapped
input/output subroutines of the Commercial

Subroutine Package are loaded, as it is not

possible to include the Foriran input/output - . )
subroutines in the same core load. The Fortran d;;?
. . } i }
inpuﬁ/oﬁtput subroutines are required for the
use of the trace feature.
5) A considerable amount of manipulatign is often
- ; :‘ required to build an image of a line of the output
report. This tends to make the coding-of prdgrams
lohger and more prone to errors.

ﬁ) The introduction.of masks fof.editing: The uée
of Commércial‘Subfoutine Package EDIT subroutine
requires that.non—numeric information to be mixe@
into a numeric field (such as $-.>etc)pbe :;L‘m:zv'o_~

duced in the form of a mask, vwhich is subsequently
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Difficulties Presented by the Use of Commercial Subroutine Packages

applications, a nuaber of additional difficulties are introduced.

Prin¢ipally these are the following: .
1) The introduction of headings into the oufput

- repof£. : -

2) Loss of tracing capability. IBM 1130 Fortran

has been provided with a very useful trace -

féatd?é. This cannot be used when the overlapped
input/oﬁtput subroutines of the Commercilal
Subroutine Package are loaded, as it is not
possible to include the Fortran input/output
subroutines in the same core load., The Fortran
input/oﬁtput subroutines are rquired for thg
use. of the trace feature.

3) A considerable amount of menipulation is often -

required to build an image of a iine of the outpuﬁ

report. This tends to make the coding of programs

-“longer and more prone to errors.

- h) The introduction of masks for edifing. The use

of Commercial Subroutine Package EDIT §ubroutine

reguires that non-numeric information to be mixed

into a numeric field (such as $ . ete) be intro-

duced in the form of a mask, which is subsequently

cont'd



. In recognition of the difficulties which would be presented by

. ..5..

- , . u | _ | | e
- Difficulties Presented by the Use of Commercial Subroutine Packages _cont'dﬂgﬁ

..deétféyed by thé'inﬁlusion'of'fhe nﬁmeric information.'
In view of the fact that alphabetic literals cannot

be directly defined in the IBM 1136.E0rtranz
compiier, this:opération is clumsy (Note —.Version Ii’v'
of the IBM 1130 Fortran carpiler ihcludés-the DATA

- ~ statement which overcomes this difficulty).

IV  Use of Fortran WRITE Statement for Output in Coﬁmercial Reports.
At The Shawinigan'Engineering dompany Linmited offices at Mon?real,
Cana@a, an IBM 1130 computer vwas installed in Januvary 1967,
primarily to perform engineering'calculations. Hovever, it was

desired to use the machine for processing the commercial reports

<

vhich would be required for the administration of the Company.

A study was made:of the available software for:commércial pro-

cessing, and as a result a set of subroutines written, which

combined the best features of the IBM 1130 Commercial Subroutine

Péckage, COMET;~and IDEAL, T ) -

the use of SUBROUTINE sﬁbprograms for printipg, afﬁef {he manner of
the IBM Comﬁercial Subfoutine Package, it was decided to adopt a
different approach. A new subroutine SFI§ (the subroutine which

handies in Fortran theinput/output'functions) wvas written in

576
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Use of Fortran WRITE statement for Output in Commercial Reports cont'd |

" llBOAassemblér;language,"having more limited capabilitieg than

the .version supblied'as part of the syétem, but taking advantages

~of the overlap feature of the hardware. The advantanes éf this

.;procedure over the use of the Commercial . Subroutlne Package

subprogram° are the fo1low1ng ‘ )
;1)- Headlngs may. be introduced by the use of a FORMAD
.'stgtement, as is done in normal processing using
Foftrék.
2) Traéing can be employed.
3) " The amount ol ranlpulatﬁon required to format

an output line is reduced, as the FORMAT statement

may be used for-this purpose.

.+ It was not considered necessaryAto incorporate all the features

'~ which are supported by the normal SFI¢ subroutine as supplied

“in the system. Tndeéd to have done so would have resulted in

" & subroutine occupying & large core space, & considerable portion

- of which would have been wasted on features which would be rarely -

used in the comﬁercial ares. The following restrictions were -

" therefore introducéd:‘

-

1) ~ Only integer variables and arrays moy beuinéludei

in the output list.-

2).  ¥ONE WORD -INPEGERS option must be used.

579
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Use of Fortran WRITE Statement for Output in Commercial Reports cont'd -

‘ 3) Card reading is not'suﬁporte&,iand all’#?iting )
ié done-én the i132 printer,‘regéraieés of the
defiéé codé éppéériﬁg in the WRTPE statemgnﬁ.‘

-Card, typevriter and'console inpuﬁ/nﬁtput'arg!
7 'hé.ndle.d by SUBROUTINE sAu-bprogrz‘a.ms’as“ in the IBM-
- Commercﬁal Subroutine Package. | -
L) Only the following format fiéid specifications )

are recognized:

- A . for alphameric information. The only —

field widths recognized are Al and A2 -

(::; - S o Anything else is interpreted as Al. o Q:D
I ~ for integer variables .
= ," _ X -for spaces - B
_ H _for printing alphabetic'iﬁformatioq: The -
- - | “ form ﬁéing quotes m@j éiéo-%é usedf

5) The group repeat, e.g. 2(1H1,1242), is not recognized.

6) Carriage control characters are restricted to

T o : the following:
Blank Priﬁt on next line-

. -Zero Skip ore line before printing o o

1- 6  Skip to channels 1 to 6 " .~
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 Use of Fortran WRITE Statement For Output in Commercial Reports cont'd

None of these restrictions srévént the use of the system in
a;sociation ﬁith Commercial - Subroutine Package,‘CQMET or iDEAL; '
An attemptto print a real variable will result in‘the oﬁtput- :
field being filled with asteriské.' This restricts _the use of
tracing ﬁo»integer variables 6ﬁly; real vériablés~appearipg as

a- line of asterisks.‘—It is our experienéé thatthis is not a
serious restriction, as it is the values of inﬁegcf variables

which detefminevthe logic flow 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 EBCDIC, for display

using a VRITE statement temporarily inserted in the program.

'” Definition of Alphabetic Literals Using Fortran READ Statement

In order to permit the definition of alphabebtic literal character
strings, a feature was introduced into the re-written SFI¢_
to permit this to be done uéing the Fortran READ $tatement.

The manner of achieving this is shown by the following example:

DIMENSICN.IA(13)
READ(99,101)IA
“lOl FORMAT ( "THIS MESSAGE TO BE STOREDK)
.Theéé'statements cause.the.EBCDIC~equivalent of the characters

contained in the FORMAT statement to be stored in JA. No modi-

 fication to the compiler is reguired. Charatters are stored

*5/?'
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Deflnxtlon of Alphdbetlc theralc Using Fortran READ Statement cont'd

two per word. If it-is desired to stofe’charactefé one’ per word,
,then appropriate_épacés should be introduced in the Tield.
- This featuro is partlcularly useful for the definition of masks

to be used for edltlng operatjons.

V. Performance of the Subroutinn

U81ng the D1QK‘MonLtor System, the uubroutlne is implemented by
deleting from the disk the version of SF1¢ as supplied with the
system. The subroutjne PRNTZ rust also be deleted. The sub-
routlnes SF1¢ and PRNXX, which form the overlapped output package
are then substituted. Note thau SFI¢ can be stored as a subtype —
3 program, which permits it to be included in SOCAL overlays.
' The subroutine PRNT1 supplied by IBM is also reqﬁi}ed as it is
uscd to drive the 1152 printgrf Fortran progfams should contaiq
.the record 7 _ |
¥1005(1.1%2 PRI’:@ER)

or
. '*IOCS( 3.13'2 PRINTER, DISK)
depending upon whether dls“-lnput/outpub.is requiréd. The
principal benefit to be derived from ﬁsipg-the meihod'is the -
simplicity of coding. Also the processing specd whiéh can be

{ achieved using this subroutine is appar ently identical to that

achieved using the overlapped output subroutines supplied with




'the'Commercial-Subroutine:Package.; The core requirement for -
SFIf and PRNXX is words W70, which is somevhat in excess of . .
the equivalent subprograms supplied with the Commercial Sub-

lroutine Package. Howevef; this isvoffset-by‘the smaller core -

) . - . '. .v "10"_, _'

Performance of the Subrout ine cont'd

requirements of programs which use this method. As an example,

one of- the sampie programs provided with the Commercial Subroutine

Package was modified to suit the gverlapped input/output sub-

-routines. The proce551ng spned was.the same in both 1nstances.

Despltc the smaller and 51mpler maln _program when using the

overlappﬁd Portran I/O, the total -core rcqulrement is somewhat

larger, as is shown in the table'below.< For  comparison, the

. core requirements and processing speed using the normal Fortran

input/output subroutines as supplied with the disk monitor system

- ‘are also shown.

Comparison of Tyéical Small
Commercial Application S ) -

csp I/O Overlapped Standard

Fortran 1/0

min sec min sec.-

Fortran 1/0.

Main Prograﬁ Statements : R 1@2 : 9h!' -83i' o
.Main Program Core Requirement | "978 . 850 800
' - Total size of Core Load 5006 - 5298 - _1;858
‘Execﬁtion Time , : : C 1 32  11 32 7 - hs i
: ' - min sec.

:'vé;OZg/'




£

- e

Pefférmancé of the Subroutine 'bont;d

The problem selected was the invoicing problem.which is included

as Sample Problem 2 in the IBM. Commercial Subroutine Package,AVérsion II.

"It is considered that for programS‘tb produce large and complicated

commercial reports, where the size of & core load becomes important,
the total ché load'iequiremenﬁ'of programs using the output method

described here would be smaller than would be required for thé —

same programs using the Commercial Subroutine Package:

-



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

‘integer variable or array.

APPENDIX I

Fortran Output Routine, with Overlap

Usefs Guide..

This is a progrém tofreﬁlace the IBM library progran SFI¢,-

which is called for Fortran input/output operations. - Ité

processing, for commercisl applications. “For this'feason; pérk
missible’deviceﬁ, allowablé variable types and formaﬁ'field :
spe;ificationé'hgye been restricted. Only integer variables
and arrays are récogéizéd *ONE VIORD INTEGERS oftion musy be

used. : - _

" WRITE

All writing is done on the 1132 printer, regardless of the

. device code appearing in the WRITE statement. If it is

desired to write on the Console Printer or punch cards then

an appropriate SUBROUTINE subprograms must be.ﬁsed. Data to

‘be printed must be stored in: EBCDIC or integer form as an

The following FORMAT field specifications are recognized:.
| A for alphameric information. The only
field widths recognized are Al and A2,
- Anything else isVinterpreted_aé'ﬁl,’wit?—
no errér iﬁﬁicétion;

I for integer variables
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_ WRITE  cont'd

X . for spéces
H | for printing alphab;tic.information.
| The form ﬁsihg qﬁotes €.,
'\ THIS MESSAGE' may also be used. ’i _b
i Field repeéts €.8. 1242 i

The group répeat, e.g. 2(1H1, 12A2), will not be recognized.

. The maximum nurber of characters_per line is 120, excluding fhe

carriage control character. The use of E or F field specifications

will cause the field.to be filled with asterisks without

further indication of error.
The first character of a line will be ireated as a carriasge -

control character. The following characters are recognized:

blank print on next line
0 ‘ -skip‘one line before printing
1-6 skip to channels 1 to 6

Al) other carriage control characters

are tfeated as blank.

The following errors will cause & program stop with the error
code displayed in the accumulator.
EEOL. ~line exceeds 120 characters ) T N -

EEO2  invalid format.type

24
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READ

No read stateméﬁt, accepting information froﬁ an extefnal»mg@ium
is included. Appropriate SUBROUTINE subprograms'must be used
-Tor input from the card readé% or.c0nsoleikeyboarqf Thé-
- foilowing'statemelt is provided in order to genera€e aiphabetic
’liferal arréys; ; _
READ(99,1). TA o L
or _
READ(99,n) IA(I)
VRFAD(99,n) (TA(1),1I=K,L)
READ(99,n) ((IA(1,J),1=K,L),J=M,N)
<: .‘:D vhich transfers H-type fiélds from format sfatement 'n'.into
variable or array IA. The characters will be stpred En EBCDIC
form, 2 characlers per word. Only H-type Tields are permitied
in the FORMAT statement. If the number of characters in a
;fieid is odd, thevrightmost character of thé last word is filled-
' ﬁith arb;ank. Characters will be moved until the array_is
filled. If'the FORMAT statement is exhausted, control will
return to the last open bracket: The following errors will
cuase a brogram stop with ﬁhe error code displayed«in the accumulatorﬁ
—'. EEO2 _ - format ﬁot H~typé ’ ' | R |
EEO03 : device code not 99 ‘
Thié routine usés the IBM library éubroutine PRNT1. Since pfinting

' ‘ occurs in overlapped mode, a call to IOND must be made before

a PAUSE or STOP statement.

525
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READ cont'd

The input/output routine .requi.resﬂ ‘the use of -&1_005(113'.52‘ PRINTER).
Sihée,communiéation to the card-rea@er, or typewriter ig throughi

' CALL statements to subprégrams vhich load the apprqériaté cafd4
of.ﬁypewriter:subroutines,—then CARD, TYPEWRITER ér:KEYBOARﬁW

mist not appear in the *IOCS record.

Tracing may be used in,conjunction Yith this overlapped'I/O -

routine. Since real variebles are not converted by this routine,

they will appear as asterisks in the tracing output.
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APPENDIX II

_ Loading the Overlapped Fortran Output Routine

Using the‘disk.monitor s&étem, the félloying procedure is
required; | e
- Delete SFIff and PRNIZ
- Load the oyerlgpped version of SFIf, ananRNXX;' _
Noté that SFI¢ can b; désignate&-subtype 5 (puncy 3 in coiumn il

of *STORE card), and hence “can be included im SOCAL oVerlayé.

PRNXX cannot be included in ovefiays.

Core Requirements:. -

SFI§ = ~ 456 words

aores.

PRNXX- 1M
ﬂg n .

* The IBM supblied subroutine PRNTL and I¢HD from the Commercial

Subroutine Package are also required.
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// ASM

#LIST SOURCE PROGRAM

/

0000
0076
0095
0013
001F
0026
002F
0033
0lcs

0000
0001
0003
0004 -
0005 -

0007
0008
0009
0008
‘000D
000F
0011

0013
0014
0016
0017
0018
O001A
o018
001c¢
001D
001F
0020
0022
0023
0025
0026
0027
0029
002A
002C
002D
002E

002F
0030
0032
0033
0034
003

22189580

- 22645100

229998C0

22256240

01

01

s\gS

22256267

122256049
122256180
22006517

176558E9

1000
66800003
7212
6401
4C000007

€030

9069

4C080011
T4FF0111
T14FF0028
4C00008D
4C00C013

1000
66800016

- C200
7201

D4000111
Co57
D01cC

© 6AFS

4C00008D
1000

- 66800022

€200
84000001

- 70F1

1000
66800029
Cc200

. D4000111

c201
7202
70EC

1000
66500032
7083
1000 -
66800036
1810 )

N Sk %k sk ok

* MAINLINE

PROGRAM CALLS ONE OF FOLLOwWING ENTRIES

* LIMITED CAPABILITY 1/0 SUBROUTINL
* WITH OVERLAP :
s LIBR
ENT - SFIO
ENT . SRED
ENT - SWRT
ENT SI0I
ENT SIOIX
- ENT S10AI
- ENT SIOF
ENT SCOMP .
ENT PRNTZ
* MAINLINE PROGRAN INITIALISATION
SFIO NOP - , ’
LDX 12 = SET XR2-TO LIBF&1
_ MDX 2 18 : :
STX 2 *&1
BSC L % - RETURN TO START OF PKOGRNV‘
END OF MAINLINE INITIALISATION -
CALL ROUTINE
RETURNS TO MAIN PROGRAM TO GET
NEXT VARIABLE DESCRIPTION
ALL LD LOOPS TEST FOR 1/0 OF COMPLETE
S ONE1 ARRAY
BSC L RETRNs&
MDX L VARADs-1 INCREMENT TO NtXT WORD_ IN
MDX L LOOPSs~1 ARRAY
BSC L DECOD GO TC DECODE RCUTINE
RETRN BSC L RETURN. TO MAINLINE PROGRAM{)

©

SIOI NOP ENTRY FOR SINGLE INTEGER
LDXx 12 * SET XR2 TO LIBF&1
LD 20 GET ADDRESS OF VARIABLE
UP1 MD X 21 COMPUTE RETURN ADDRESS
SAVAD STO L VARAD _ -
LD ONE1 SET LOOPS TO 1
LPSET STO LOOPS )
STX 2 RETRNG&1 SAVE RETURN ADDRESS
‘8SC L DECOD GO TO DECODE ROUTINE .
SIOIX NOP - ENTRY FOR SUBSCRIPTED Im».,
LDX - 12 SET XR2 TO LIBF&1
LD 20 GET ADDRESS OF VARIABLE
A L 1. MODIFY BY XR1
MDX UP1 JOIN SI10I ENTRY
SIOAl NOP- ) ENTRY FOR ARRAY
LDX 12 # SET XR2 TO LIBF&1
LD 2 0 GET ADDRESS OF VARIASBLE -
STO L VARAD L -
. LD 2 1 GET NOo OF ELEMENTS
MDX 2 2 COMPUTE RETURN ADDRESS
MDX LPSET JOIN SIOL ENTRY
® - THIS ENTRY TO SATISFY LIBF SIGF IN
#* ~ TRACE ROUTINESe JOINS SI0I
SIOF NOP . , :
LDXx 12 = ‘ SET XR2 TO LIBF&1
MDX sloles JOIN SslIol
SCOMP NOP ENTRY FOR END OF OUTPUT
LDX 12 SET XR2 TO LIBF&1
SRA 16 SET LOOPS TO 0

AP




0

005E

- 0068_

0037 .0
0038

0039 0 -
003A O
0038 01
003D 00
003F 0
0040 01
0042 ©
0043 O
0044 0
0045 01
0047 00
0049 01
0048 01
004D 0
004E 01

0050 O

0051 01
0053 0
0054 01
0056 0

0057
0058
005A
005C
005D

leNoNoNoNaNe!
~ O

005F 01

0061 01
0063 O
0064 01
0066
0067

oOoCo

0069
006A 01
006C 01
006E
006F O1
007L 0
0072 0
0073
0074
0075 0

(@]

0076 0

70€3
0001

6200
7201
44000114
C4000002

- 1010

C4800112
4802
1808
EQ30
44000134
4000002

4C04004D"
-714010112

9026

4C28003A

co23
4C040054
7069
74010112
7066

coic
04000002
44000114
12FF

70FC

705€

44000114

C4800111
1808
44000134
coeD

. 900A

4808
7090
446000114
C4800111
ECO6
44000134
7095 .
0001

0001

0001
00FF

1000

PA!

MDX - LPSEY

BSS 1

END OF CALL ROUTINE
HTYPE ROUTINE
TRANSFERS. H=TYE CHARACTERS TO 1,0 BUFFER

JOIN SIOI ENTRY
ARRAY COUNTER

.DX 20 SET XR2 AS CHAR-COUNTER
MDX 21 INCRe COUNT ‘
BSI L LINE I -
LD L 2 - _BIT 15:-0F XR2 TO CARRY
SLA 16
LD 1 IFMT GET CHAR FROM FORMAT
BSC C. SKIP IF EVEN CHAR --
SRA - 8 ' IF ODDy SHIFT RIGHT
AND MASKR CLEAR GARBAGE
BS!I L 10OFIL MOVE TO. IOBUF -
LD L 2 "MOVE FORMAT POINTER IF
BSC L HODDsE SECOND CHAR IN-WORD IS -
MDX L IFMT»l MOVED -
S FWIDE TEST FOR LAST CHAno'
BSC L HLOOPs&Z LEAVE WHEN DIFF -0
LD FWIDE END OF TRANSFER. IF ODD NO
BSC L HENDSE OF CHARACTERSs MOVE FORMAT
MDX DECOD POINTER -
"MDX L IFMTsl ~
_ MDX DECOD
END OF HTYPE RQUTINE
XTYPE ROUTINE
SKIPS OVER CHARACTERS IN 1/0 BJFFER
LD FwlDE SET XR2 TO FIELD WIDTH
STO L 2
BSI. L LINE
-MDX 2 =1 TEST FOR LAST CHARACTER
MDX XLoop
“MDX DECOD

TYPE

ONE1
FTYPE
FWIDE
MASKR
* .

¥

%
SRED

_NOP | -

END OF XTYPE ROUTINE

ATYPE ROUTINE

TRANSFERS ONE OR TwO CHARACTERS FROM VARIABL&
TO 1/0 BUFFER - -

BSI L LINE

LD 1 VARAD TRANSFER LEFT CHARACTER

SRA 8 S '

BSI L 1I0FIL STORE : T
LD FWIDE - . -

S ONE1 ~ )

BSC - &

MDX CALL -

BSI L LINE. TRANSFER RIGHT CHARACTER

LD 1 .VARAD -

AND MASKR

BSI L IOFIL

MDX CALL ,

DC 1 : S B

BSS 1 STORES FORMAT TYPE

BSS 1 STORES FIELD WIDTH

bC /00FF - :

END OF ATYPE ROUTINE
INITIALISATION ENTRIES
SRED CALLED BY READ STATEMENT

529
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0077

0079

0078
2007¢C
007E

0080

0081

0082

0084
0085
0087

0088

- 008A

0088

1008C
008D

008F
0091

0092

0093 .

0095
0096
0098
0099
009A

- 0098

00B1.

009C

009D

009E
009F
00Al

"00A2
- 00A4 .

00A5
00A7
00A9
O00AA
00AC

00AD.

00AF

- 0082
0084

0085
0087

- -0089

00BA
00BB

_00BC
-003¢

[eNeoNeNoNoRsReoNoNoNoNoNoNoNoNeNoNoNoNoNoNoNe]
R - = [ o -

66800079
C6800000
S01E

4C180084

09595100
CO1B
3000
4C000038

11810

D400010A
€201
04000112
7202
6A86
1810

D4Q0014F
C4000113

D077
DOAS
4C000007
1000
66800098
Co7A
70E8
0063
0003
EE03

" cops

906D
4C180039
8018

4C180057

© 9016
4C2000AA

44000150
7013

74000038 -

7004 -
44000150

4C000011

800A
4C18005F
8005
4C180179

" 4CO801BF

7034

0001

0003
0004

ROK -

DERR

SAVSW

SWRT

NINTN
THREE
EE3

SET XR2 TO LIBF&1

LDX 12 *
. LD- 120 TEST DEVICE NO.
S - - NINTN ' '
BSC. L~ -ROKs&= :
~CALL IOND _ ERROR. DISPLAY /EEOB
LD " EE3 -
WAIT —
BSC L /38 CEXIT .
. SRA - 16 SET READ SWITCH
STO L 'READS
LD 21 =GET FORMAT ADJ?:SS
-STO L -~ IFMT
- MDX 2 2 ' ‘COMPUTE RETURN ADDRESS
.STX 2 RETRN&1
SRA 16 , SET INITIAL CHARACTER
“STO L JOCHR - COUNT _
LD L ONE ) : -
STO - MULT © SET MULTIPLE FIELD_ COUNT _
STO LOOPS . SET ARRAY COUNTER - -
BSC L CALL ' -
NOP - -
LDX 12 % SET XR2 TO LIBF&1
LD ONE SET WRITE SWITCH _
MDX SAVSW T D
bC 99
0C 3
bC /EEO3
END OF INITIALISATION i

IELD

- BSC

ATEST

FIELD ROUTINE

TESTS FIELD TYPE

-TRANSFERS TO APPROPRIATE ROUTINE _
TO MOVE TO 1/0 BUFFER

LD
S
B8SC
A
BSC
S

BSI
MDX
MDX
MDX

- BSI

ATTST

HXCOD
S$XCOD
SACOD
10BUF

¥

*
®
3*

BSC -

A
BSC
A
BSC
BSC
MDX
DC
DC
DC
EQU

L

FTYPE

- HCODE

HTYPE &=
HXCOD

XTYPEs&=-

SXCOD
ATEST 2
PRINT
DECOD
LOOPS 0
ATTST .
PRINT

_RETRN

SACOD

- ATYPEs&=

HXCOD

ITYPE s~

FETYPs&
INVAL
/0001
/0003

. /70004

/003C

TEST FOR HTYPE

TEST FOR XTYPE

TEST FOR SLASH -

TEST FOR SCOMP

TEST FOR A TYPE

TEST FOR 1 TYPE .

CALLED

INVALID FIELD TYPE

HCODE--XCODE
SLASH=XCODE
SLASH-ACODE
FORTRAN 1/0 BUFr&R

END OF EIELD FOUTINE
DECOD ROUTINE
EXTRACTS FIELD TYPE AND HIDTH FROM
FORMAT STATEMENT




.00C7

00C9

- 00E6

- 00EB

"O00EE -

‘00F¢4
- 00F8 -
-00F9 .

00FD
OOFF

0103

o0oBD -0
00BE O
00Bf-
00C)
00C3
00C4
00C5

[eNeoNoRoRe]
b 1

00C8 -

00C8
00CC
00CE
00CF
00DO
00D1
0002
00D3
0005
00D6
00D7
0008
00D9
00DA
00DC
000D 01

[oNeoRoNoNoNe
[ -

leNoNoNoNoloRoNololeNeNe)

00DF 01,
00E1 01

00E3 O
00E4
O00E>5

O00E7.
00ES8
00EA -

—

00EC

Q =

00FO
00F1
00F2

CQOWOOOO0OODOOO

00F6
00F7

O CO QO
. - O

o
—

00FB

(o N o)
[y

(@]
—

0101

oo
—

0104

o
—

- 0106 0
0107 ©

Co4B
9054
4C300101

.€4800112

E0&4C
DO4A
C4800112

"180C

D045

S 74010112

903F -
4C200001

€040

D039
7030
C03cC
9034
4C2000E3
C03cC
903C
9037
D039
C030
4C0800C1
4073
C4000038
4C2000C1
4C000C11
c02A
DOSE

. €029

Dos8sD
co22
4£C20009D
coss
9020
4C1800F4
09595100

" €01C
3000

4C000038

-C4000074

801C
1801
DO10
C4800112
04800111
74010112
4C000007

74FF0109

Co06

4C20009D

70F2
0008

REDT

IF MULTIPLE FIELD

FIELD COUNTER

IF END OF FORMAT -

STATEMENT

SETS MULTIPLE

PRINTS

. AND RESETS FORMAT SCAN. POINTER -

IF READ 99 XXX

D LD
.
BSC

T LD

~ AND
STO
LD

SRA. .

STO
" MDX
s
BSC
LD
STO
MDX.
S LD
3
BSC
LD
3
'S
$TO
LD -
BSC
BS1I
LD
BSC
BSC

SETF LD

ENDD

INVAL

REPT ~

TRAN
MULT

REDO

STO
_ LD

$TO
C LD
BSC
LD
s
BSC
CALL
LD

WAIT

BSC
LD
A
SRA
STO

FLD

STO
MDX
BSC
F MDX
LD
BSC
MDX
DC

ol iU R

MULT
ONE

MULTF s=2
O LFMT

MASK2

~WIDEC

IFMT
12
TYPEC
IFMTs 1
FREPT
REDTSs2
WIDEC
MULT
MULTF
TYPEC
REDO
SETFsZ
1FMT
ONE
WIDEC
1FMT
READS
NOMLT s %
PRINT
LOOPS

NOMLT 92

RETRN
TYPEC
FTYPE
WIDEC
FWIDE
READS

- FIELDsZ

FTYPE
HCODE
REPT s &~
IOND
EE2

- /38

FWIDE

ONE

1 -

MULT

1FMT
VARAD
IFMT 1
CALL
MULT s~1
READS
FIELDsZ
TRANF
/0006

CTEST FO

» TRANSFERS CHARACTERS

TEST FOR MULTIPLE FIELD
PREVIOUSLY FOUND

NOT MULTIPLE FIELDs» GET

. FORMAT TYPE AND DECODE

STORES WIDTH OR REPEAT

MOVE TO RIGHT DIGIT
STORES TYPE CODE
INCREMENT FORMAT POINTER
TEST FOR FIELD REPEAT

FIELD REPEATs STORE
NOe OF REPEATS

TEST FOR REDO CODE

REDO CODE FOUND _
RESET FORMAT SCAN POINTER

TEST FOR READ

READ SWITCH NOT SET
PRINTs AND CHECK FOQ
SCOMP CALLED

SET FIELD WIDTH AND TYPE

END OF DECODING FORMAT STe

READ SWITCH SETs TEST TYPE

INVALID TYPE -

SET MULTIPLE FIELD COUNTER

T0 NOoOF WORDS IN H FIELD

TRANSFER CHARACTERS TO
VARIABLE

70 CALL TO SEE 1F DONE.

REDUCE MULTIPLE FIELD COUNT

R REDO INDICA OR

25
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- 0129

0108
0109
010A

- 0108 O

010C 0
010D O
010€E -
010F
0110 ©
0111
0112
0113 0

0114
0115
0116
0118
0119
011A
0118
011C
011D
- 011E
011F
0120
0121
0123
0124
0125
0127

O =

[

COWOOOOOO0OO0DO0OOO0OOONOO
O

012A
0128
012D
012F
0131
0132
0133

elaNoNoRoNol
. = O

0134
0135
0136
0137
0138
0139
012A
0138
013C
013E
013F
0141 ©
0142 O

[eNoNoNoNoNoNoRa o]

o
fon

0001
0001
0001
0009
0005
EE02-

0001

0001
OFFF
0001

- 0001

0001

0001

C029 .
4C200124
176558F1
0000
70FD
6A06
62C3
co1l5
D279
7201
70FD-
66000123
7009
900D
¢C280120
09595100
c007
3000
4C000038
7401014F
4C800114
EEOQ1

- 0079

40@04-

0001

-D015

C018-
1881
8015
Doo6

11091

Co11
4C02013F
1808 °
£4000141
DOOA
€008

TEMP
MULT
READS
- FREPT
HCODE
EE2
TYPEC
WIDEC
MASK2

VARAD.

IFMT
ONE

BSS
BSS
BSS
0C.
cc
DC
BSS
BSS
DC
Bss
BSS
DC

1
/0009
/0005
/EEO02
1
1
/OEFF
L
-

1

LINE ROUTINE
CHECKS IF LINE IS FULL

DISPLAYS /EEO1l IF FULLY
INCREMENTS LINE COUNTER

~

e ——

MULTIPLE FIELD STORAGE
0 FOR READ 1 FOR PRINT

TEST FOR FIELD REPEAT ‘_q;D
TEST FOR H TYPE FIELD .
ERROR DISPLAY=INVALID TYPE
TEMPORARY STORAGE FOR TYPE
TEMPORARY STORAGE FOR WIDTH

POINTS TO VARIABLE

CPOINTS TO FCRMAT STATEMENT

OTHERWISE -

IF START OF LINEs CHECKS PRINTER -
READYs AND CLEARS 1/0 AREA - .

BSS
LD

BSC L
LIBF
DC.

MDX

STX 2

- LDX 2

STRBL

_SAv2

NOTST

“LINBK

EE1
LIMIT
BLNKS
*

- ¥

*

¥
IOF1IL

A

AND

.8S8C

BSC

LD

STO
MDX
MDX
LDX L2
MDX

S

NN

—
H

CALL
LD
WALIT

MDX
BSC
DC
DC
bC

—

1

10CHR
NOTST»2Z
PRNT1
/70000
TEST3:
SAV2&1
=61
BLNKS
10BUF&61
1

STRBL

*

LINBK
LIMIT
LINBKs&EZ
IOND

"EE1L

/328 _
JOCHR 1
LINE
/EEQ]
121
/4040

- END OF LINE ROUTINE

CHECK FOR START OF LINE
START OF LINEs CHECK
PRINTER NOT BUSY

CLEAR 170 AREA

RESTORE XR2 _

CHECK FOR LINE OVERFLOW

OVERFLOW ~CLEAR INTERRUPTS
AND WAIT WITH ERROR DISPLAY™

EXIT

NO OVERFLOW INCREMENT
CHARACTER.POINTER

MAXe NOo
BLANKS

OF CHARACTERS -

IOFIL ROUTINEe ENTERS CHARACTER FROM
ACCUMULATOR IN FORM 00XX INTG IOBUF

IN POSITION GIVEN BY I0OCHR

BSS
STO
LD
SRT -

STO
SLT
LD.
BSC L
SRA
AND L’
STO

LD

1
HOLD
I0OCHR
1

10ADD
ANDG1
17

MASKL
AND-2 C
8

.x.

TEMPL
HOLD

MOVE MASK

SAVE ACCUMULATOR
CALCULATE ADDRESS TO
STORE-CHARACTER

MOVE REMAINDER INTO CARRY @

IF CHARACTER NOe IS EVEN

TO RIGHT SIDE
DELETE UNWANTED CHARACTER
FROM DESTINATION WORD )

GET CHARACTER TO INSERT ({82
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lc

0143

0145

0146
0147
0149
0148
014C
014D
014E
0l4F

0150

0151
0152

-...0154

0156

0157
- 0Y59
015A
0158

015D

O15E-
- 015F

0160
0161
0162
0163
064
0165

Q166

8167

0169

0168
016C
016E
016F
0171
0172
0173
0174
0176
0177

0178

0179
017A
0178
017D

01

01
01

O OO

01l
00

4C020146

1008

E805
D4800140

4C800134

0001
0001
FFOO

1003C
0001

0001
COFD
4C080162
C400003C
901F
4C200158
Co1D
7003
4C080165
1008
€819
D001
176558F1
0162
176558F 1

- 0000

70FD
COE9 .
1801
D400003C

4C200171

COA7
D400003C
CoC4
D400003D
176559E7
1810
DoDB
4C800150

- 40F0

0D0O0-
3000

CoD5

D03C
C4000074
D40000C2

- OR

HOLD

TEMP1
MASKL
I10ADD
I0CHR

x %

¥
*
¥*
*
3
P

RINT

NUM

SKIP

CNTRL
TEST2

OUTLN

- P1CAL

. PA
BSC L ORsC 1F CHARACTER NOe 1S EVEN .
SLA 8 MOVE CHARACTER TO LEFT
OR TEMP1 COMB INE
STO 1 AND&1 "STORE 1IN DESTINATION vWiORD
BSC I 1I0FIL RETURN.
BsSS - 1 -
BSS ° "1
DC - /FFOO )
hle 10BUF -
BSS 1. CHARACTER IN LINL

END OF IOFIL ROUTINE.

PRINT ROUTINE .
GETS CARRIAGE CONTROL.CHARACTER
SETS UP APPROFRIATE SKIP

PRINTS LINEe RESETS CHARACTER POINTER
IF START OF LINEs TESTS PRINTER READY

AND

BSS . 1 } )

LD T0CHR o ) T
BSC L TEST2s6 - -
LD L 10BUF NOT -START CF LINE -
S BLZ CARRIAGE CONTROL CHARACTER-
BSC L NuMsz

LD SKP1 IT 1S ZEROy SKIP 1 ‘LINE

MDX SK1P o )

BSC L OUTLNsE -

SLA 8 IT IS A CHANNEL NO _
OR CNTWD SKIP 'AS REQUIRED - o
STO CNTRL ' - o
LIBF PRNT1

bC * : _

LIBF PRNT1 WAIT UNTIL SKIP COMPLETE
- DC /0000 '

MDX ~  TEST2 - : LT
LD I0CHR PRINT LINE ‘ -
SRA 1 - R
STO L IOBUF _ .
BSC L PLlCALs2Z TEST FOR ZERO wWC - g
LD ONE . IF COUNT IS ZEROC o
STO L 108BUF MAKE COUNT 1 AND - -
LD . BLNKS . PUT BLANKS IN IOBUF & 1

STO™ L 1I10BUF&1 =~ - R

LIBF PRNXX PRINT WITH OVERLAP

SRA 116 L

$STO  10CHR i SR _

BSC I PRINT ~ o
hle /40F0 BLANK AND ALPHA ZERO N
DC /0D00 CONTROL DIGIT FOR SKIP

DC /3000 CONTROL FUNCTION -

END OF PRINT ROUTINE

ITYPE ROUTINE ) ' e
CONVERTS INTEGER VARIABLE TO DECIMAL co

TRANSFERS DIGITS TO 1/0 BUFFER

IF FIELD wIDTH TOO SMALL)» FILLS FIELD

WITH s -

LD IOCHR SAVE POSITION OF - »

STO SAVCR CHARACTER POINTER

Lb L FWIDE - MARK POSITION CF RIGHT
ALSO TEST - -

STO L 2 END OF FIELD)
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017F
0181
0182

0183

0l84
0185
0187
0189
0184
018C
018D
018E
018F
0190
0191
0192
0193
0194
0195
0196
0197
0199
019A
0l9cC
-019E
019F
01A0
01A2
01A3
01A4

01A5 .

01 A6
01A8
- 01A9
O1AB
01AD
O1AF
0181
0182
01B3
0184
01B5
0187
0188
01B9
01BA
0188
018C
018D
01BE

01BF
01C1
01c2
01C3

01Cs

— =

—

[eNeoNoNeoNoNoNaoNoNoNooloNoReNeNoRolofoNooNoRaNoloNoNa]
Q= [

01

44000114
12FF

T0FC

coch
D033
C4800111
4C10018C
1810
94800111

- Do2C

co28
1890

"AB2A

D028
1090
£E828
40A0
COBA
9028
pboBs -
74000189
700E
C4800111
4Cl001A4G
CoBO
9017 .
4C0801AB
C01l9
4090
C013
DOA9S
4C000007
900E
4C30018D
C4000074
D4000002
446000114
cooB
4081
T2FF
TOFA
4C000007
0001

- 0001

[eReoRoReoRel

oo o0

o

0001
000A

" 00FO-

0060 .
005C -
0001

C4000074
E001

- TOEA-

007F

1000

ILP

POSV
DIvL

RESET

NEXTD
FILL

FLP

SAVCR
FEND
VABS .
TEN

Fz

MINUS
ASTER

"ONEZ2

FETYP

NOD

PRNTZ

STO
MDX
MDX
LD

BSC

LD

S

BSC.

LD
BS1
LD
STO
BSC
S
BSC

)
sTO
BS1

LD

BSI
MDX
MDX

BSC -

BSS
BSS
BSS
oC
DC
DC
DC
DC

-

-

"END  OF ITYPE

LINE
-1

ILP
TOCHR
FEND
VARAD
POSV s~
16

" VARAD

VABS

- VABS

16

TEN
VABS
16

Fz
IOFIL
I10CHR
ONE2
10CHR
VABSs O
NEXTD
VARAD
RESET 9=
J0CHR
SAVCR
FILLsE
MINUS
JIOFIL
FEND
10CHR
CALL
SAVCR
DIvLs=2Z
FWIDE
2

LINE
ASTER
IOFIL
-]

FLP
CALL

1

1

1

10
/00F0
/70060
/7005C
1

FETYP ROUTINE

F OR E TYPEe.
L

LD

AND
‘MDX

DC

FWIDE
NOD
FILLE2
/007F

" RIGHT END OF PREVe

FILLS FIELD wWITH 3%

PA

FOR SUFFICIENT SPACE
AVAILABLE IN LINE

GET ABSOLUTE VALUE OF
VARIABLE
1F NEGATIVE s 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 SIOGN

o

ENTER MINUS SIGN

RESET CHARACTER POINTER

NEXT DIGITe
AVAILABLE

NO SPACE.
¥R

TEST FOR SPACE

FILL FIELD WITH

FIELD
RIGHT END OF THIS FIELD
ABSOLUTE VALUE OF VARIABLE

CONVERTS DIGITS "TO £EBCDI
MINUS SIGN

ROUT INE

C

' MASK OUT D PART OF SPECe

-~ JOIN NO SPACE BRANCH

END OF FETYP ROUTINE

NOP

DUMMY ENTRY NOT USED o~
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~2h-

01C5

. . 01Cs
01cCs

0 70FE : MDX
0001 BSS
| . END

NO ERRORS IN ABOVE ASSEMBLYe

Hee2 :

1
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/7 AQM
#L1IST SOURCE PROGRAM

# PRNXX PRINTS IN OVERLAPPED MODE
o #* THIS SUBROUTINE NOT OVERLAID DURING SOCAL'S
: LIBR :
0000 176559E7 .. ENT- PRNXX
0000 0~ 10C0 PRNXX NOP :
0001 01 C4000003 B W B TR
0003 0 DOO5 $TO BACK&E1
0004 20 176558F1 LIBF-  PRNT1 -
0005 0 2000 DC /2000
0006 0 003C DC 10BUF
0007 1 '000A , DC ENDPG
0008 01 4CO0000A BACK BSC L % - o
000A 1 0008 - ENDPG DC . % SKIP TO CHANNEL 1 IF
0008 01 4C80000A BSC 1 ENDPG END OF PAGE
003C 10BUF £Qu /003C "FORTRAN 1/0 BUFFER
- END - - __

000E

NO ERRORS IN ABOVE ASSEMBLY.

. @.
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/7 ASM ' - - , IDEALGSA
L RLIST - ' _ : : IDEAL4SE
0000 09595100 ENT IOND . SUBROUTINE NAME - IDEAL48C
‘E& — ' %CALL 1OND NO PARAMETERS - - , "IDEAL48D
- ¥CALL IOND - ALLOwWS 1/0 OPERATIONS TO END BEFORE A IDEAL4SE
_ ] * PAUSE OR -STOP 1S ENTERED - IDEAL4SF
0000 0001 IOND BSS 1 - ARGUMENT ADDRESS IDEAL4SG
0001 00 74000032 ~ JOPND MDX L . 5040 ANY INTERRUPTS PENDING IDEAL48H
~.0003 0 70FD ' MDX I0PND - _ "~ _IDEAL48]
1 0004 01 4C80000C0 BACK BSC I 10D ; N o IDEAL4S
0006 , END . ) ) R

IDEAL4SA
NO ERRORS IN ASOVE ASSEMBLY.e |
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// FOR « : . _ CSP12820
“#% SAMPLE PROBLEM 2 : S CSP1Z™0
#10CS11132 PRINTER) - S ' ' - : - vij@
*LIST ALL . : o , ‘ ,
* NAME SMPL2 ‘ . - o - : CSP12840
# ONE WORD INTEGERS o ] ' T CsSP12850
¥ EXTENDED PRECISION - ) o & , - CsP12860
C DEMONSTRATE USE OF OVERLAPPED PRINT SUBROUTINE :

. C THIS PROGRAM IS IDENTICAL TO COMMERICAL SUBROUT INE PA»KAGE

C SAMPLE PROGRAM NOo 2

C NOTE INPUT DATA CARDS CSP13560 T0O CSP140$O ARE NOT REQUIRED i :
Cmeewee=THE INPUT 1S MADE UP OF A MASTER CARD FOLLOWED BY THE TRANSACTION CSP12880

C~==-=~CARDS FOR EACH CUSTOMERe WE WANT TO PRINT AN INVOICE ARD PRINT A CSP12850

Lo NEW MASTER CARD FOR EACH CUSTOMERe CSF12900
DIMENSION INCRD(82)sIPR NT(é)’IOTCD(SOl9ISTOD(5)+IWK(13)vIuUV(S)’
11EROR(6)

| READ(995101) ISTOP - -
101 FORMAT('I § T O P') -

~ READ(995106) IEROR
106 FORMAT('E R R O R 1)

J=2 . . - ) , - CSP13010
 INCRD(81)=16448 - CSP13020
INCRD(82)=5440 ' . CSP13030

1. 1=0 : - CSP13040
L=0 : _ : . ° CSP13050

M=0 ’ ' . CSP13060

CALL READ(INCRDs1980sJ) CSP13070
IF(J=1) 22+232 . ] _ CSP1¥™

2 IF(NCOMP(INCRDs1s5515TOPs1)) 392253 CcSP1AKO
-3 CALL NZONE(INCRD»70959K) : , ) CSP13100
IF(K=1) 2634926 CSP13110

4 WRITE(35102) (INCRD(II)II=14960)
102 FORMAT('1's20A1/("' '420A1))
READ(99+103) TuWK : .
103 FORMAT (! ' ’ $ e CRrR ')
- CALL EDIT(INCRDs61 68:IWK91 13)
WRITE(34104) IWK - ‘ -
104 FORMAT(///10Xs"QTY "' 910X s 'NAME " 946X s PAMT ' /23X ' PREVIOUS BALANCE' s
128X,13A1) ' ' -

LINES=8 . B
40 CALL -A1DEC(INCRDs614584L) : CSP13250
IF(L) 545423 ) » CSP13260
5 CALL MOVE(INCRDs61968s1SUMs1) - CSP132170
. CALL MOVE(INCRD»13s80410TCDs1) , CSP13280
6 CALL READ(INCRDs15803J) ' S , o )  CSP13290
IF(U=1) 225747 S - - CSP13300
7 CALL NZONE(INCRDs70555K) T A g CSP13310
IF(K=1) 1891948 - ' _ CSP13320
8 IF(K=2) 18+9418 : . (sP13330
9 IF(NCOVP(IRCRD,1,209IOTCD91)) 18510518 S o CSP13340
10 READ(994110) IPRNT o - .
110 FORMAT(! ' 0"
CALL EDIT(IKCR9949,52,IPPVT,1,6) , _ ) N
READ(995103) IWK S , '_QLD

CALL EDIT(INCRD»41»48,IWK 1213)
IF(LINES=S55) 31s31417 v
31 WRITE(Bylog) IPRNT o (INCRD(II)s11=21940)sIWK -
105 FORMAT(7Xs6A1ls10Xs20A1 426X, liAl)
- LINES=LINES+1

539




" SAMPLE PROBLEM 2
CALL AlDEC(INCRDlev@S'L)

Q IF(L) 12512514 ‘
| CALL ADD(INCRDs41948s1SUMs 1 BoM)

IFAM) 1356513
13 CALL IOND ™
stor 777 )
14 CALL NZONE(INCRDsL o4 sN1)
" N1=0 - -
- CALL ALIDEC(INCRDsLsLsN1)
IF(N1) 16516415 '
15 CALL 1OND ‘
- STOP 666 -
16 - CALL DECAl(INCRDsle&SfL)

L=0 - o ST

60 .TO-11 S -
17 WRITE(349109) - :

109 FORWAT('I‘:?Xo’QTY'olOXQ'NAME'946Xs'AMT')

LINES=1 o
- GO TO 31 : o
18 CALL TYPER(IERORgl 5) -
CALL TYPER(INCQD;I '82) .
' GO TO 6
19 CALL DECAL(ISUM3s1984L)
: IF(L) 20421420
20 CALL IOND . L
1 STOP 555 T
1 READ(994103) Iwk ~
‘:5 CALL EDIT(ISUMs1ls8sIWKs1913)
CALL MOVE(ISUMs1s8510TCDs61)
CALL TYPER(IOTCDs»14+80)
WRITE(35107) IwWK

107 FORMAT(//23Xs'TOTAL ' 939X»13A1)

CALL TYPER(IACQDsBl’BZ)
GO To'1

22 READ(9951087 IwK oL
108 FORMATI'E ND O F JOB ')

CALL TYPER(IWKs1s10)
CALL TOND- ‘
. . STOP 111
.23 CALL . kZONE(INCRD»LoQoNl)
- N1=0 -
CALL AlDEC(INCRD»L;L;Nl)
- IF(N1) ?592),24
24 CALL _1OND- -
STOP 444
25 = CALL DECAl(INCRDsélséS’L)
L=0
GO TO 40 .
26 CALL TYPER(IEROR;I’S)
CALL TYPER(INCRDs1s82)
_GO T0.1
END

VA’ABLE ALLOCATIONS

INCRD=0051 IPRNT=0057 10TCD=00A7

M =00CB K =00CC 11 -~ =00CD

STATEMENT ‘ALLOCATIONS o
101 =00F8 106 =00FF 102 =0107

1STOP=00AC ISuM =00C1 -

LINES=00CE

- PAGE 02

CSP13430
CSP13440
CsP13450

. CSP13460
 CSP13470
- CSP13480

CSP13490
CSP13500
CSP13510
CSP13520

CSP135390

CSP13540
CSP13550
CSP13550

- CSP13570

CSP13620

CSP13630
CSP13640
CSP13650
CSP13660
CSP13670

CSP13680

C5P13820

- CSP13830

CSP13840
CsP13850

-CSP13860
- CSP13870
- CSP13880

CSP13890

- CSP13900

CSP13910
CSP13920
CSP13930 -
CSP13940

105

-——na

S o

1EROR=00C




s AR IR wT A e s T

. e \’
. SAMPLE BLEM 2 | ' T |  preE
3 | =o€§9 5 2 o180 3 =01Ce6 4 =0102 40  =0202 5 =020C BNCE
. 107 =0243° 31 =0265 11 =0288 12 =0292 13 =029F 14 =02A3 15
19 =02DD 20 =02E7 21 =02EB 22  =0313 23 =0322 24 . =0336 25WJ
FEATURES SUPPORTED o - |
ONE WORD INTEGERS : , : T
- EXTENDED PRECISION T
10CS ,
_CALLED SUBPROGRAMS ) L : . o
CREAD  NCOMP  NZONE  EDIT A1DEC  MOVE ADD JIOND ~ DECA1l  TYPER
SFIO . "SIOAI  SIOIX SUBSC- STOP - PRNTZ S
INTEGER CONSTANTS s , _
9920002 = - 2=00D3 16448=00D4  5440=00D5 0=00D6. 1=0007 . 80
60=000C -~  61=00DD . 68=00DE 13=00BF 8=00E0 20=00E1 49
48=00E6 . - 55=00E7 21=00E8 40=00E9  777=00EA 4=00E8 666
10=00F0  ~ 111=00F1  444=00F2 - 1911=00F3 _ 1638=00F4  1365=00F5 . 273
CORE REQUIREMENTS FOR SMPL2 : : -
_COMMON 0 VARIABLES 210 PROGRAM 640

END OF COMPILATION




T PR R L et ST S

s/oxeQ L , - S o CSP13950?

H

R 47 OB4E (HEX) WORDS AVAILABLE
C CALL TRANSFER VECTOR

 CARRY 1123
NSIGN 1007
CFILL 1082
TYPER  0CO5
 DECA1 ~ OBSA’
IOND ~  0B3E |
ADD OATE , -
MOVE  0A40
A1DEC = 09D2
EDIT 08AF
~ -~ NZONE-  O7FD
- NCOMP  OTAF

" - READ 075D
LIBF TRANSFER VETTOR

HOLL  13AE. o
- PRTY 135 o=
EBPA 130E
TYPEO 11€6
EBPRT 1180
RPACK 1050
SUBIN 1090
ARGS 1022 : -
W SWING 106F
SPEED  O0ED6
CARD1 0DEO N
PRNXX ~ 0DD2 - - S o
PRNT1  0C50 ‘ . -
SToP 0B44
SCOMP 0547 . : .
SI0IX 0533 _ : - . o .
SUBSC 087C )
SWRT. 05A9 -
SI10AI 053A
SRED 058A _
- ESTO 06E0 : -
ELD- 06F 6 - _
PRNTZ  06D8
SFIO . 0514
DISKZ . 00F4

. SYSTEM:  ROUTINES o I s
ILS04 1401 B S - ‘
ILS02. 141D :
1LS01  142F - _
ILSO0 1441 -

C 0338 (HEX) IS THE EXECUTION ADDRs

T
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 DAVES MARKET

1997 WASHINGTON ST

 NEWTOWNs MASS.

QTY

11

17
17

17

.17
17
25
25
10
210
-12
12
12
12
12
12
‘14000
45000
200
100
50
100
100
100
10
-12

12
12 -

12

: 12

19000

4,000

200

50

100

100

© 100

100

10

. 12
[ 14000

44000 .

02

158

NAME

‘PREVIOUS BALANCC

SUGAR = BAGS

CHICKEN SOUP = CASES
TOMATC SOUP = CASES
SUGAR RETURNED
COOKIES ~ CASES
GINGER ALE = CASES
ROOT BEER = CASES
ORANGE ADE = CASES
CREME SODA = CASES
CHERRY SODA = CASES

SODA WATER = CASES

DOG FOOD = CASES
CAT FOOD « CASES
SOAP POWDER = CASES
DETERGENT =~ CASES
HAM = TINS

HAM - LOAF

 SALAMI

BOLOGNA
CORNED BEEF
ROAST BEEF
BREAD -~ LOAF
ROLLS

MILK = QUARTS

- -MILK =~ HALF GALS
- MILK - GALS

POTATOES = -BAGS
TOMATOES - LOOSE
CARROTS = BUNCHES
DETERGENT = CASES
HAM = TINS

HAM = LOAF
SALAMI

BOLOGNA .

CORNED BEEF

ROAST BEEF

BREAD ~ LOAF
ROLLS .
MILK =~ QUARTS .
MILK = GALS )
MILK = HALF GALS
POTATOES = BAGS
TOMATGES = LOOSE.
CARROTS = BUNCHES -
DETERGENT = CASES

HAM = TINS
BREAD = LOAF
ROLLS:

AMT .
$l11029[
$21002
$38e76

© %3061l -

'$21602CR -

$45621
$52037"
$52637
552037
$52037
$52¢37
$52037
5101026-'
$101426
$72689
$72.89
$36e75
$33675
$33¢75
$33675
$33e¢75

© $33,75

$150000 °

$150.0 ‘
35704'!-5:_@

$5Tet2
$57642
$11.23
$11.23
$11623
$72089
$36e 75
$33675
$33675
$33075
$33075
$33475

"~ $150.00

$150000
- $57042.

$57e42

$57e42 .
$11623
$11623
$11023

- %7289

$26e¢ 75
$150000°
$150.00
o ™

e




-z~

QTY
. o 200
X . 100
o : 50
- (3) 100
. 100

loo

10

1-2
12
12
12

12

12
159000
44000

200

_100

100
100
100
100
10
12

. NAME

MILK = QUARTS
MILK = HALF GALS
MILK = GALS
POTATOES = BAGS
TOMATOES = LOOSE
CARROTS = BUNCHES
DETERGENT «~ CASES
HAM ~ TINS )
HAM = LOAF

SALAMI

BOLOGNA }
CORNED BEEF --
ROAST BEEF

BREAD = LOAF
ROLLS

MILK = QUARTS
MILK = HALF- GALS
MILK = HALF GALS
POTATOES =~ BAGS
TOMATCES = LOOSE

- CARROTS = BUNCHES -

DETERGENT = CASES
HAM = TINS

ToTAL -

AMT
$57e42
$57042

$57c42

- $11623
" %$11e23
$11023
$72.89
$36675
$33675
$33.75

$33.75

$33075

- .$33.75
$150600
$150,00
$57042
$57¢42
$57042
$11.23
$11e23

- 81le23

$72.89
$36.75

T $34893.25
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STANDISH MOTORS
10 WATER STREET o : » — . o
PL¥MOUTHs MASSe02296 o , ‘ - - R

. AW
QTY NAME - - : ' ~ AMT
' PREVIOUS BALANCE - o . .. $23356436
20 . AIR CLEANERS = CASES . ' . 3200.03
6 GREASE =~ BARRELS - : . 8165024
20 . TIRES. = 650 X 13 g o _ .. $260.38
50 TIRES =~ 750 X 1l4. . S - %900653
50 TIRES = 800 X 14 : T $1+012,00
100 - ~ GASOLINE CAPS - ' : S - $99468

TOTAL - IR : - T 8449994422

) ) -
A
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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 compared to Version I and other
available commercial routines. Performance in execution time
and core requirements as well as current limitations will be
presented.
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QA Comparison between 2310 and 2311 Disk Storage Systems

by
S. F. Seroussi

Thomas J. Watson

" Research Center
P.O. Box 218
Yorktown Hts., N. Y.

. . A series of programs has been written to-allow 1800 -
users to fully utilize the capabilities of the IBM 2841-2311 disk
storage system within the frame work of the Time- Sharmg
Executive -- TSX, Version 3, Mod 1.

A comparison is made between the 2311 and the 7310
disks in programming techniques and timing. .



Physical Characteristics .

2310

Capacity - Oxide coated disk with 200 priméry, ‘3 alte¥nate’
2 track cylinders capable of storiﬁg 521, 304 16 bit words
(1, 0;12, 304 bytes) of whichkabout 512K 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 with a capacity of 321 words one of which is

usually used for sector addressing and error checkout.

Timing - The disk rotates at a speed of 1500 rpm;

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

Cylinder to cylinder access ' is 15 mslin 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. .

Between sectors the shortest time available is 235 ¢sec
(plus 274ysec for each word not used)., As an example, if we
write 310 words in a sector and then continue to-write on the
next sectors the delay between writes will be a minimum cf

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

Programming - The following hardware (machine

language) operations are available:

1Mod&;ls Al, A2, and A3.

S 47




CE Mode _ v o

INITIALIZE READ - _igﬁg O apORY

D\IITLALIVZE WRITE

CONTROL (SEEK FORWARD OR.BACKWARD)

SENSE -

These operations must be executed one at a time with no

chaining allowed and with several restrictions imposed such

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

will result. Only one sector can be processed per I/O command.
Interrupts. - Sensiﬁg the DSW for each disk unit pfoviaes |

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

Operation Complete, causes an interrupt in the 1800. All othex;

indicators will only be detected together with Operation Complefe.

Data Status Word

vy}
e
ot

InterruEt :

Any Error
Operation Complete
Disk Not Ready
Disk Busy

Carriage Home
Parity Check Error
Storage Protect Error
Data Error

Write Select Error
Data Overrun

Not Used

11 : CE Not Ready

12 ‘ CE Busy
13 , Not Used

14-15 Sector Count

|

O VWAL b= O

Pt



Two or more indicators will be on when an interrupt occurs.
Number of Drives Per S.ystem. - Standard up to three.
- RPQ three more.
Typical I/O Command:

XIO I0CC1 ‘ ' o .

\ .
IOCC1 DC TABLE DATA TABLE
DC / 4D01 WRITE ON DRIVE 1,
SECTOR 1
C
TABLE DC 321 " COUNT
BSS 321

A previous XIO would have moved the arm to the proper

cylinder.

SH9




2311 .

Capacity - 12 éxide coa,t’ed disks with the ten insid;/
surfaces used for recording data up to 7.5 million 8 bit bytes. .

A pack is divided into 200 pi‘imary, three alternate

cylinders and ten tracks (one for e;,ch 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 IBM provided

programs with a standard format. A track would have the @

following configuration:

Index
e TS WP T D L
A Count Key Data A.MJ | Count Key Data A.M.] {Count Key Data A

2311 Track Format

Each of the above areas contains the following information:

»

index Home
Marker Address

A G | Record Rﬂ Data Record RI I Data Rzz

il T T T
g;:g Cylinder Number{ Head Number Cyclic Check Gop | Record Ro
) '

A

[ t 2 3 4 s 6

Home Address )




w Home Address Flag Byte: The flag byte in the home

address is transferred automatically to the using system by

performing a read home address operation on the track. The

bit significance is:

LI

0

1

2
Flog 3
Byte 4

5

é

7

Function or Settigg

- Zero

Zero

Zero

Zero

Zero

Zero ~

Track Condition 0 indicotes operative track

1 indicates defective track
Trock Use 0 indicates primary track

1 indicates alternate track

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

as each record is written. It is not sent from the CPU. Bit

.

Bit
0
1
Flog
Byte
2
3
4
5
6

7=1 indicates an alternate track.

Function

0 for even-count records (RO, R2, Ry4, Rg

1 for odd-count records (Ry, R3, R5....)
Used by the 2841 to ensure that all address
markers (and records) are present. The 2841
signals o missing address marker when two
consecutive, identical bits are encountered

(unless an index point intervenes).

Used only with record overflow fecture. _
0 for all non-overflow records and for the last -
segment of an overflow record .
1 for each segment, except for the last segment
of an overflow record. °
Zero
Zero
Zero
Zero
Track condition 0 indicotes operative track

1 indicates defective track

Track Use 0 indicates primary track

1 indicates alternate trock

Bits 6 and 7 are transmitted to the flag bytes of
all records on the track from the flog byte of the
Home Addrzss of that track by the 2841.



O

Cyclic lagl Cylinder| Head [Rec.|Key| Data Cyclic ! Cyclic { Cyclic Add
Check Flag No. No. [No.|lgthj Length | Check Ke&l Check + | Dota CKfck ' Mar;::rs
5 6 t 1 2 3 4 5 6 7 8 9 10
y ) U
Count Area o Key Area Dcta Area
index HA

AC I v 3

Data a4 a8 '
Count Area Key Area * Dota Area é
Area Yy (.
Address Address
Marker * May Not be Present Marker
Record Ry =R Format
. KL=K Length
Storage Track Copacity in Bytes Track Copacity Bytes Required by Dato Records DL = D:{u E;r?g?h
When Rg is Used os Specified When Rg is Used for Data Records (axcept for last record) Lost Record
Units By IRM Progromming Systems, Application Data Without Key With Key Without Key -With Key
537 537 -
2317 3625 3694 81 + 32 o, (& *373 (K, +D)) -0 0+(K, +Dy) .
Number of Bytes per Record when Number of Equal Length Records Per 2311 Track
- Record Rg ysed as specified by ,
IBM Progromming Systems. 1 2 3 4 5 6 7 8 9 101N 12 {13 ] 14 15 (16 117 118 191 20
Without Key 3625 {17401 1131|830 [ 651 | 532 | 447 {384 {334 | 2951 263 {236 |213| i93| 177{ 162|149 | 138] 127|118
With K j Includes key bytes +
ith Key }dota bytes - K|+ Dy 3605 (172011111 811 [ 632 |512 | 428 {364 | 315} 275] 244 [ 2'7 1 194} 174 1 158 [ 143 {130 | 119{ 108 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 from cylinder to adjacent
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cylinder is 25 ms; maximum access time (ffom cylinder 000

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

75 ms. Once t':he cylinder is' accessed, an aVera.ge of 12. 5 ms
is needed t'o 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.

Programming - 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 into four groups as recognized by i:hé selector
channel: Cutput Forward (Write, Control)

Input Forward (Read, Sense)

Branching (Transfer in Channel)

Test I/O

(1)

There are forty possible command codes some 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 - Béfore considering the interrupt capabilities

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

of these devices connacted to an 1800.

1. See Appendix I, pp I. 2 for table of commands




1800 _1826-M2 Selector Ché.nnel

/

/4 .
s REQ IN
REQ OUT [ .

2311 []
231 [

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

of importance; (1) Selector Channel/ Control Unit (2841) and |

(2) Control Unit/I1/O Devices (2311).

Selector Channel/ Control Unit
(2) If more than one control unit is attached to the

selector channel, SENSE ILSW will determine which one of

them has interrupted. The machine configuration under
consideration has one cont?ol unit so there is no need to
execute this instruction.

(b) To determine the status of the selecior.channe.l, a

SENSE CHANNEL STATUS WORD 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:
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BIT STATUS
0 Not Operational
1 Unit Status Pending
2 Program Control

Interrupt
3 Program Check
4 Data Check
5 Interface Check
6 Incorrect Length
7 Channel Busy
8 " Unit Operational

MEANING

Device Addressed not ready
or not connected

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 Area

Hardware 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 first 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 2311ls can be attached to a single control

unit. 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

355
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O

of information placed in the accumulator are:

BITS STATUS . - MEANING

0.- 3 ; ’ Address of Control Unit
4 -7 o Device Addresg (0 -7
8 ~ Attention Not Used )
9 Status Modifier With 11, Control Unit Busy
10 Control Unit End Control Unit Available
11 Busy With 9
12 | Channel End .(CE) Indicate Status
13 Device End (DE) } Of Operation
14 Unit Check Error ' @
15 End Exception End of File Detected (A

Record with Zero Count)
The above bits can be on in several combinations 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 detérming the error

source:

(2a) SENSE CCW ADDRESS - will give the address plus

three of the last commands used.

(b) SENSE BYTE COUNTER - will give the residual

byte count. 0
(¢} SENSE BYTES - will transfer six bytes of informa-

tion concerning the unit check from the 2841 to the CPU at an



address specified by the user.

most of the needed information as shown below:

Slgnificance of " 1"

Byte Bit Designati -
0 0 Ccmmond
Reject
0 1 lIntervention

C

C

0

Required

2 BusOut
Parity
Check

3 Equipment
Check

4 Dota Check

5 Overrun

6 Trock

Condition
Check
7 Seek Check

0 Dota Check
in the Count
‘Field

Indicotes thot the 2841 has received on invalid
operation code, an invalid sequence of com-
mands, on invalid Seek Address, The write
portion of the file mask has been violated.
(See Set File Mosk.) - .

Indicates that the specified file is not physically
attached to the system or, if physically attached
to the system, it Is not available for use because
the file motor is not on, o cover interlock is
open, etc.

Indicates that the 2841 has detected o parity

error during the transier of o command or doto
from the channel to the 2841. A parity error
detected during command tronsfer signals a

Parity Check.

Indicates that an unusual condition is detected
in the control or storage unit. Conditions
covered by this bit are defined by Sense Byte 2
(See Appendix B).

Indicates that a data check error has been de~
tected in the information received by the 2841
from the storcge unit.

Indicotes that a chained CCW was issued but It
was received too lote to be properly executed;
or that a byte was received too late (during
write operation) to be tronsferred properly; or
the channe! did not respond fost encugh during
a read or scarch.

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

Indicotes defective track.

A Track Condition check is generated under the

following conditions:

L. If an overflow record is being read, written,
or searched which overflows to a defective
track, the interrupt occurs ofter the last
byte on the previous track has been operated
on and before the first byte for the defective
track is requested from or sent to the channel.
In this case overflow incomplete is also set.

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

J. If @ multiple trock command or on overflow
operation cttempts to switch from an olter-
nate or defective track after an operation
has been executed.

Indicates that the file hos been unable to com-

plete o Seek because:

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 set.

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

Indicates that cyclic check error has been de-
tected in @ Count Area read from the storage
device. Data chack (bit 4) In byte 0 is also
turned on.

it

The first two bytes contain

Designatlon Significance of " 1"

Trock
Overrun

Cylinder
End

Inveolid
Sequence

No Record
Found

File
Protected

Missing
Address
Marker

Overflow
Incomplete

Sense Bytes 0 and 1

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

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

Indicates that an attempt has been made to
execute an invalid sequence of CCWs or that
two Set File Mask commands appear in the
same command chain.

Volid command sequences are defined in the
Write and Erase command descriptions. Com-
mand Reject (Byte O bit 0) is also set when on
Invalid sequence is detected.

Indicates that while executing a chain of CCWy
the 2841 has dstected two Index Points without
completing an intervening command to read or
write or search the Dota Area, Read Home
Address, or Read RO. It is alsc set in
conjunction with Missing Address Marker if
there is no 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 @ command was issued contrary to
the file mask. The Command Reject bit is aiso
set by this condition, if the operation violates
the write portion of the file mask.

A missing Address Marker, which moy indicate
o missing record is detected during the execu~
tion of command or chain of commands which
operates on successive Count Areas on a track.
The condition detectzd is two successive records
on a track with equal kit conditions in bit 0 of
the Flag bytes, with no intervening Index Point.
Missing Address Marker is set in conjunction
with No Record Found if there is no data on the
track.

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

Sets Overflow
Incomplete and

Condition Other Indication
Overflow to a Track Condition

defective trock

Overflow froman -
alternate track

Dota check in data
area of overflow
record other than last
segment .

(Byte O, bit 6)

Track Condition
{Byte 0, bit &)

Data check
{Byte 0, bit 4)

Overfiow to File

_ Protected boundary

Overflow to wrong
track (Head number
unequoal)

File Protected
(Byte 1, bit 5)

Seek Check
(Byte 0, bit 7)



12.

Typical I/O Command: READ HOME ADDIiESS; CYL 180-HEAD 8

X0  sIo START 1/0

SIoO DC CCW START 1/O - I0CC '
DC - /9502 AREA CODE 18 - UNIT 2
CCW,/DC 5 SEEK AND CHAIN
¢ DC /4007 FOR RECORD SPECIFIED
AT SEEK ADDRESS
(DC  SEEK O
~DC 6 READ HOME
{ DC  /001A ADDRESS INTO
\\DC  HOME THIS ADDRESS

SEEK DC 0
DC 180 CYLINDER
DC 8 HEAD

HOME BSS 3
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13.

Software

The a.va.ilable- software ;ﬁor 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 i:ile card, or a STOREDATA card
and the system will do the rest. Moreover, all of this is
ﬁsually 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 will
show, is time and overhead costs. All 2310 routines eventuall
call an I/O subroutine, DISKN which has been charged with

the responsibility of controlling all I/O to the 2310s and
servicing the resulting interrupts. It should be noted tha.t.

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

"to the user after the operation has been completed successfuily

or not.

The software available for the 231l as provided

o
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i
N

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

(1)

submitted as Type IV programs. ' Work in switching

TSX to the 2311 is also being contemplated. The structure

"of these routines is similar to those used to service the 2310s

but three differences must be mentioned:

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

:

of data transmission, it is possible to mask any interrupts
while the 231l 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 cé.n be Bverlapped. .The return to the
user is made immediately as soon as the I/O is initiated. The
user has the option to examine the final interrupt to deterr;'line

if the operation was successful or not or to ignore this fact

‘completely and continue with his program.

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

sequences. There is no special WRITE or READ as in the @3
1. See Appendix II for further explanation and examples.

B 60



15.

2310, and most of the parameters in FORTRAN must be fixed
infegers. There are.lo calls that can be used to generate a
sequence of inf§t‘ructions that will perform a éertain I/O on the
2311 and tvs}o auxiliary calls; one that allows the user to w:{ite
his own command chain and the other é busy test routine. In
machine language, a thfird special call allows the user to get

to a table of parameters and indicators sa.v;ed by the 2311 ISS.

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

all I/O through a subroutine? DISKZ,

Having provided a brief sketch of the software available
for both 2310 and 2311 disk sterage devices., it is possible ﬁow
to look at the programs run to‘obta.in some timing comparisons.
The philosophy used was very simple; write and read back a
fixed length record té both disk units under similar conditions

and record the lapsed time between start and finish.

TIME4 320 words . 918 sec. ASM-ABS

TIMING
Time
Routine WRITE-READ I/O 2310 2311 Language
- TIME1 3200 words 7.188 sec. ..322 sec. FORTRAN-TSX
TIME?2 3200 woxrds - 1,609 sec. ASM-TSX
‘TIME3 3200 words .192 sec. ASM-TSX
$TIME 320 words . . .262 sec. ASM-ABS

56)
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It should be pointed out that a data area for use of all the'se
routines was set up in f‘LE'I' and unprotected by means of
DWRAD.- This time was not included in 'the computations.
Also, the time shown for $TIME does not corre séond to a
vsin.gle write of 320 words but to five repeated attempts to
write the same record. This was caused by an error in one
of the roﬁtines used a:nd shows the timing effect of retrying
an operation that failed with a recoverable error (in this
case unrecoverable).

It is evident that the usé of FORTRAN for disk I/O in-
stead of Assembly Language is costly for the 2310 but that

in the case of the 2311 storage devices, at the present time,

the difference is quite tolerable,

\\
_ j

Ny

o
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APPENDIX I

.1

2310
1. 02
530. 00

" 72.00

203
2
5.1
SECTOR

640

PHYSICAL CHARACTERISTICS

STORAGE CAPACITY (MILLION BYTES)

HIGH SPEED ACCESSIBILITY (milliseconds average) )

DATA TRANSFER (KILO BYTES)
MULTIPLE UNIT GROWTH

NUMBER OF CYLINDERS

NUMBER OF TRACKS/CYLINDER
CYLINDER CAPACITY (THOUSAND BYTES)
BASIC ADDRESSAB LE UNIT

MAXIMUM CAPACITY OF BASIC UNIT (BYTES)

2311
7.5
75.0

156. 0

203
10
37.0
RECORD

3900

L1



APPENDIX II

II. 1

The 2841 and 2311 Subroutine Package

The 2841-2311 Sl"xbroutinesbwere written to all;)w FORTRAN
. and/or AssemBly Language . users to avail themselves of
these high speed storage devices.

The aim was to organize the routines along the lines

oi: the 2310 support pro‘grams. To accomplish this, a set of
three subprograms were developed:

1) The interrupt service subroutine (ISS), DISKZ,
that héndles all I/O requests thArough its subroutine
entry point and takes care of all resulting inter -
rupts informing the user, if he cares to know, of

the status of the last I/O executed.

2) Ten calling sequences which operate upon all or
any element of a record, track or cylinder (see

Table I). .

3. One additional subroutine with three entry points:
(a) One entry point, DISKX, 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 T2311 to a routine busy test.

O
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1. 2

‘An indicatf.or is set to zero or one according to the
busy status of DISKZ
4) A épmmy entry l;oint X8Y9¢ to a table of para-
meters and ilnciicators kept by DISKZ. |
DISKZ performs the same functions for the 2311 as
DISKN does for the 2310. The other subroutines determine

which operation is to be performed by the 2311.



TABLE 1

2311 CALLS AVAILABLE UNDER 1800 TSX @

CALL WR
CALL WRO
CALL WKD
CALL WD
CALL RHA
CALL RRO
CALL RCKD
CALL RC
CALL RKD
CALL RDD
CALL DISKX
CALL T2311
CALL X8Y9¢

WRITE COUNT, KEY AND DATA ,
 WRITE SPECIAL COUNT KEY AND DATA

WRITE KEY AND DATA

WRITE DATA "

READ HOME ADDRESS

READ TRACK DESCRIPTOR 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 TAB'LE
KEPT BY DISKZ \DUMMY CALL SHOULD @
NEVER BE EXECUTED)

All these calls have a variable number of parameters. For

further information contact:

R. C. Yens

The Mitre Corporation

Command and Management Systems
Planning and Engineering, D-74

P. O. Box 208

Bedford, Massachusetts 01730
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APPENDIX I

EXAMPLE OF 2311 CALLING SEQUENCE4INiFORTR5N

EXTERMAL RET

INTEGER A(453),B(L453) :
CSTABLISH ADDRESS OF RECORD TC 2E WRITTEN BY APPENDING TO DATA
THE CYLINDER,HEAD AMND RECORD MNUMBER DESIKED (KEEPING IN IIND
THAT ARRAYS ARL STORED FRCH HICil TO LOY CORE IM THE 12K 1800)
CYLINDER

A(L53)= 100

HEAD

A(L452)= 6

KECGRD MUMBER AND KEY LENGTH I THE FORMAT KRKK MUST BE GIVEN
It THE DECIMAL EQUIVALENT OF THE HEXADECIMAL MUMRER

IN THE EXAMPLE THERE WILL BE NC KLY SO THAT FOR RECORD NUMCER 1,

THE HEXADECIMAL NUMBER WILL BE 0100 OR DECIMAL 256
A(451)= 256 °

VRITE COUNT KEY AND DATA
CALL UR(RET,1,1,A(453))

READ COUNT KEY AND DATA

CALL RCKD(RET,1,160,6,1,P(453))
VAIT FOR END OF OPERATION

CALL T2311(1)

1F(1)10,15,10

CALL DMPP(A(1), B(453))

CALL EXIT
END




£2¢

OOOOO0O0

Im. 2

CALL RET (KK) 1S A USER WRITTEN SUSRCUTINE TO HANDLE ALL NORMAL

AND ERRCR ROUTINES - KK IS ANM IMDICATOR PASSED TGO THE USER
BY THE INTERRUPT HANDLING SUBRCUTINE, DISKZ :

SUBROUTINE RET(KK) : . ' ‘
CALL DMPP(KK)

RETURN -
END

<




£95

I 3

0000 045175C0

GCCO- 0 o000
0001 01 74020000
0003 01 uceoo000
u0Go

DMPP

ENT DHMPP . |

DMPP SHOULD LCE A USER WRITTEN SUBROUTINE

TO DUMP IN HEXADECIMAL THE ARRAYS DELIKITED
2Y THE GIVEM PARAI'ETERS '

nNe * -k :

MNDX L DEPP, &2

2SC | DuiFPP

END DHPP
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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 description is given of the feasibility study prior to ordering the
computer, the organization of the implementation team and the methods
éf implementation.

The purpose of installing the process control computer 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 same or better operating cost. The computer is
not closed loop, butAaccepts telemetered data from all compressor stations
on a priority interrupt basis, opf'ﬁhizes 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(optimization program that is used to control

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

o

o)
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PROCESS CONTROL IN NATURAL GAS TRANSMISSION

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, especially in a line that is running at a high load
factor. To make an intelligent analysis of the line the dispatcher has to
know thé flow through each compressor station, the horsepower available,
the number of units running at each station, RPM of the engines, surge
restrictions and the sales pattern.

The answer to this problem has to lie with the on-line process
control computer. There are map'y 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. Description of T.C,P,L.'s System

Trans-Canada Pipe Lines Limited owns and operates one of the
longest natural gas transmission lines in the world. It stretches 2,300

miles from the Alberta-Saskatchewan border to Montreal and to export
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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 system has been
constantly expanded, and as at December 31, 1966 it consisted of 2,900
miles of piéeline including loop‘—line. The investment in facilities is close
to $600 million.

The present system can deliver up to 1.4 billion cubic feet of gas
per day. About 95% 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 B, T. U, 's this is equal to over 200,000 barrels of A
fuel oil or about one-fifth of the current Canadian production and consump-
tion. -

The power to transport the gas is provided by 111 compressor units
totalling about 550,000 horsepower. To give you an idea:

An oufside view of reciprocating station.

An inside view of a reciprocating station, high 30,000

H.P., $7.5 mm.

An Orenda industrial gas turbine.

A compact, fully autémated jet station, 9-12,000 H.P.,

$1.5 mm.

These units, most of which burn natural gas, are grouped into 0

45 highly automated compressor stations. This makes for a bewildering

5 7%
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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, there are too many variables in a large pipeline for the dispatcher to
effectively control the line. Specifically 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
itself. In addition, from five to twenty million cubic feet of additional
throughput can be ac;hieved on some days that the line has upset conditions,
by giving the dispatcher bettervopg‘rating data quickly.

Since Trans-Canada Pipe Lines 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,
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together with two part time representatives from Engineering and Operations

o

departments. The task force reported to the Manager, Systems and Data

Processing, and regular monthly reports were issued to management.

Qutside 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.

IT1. Visits and discussions with other transmission companies.
III. Intensive discussions with equipment manufacturers.
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, intd a process control computer was possible and economically
feasible. In our case the economic justification was one of the most
difficult assignments. Though theoretically no one could argue with the
mathematics and the fact that all technical people agreed that the savings
should easily equal the expenditure, it was hard to show it. In this business
it is impossible to establish a controlled experiment whereby the line is run
with and without the computer, under the same conditions. The alternative
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

program. We then selected certain events in the past and the decision made 0
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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 computer 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 management approved the program and a full
time implementation 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
our programming effort. The computer was a Model II, 60K disk system
with card I/O and typewriter output to dispatch. In addition, the dibspatcher
could communicate with the 1710 by a manual entry device.

This 1710 was replaced by an 1800 after only 19 months, since the
latter had about three times the core, five times the speed and only rented
for three quarters of the 1710 system.

The conversion was simple since the 1800 programs were all in

FORTRAN while the 1710 programs were written in SPS.

5. Description of Telemetering & Automation

All 45 compressor stations and three large meter stations are fully

telemetered and most are remotely controlled from the central dispatch

office in Toronto.
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The telemetering works on an exception basis, i.e. no informatioﬁ
comes in from a statidn 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 master telemeter control at Toronto, continuously polls
each station sequentially to see if there is an alarm or upset there and if
not, f)asses on to the next station. If there is, an alarm or upset message
consisting of all the variables for that station, comes in to the 1800.

An hourly log is automatically produced on a logger showing the
suction and discharge pressure, number of units on-line, horsepower and
flow 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 automatically adjusts i_t\self to th'is new condition.

At present there are about 1,000 alarms and upsets coming in to the
1800 in a 24-hour period. It is ob-vious that this arﬁount of data does not
allow the dispatcher sufficient time to analyze each message. vOne of the

 functions of the prbocess control computer is to filter these messages and

print out only the significant changes.

6. Description of Computer Guide System

The IBM 1800 is composed of a 32K Model Il memory, card reader/

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

5

AN

,,‘! N
, \

78

e+ e e



Page

manual entry box. In addition, a special intérface/buffer has been designed
by IBM that accepts the telemetered alarm and upset messages as they come
in serially by bit, 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 engipeering design, gas sales, sales
forecasting, deliverability 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,
(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 which
allows the dispatcher to ask for any data or program from the computer.
The timed interrupts from the real time clock every 35 seconds, is level ],
and the telemetered alarms or upsets, level 0. Hardware interrupt for
the typewriters, digital inputs and disks fill the intervening levels.

The following is a detailed description of the various programs

servicing the system.
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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-
c>ore routine called CAEPG, and operates at leyel 7. CAEPG itse}f
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, re‘cycle valve, generator 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. Tlﬁs program
then checks the incoming message to determine if it is an alarm or 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 station, 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. If no violation has occurred, no advice is given to the dispatcher;

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.

O

anN

S

@
i )
J \

5«57707:



Page ... 9

B. - Timed Interrupts

There are several programs that can be called in this level by the
timed interrupt that occurs every 35 seconds. The interrupt is ignoréd
until fifteen minutes to the hour at which time 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. Although it is perfectly
acceptable for a station not to alarm or upset in a three hour period, this
acts as a check to make sure that the statioﬂ's alarming equipment is
working, and ensures that these stations will have their computer-stored
data updated at least every three hours.

Every héur, an hourly log is printed from data stored internally.
The suction pressure, discharge pressure, number of units, set point,
flow, 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, flows, flowing temperature and pressure, 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 report is
produced showing the horsepower hours, operating and standby hours for
each station, the number of alarms, upsets and false alarms and change

in line pack for 24-hours.
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C. Manual Entry Unit

The dispatcher can call for either data or a program from the
compute‘.r‘ 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 horsepower is at a station, he dials
the station number and a two-digit code specifying horsepower, yfnresses
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 c;ail the simulation/optimization program at any time he
wishes, by dialing the particular code for that program. He would
probably do this at the occurrence Qf a major disturbance to the line such
as a s’tation 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
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dispatcher via the manual entry device to scrutinize pipeline conditions
and determine if there is any way to improve its operation.

The simulation 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 increment in flow, the program proceeds. down
the line computing pressure drops, and dete;rr;ines 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 decrements the flow by one-
half of the last increment and tries this amount down the line. If this
proves successful, another half again is added and éo on, until the difference
is down to 2 million cubic feet. This process is quickly convergent, and
the whole process takes about six‘fninutes on a Model II 1800. When the
final flow has been determined, a check is made to ascertain if any
minimum 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 diépatcher 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

condition coming up that is unknown to the computer which would negate

its instructions.
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The dispatcher can call in the sitnuiation/optixnization’ program to
solve a hypothetical problem such as: how should the line be set up to
haﬁdle the shutdown of a particular station that is going to occur tomorrow
due to maintenance? In this case, he can dial in the station that is going
to be shutdown, plus any other pertinent 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 an.y
reservation we are satisfied that we have met the original target. We know
that we have saved in fuel requirerﬁents .  The computer has provided
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 accommodating large and
sophisticated programs to be used by other departments in the
company. Our Engineering departme'nt uses it several hours a

day for pipeline design.

- We have a competent and active group trained in the disciplines
required for a successful development of advanced scientific

application.

)
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-- 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

immediate corrective action.

-- Management can reach decisions on quantitative facts presented

in real time, instead of after the fact.
-- 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 numher of
reasons, the most important of which is _s_gfg_t_)_( and the fact that reaction
time is not critical in our operations and hence closed loop would be
difficult to justify financially.

Thank you.
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APPENDIX
— o
Interrupt Levels
Bit
Levels Position Device. Type
0 0 Tel. Interface User Recognize interrupts - Call
(CAEPQG) Level 7 for all reading and
analysis.
1 0 Time Interrupt TSX
2 0 2310-1 TSX
2 1 2310-2 TSX
2 2 2310-3 TSX
3 0 TYP-1 TSX
3 1 TYP-2 TSX
3 2 TYP-3 TSX
3 3 1442 -1 TSX
3 4 1442-2 TSX
3 5 DAO TSX
3 6 DI TSX
4 0 1077 User " Recognize interrupts - Call
Level 9 for reading and W
_ analysis.
4 1 .Console TSX
7 0 LEVLV User Called by Level 0.
8 0 Console User Call QUEUE Program(CONSL)
9 0 Manual Entry User Called by Level 4/0 - for
‘ reading dials and all
analysis.
10 0 Out of Core User "Type message.
Interrupt
11 0 Keyboard User Call Intex.
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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 capability
is focused on the major areas of the enterprise and ade-
quately controlled to attain the stated objectives. To
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.

E%E el @@
- 0CT 251967
C.SC. COMPUTER CENTER

587




O’RGANIZING FOR MAXIMUM COMPUTER RESULTS
By Ralph B. Sackman, Jr. :
: .fﬁ\
‘ W v
A typical goal of many organizations today is to-use a com-
puter to provide information for more effective management of the
enterpriseL In the. eyes of ménagementvthe computer has passed
through thevtrial stage, 'which has tended to restriét its usage to
record keeping activities in the past, and third generation equip-
. ment hés been Geveloped 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 entiré organization.
The first step is to eliminate "fire fighting" that can ab-
sorb most of the available system'gzgrogramming resources. This
can be accomplished by formalizing responsibilities within the data gi;
processing area and by establishing a standard method for computer |
users to request program chénges and other services. The timely
and accurate reporting that results from a well organized data pro-li
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 systemé 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
gr&up, inclﬁding development of a long range plan, assures mutual

understanding of management interest and expected system performance.d;*
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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 lafge number of program maintenance tasks could remain
after the conversion of a large'application. An invento£§ 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 complete. 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 ﬁe put into effect simulfaneously'with the short térm 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 fbfmal the
communication between the programming unit and computer operations.
Verbal requests fg;_services from or instructions to computer opera-’
tions personnel 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 programs and other related tasks. The second

transmittal letter is to send new or revised object programs 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-

ing unit and computer operations.”
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Computer operations could meet the servicing needs of the
érogrammers while maintaining production schedules by establish- Q:D'
ing priorities for compilations and testing. Only vital produc-
tion ﬁobs should carry a priority higher than program,compilations
and testing. Programmers should receive the results wiﬁhin a few
hours and carry on 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 échedﬁles. The computer
operators should run all program tests and assemblies utilizing
- written instructions submitted by the prdgrammers.‘ 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 receipé. (()
| The librarian functions within the computer 6perations unit |
should be éssigned to a single individual. That person would main-
tain the program 6£5ect 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 reQisions. The
single responsibility concept should also be utilized in maintain-
ing the magnetic tape library. Only thé librarian should be per-

mitted to select tapes from and return tapes to the library.



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
dberformance 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 meané of a monthly forecast of computer
time which would portray days tha£ are overloaded. The coméuter
operations supervisor would utilize this report to rearrange sched-
ules, where possible.

Programming standards should be developed to assist in main-
taining the quality of work‘z;{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. Approval for departure from the standard methods should
be obtained from the supervising programmer. The standards should
be 'reviewed regularly to insure that they are uéfto date, realistic
and useful. Preparation of standard program documentation prevents
misunderstandings by maintenance prog:ammers,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.




NEW_ AREAS

Attention should next be focused on the way to organize the Q;D
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
réther than reduced clerical workload, reduced accounts receivable
float or improved customer service. To provide continuing assurance
fhat the SYstems and programming group is working on the right prob-
. lem, a management steering committee should be appointed by the
president. The committee's broad function should be to evaluate
planned systems projects and establish priorities.

Soon after appointment of the steering committee, the data

processing group should prepare a tentative long range schedule

i

&

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 aépfoval on any new projecf. The systems planning
reporté 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 wriften in business termi-
nology and make little, if any, reference to the computer itself.
The steering committee would review thé reports to assure that the
proposed results are rele&ant to needed management information and
" to satisfy itself that the reéults are worth the conversioﬁ costs.
Upon approval the steering committee would request that appropriate

persons be assigned to a project team to work with the systems analyst QC;‘

to develop a detailed systems design.

5.
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‘With multiple systems projects in progress, effective project
ﬁanagement is essential. The déta processing group should operate
under the project leader concept where one person is responsible
for a project from the systems planning phase through td the time
that all programs are operating successfully in prodﬁction. The
project leader would be respohsible for estimating the c0mpietion
date, scheduling all required activities, and fecommending the pre-
cise boundaries between his project and otﬂers. Each project leader
would report monthly as to his progress against plan and would state
problems he has encountered that are beypnd his control. Proérammers
would be assigned to the project leaderé based upon demonstrated —
ﬁeed. 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-
tablishéng a reporting relatioﬁship with top méﬁagement 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 réalize 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

-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.
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In summary, forﬁalizing the.present.operation would make
intelligent assignment~of persoﬁnel possible. Appointment of a
management steering committee and the systéms planning concept Q;)'
wbuld.éssure that new long term projects aftack the largest pay off
areas first. There would be a mutual understanding between manage-
ment and the data prbcessing group as to.where the data processing
effort stands today and where it is going. Ultimately, the customers
and stockholders would bénefit because effective computer usage would

enable management and employees to do a better job.
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f December 20, 1967
To: Members of 1620 Project Section COMMON Users

From: Tony A. Ross and Richard D. Ross, Co-chairman 1620
Project Section

As I promised in San Francisco, enclosed you will find a copy
of the names and addresses of all 1620 USERS registered 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
baslis.

. I noticed that many of you were interested in some items and
upon compiling the 1list 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 1i1f you so

‘desire.

I am also in the process of completing the copying of the 1620
Newsletter and as soon 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 meeting to be neld in Chicago

'April 8-10 at the Pick-Congress Hotel. 1 will be glad to accept

any abstracts or papers you would like tc present now. I think

the meeting 1n 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 thls can only be done with
the cooperation of everyone.

Since 1t was suggested that some.papers be gliven on how to
write or modify compilers, I am especlally interested in papers of
this nature. Although, any useful paper will be accepted. If any

of you are doing work in the CAI 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 1t the success that 1t was. I
especially would like to thank the ones of you who presented the
very useful papers that were given.

o




Again, let me remind you to be thinklné about papers and (jé
send any information that you have that might help for the o
Chicago meeting. ‘

I hope that each of you had a Merry Christmas and a very

Happy New Year.
‘Yours tru}y; ' o :
117 M Rpaz ,WU%M
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.

=
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Moore, W. T.
Presently awaiting delivery of Monitor I system
1620 Mod-1l, 40K, 2-tapes

1443 Printer and Disk

Streeter, T. D.
Model 1, 40K

Sloboda, J.
1620 Mod-1, 20K
Interested in obtaining help on modifying processors

Brummer, Bro. Elmer
1620 Mod-1, 20K
Interested in COBOL compiler for 1620

Schrader, H. C. Mrs.

1620 Mod-1l, 20K

Have made modlflcatlon to PDQ compiler
Have -precompiler for PDQ FORTRAN

Sward, R. W.

1620 Mod-l, 20K, 2-1311, 1443, Teleprocessing working on
1. Computer assisted instruction

2. Computer based councelling

3. Student scheduling

4. Student transcript processing

Interested in DATA SPS for 20K - 1620

LaRue, Richard

1620 Model I, 40K, 1 Disk, Printer

1. 1Interested in obtaining:

a. Kingston FORTRAN
b. DATA SPS

2. Can Contribute.
a. Test analysis program using 1230 optical scanner
b. Tabulation and cross tabulation program for
Questionnaire and Survey Analysis.- :
c. Medical (or other graduate college) 'school admissions
evaluation system
d. Student Scheduling Programs

e. Alumni Proce351ng
f. - SPS SORT routines available for FORTRAN -45??/)




Fricke, E. C. : . ‘ _ : Q:)
1620 Model 1, 20K ‘ '
1. Interested in

a. Student use of 1620

b. Student scheduling on 1620 -

c. Batch processing

d. Precompiler for PDQ

Goldstein, J. H.
1620 Model 1I, Disk Drive, 40K, Paper Tape Input
1. Need

a. Information on Data SPS for 40K

Lahners, E. L. .
1620, Model 1, 20K, 1621, 1622, 1624, 1626, 1627
l. Need PDQ for plotter
2. Processor Available
a. FORTRAN
b. PDQ FORTRAN

c. FORCOM
d. PDQ-FORCOM
e. NCE
3. Programs Available .
a. Payroll Q;D
b. Engineering manpower, cost analysis
c. Pharmacy drug cost accounting (patient, service)
d. Statistical programs
e. Neutron Activation Analysis (Slmplex Method)
f. Registration (patient Record Information Retrieval)
Jones, C. E. ;
1620 Model 1, 40K, 1443 Model 2 (on order), 1 Disk
1. Need 1nformatlon on Kingston FORTRAN for Disk with
and without printer
Jones, C. E.
Model I, 40K, with p Disk and Printer
1. 1Interested in re-read for. FORTRAN II and save paper
for Monitor 1I
Emerson, J. T.
Model 11, 20K, with 1 Disk and no printer
1. Interested in Data SPS, 20K, Version and Compiler
modification (10 cards) :
2. Can contribute:
~a. Program that reads Porta punched cards for FORTRAN II D
program ‘
b. Program to punch a contour map in 9 densities - I;D

c. Program interrupt - runs large program until start
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. ;53%?
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H. Miller
Fresno State computer center

‘Ebi 4, For information on items 1-3 contact
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Mrs. L.B. Austin
General Motors Inst.
Flint, Michigan

Paul A. Bickford
DePauw University
Greencastle, Indiana

Bro. E. Brummer
St. Edwards Unlversity
‘Austin, Texas

J.C. Cakin #»

J.C. Caslin
Aerospace Research
Dayton, Ohio

J.T. Emerson
Fresno State College
Fresno, California

R.L. Ferral
U.S.W.B. Sacramento RFC
Sacramento, Calif.

D.W. Forsyth
Continental Can Co.
Chicago, I11l.

E+sC. Fricke
Linfield College
McMinnville, Oregon

J. H. Goldstein
Emory Unlversity
Atlanta, Ga.

L.L. Hoffman
Princeton University
Princeton, N.J.

S. Iwasaki
Palo Alto UNFD School
Palo Alto, Calif.

C.E. Jones

Tennessee A & I State Univ.

Nashville, Tenn.
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GW 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 *
(:>E. N. Michalowski #*

W. T. Moore #

Joehn 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
Rock Island Arsenal
QCrock Isiang, 111.




R. W. Sward
Palo Alto UNFD School
Palo Alto, Calif.

Dr. Jose A. Treuino ¥
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Stanford Electric Labs
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J.E. Wilson
Rock Island Arsenal
Rock Island, Il1l.
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Lowell Tech. Inst.
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Tenn. Tech. University
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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 1ntroduce
larger system concepts in a student oriented installation.’

The primary characteristics of the computing environment at Cal-State .

are
1. A large number of fairly short FORTRAN programs 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 run 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 1620 card system compilers have limited error checking
and will not detect source language errors. These execution

(3) 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 difficult and tlme :
consumlng

2. Decreased Deck Handling and Loading

In an environment where there are many short programs to be
compiled and executed, the time spent in loading the compiler
and subroutines can eas1ly become the most s1gn1f1cant 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 important consideration in a system oriented toward programming
instruction is the compatibility of the system with larger computer
systems.. It is desirable that the language used be consistent with
FORTRAN's found on larger systems, and that it contain as many basic

. FORTRAN features as possible. :

The C.S.C.H. FORTRAN system, designed to satisfy the requirements of
fast throughput and larger system compatibility, is based on the PDQ
FORTRAN system. The PDQ compiler was chosen because it has the shortest
compile time and produces smaller and faster executing object programs
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 FORTRANS with features such as extended FORMAT capa-
bilities and COMMON and PROCEDURE statements.

-
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The PDQ system has two major drawbacks, however. Source lanquage
error detection is minimal, and is unsatisfactory for use in a
teaching system. 1In addltlon 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 Q@V

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 usxng a monitor option) in order to
achieve faster throughput.

C
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Execution Subroutine Configuration A - _ >_ @:D

One of the undesirable features of the PDQ system, as well as other
1620 FORTRAN 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
illustrated in Figure 4. 1In the -environment discussed, however, the
optimization of core storage provided by including only the subroutines
required 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 of 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 "student
version" also allows the batch execution of object programs under control
of a monltor 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 - q:>

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:

This consists of the basic set plus ATAN and DRH routines.
Object programs begin at approximately 10500.

3. Original Relocatable Version:
Object programs begin at approximately 07400.

Optlon 3 is rarely requlred 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 prov1des batch execution capabilities by loading the next
program stacked in the card reader when certain. end—of—program condi-
tions occur. The start of programs in the input -stream is defined by(x
a JOB card. The automatic loading and executing of the next stacked

program is initiated by any one of the following:
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6.

Execution of a CALL LINK or CALL EXIT statement:

These statements functionally terminate a FORTRAN program.

‘The primary difference between the statements is conceptual.

CALL EXIT terminates a job and CALL LINK is used together with
COMMON to link overlay phases of a 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.

Reading of a JOB card: : .

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.
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.

A Console 'Interrupt':

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.

Line 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 for each job.
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EXAMPLE OF CALL LINK
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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.

The C.S.C.H. FORTRAN maintains the speed and language attributes of
PDQ while reducing these disadvantages. The three principal components
of the system are ' i

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 phase necessary to
find one error is replaced with a precompiler 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 have been included that provide communica-
tion with the batch processing execution monitor.

Subroutines and Batch Processing Monitor

W
L]

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 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 be processed to execution in three phase~ with 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

The compiler is éssentlally the PDQ FORTRAN compiler with the follow1ﬁg

modifications de51gned to ‘increase language and batch complllng capabi-

lities:

l.A

‘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.

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 ekxecution subroutlne
configuration. ' -

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.

Subroutines cannot be compiled into the object deck.

Almost all error detection has been eliminated. A program
with no precompiler errors will compile correctly, however. e

/

W

~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.

b. IF (SENSE LIGHT n) Sj, S,
SENSE LIGHT n ON
SENSE LIGHT n OFF

where n is a single digit number and S] and S 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 "senselight". The other two
statements are used to set the ten indicators.

- Since the senselights are internal indicators and require no
core storage, their use will require less object code and
symbol table space than the use of arlthmetlc variables as
1nd1cators. ‘ :

C
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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 specified
number. This has been found to be a useful logic flow
debugging aid without the slow execution typeout dis-
advantages- of TRACE.

d.” ON ENDFILE GO TO Sy

where S; is a statement number. This statement 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 of a JOB card. The
statement can be placed anywhere 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.

e. ON DATA ERROR GO TO S1

This is similar to the ON ENDFILE statement and specifies
a program entry point if an input conversion error is
detected. 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 CONTROL 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
recognition and batch processing capabilities are included. Some of -
the major features of the precompiler are :

1. As far as is known, all non-logical checksfop errors are
detected. Execution errors such as a calculated subscript
going out of bounds are, of course, undetected.

2. A 1érge number of éeparate diagnostics (approximately eighty)
are provided. Errors are identified by a two digit number
which is typed out along with the statement containing the error.




In addltlon to controlllng the initiation and termination of programs
in a batch execution mode, the monitor also provides optional monitor é[)
functions durlng the execution of a program. The features prov1ded ar

1. Output-Llne-Count Monltorlng:

The number of output lines allowed is 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 statement.
This results in considerable throughput increase in a batch
processing environment. JOB cards are. punched when en-— ;
countered in order to easily separate output when listing o
the cards from a series of jobs. Because of the construction
of the JOB card, a 407 board may be easily wired to cause - -
ejection to a new page when a JOB card is encountered during
- listing.

3. Suppreseion 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
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. This will increase the execution
time of such a subroutine by 240 ,s if the time monitor is
-disabled and by 1040 s 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 time Wlth 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-
marlly used in closed-shop, batch processing operatlons 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.

O
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'Ew 3. Multiple errors in one statement can be detected. This
reduces the number of precompiler 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 letters in the pre-
compiler.
Some of the major errors detected are
1. Possibly undefined symbol
Any variable which has 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
‘3) 4. All DO Loop Errors
These include overlapped DO loops, modification of DO para-
meters within the loop, end of theloop is previous statement,
etc. ‘
5. All 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/0 Statement References non-FORMAT Statement

9.' Exponentiation of Fixed Quantity
10. All Syntax Errors;(misplaced commas, etc.) in‘Other Statements

In addition, some logical errors and some potentlalerrors such as program
possibly too large are detected.

6/7




. The precompiler symbol table is the same size as that of the compiler
so ‘that compiler symbol table overflow conditions can be detected. .

The following special implementation restrictions exist but, aside from
the first, they have no practical implications in our environment:

1. A FORMAT statement must precede the first I/0 statement
. to reference it.

2. . Maximums of three continuation cards, five nested DO's
and five levels of exponentiation are allowed.

3. A maximum of twenty symbols can be undefined at any time.
The impbrtant known flaws in the precompiler are

1. There is no way to detect all undefined symbols in a general
program. The likelihood of undefined 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 prevents the subroutines from being destroyed by the
Transmit Field instruction.

2. The appearance of a variable in- a DIMENSION statement causes
that variable to be considered defined.

. - N
3. Arguments of functions are incompletely checked but, this will(ky
not produce checkstop errors. Mixed mode expressions in the

argument will be detected.

»
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ABSTRACT

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, .

INTRODUCTION
1800 Hardware

The 1800 CPU makes extensive use of hardware interrupt levels and
data channels to operate its standard data processing I/0 equipment. In
addition the 1800 can have analog and digital I/0 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 system provides many conveniences., Programs are
of two types, process and non-process,

Process programs can be initiated by externally generated interrupts
or can be queued by any program for execution., They can be a part of the
system 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/0.

Non-process programs ordinarily do not use the process (analog and
digital) I/0. 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). Ruwsnon-process programs for background (job shop).
(2). Periodically checls the queue for process programs.

(3). Permits 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 system simultaneously.

Terminal activities ;gclude:

(1). Queing process programs for execution.
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(2). Communicating with programs during execution.
(3)s Programming in NUtran (conversational fortran).
Many other activities are planned,
Most of the terminal system capabilities are achieved by simply making
the standard TSX functions more accessible. The only programming 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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