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FOREWORD

This material is published as part of Contract N00014-

76-C-0732 with the Office of Naval Research , United States

Department of the Navy , entitled, The International Purdue

Workshop on Industrial Computer Systems and Its Work in

Promoting Computer Control Guidelines and Standards. This

contract provides for an indexing and editing of the results

of the Workshop Meetings, particularly the Minutes , to make

their contents more readily available to potential users.

We are grateful to the United States Navy for their great

help to this Workshop in this regard .

Theodore J. Williams
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BACKGROUND INFORMATION ON THE WORKSHOP

The International Purdue Workshop on Industrial Computer

Sys tems , in its present format, came about as the result of a

merger in 1973 of the Instrument Society of America (ISA)

Computer Control Workshop with the former Purdue Workshop on

the Standardization of Industrial Computer Languages , also

cosponsored by the ISA . This merger brought together the

former workshops ’ separate emphases on hardware and sof tware

into a stronger emphasis on engineering methods for computer

projects. App lications interes t remains in the use of di~ ita1

computers to aid in the operation of indus trial proc es~ es of

all types .

The ISA Computer Control Workshop had itself been a

renaming in 1967 of the former Users Workshop on Direct Digi-

tal Computer Control , es tablished in 1963 under Instrument

Society of America sponsorship . This Workshop in its annual

meetings had been responsible for much of the early coordind-

tion work in the field of direct digital control and its

application to industrial process control. The Purdue Wor1-~-

shop on Standardization of Indus trial Computer Languages had

been established in 1969 cn a semiannual meeting basis to

satisfy a widespread desire and need expressed at that time

for development of standards for languages in the industrial

computer control area .

The new comMned international workshop provides a

forum for the exchange of experiences and for the development 
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of guidelines and proposed standards throughout the world .

Regional meetings are held each spring in Europe , North

America and Japan , with a combined international meeting

each fall at Purdue University. The regional groups are

divided into several technical committees to assemble imple-

mentation guidelines and standards proposals on specialized

hardware and software topics of common interest. Attendees

represent many industries , both users and vendors of indus-

trial computer systems and components , universities and

research institutions , with a wide range of experience in

-: the industrial application of digital systems . Each workshop

meeting features tutorial presentations on sys tems engineer-

ing topics by recognized leaders in the field. Results of

the workshop are published in the Minutes of each meeting ,

in technical papers and trade magazine articles by workshop

par ticipants , or as more formal books and proposed standards.

Formal standardization is accomplished through recognized

standards-issuing organizations such as the ISA, trade as soc-

iations , and national standards bodies.

The International Purdue Workshop on Industrial Computer

Systems is jointly sponsored by the Automatic Control Systems

Division , the Chemical and Petroleum Industries Division , and

the Data Handling and Computations Division of the Instrument

Society of America , and by the International Federation for

Information Processing as Working Group 5.4 of Technical

Committee TC-5.
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The Workshop is affiliated with the Institute of Electr i-

cal and Electronic Engineering through the Data Acquisition and

Control Committee of the Computer Society and the Indu strial

Control Committee of the Industrial Applications Society , as

well as the International Federation of Automatic Control

through its Computer Committee.
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INT RODU CTION

The Off ice  of Naval Research of the Department of the

Navy has made possible an extensive report , summary and in-

dexing of the work of the International Purdue Workshop on

Industrial Computer System s as carried out over the past

eight years . The work has involved twenty-five separate work-

shop meetings plus a very large number (over 100) of separate

meetings of the committees of the workshop and of its regional

branches. This work has produced a mass of documentation

which has been severely edited for the orig inal m inutes them-

selves and then again for these summary collections .

A listing of all of the documentation developed as a

result of the U. S. Navy sponsored proj ect is given in Table I

at the end of this Introduction . The workshop par t ic ipants

are hopeful that it will be help ful to others as well as

themselves in the very important work of developing guidel ines

and standards for the f ield of industrial computer system s in

their many applications .

Thi s part reports the work of two major committees of

the Workshop , the Industrial Real-Time FORTRAN Committee and

the Problem-Oriented Languages Committee .

The Industrial Real-Time FORTRAN Committee has been

working closely with the Standards and Practice Board of the

Instrument Society of America (ISA) , and through them to the

American National Standards Institute (ANSI) , and the Inter-

national Standards Organization (ISO) , to develop a set of 

--~~~~~~~~~-- --- .- -.-- ~~~~~~~~~ -.,. - ~~~~~~~~~~~~~~~~ -~~~~~~-- -~~~~~ -- ~~~~~~~~
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standards for extensions to the FORTRAN language to make i t

a capable and worthwhile industrial process control and data

handling language. To faci l i ta te  that work ISA has consti-

tuted the American Reg ional Branch of the Industrial Real-

Time FORT RAN Committee as Committee SF61 , Industrial FORTRAN ,

to develop standards in this area. Three such standards are

issed or contemplated as follows :

S61.l - Industrial Computer System FORTRAN

Procedures for Executive Functions,

Process ~~ put /Output , and Bit Manipu-

lation. Originally published

September 1972 , Revised and Republished

September 1976 , Instrument Society of

America.

561.2 - Industrial Computer System FORTRAN

Procedures for File Access and the

Control of File Contention. Presently

under Review . To be Published by the

Instrument Society of America.

S61.3 - Industrial Computer System FORTRAN

Procedures for Management of Parallel

Activit ies.  Under Development .

The S61.1 and S61. 2 documents are reprinted here. The

latest  committee working papers on tasking or parallel

activities management in FORTRAN are also included.  Because 

~ -- ~~~ .-~~~~-- ___—-



—3—

TABLE I

A LIST OF ALL DOCUMENTS PRODUCED IN THIS

SUMMARY OF THE WORK OF THE

INTERNATIONAL PURDUE WORKSHOP ON INDUST RIAL

COMPUTER SYSTEMS

1. The International Purdue Worksh~2 on Industr ial  Computer
S~r steni and Its Work in Promotinc~ Comnuter Control Guide-
lines a~~~~Standards , Report Number 77 , Purdue Labora to ry
for Applied Industrial Control , Purdue Un ive r s i ty ,  ~Jest
Lafayette , Indiana , Ori ginally Publ ished May 1976 , Re-
vised November 1976 .

2. An Index to the Minutes of the Int e rna t i onal  Purdue
Workshop on Industrial Computer Systems and Its Pr~de-
cessor Workshops, Report Number 88, Purdue Lab~~~ttu r~
for Applied Industrial  Control , Purdue U n i v e r sit \ .
Lafayet te , Indiana , January 1977.

3. A Lan~ u-~g~, Comparison Develop,ed ~~ the ~~~~ Terr. Pro-
ce~~~ al Languages Committee - Europe, CoirruLtt ee  T~~

’
~

of Purdue Europe, Originally P~7bIished January  1976 ,
Republished October l97€~.

4-9. Significant Accomplishments and Documentat ion of tie
International Purdue NoT~~ hop on Industrual Coi~ip~j~crSystems.

Part I - Extended i’ORT~ AN for  In dus t r ial  Real-
Time AppU cat i o~ s and Studies in Prob l em
Oriented Lni ~g~~ g~~~.

Part II - The Long Tc~ m Procedural ~~~~~~~~~

Part I I I -  Development s T n t c r  and ~ :~ t~ i Trans-
miss ion,  in ~ l~ —Ma cL~inc Conmlun L :~atiOfl~ ~d
Th the S~ Thn ~~~~~~~~~~~ i du ct i i i f
Computer ~~~ te~ s.

Part IV - Some ~~~~rt~ cui the State 01 ~hc Art and
_____ — F~ii~ t i ~n JF ~~gJi ~~~~~ t~~ToT 

— —

Ai?j~1icat Ions.

- ~~~~~~~~~~ - -~~~~~~~~~~~~- -- -~~~~ ~~~~~~~~~---~ -- ~~~~~~- . ~~~- -
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TABLE I (Cont . )

Part V - Documents on Existing and Presently Proposed
Languages Related to tT Studies of the
Workshop.

Part VI - Guidelines for the Desigfl of Man/Machine
Interfaces ~~~ Process Control

All dated January 1977.

The latter seven documents are also published by the
Purdue Labora tory for Applied Industrial Control , Purdue
University , West Lafayet te , Indiana .
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of the exis tence of the f inal  or near f ina l  documents the

development papers on the f i r s t  two standards  are not in-

eluded here .

An excellent file handling system for industrial com-

puter  systems developed by Royal Dutch Shell in the N e t h r —

lands is reproduced here from the 1970 Fall Workshop.

The Problem-Oriented Language Committee has its choice

of two possible modes of operation in this area . The first

is to pr opose the developmen t and standardi zation of on~ or

more problem-oriented languages in any one or more of the

several possible formats  in which such languages can ap~ e~ r.

The second is to develop a mechanism by which any such

language , in whatever format , can he translated into one of

the major h ~h level procedural languages now undergoing t h

st andardi~ a t i an  process , such as FORTRAN or the LTPL.

Because of the extrcr~i1y d i f f i c u l t  task of carrying cut

the f i rs t  proposal above due to the very large number of t i c

languages which a l read y exist , it has been decided to pui~~ue

the second avenue . The key to such work ~s the use of a

string processing language such as STAGE 2 , described h er t

to translate the subject language , whatever its form , into

FORTRAN or the LTPL once this latter has been developed . Thi-

second part  of this volume contains ~evcral cominiLt

n~ents and reports concerning t~~ e si - p os sib: lit ~os.
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SECTION I

ISA Standard S61.1

INDUSTRIAL COMPUTER SYSTEM FORTRAN PROCEDURE S

FOR EXECUTIVE FUNCTIONS , PROCESS INPUT/OUTPUT ,

AND BIT MANIPULAT ION

Developed by the Industrial Real-Time FORTRAN Committee

of the Workshop through ISA Standards Committee SP61. Ori-

ginally published by ISA September 1972. Revised and

reissued September 1976.



_____ ~~~ ~~~~~

ISA- S61 .1

—
~~~~

- - -
~~~ 

——

[ 1976

STANDARD

INDUSTR IAL COMPUTER SYSTEM
FORTRAN PROCEDURES FOR

EXECUTIVE FUNCTIONS,
PROCESS INPUT / OUTPUT ,
AND BIT MANiPULATION

Sponsor

INSTRUMENT SOCIETY OF AMERICA
400 Stanwix Street

Pittsburg h, Pennsylvania 15222

Issued: 1972
Revised: February 1976

I )  A . Copy ~~qht 1976 ,y ti,e Inst,~~r,~eo, ~~~~ ‘t ~ 
A

~~ 
P~&C~DI~~ PA I 

-
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PRE FACE

IliN r t-~. i t t - ~ all t oitnot i- .s and all . \ p p e -n d i t i s  are- in c luded for infor m at ional  purpo ses and are not part of Stan dard
1S.\ Sh I I
This Standard has b e e n  prepared as a part of the - servic e of the Instrument Society of America toward a goat of u n i f o r m i t y  in
the f it -Id of i ns t run ie - i tation . To be- of real value this document should not he static but should be- subjecu- d to periodic
revie w. ‘ Inward  t h i s  end  the Society welcomes all comments and cri ti c isms and asks that they be- addressed to th e- Standards
and Practi ces Board 5~V cr et ~iry . instrument Society of America , 100 St anwi x Stree t , Pi t tsburgh , Pennsylvania 15222.
The IS ..\ Stan d ar ( Is  C mmittee on industr i a l  Computer System I-’ORi’l tAN Procedures Sl’l l , operates a~ith in  the ISA
Standards and Pra eiicta Departme nt , W . B. Miller , Vice  President . The SP6I Committ ee also is a working group eel  the -
F ( ) I L I R . \ N  t ’ntnnt ittt ’t ’ of the International Purdue tV ork~hop on Industr ial Computer Svste-ms which provide-s the- i n e n i - t  u
b r  b i t t -  utee-lnpme nt of tins and related standards . The FOI t T RAN Committee is chaired by Ms. Maxine N. h ands: ( h - ree . r ee l
(‘hairman of t h e  International Purdue Workshop is Dr. T. J. Williams .
Committee Sl it i - Industrial Computer Syste m FORTRAN Procedures was established in June 1971 as a w o rk i n g  group if lb
F O R T R A N  Commit  te e ’ of the - Purdue \Vorkshop on Standardi ’.at ion of Industrial Computer Languages (later rc-organi , d at id
reiiteme-d the lnu- rnat io nal Purdue Workshop on Industrial Computer Systems). As a result of their act iv i ty,  ISA Standard
SeU . 1. 1972 Industr ia l  Computer System FOW I ’RAN Procedures for Lx e - c t t t i v e  Functions and Process Input Output , was
published by the iS .\ in 1972. ‘Ihe committee continued to work on additional draft standards as part of the In te r n at i oial
Purdue Wo rkshop. lii 197 I, extensive use of 561.1-1972 and discussions with ANSI X3J3 FORTR AN Committee indicate-d a
u e’d for revision. Ibis re-vision was accomplished by a working group of the Purdue Workshop FORTRAN Committee which

con sti tuted t i le  SP6 1 Committee listed below
M . Ii . (. ordon-( ’lark , Chairman Scott Paper Company
‘c. A r thur IBM C orporation
F . F. Be-arden Modular Computer Systems
R. I I .  Caro T he Foxhoro Com~any
L. ‘ci. Cartright Inland Steel Company
W . Die-hI Hewlett-Packard Company
0. Ii st h on ey we l l , tn c .
M N ,  h ands I)atum , Inc.
I . L. t.uekens Joh ica n Service Contpan\
J . M t  hcvne- v Interdata , Inc.
0. Pc-terse- n Norwegian institute of ‘l ’ echn ology
\\ , ‘ c .  ICe- sc -h . I l l  ‘l’ennesaee Eastman Company
I) \~

V / ,ohrist ELDEC 
V

Die members of the- 5P15 1 ( V i tn m It t e~ , who developed the original St~1.l - I9 72  Standard and their affiliations at the time of
itS p pn ~~it crc is fed I ews

h~. ‘c.  lxe-ll v. Chairman Kaise r Aluminum & Chemical Corp.
A. .1. Arthur IBM Corporation
W the-hI Digital Equipment Corporation
M. It . Gordon-Clar k Scott Paper Company V

‘I. N . h ands Honeywell . Inc .
It.  F. h leihmever Contro l l) at a Corpora l iceti
P. it . Jars is General Electric Corporat ion
I. . -I . L ockwoo d General Motors Corporation
P . K. M at iheis.s Sun Oil Company
It . ~~. ‘closer Applied .\u t omat ion , Inc .

V Oc-rte r Leeds & Northrup Compan
R. C is enti ndse n Technica l t niversitv of Norway
5. 1 a~ I ’ r Honeywell , Inc.

li i  pr e -p ar ing t h e ’  n t  I sc V d ~‘$ 1 . 1 .1 th 7 C~ th e committee re c c i s e ! ex t en s ive  assistane-e and gui dan e-e from the ’ members of the
lnc , ’r n a t i cnal  Purdu e Workshop and the ANSI  X3J3 F O R T R A N  (‘on i mi t t e e , \Ve ’Il ovc-r 100 pe op le t-ontr ihutecj t o  th is  ret se-cl
s t i nda r I hr  t g lt  tec h nical discussions , c r i t i ques of drafts, ht offer ing suggestions towards its improvem en t , and in 1 h er
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1 SCOPE 2 — Secon ds
3 — Miuicit ’~

I t lie, sta uidard p i c - s e l l ,  ‘ ‘ t r i m  cI t proct-durt- ri her’ mcc c ’s for
IM ’ i n industr ial  computer  s~ .~t eimcs . i t t ~sc e ’ x t e n i i a t  This a rgument  shall b e ’  iiii h I l l - f i r (-xpre ssu i mi .

pri iced nrc ri fe -r inse -s pe rmit  O c t  c ’ r f a  ‘ c - b  programs s’. ith
C ‘ \ e ’ m ll t i c k  riiutiuii ’S , process input and output t u t cc’ t io t t s , in e. s i t . i n  ret u rn  to Ccc ’ c~m Ihi  cf program t m  i mc li m c m l
at low mcciii p u la t i ou i  of h i t  st r itig s and provide -  o d e s ’ ,  t i  I I i ’  disposition of the request aim f<ellows .
time- atid date in fo r m at ion .  ‘l’hese’ proc edures art’ in.
te - ndc’d for u sc- w i th  programs wri t ten in FORTRAN con- ‘l ’he v a l u e  must  be- 1 or gre a te r
f o r m i n g  to ( l i e -  Int e rnat ional  Staui dards Org cun i / . ah ion i — . Bequest ac cepted

I.Sti t Programming Lauiguagt- -FOR ’l’RAN R1539-1 972. 1 2 or greater Request not accepte d
exp c-cted to he ex e cut ing bot h in a solitary au ud in a
t i t u l t i p r o fr c lmniuuig  euiv iron nte ’nt under the  control of ~ This argunwnt shall be an integ e r v c r ~c i b I - c r
n i t t i m e  I ’x e e u t m s  e ’ routine , integer array element.

2 EXECUTIVE INTERFACE 2.3 Starting a Program at a Specified Time

2.1 Control of Program Ex ecut ion ’ Execution of a reference to the sub rout i uie-  l t ( N ~~N s t i : t t
cause the designated program to be executed a t a sp’

t .~ c ’ m ’ U t c ’ ,e in terf ace-s provi d e  the fac i l i ty  ho control fled time - of day. Execution of the designated pr r~:r c l m : c
opc’r at i ()n of the- programs wi t h in the system. ‘l’h r oug t i  will commen ce at the program ’s first i-xe -cu lcd m le  s t a l l ’ -
the-se e x t e r n a l  procedures , one may st ar t , stop or delay ment .  The form of this call is
bite ’ i-xe-cu don of app lication programs.

CALL TEN ON  Ii , j. ml
f lit- argument ni . shown below , shall be set equal to or
greater than two ( 2 I  in value for all instances in which where :
thic ’  re-quest is not accepted by the executive routine.
ln t iv i c t u al  imp lementations may specify unique values of i specifies th e’ program to be ext - ci t - i )
in w i t h i n  t h e -  allowable - range to desi gna te the specifi c
reason for which the - request was rejected. The argument is either:

a) an integer expres.sion
2. 2 Starting a Program Immediate ly or or b) an integer array name

After a Specified Time Delay or c) a procedure - name

l ’:- 5ee u t i o u i  of a ri fe ’rc c r ,  m m I he subroutine START shall , h ’bo’ processor shal l define wh i t - h of the above
a f t er  the t’xpi c m l  ri  of tim e specified t ime delay, cause three forms is acceptable.
the’ e-xeeutioti of t h e ’  iS -  -C - r c r t m ’ d  program. The act tt ah
butte di-l~i ob ta i r i a h t m e’ in a spec ific iuidus tr i al computer j designates an array whose first three (3( ele ’rn euts
sys te m is subject to the resolution of that system ’s rv-al contain the absolute time of day at which the
t ii : ie e’lock. Exe cut ion  of t h e  designated program will specified program is to lx- execute d . ‘t ’ tn ” ,m ’
conimence at t h e -  program ’s first execut able statement. eleniert ts are as follows:
The form of th is call is:

First element — Hours ç ( t  to 231
CAI.L SI’AIg’F b i ,1, k, ml Second element — — Minutes ~O to 59t

Third element — Seconds (0 to 59)
whie ’re :

This argument shall be- tin int egc-r arr ci ~ nails’.
i - 4 c m -Ides  t t ic ’  p rogra m I be ex e-cute d .

ni is set out re tur n  to ti le- c’a l liti g program i i i r i t i ’: m m
The ir ’~r e r i c - e : t  is e l I t e r: the disposition of the request fol lows .

a) cm integer e xpression
or li t  an integer .m tr im iM mune- The value must be I or greate r

mr i j  a p r m c c - e d c t m r t ’  lame ’ I — Request accepted
2 or greater — R e-qu -st ed re-jet -ted

I’lie proes ssor shall m he- S ic’ which of the abo ve
(ic c’ forms i_s accrp t ,1i ) i d ’  Th is argument sh al t  L~ au t i n ge - c ran abl e ’ er

integer array element . i~
.

.,pe - l I i e - s  t e e ’  m un inut u rui he ’tu gtli ef tunic’ , in h u h  e m s  V

51c m I’d- m b h i ’, k . to dc -l ay before -xe-cutittg (tie 2 4 Delaying Continuation of a Program
prngranl . If t he  s e i l u e ’  i is ‘ e r  or is’~ c e h i c’i ’ . the ‘ -ej
ri’ ;i i sO’ d program will lx’ ru U ~is e , m m n  as t i e -ri o i’ 

~:xecti l out  of a re- fe ’ re-n ec- I l i e  so brou t i tie W At 1’ sha l l
s i t r i e ’  I t r i m  argo mint slr ,ul h he ten i u u l e g e - r  i’\ pci’- .-. - i t . n—h urn after a delay of a specified length  f I line ’. tb’

form if t I n s  m cm ll is-k i c - - i t  rd-s the - un its  c-cf I m i l l ’  c i - , I ~~~~~~~~~
( ‘ ‘ c d l . \V , \ l  I I t .  k . ti m )

I) Cc sic - e e m i i u i s  c c l  b lue ’  v s i c ’ u i i ’. real time clock
I ‘ c h i l i  ,, ‘ . i i l ,  cv ( i e ’ r ’

- \ - e I pl;I; I ‘I I) ‘ S . j sp e ’i I ’ie’s t ho ’ b ’u ig tbu eif I itri e in o u i e h . s as s~r i - m - l I ’  ‘i t  I v

‘V ~~~~- -- ‘V ,
‘-‘-- 

~~~~~~~~~~~
.
-
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k Ii i  delay be- fore returning to time call ing pro . point to be read and also the particu lar form of all t I me-
me - d u n - . If th e- value is l e n t  or negative , ito del ay data placed itt the array k . ‘l’he form m,f hl uis  call is.
wil l  occ’ U r . I _ i nu ita ii omi s of the - itn plenu e ii tat ion sh all
ttot m -cim hs& - tc re pre c ise- time to be less than re. CALL AI SQW 5, j, k , in)
Cclestc- 5, l ’ t mi s -,mrgunnent shal l he- an i nteger
e\~ r n ’ s.s ioi  where :

Is s~i e’i I Si ’’. orb Es of t i  in- as follc,ws: i specifies the numb er  of atia log points i t ;  he- re-c mm l -

‘this argu tne-ilt shall be an intege- r expression .
(I — I asic cottuils of I Ice- system’s cloc k

— Milhsecor1ds j  specifies hardware or software- acquisition and i-I ml
2 lse’i ’r u h i d s  version informat ion . Specific in f o r m a t i o t i  r c ’k-v a i i t
3 M it iut e ’s to constru ct im,n of this ar ghim ent  is processor

dependent because u i d , i r i s  type-s m i f  tmn i a l o g - i e i .
I ’i ~t s a rg um nmen t  shall he- ant  integer expr ess lo i t . (hig ita l  syste ms are a sa i l ab l e - . This argu me-ui t  sh a l l

he eit h er an mni t e-g er express ion cur  tin in te t ,- i - n  c i r r : iv
nI is set on r et u rn  to the calling program to indic ate na m e .

t i r e  du - .p mi s m t i on  of t h e  request as follows:
k designates an array tm i whic h 11w valu es  t im-v cc-.

TI-ce’ value- must, be’ 1 or greater signed . This argunten t shall be an int i ’ge ’r am ’r ci\
1 — Reque -st cicce’pted name, or an integer array element.
2 or gre a t r — fk -lav as specified has

cot cc c c u r r c ’cl , 
‘ m indicates the d i sp ius i t io n  of (be ri-quest as ho l lows .

I h ic. ~ a r c 4 h i u t l e n l t  shall be’ arm integer variable c-cr The value must be I or greater .
l l l ~ ’gc ’ c ’ arra y element , 1 — All data collected

2 — Operation incomplete
2.5 Program Termination Accomplished 3 or greater — Error condit ions

Using Presen ! Standard
This argun sent shal l be an int -ge- r variable iii _ ic r

c ’ r i r : , r c a i c m ic  of pr i ’sra uc i s shall be accomplished using the integer array element ,
cS’ statement fro tn ( I SO ) R1539 — 1972.

3.3 Analog Inputs in any Sequence

Execution of re ferences to this subroutine allows t hu
3 PROCESS INPUT/OUTPUT input of data front analog points in a sequence’ which is

FUNC T ION INTE RFACES independent of the bart iware . This nsay also be’ refe r re ’m t
to as the input of analog data in a random ti rd e-r , ‘I’ ) c i -

3.1 Control of Analog and Digita l array j controls the iu l p u t  se.’qeience and c i l i m e e r .  t h e
Sensors and Outputs specification of hardwar e or software a c q u i s i t h i m u i  m ud

conversious informatious on aim indi s-idual point basis, ‘l iii’
-

: l’re , ‘i’ .s i npu t -ou tpu t  fui ict ion interfaces tm ll ow access to form of this cal l is:
rla t~m t , ’lii te ’d to  specific at ia log and digita l sensors and
outputs, ‘l Ime’  execution of re ferences to these sub- C . \L l .  A IRI ) W ii , i. It . ml
rmuutines will result in re ’t u rn onl y being made to the
re ’r t m t d ’ s l i r u g  progra m w t i m .’u blu e - requested data transfer is where:
co m p l e t e -, m i r wh e - m u the ’ requested operation is
le rmi mi at ed . ‘l’he arg u ment m , shown below , is to he’ h specifies the number of analog points to lie read .
r - m l  ‘rr - gale” I by the r eqtue stin g program in order to d .  This arg o me-nt shtm ll be ar m intege’ r i x  pri ’rtsi m u .
leru flifle I t c h ’  stateis e ) f the re-clue -st. An individual  process-

‘r t fl ,l~ speci fy un iqu e  vt m htec- s for m wi th in  the allowable- j specif ic ’s h ardware - or soft ware ac quis i t io t i  timid - 1 c m
rim t ugr ’  to designate the sped tie error con di ti e en s . ve rsi mu in forn iati on for each anal ieg i n p u t  Si :: r c i e

Spem- ili c in form t m t i on  re le-s-an t to co nst nmo - i  c l i i i  l I
I t ue . ’ re su l t s  of (t ic ’ lml pu t operation amid the dat t m pre . I his a rgun ie n l  is pr ( lc ’m -sslin dept -ride me t - 1 ( t i - .

‘ r u t  e’ ( t  l , m r  m i t i t  pt t m ipen at i  l in t ’ ,  ire - processor (le-pet i di ’ n it. argu m e - m i t  shal l be an i m i t e -ge - n mrr t m v n an ie ’ , icr  c m ii
‘I l l  - - ‘p - r cei  i m m n s ’ t i ’  -r - ri bed tire- iii ti-n dcci to be on forrn a I - i mi t cg -r a rr t my eletnc ’n t -

I t ransfe rs to au i d  fr i m mmi the specified stora ge- iii t In e
pr ocessor. i ) i e ’ m ’c ’ l i c r- ’ . lie- re-pre ’se’ntation im i the storage’ of It designates t in c l r ra% t O Wlii ( ’li the ’ s c i l i t e ’ s  an’ em s
it C c ’  p ri m t - c ‘.,r.m ir is an i n ntm ge ’ of th e - input  t or Ott (put  dc -vice- signed. The orde’r m u t b -  ele’mcti ts I tm k W i l l  m e  er
s I c e ’ h i t h i . i t  - r i—s po nimh l i i  I hut ’ ie nm hi- r  in - c j. ‘Ib i s  arg onne-nut  shal l  t i c -

i i i  intege r em-ra ~1 iM mune - . cer  aui int i ’gc-r array c ’I c ’m n c’i i t  -

3.2 Analog Inputs in a Sequential Order nit indicates t he ’ u h i s p i u s u  I i i  i i i  c i t  I l ie-  requc-st es fm it  t i c w s

Ex t ’ i - u t i t i n  mu f  tm r e ’l ’c ’ r c ’ t u m ’ h m e  t h i s  s m i t m r i c i t h i i ~ ’ t e l i m i ws ti c -  1 St’ v : e i l d c ’  must  lii’ I mer g r c - t m l i - r
r t d p r l t  cf  t l ah c m from c t u i ~’ i i u m t m c ’ r  of auc a lo g p e u m n m t s  Ill II I ‘c I t  l e t  i i i  e l I c i t e d
m.e- qt ic- mice ’ s- ( e l m - li him spet ’nfieoh Icc tlie pm - c li’ e’sso r , i t ip t i t  2 i )pe -r ; e I i  oem inuc ’omph-l c
t t t i r d wart- l u l l  c ‘ r fa t -c ’ - ‘!‘he ar gum me-n it j sp(-i ’i t i c - ’ ,  l i ne  i r-st :1 i- cr gn at c r  l ’;rr eur c-oil di tu nis

‘V ‘V -~ ~~~~~~~ - ,--- V ‘~~ 
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lS11~S)i l . l Ex ecu tive I1unct ie ;n s . l’ r cmt -e -- .s I np ei t ) u t p i m i , an d [lit \ I a t h m i l r i l . c c i :

‘ I th i s  argu m ent sIi ~iI t lx’ au - c it terger vari ahk - or m iu id ie -at e s t i-ce- di sp o sit im ,m u of ti le r i m ., ‘ c ’ ’ t ci’ , I i , i t ; ; s s . .
i uh tenge - r  array ‘ Ie ’ n iu ’ c i t  -

The v cit  ne must be- 1 ic r greater.
3.4 Analog Output i — ..~h l data c’ohle-cti ’d

2 — Operation i i t c -m imp l e ’ l e  V

Exec ut iom h of refc-r e-nce s to t luis submotine allows (he 3 ic r greaten — Error condit ions
output  of analog si gnal s i n -c a m y  sc-qcience . The form of
th is call is: ‘l it is argument shall tie s um I l l  ti ge r am iable- or

m ite-ge-n array e lement .
(‘ALL .\OW I i , L It , m l

3.6 Momentary Digital Output
wIle-re’:

‘l’he execution of references n,ct thii ,s subrout in e -  cc ih l se - - .  l i d .
s p m ’ m i l i . ’s ll ie number of analog points to be writ ,  output  of m o m entary digit al signals . The-ice- signals I
t en ,  l’ m ’ i - ’c -argum en-ct  shall  be’ au - c integer expression. sist of sets of bits typically organ iize-d as ant i ’ \ l m r: eic

dig ita l word whose length -c is processor de ’p e -nd e -m ct .  ‘l’his
spe -if ies hardware or software conversion and type of output  is characterized by au - c acti on wlc i - I c
tran sminca ioih information for (h -ce analog output  momentari ly sets i n d i v i d u a l  ou tputs  wliem m a m r
point . Specifi c in fo rma t i on  relevant to con -c- responding bit in the output  data is se-t. ‘I hese- ou t 1i i iu
stnue ’tion of this a rgument  is processor dependent bits wil l  (lien be re-set after a specific Lime per eIdt ,  ( S i -
because various ty pes of digiEaI~toVanaivg systems form of this call is:
arm ’ available- . This argonne- nt sl’ia lh be am - c intege r
array tha n-ce , or an integer array element , CALI 1)0MW (i , j, It , n , m l

It de signates an array fruit -c which ti -ce ’ analog ou tpu t  where :
values are takeu . The- order of the elements in It
will correspond to the order j , This argument shall i specifies the i-comber of external c i t .  i l l ‘ . UI ’.  m l
be’ an integer array name - or integer array element , be writt en . This argument sh alt Sc’ mmmc l i c t i ’ ge ’r

expression.
m iuid k ates (lie disposition of ti -ce request as follows:

j specifies hardware transmission infonn i t u t i u t i  for
It - ce ’  values must be- I or greater each -c word of output . Specifi c in forma t ion  re li c m m c i

— All data out pu t t ed  to con i stru cti omi of t h i s  argument is processor
2 — Operation - e . cc p l e i e  dependent because- v5rious type - . of digita l  ou tpu t s
3 u- cr gre ater — t- rc m. r “unditions are avai ltmh le , ‘rhis argumemut sh im m il lx’ an inlege’r

arra y n ame , or an integer array ek ’memi t .
This m ir g u ne c: t shall -c ’  an i i  - te- gc- r vari t mb l er or
in te ger chr r ay  eleun ent. It de-sigmiates an array whose- coflte’lht.s are- th e- im age-

words to be written, The order of the c - I c - m i - i r i s  in
3.5 Dig ital Input  It will correspond to ti-ce order iii j.  ‘It S’, t t r ~ r l r u i m . ’ i c i

shall he- an integer array nan -ce . or an -c intege r m mrr mm ’:
Exe ’cui iou of ri-h c ’ r e ’ i h c ’e ’s to this subroutine cause’s t h e  element .
input  of pro ce ss info mmat i on i  coded as a set of bits , A set
of tilts is typically organized am-cd read as aim external n specifies ti -ce - duration , measured in b asm u ’ sv ’ , tc ’t i l
d igit a l word whose length is processor dep enid ent . Th e  clock counts , that ti -ce e)utp u it s are l i i  n ’rn :mln sit. If
form ml this  cal l is: the processor does not allow selection of dura t ion s ,

th is arg u ment is ignored hut  mu st he pie-se-n i t . ‘h I d ’ ,
(‘~\ I . L  01W l i ,j .  It , m) argu m ent shall be am - c integer expre ss iceh i

a-lie-re’: m indicates ti-ce disposition -c of I Im e re - q u e s t  cc’. fol i m , w

spec’ifies (lie uiu tmibe r n  of external digital words ho The- h’a)ue must be I icr greatc-r
he’ ri- m id , ibis argum ent  sh al l he an integer I — All m ) u t p u t s  acconnp hisbed
e ’ x p r e ’ sslm ii , 2 — Operatiom i ine-onsp lete

3 or greater -— Error c o n d i t h e m m - c s
specific-s t i a rc lwar e c- cr software acquisi t iohu am -cd
c m i i i  m e ’ r sl , u i n for m at i i  in - c ft - cr e ’ai ’lu dig ita l input  ‘1,1-c is tmrgu nwnu t shi al I be’ tin cmi t egc -r r -m ri~i l i 1 , ’ e en
w icr d , ‘~pt ’ci fum ’ in f iu rn i a t ion  ne -l e -vant to coi . integer arr:mv c-len ient.
‘~i m m ’  1 , 1mm t uf  t his argo u n i t  t is proc e ssor dependent
he- , -m m , oa ’ v arious type ’s c-cf di gital inputs  are 3,7 Latching Dig ital Output
em s e i . m t i l c ’ . I b i s  ar g u m e n t  si - call he’ am - c in t ege -r  cmiv
nam e’ , cur m u l l  e-ger arra y el e ’n t ie ’ nt,  Execu tieni of re’fe- rc—nces I i i  this su hro tm t i it e  i - c r ise’s i cc V

otmtp u t  of di g i tal  .s i gmn ah s wb im’ h can  he l tc t m ’ l m e ’ ml  cmi i t  i c - c ’
k ‘ t r ’ ’ ,m ~’ r m . m i  i ’ ’. m m mi mc (c cc ’ I - I w I t h I n  i d l e ’  re—quest ed values the - set or ri-set sI t I e ’ , The—se’ s ig miab s  c ’i i u’ c- .n s t of -.~- m ‘ ,r r c - - ,, - i

crc ’ .c ’ .: .h g i t ’mI , ‘ I t m i ’  - ‘I c l - c  ‘1 th e  e-lc—ments in k wil l  st imhi ’ , I ’li c ’ .st- s u g m e c ul s  i ’ iui ts i s t  ‘ I f  ‘,c’Is if h u t s  I s  I m i ’ ’ dt lY I
1 c r r r i c l  m c ,  t h e ’  - r r r l e  r in j ,  i r i s  , - c , r r i m i e ’ t i l  Small  I / i ’ l l  cu r , mi i i  e ’ s t i ’ r i r , i t  u hcg n t a h  wt er i l  wt i , c r , i - I e ’ m u g l l m  ii, ‘i c ’

hi’ atm I t  c ’ ’ ~g’ r ; ,r t a \  u u t u m l t i , or c l - L I  I , c r c , m \  e ’l eui ie -nt  the -pen i le-nt . ‘l’l uis  ty pe- of e u u l p u l  Is  I ’ h l t i r d h l  m e - n . e - m t  h i\  e l i
id , i i i i c ’ . : i - ’ t O u n  whic h si t s  in i l i c i t h t i a l  m i u t p m m t . s w t i - ’ i c  m c c c

_ _ _  4
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rt— s p c em idi i ig  b i t  i i i  (ti e c c u m t l u u t  is ‘.e ’h t iutl  c It -aN i t i m h i m i m f  l ab  isbe- re tim e result  c-cf lOR S. n t  i s :

ou l put s us m i - m u  ti corn ‘spot i iii ng bit is re - sm -I . ‘l ’I ie ’ fo r m if
i t t ’, c u l l  is :  ml

~,. 2~ 1
~k + ma k — ‘

( ‘ .\I L DOL\V ii . . It t ,  It . 1, n i l  It - I )

-s l i t - re ’  4.2.2 Log ic al Product

i ‘.pe’c i  ‘ii’s tia - uiu niubx ’n of chig i hal crc,ril’, t , i  be- o rc I - ‘l ’hme fie r mi t of I h i s  fu nction re -fe-re-nec ’ is:
U i u . ‘ I I i ; ,  a r g u u ne ’mt t  shall I-ce t i mu m l e - g u r c ’xpre ssu ’cn .

lm.\ N l ) Ij . n-c l
i spe’e ’t fi i ’s b ird ware- tra m hsu ui i s ,s ie it t in fe i r nm at i oc i  fi er

ea c h wo rd c- cf d ig i ta l u c i l p u i t , Sp e c - t I l e  mn f e i r mt m t ie ,n  ~ lie re’ t ime -  result euf l~’u N I )  tj .  ml  is:
ri le ’ s an t  to m ’oui strtict io n m i t  t h u s  : m r m f : i i c l I ’ h i t  i- .
p r l m i ’i -~sc ,r  du . I l c ’ m:ml _ ’ i c i .  ‘l’his t e rg u i tm —u ht  ‘ .haf  c I , ’  mmmd n
i i i h , ’e ic ’n  :i rr: is’ um t un n- , i -c r tint t c te- tgi ’ r  e c r r d m \  c ’lt ’ni e - t n t  o l’- 

~~~ 
I nm i k b

name ’ .

It de ’’, i - ’ u i m m t  i-s :i:’ arraS’ cI rose’ i tilti es a re! t i c , - u t c h _ g I -
I -- - , 4.2.3 Logical Complement

r’,’ i i i m t s  I c ’  t i c ’ I r . i t j i d t  Sic d , i ’g i l  t Ol t i l  shall he- , m l u
c c c l , - - e r  e m ‘ m s  imm u re ’ o r an i i i  c c ’g m- r ml rr mls  c ‘ I c - memi ’  i t , , ,I he- Ii irm of t i t u s  fu nm - tm on refe re ’nm’c ’ is:

It ,
~ 

~~~ r c a - c u’ ’, d c i cmnnmi ~’ a l most ’ , i lue- ’ .  t t e-hi t t c ’  d igm h a l  \( ) I
V — 1 1 c c !  pu c t s wl t ic l t  cmi t ic ’ ‘ ‘ l i a i c g m ’ c t  by th ie s u h u r u , u - c t - c n u e ’. -

\ t i i i  sc ’ i  inc t h e  1’. . a c -r :c ’ i t i d ~ m ’_ i1i’s tha t the u t i g c t m - h  . . -
- 

- wh ere the ’ n -su It of ~ic ( 1 1  ~j i  is:
U t i r e c !  w i l t  lie ’ ,‘l ca i c i , e ’m t (m u (l ie ’ s l a t ’  th e - f l u te d hs t h e ’

I ’ I r : ’e ’ sl il i l d l r l ’ ,i t ot  r l c s i t i o u i  imu (lie’ i ’ c , r r l ~r,~i r m i m t c i : m g

l c t t u -- ge ’r a rray e - l e ’mc x tc t  i t t  k 1 Tile’ order ci  the  
~~~~~~~~~~~~~~~~ ( ~~ I

c ’ t e ’ f l d i ’ m . d s  i c c  
~
‘ I and It ., wi l l  m - m l r r m.- ’ . t d l l l c m t  t m i i i ’  u e r h l e - r  ‘ k  It

i i :  j ,  h i e i s , ’ , g c  mc i ” umh  sttah l be’ din io~eger :i r rdc r  f ldmtu t i ’ . Is I )

tm r an -c inte ge r arc mmv e’k ’tne ’ui t . -4 .2.4 Exc lus uve Or
m indic ates tI l e- i h i r e p m  ‘ci 10 It - c  oh ’ ( l ie request  mm,s f i mh le c ws: , , , ‘I h - ce lo rm n of this ft u u w ’tuotu nelerc ’nce is:

( lie- v a l ue ’  must be I or greate r -
- IE OR ( I .  m l

I — c!m II  out  pm ,t (5. tcc ’e’o m p 1 ishe ’t l
2 — Ope ’ratio ne incomplc ’te 

, w h e r e ’  the result of IK O R (j , m) is:
3 d r  dt re ’:c t m. r — l- m u  e n e ’ondit iomm s

‘I b i s  me r gcc ni n’r i t  sh ucc l l  tue an intege r variat i lc ’  t in  ~~. 9k (2 — 

~~ 
+ m k )) (j . + m It )

I :510 1 m c m l ’, c ’he n een t .  It ‘ (I 
K

4 BIT ST R I N G  MA N I PU L A T I O N  4.3 Shift Operations

4,1 Types of Manipulation ‘Otis operatiom - c is ate e-xle ’rna l func tion. In ti -ce - fo l lmis v im ig
fuuw ’ticm j  and n-c - c are integer e’xpr essmons. Opert itions ti re’

I t  c i ’  -cu i l l  rum gr ti i n - .  wi-c ich fed l m w  ahlc mw t im e ’ preugr mimuiu e’r to performed on all bits wh ich re-p reset-ct t h e  salute ce f  a

vi e w  integer dmc t ; c  ci ’, ordered se ts of hits (a s ,  ~ui .i , integer int ernal ( h i  ti -ce processor . and an’ eised t i c  

~~ I - whe re’ the’ s i t  is a p lace posi t i t e tual  binary ge-tue -rat e- au -c integer result.
r l ’ I ’n - - . i ’ I i l a t i l r m i  muf an it in c ’ge r value , tI t us pe’rmi iu t l in g  inter ’
r - ‘ ,t. i ! i i  im c u r d  m am t i pu l a t i on  c- cf im itc-g i re on mu b i t .hv ‘h it The forun of this fu mnct ion u ri-ference- I s :

- - t ile’ ‘ , t m t t i e -  I t  cc is prcue ’e ’ssor th e - f i i t t ’ c i _
1.1, n se )

4.2 Logical Operations
whcm re ’ (hue ’ re’sult of 1511 FT (j, u-c - c ) is:

‘t i e’s’’ ‘ ‘t , i ’ e ’ , IL I I  mi ’ , , r r r ’  r ’ x t e ’rna l  f u m n i ’ I m o t c s ,  m l  he f m i l l o w i n g
fu ih e’ (ii cu is , m i n I  I m dire’ l t i  t -gu ’r e’x pre’ssi oils . Operuc tic - ct - cs I f the’ value euf i- cu is p1151t cvi ’ cur zero
curl ’ pu- rft m rn ie ’d t O u till lii 1 c  si Ii i chm ne’p re- se -n -ct I hue- s-al ue of tim - c
i t l m e -ge ’ r  in ternal  to ti - cc ’ pn l le’ e ’sse r , ( )p:’rel l  ic ~ li!- , cu re ’ do mu ’ n—n i
Ii i?  I u ~’ i l L  on i-omrc ’spondcn g h u t s , t i : m l is , I t o ’ c ’ cc r — ~, 2 m

rsrnc poindi u ug il l  t ’ , mef  I hue- a~’tc ia l a rg u m me mt t s  j u c m u , l  ma ire ’ t a i l  I-u I)
t i c  g l ’ l l e ’ r . l ! c ’ (lie’ l u l t i ’mf c ’ r  ritsi i lh ,

I f  I l i e’ va lu e -  muf  n - c - c is m i c ’ i tm i t  m u
4.2.1 luiclusive Or

‘li e’ feirm if t I t u s  fc uuu e ’I . u cic u r - - f , ’ r e ’i i. ’e’ is: ~~~~~~~,2 k 4  ~~

l t ) l t I I .  in )  It nm - c
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—1 7— ln ido ’ ; c r t a l  ( ‘ u m u m u l l r - m i ’ r  5’, s i e - ci  ~ r , r t r c i t m l’ r - , m - - c .  i i i ’ - .  b i e r
!S .\- St ’i l _ l  i~xe-c-utive l’ I i m l m . m u u l c s , I’ n i i ’ ’c’’,- . ‘sp i l t - i ’ d u l r i t l  . a mid I t t !

4.4 Bi t Testing and Setting ~inu1g r’ani ( h e  d c - t i ’ r m m u t ies  ( i ii’ ( - i t r ne ’m l t  I - a l l - c r l an l i t  I I ’
l ’i c r n i  m uf this ccii i  us:

‘ l ’ t im ’ sc’ cepe ’ r a l i i e i i s  ar e- e’’~ic’ r nuaI f im nm ’ t i m e m i s ,  In ti le fo l h tuwi u u g
fu in e ’ t i muns  j and ma are i - c i t e - g e - I -  e’xpressieuns . t ’.\ t . t .  l ) .\ I I ’ . b i t

4.4,1 Bit Test u e t c u ’ r c - :

i ’hm ‘. l eu gic ’mu l fu u m ie ’t io n t e s t s  a spec i f ied  hi t  of au it ite gc ’r. j  ( l e ’ s i g u i i t t ’ s  an i l r t e - e - m ’ r  m cnm mo u t u t u  m mc c ’ cc - f i t ’s
i t t  c ’ l u ’ m n c ’ i m t s  f e e ’  m t ; t i e —  w i l l  1w 1 I I d I I ’ I ’ t  b e ,  t i c t h i i ’ t i l  —

‘ 11 w’ feurm n c  ief t l i i ’ ,  func tion refe- rc-ne’e is: i f  I t i e ’ ~~’ e ’I e’ nm.me ’n L’, sI O ml I  1w u.s t i l l ,  ii

F i i .  ma)  Virs i El e ’nuue- nt ..\ I )  \‘eur ‘, i :, , ’e ’
Se -c - eunuc h Ehe’mne nut ‘ \ l m ’ i m u h  I I ’ ’  12

uu ’tte -n’ I lie - result mit ’ It t I - 5 ’ l  I ) ,  to I is: Third EIc ’nuwtsl — I )a\’ I r ,i TI

if I . -\N 1,1 1~ 2 m 1 , 11 th - ce - mi l- ’ ,\LSE , c-Ice ’ ‘l’ R ( ’E

4,4.2 Bit Set APPENDI X A

t i t u s  I’mj i s e’ti mrn sets a spe-cified bit c) f ac -c inte-ger . (This a pp e n d i x  is i-ce -c t part of the l~’~ L ” t cc : t t . cm r l  ~‘ i c  I I ,
b ut is incl’a d i d (c i  fac ’ilitam,i- i t s  d c _ i  I

‘(he ’ ft - c nn-c is ( lu is  l’une ’ti ot  re-f e-remi t -c ms.
Considerations heading to  “I S  .\ .S5 1 1 l ’ m d m u ~ u r : :  1 ’ ’ ’ -

IBSE ’I’ (j, m) pute -r Svsti ’n i FORTRAN Pnoce ’ducre s i’,c i  c . 5..1 c c !
Functions Prcucc-ss I t put I )u l  pu t  - m l i i  d B it ~. l .  - ‘ m m ’  I !  - c  -

s v h c r e  (hue result of t h e  funct io u s re- fe- re-ne-c I BSE’l’ ( j .  m l
t s .  A.1 His torical Development

b I t  
~~~ 

~m 1 This standard he , a din’t t m u e m t g r e i w - h h i  it  t I m e -  I n m i m  I m c e m i u - e l m , I I
Pu ndue ’ Workshop tins Industr i a l  i ‘ ‘ ‘ i m r ~ m c i  u e ’u ~ - I - -

4.4.3 Bit Clear whose geial s are:

‘Ib is fune’ t i c u im e’le’ars te specified hit of am-c imit eger. To make- the de’ f inimic uiu . lus t u f i l  ,l l m e e u t . l~~ur e]
wares and software- m t c ’ s i g m u , pre e c u m r i - u m m e - m I  -

The form of this f t ut i c ’t i on re ’ie-rence is: programming , m n s ta l l a t u ’ cmi , e-ommis ’ - h m  e r r c i g ,
operation au -cd mm m i mi t e ’th t m m ic e- I l l  i mud u is t r ia l

h i t ( ’LR tj ,  n i l  c o m p e i (en svs i e ’nti c n-con ’ e ’ I t : c ’ i i ’ n! t
economical thus uu gh (hue ’ d i - c e - I tr -c c i i ’  i i  I ,

w h e r e ’  the re-su It of th e function reference ’ IBCLR 5, m( standards :cuid i- cr  guide-lin e’s on :~c: it u t e ’ r u , , u

I-,- t ional basis ,

I ,.~N l)  hi , NOT(2m~) The’ Workshop forme d s eve ra l  c ’ I l u i c u l i t t , ’, - t I  t lI ’ h l e - d ’
t t ’i. ’ ir  obje ctive ’s . The’ I - O R ~~~~~ ( , c t t i n u c : i t e - c ’  Sd ,is ~‘ m ’ , i , g ’ d
wit ,h the task of pr eparin g a ‘ s e t  , c f  I m i t t ’. r , , u l  P m d l i  I ’ ,’,

5 DATE AND TIME IN FOR MA T ION Standards v ompat ib l e  w c l h  I - I  )I t ’I ’ l3 ‘eN - i .  ( I l l ’  I 5-,
ISO-RI 539-1972 . This s l t cn dard a n c ’ s , u t m  01’ t t c m c i c o i n -

5.1 Obtain Time of Day mittee ’s work ,  A ddi t i om i a l  stcc n dard s er ’ I l e :~ g d ’ s ’  , P - l

h - ; \e ’ , u t i e ’ m - c  cuf  r e -h’e- re ’c , ‘5 I , ’  thu i s subroutine a lh t ws a A.2 Crmterca  Used in Developing Thus Standar d
p n ‘ m: r: i mi to ‘ I i  - I u rns i r e - l i i i ’  u ’itrr c ’n t tin -ce of day . The for -c-c -c
if l t d - s i  all I . .  The m ’ , c n - c n i i ( t i ’ e ’  mm , s i ’ s sr ’d  t h a t  I ” ( l l t  l I t  \ \  se mi t t m ’

se’ide ’lv uu s , d I au i gua g i— un - c - c l i ’ u t u d i l ’  t r r m ,  c - l m m - c n I , c r r m . l ’ r r !  In
( ‘ .\LI_ T I M E  5) t h u s  use -d the- t ’o hbos v im ig  gu i de ’ Iu t e’s in - c the ’  d ’ r e ’ l l . i l t n l  c u

I li t ’ s t tcm i dard.

S t d I ’ ~ i 1. ‘l’ht’ s i t i t i d u cr cl s l i i e u m l d  ‘ I ’ m r tm ’~cte i n -’ s i-omnnn io m u h~ i I~ . ’ t

i i’,’ i ’ X l s t  m u g  um i du i s l r ia l  e’ee n - c put t ’ ’ r  l’\ s l u ’ u t i ’ .
3 m l c ’ su ’ ’ I u m i h e ’s aui cm u he ’ g e ’ r  mi rn :u y m I t )  wltiuse hur s t lure - c ’ 1, ‘I ’hu e - s t u m n u d m i n e l - . — u c c u l d  tec’ c,’a.ss I 1 i u c h l c l e ’ i - c l , ’ l i t  m - en m u ,  csl

i 1 c - l i - i l - ce -- cc  ts li - ce ’ t clus ed lute ’ tu mae muf da e ill tie’ u’e’ ndui r s
p I,e ~’e ’ mt . 1’Icc’ m -c cn ( e - n t cs of t h e s e ’ e l ements shall lie- mrs 3, I’ht- s t : m i i m l m i i m t s  s l tm. c uld fe~l l eu w lI st ’ s’c m u tas mm md un i t e - m i t  mO
1, i I Ie ,w s  FOR ’FU ,.\ N as d e f in e d h’ l.~’u 3,

-I . Il-ce ’ ‘— I c i m ud m er d s  s lu i wul d  t i u u i  ne — stric t ( I l l ’  f u i t u m  ru i ’ m  rb c r - ,
I - c r- .’ F l e’ n - c e— nun } I c uum r s  I) l i e  of i”Ol~’l 1(1\N

- ccci i i  F3e ’ i r , e -c  - I ~d r o u r, (I t i c  I
I r c rcl I’ I c ’, ’ , -  r , i  , c ’ c c - - c u m h -, I) h e - c  ‘ , l i  ‘ l u , ’  di’ve-h , c I- ctut( ’mnt u I  t t , - i - i  I I I  I I I  . \ \  I m c m i g i i , m u : -  u s  i i i , .  - I  c i

Is (h e ’ nc - s p t i m i c l t i l l h t \  mc I 151 1 i e h c u  has , I c ’ l c ’ g _ u . i , - , t  t h e ’ , nc

5.2 Obtain Date spons ih i h i t s  I ’ ’  ..‘e \ S I  X , t , 1 t

I i i  ci rde -r ‘ I l m i l I l l  c c , ’  s t u c u d m ir ’ is  c’c - cml - cpI s’ r, c r ’-. t h e ’
l ’ ’, e ’ e ’ e i t i c , uc  ee l  r . ’ t c - r c - l l I ’ e - ’ - I ’  los s e i t , r c , i u t i m t c  . 111 ,5 . 5 8 l5 c R 1  III  h e :  ,f s t . i u l d a r d  mis f:er Is p l I - .~ m h i l  , ‘ 55 ’ !  ‘ c c l

V 
, ,  ~~
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, — — - .

r c’ c ’r l I d ’ ”- 1 5 1 - I l ’ , - ‘ I  rathe r I h a t i  d c r c ’ , ’t re quir e’ cXt c -nSiOlhS  to suppmunt the se’ “ aI ls :  m ua n-c e - h v .  ( l i e ’
d , l I d dtc~ I - ’  ,ide l i t , c ’ c - .  c c l  t h e ’  c~ c t a\ I f  I’t ) l l t l i . -\~ I t I c . FOR I ’RAN prcuce’ssor tnu s t  m a m u i t a u m u  asso c ia t l cu tu  wu t i r

mI le ”, m e t  : r d l r d ’ . t i u t i t  -c b fl s mc t I m e ’ , c : i b s s m , u ’, ‘d o l e - I s m l ’  t I i ”s the ’ data blot -k d u r m u u g  i ’x e ’e ’uit ion of these ’  subrou t i t m i ’ s  h i :
c ’- ’, u. n ‘ I’’ . — :1 i’c c,t ’ t u d~ I c c ’  1 1 1 1 - . - . d t l d i e t  cci  I I , ’ ’- i m : u t l i t c i s  the- ‘ s , - c s i t i m u ’  r , i u t in t i ’ , ‘I l i e ’ . , ’ calls ac-counn ioda la’ e ’X u - c ’u

- ‘  i t , ’ i m i i c m ,m c . I 2 c 15111 tm c ’  I I ,  ~ - i - i - - I  Ii ‘ - m e ’,i ii -.s ‘d m 5  L i v e ’  rou t i h i l ’ s  whc c ’h pe rmi t  t m u i i t u t i u a t u , u i i  of e-X e’i ’U t i ( i l h  h i I
.~~~ l I  I t . .i ’ t t h c ’ c” I’, ‘r !r h t ’ ’s mumt d ‘ t I l e r  n ’  l ., c , . .I i . - m u l r m r , -- . t h m ’  r m ’ e 1 d m ” c t u c g  pr o gram -c i whi le ’  the ’ pre ss ’s’. i n p u t  or out

c’aim II, 
~

- , r l ” I n i : m -  2. put us l, ’ i c m ’ .t acecimp hi.she’d . (hi , ’ - , ’’ are- r e - l amed  to t h e- ‘ u s
s t am l d merd calls ces s t i u i ~ ii b e -low:

A PPEND1X~~
1 1 m m ’ . .l I i I c , ’ m m u l i x  us c , I t  fl ir t  c m i ’ t i c ’  lc- m .\ Stmi u id ,s rd  ‘.-e~ t 1. t-’ ’I’ .- \Nl )A ItI) l- .X ’I ’I-N sI O\

bun us t u u s ’h i .  ‘ ‘ ct eu ~m u m ! i : t , m t , ’  i t s  c m .  . 1  .\l” .u ,\\ \I SQ
~J OT~~S BY SEC lION \ h m t l W e  \ l R l )

Al
It I e ’ u c  , mu  2 -i, J ’ ’ t , - s l) lve ’ 1)1

l i t  ) ‘ eIV’ I)O~s1
t t.i ” s l m d e ~ t c r ,  cc mu “ ‘i ‘ c - e e l ’ i~L m i m d m t r . I  m u m  : : c ,u( i t  1 1 5 5 1 1  l )OLW l)OL

mit ’ le ss I l ie ’ i ’ , , ’ ’ ’ e m s  c’ e~n hh u ’ I I I  - e : , l  i l l

c i ’  - m I mi ’ , , i t ’  mc I - ‘ d ’r ’ , l , c d r ’.r  , t ’  ‘I i t  m t c ’ , i !  d d r  55 I i i  huh- 
‘.‘ t c  i c c - i :  tIme ’ ml r ~ h l n u c ’ n t L s  are- cie’fimie’d u&’u tc’ t ill S dt ’. t h o s e ’  c ’I

. - n -I’ ’’ iS ‘ Iso ’ I tee c c  I ’ . ,  ‘ r h  ,m’ r- c t  ‘cli . I r ,  p ,en . 
tile ’ I ’  rrc ’ c ic , i i d c u i g  st anud ar t c - t i l ls .

C c ,  c . i d t ~~, i t ’ , , ,e ‘ i c c - c l ’ !  I c ” c c I ’ \ I .  I ,  - ‘ \ It F 2..’ l
I ‘ e i .h ~ 1 h I .”.) i\  I 2 c d i e , ’. I , ”i’ r ’ i ,cr i !l,s, ,mc m um itt - O ’ m C S  

j”or i i  e cu ’ c- xte - tcs io cms , lIce r i ’ q m t i - s t l t u g  pr ogruu, mi u s re ’qeu cn-ul
mr ,  ~ i ’ rc i , aim h i l l -  -i - -n  ,m i i , s \  - c i i : ’ , - n , ,  I u m l ’2r ani  lt , l dS’ . 

( i i  im mu r e - pr~u s i s i I m i i  1mw pe ’ r i c~ u t i u - m i l l v  ic ’s t u u g  tIme -  ‘, -c ,i t i u c  r , f
i ss ’i m Ii m s i i i  1 in i r  cc  I ~d l  r -c m i t - c  t h e -  r iciest I t s m — , m d l  Ii e l m  r i  i t  l’s u— s e el  t h e  r -c c m

I t , ’ . rI - : c ‘ c , c i i  ‘ c . ’ ’  c.,e r r ’ .  , ‘ r r c , ”,u ’ I ~ m c e ’ r m , c ’ c i t i m ’  mc m 
-

1’ t . c ’ e ’ u u ! e ’ :  ‘ — ol t i c , ’ ) t5 ~ .. \  . m - gu t -,! ’ -  ( s _ c l  , l I i ’ . m m c , ! U -
: u , , - n , . s i . .  ‘Ii i s an m ’ \ L c  rI ,, l c c.’(l, ir , rm - ~‘ m - t Vi 

vtilues re tu i rm ie r l  hiy ti le-Se- C ’ \ I i ’ t i s i l l l l s  sh u cu ld  1, - i  l e e ’
ml I t s~~e d i  I 51 I anr as  m c mc 

l I c e - h ul l  r e m 1  .u. dc f l u e  ml u n t i l  su e t t u t n& ,ms the  p s  I d i
m c d c c I . ~~m , c - c c ,  em i l  , i r ’  c I , f i ’ ’ r , ’ r m i  1 \ l l l ’ r ~~‘ -

~ I c - ” , S. l .2 mcI  
i - c r c l l c r le’s  ope ra t i eu mu u l d t i m i l l e ’ t m l t  -i ’ r r oc r  e ’ c e o d i i u c i n

l5~ ’ i t t .  m l  . ‘
~~ i ‘ It I ”  t i o ’ i  m, m’ ~ m I c s 1 ’ q U u ’ t c r ’ m ’  ci t  - c ! l m ’

i~~ I R, t ’ . I , !  4 . .i~~ ’ t ium m i I , ” 5. .i r t ~m i c , d , - : ! !  e- a pro~~ mern ‘I ’lue ’ l-croce’as cys t - -rn de sigmuc ’r n iust  i ’ilstift’ 11w m i u m l I t m l l m l m d t m
r c , u m m : - ’ , ( l ee- ‘1 ,1111’ , c , c  1 .~~q’. m i  ti ,cc I I i’,I’.\.\l, ‘.S,t e 

eef t he se’ argu hnnen t s  to the -  I c r - 1 r ’ c ’~~. u l p u l  l l i h t p m h i  e u r t e - u d m i d ”
I’!’, u t  r - , u i i e c n  7 2 l c ~ if :‘m i t l ’j , uh I . . _ r  subro ui t im se iii  his t u - ct t ch s’.’-s t u- t u i ,  N mu i -c - cc-ti - ce-cd is ‘, ( i s e ’ m r  m e f

bow i ti is wi l l  be- mue’h ieve ’d , til t houg lc m nm ust c-s ist i u- cg unu-
1, ’ cu t i p t c ’.. of ‘ c ’  ‘ .‘ of th , e -  m it ch .uucmu t I j c- .  au s I i t t i ’ i i u - t  d rcm- t rm , - c t  syste ms lu tuv e  f ea tu re s whuch can be ul se-mi f c cr t i m ’ - .
e S : ’ ’ - ’ ’ .5 - c l  l i d  S~ - 

1r ci rpi i o ’ , suebu as glt d> al c -omnn on -

S I .\ i ~ I’ ~7 . t u i ’, I  r Feir (l ie ’ s tandard process I (3 calls , (lie- re- I teril t i m  I I
e ’t mlhi tig ier is r u mun should  u ut he’ made’ w u I l  n-c - 2 . I c :

1 . . .\ .1 . “ u ’ t m c r i r  l i i  ‘. r l l l j l d  equ ta l  I (ci indicate uii mc’ ee’ sci fti l 1 0 1 1 1 1 1 ’‘ . \ i , t ,  - ‘ l \ t t  I r .1 , 11 , 11 c l i  t i c - cr i eer m sl i t - c o ld  he’ 3 cr g r e - a l e - n  to indicate - ad c’rror w e d s
1’ ou r id,

.1 2 1 1 . \ I t
S ‘e l - I - F ,\ I l l  - .1 , 112 1  ,M I ‘(1w arg o u - c - ce-nit i is  deft ned to be pruee’e ’ssl ,r ck’pe- u ide ’u t men - cd

- - - van e take ’ se -ve ’ruu l diff e- re ’u it forms. For c’samp le . iuu A1SQW
,‘emi e’s m i c i ~r Ie ’  emf ( l ie ’  uise mit  ( lue - ,lr~~s m uc h I i as au it i te’ ge ’r and \ I Rl ) W
irm a ’’  I r e ,  I l l ,  - u - c :

I .  A nt tchi ams fm ur tIle ’ amua b og i n p u i t  s imi lar  Iii a hc eg ic- tm l  u n i tI ’ .. l  I 1 , l ’ : i {  ,~ v ’i: number- t ‘ c  \~
, I I  i\  \‘e Z 3) 

- .  ‘2 , ‘. eeOC word m c e ’ r analog i m-cp ui t  hardware addr t -us c
1 . ”, c ’.\ \ Y Z 1  1 1. X’u N 2 l \ ’ e ’/. I I  2 l h . \ t t .2 l1 ( ’ I ) .2 111’,l- 

3, . \  i c i t i l t s p he’  sc e ir d per analo g inpu t ht crdw ,u r c’ , i c l ml n ’,-. ri m
I . 5 1 . 1 ,  51 I (Vu /,,t .cJ , M 1  s’. l i c u ’ hi  c ase’ the’ arra y j m ust be’ a n u u l t i p li’ ee l ibue ’  c i ’ ’

~l I s .
“. r c  & ‘ \ , m r i u p l e ’  m l  I hue— c - c ’ s - u I  l I r e -  m r gu m u ’i e - i i l  i as mc procedure ’

ii , u t ? i c  I’.. B.3 Seucti oui  4 Not es
‘ \‘ ‘ I .  S N  ‘e l ,  :\ht ( ’I )
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iu ig t I c  1St ) l”OR l’ R A N .  F ecr the’ pur pe-c st’s u i  i mi dustrta l

l i l t e - r l ’ I c : m ’ r g l ’  u t r t t i i ’ .  muf programs I r e ’ I s v e ’ c ’ m u  ( I iff e’n e ’ m ’i (  e - l l c l i p c l t n l g  i t  ~S I l i i ’h’ ”~ d it ’\ te i  vi e- SC i i c l i ’g e-n  data a.’. m i l l
r m .  -c i ” l I i I d ’I ’il b uy I- c e-rut - c l  I u m d g  t h re e’ t l c i s . s b l i i e ’  I ’ .  ~~~~~ m m r i le ’r i d - “ I  i~l t i l l - h a n . O Il I - ‘ . mu 11 I ‘ .v l i u r - -  t i - cc-  s i t  I’,

fc cr  Iii - . e r c : : u u i m h e ’ t m t  1 , 1 1 1  tI le — e’esnl mvu i i  ‘‘ i ’ l’i’e ’Is I ’ is p r e’ i ! i m i h i i r i ’  mc I i  I l l —  u t r , i m ~ ,l b umu arv  r e p n u ’ - . I - t i t d l t i l i u i  cii at - c i n t e ger
t i c . t : i i d l t m e r l l i , I ’  I i ’  : 1 , - I - c l I m e -  11111 h t h l e ’ r m ’ l . m m - c t i t I ’ m l t l m t m I~ ’ mci  t h u s
.mr e’ ,m .

f”u i r  rc - l c , I cmls  of m u - c m i t t m e ’ m n m m i l e i - m i l e ’’s mi e ’ l i l l t u ] i ’  i i us lie- , e - ’ ’ ., i r \  d l

B.? Seuc t i ci n 3 N o t m u s  e’ ’~ t l’ m ’ss i ti e l I l t  I d l u i , ’ t I , c l m ’ , i —  me S t i t iu i i5 i l lmuih  II  di ‘~ - r i e ’ s , c u t
- u i  mc ‘‘ u i m c r m ~~m i l ’ ’  1w, ’ ’’. e - ’ ’ tm ep le ’nu e ’nl t immi m er ’ . - l c t t i ) l i i l e ’ r  th ie ’~

c i ,  c - c  I ’ lls m een - c II’ I l ie’  l l r i c c ’ c ’’ ’_’. I ( 1  , ‘ . e hl’ .. .15, , i , Id Ii ’ c c tcl sc u l l  - ‘pc m he- c i t  I I r e ’  i ’ \  11e’ e ’ l c ’1 l  n u i m i c - c m u e ’ r  I ii- c’,uc ’ tm l e c n e - t u e i m u s
c ’t i l hs m u m ’ , ’  I d ’  I l l  c u c ’ , t ,  l i r e ’ ’ , m~r , ’ . \ I S t )  , \ l l l  I ) , “11, I I I , I I ’ ’ ~ s c ’ e-’m’ . Im mi . m I , , n , i r ’ ,  d c m u t c - , t  dc’i ’cn al n u m c c - iu i n m c ’  t h e ’  ru ’’ . c l l t c
Ut c c l  1) 01 . b’ r , cc ’i - - .cs < ,rs , ‘ l c r b t i r u r i b l c ~ to l~~l) - l t  I ;‘r t IC I’~ 

‘2 ii I i i , ’’,. I u i m u c ’ t u e e m i c m  i c e , e -  c i c u t  I s’ lu - c l t ~~’ c ’s mpe ’c -t e—d u a am iuie ’n
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13,31 Examp les of Section 4 BA Section 5 Notes

‘ I t o’ fcdl tu s ’ . un g c’ - s .u tu - c p lc ’ s i I I m i ’ . I r : c t e ’  t I e -  ow’ cif Se ’u’t r ’  I in ‘( he ’ fo rnua n  use d f ,,u ’ re ’fc’ re -uui’ ini g t i l l , ’ ’ ai l d  ‘I i! I I ’  l e t , .
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‘l’he- stamid m ere l lc-m . \ - S e r i  .1  , l , , i ’ ’ , ho t  dr - I c - c l ’ ’ t i m ’ -  t m _ i . ’ d i ’ ,  m l
h e - i  j 10 1000 1010 1  ~r h iose- the’ 51 m ’ ~- ’ - c . s v m  r ’ u a u r c m u i i i c  date’ mum - cd 5 1 c r ’  t r i l l  d, ’c ’

nn .1 1 1 ) 1 0 1 1 1 ) 1 1 )  de f I n e ’  hei st I I u u .  i t d l ’I d i ’rn at I I ul l  mc, mtidl ’ m i m c m i l m m i i l ,  c ’  l i i , ’
pree gr am.
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SECTION II

Proposed ISA Standard S61,2

INDUSTRIAL COMPUTER SYSTEM FORTRAN PROCEDURES

FOR FILE ACCESS AND THE CONTROL OF FILE

CONTENTION

Developed by the Industrial Real-Time FORTRAN Committee

of the Workshop through ISA Standards Committee SC61. Presently

under review by ISA Standards Rev iew Procedures. As pre~ entcd

here it is substantially correct.  The onl y likely technical

change is an additional access privilege called PROTECTED

READ . Approval by ISA is expected early in 1977 .

_____ ‘-“-V.-. -_________ 
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I n ’  t r c m r ’c e r c l ,  ‘, c r c t e ’ t v  ‘ c ~ r’e i ’ ’ C ’ l i r . ,i

PRE FACE

This forward , all footnotes and all Appendices are included for information al orirposes and are rOt
part of Standard ISA—5 6l. 2 .

This Standard has been prepared as a nart of the service of the Instrument Society of Ac r e - r i ca towa rd
a me al of uniformi ty in the field of instrumentation . To he of real value t h i s  document should not
lie static hut should be subjected to periodic review . Toward this end tIme Society welcomes all con cicc r i t ’.
and criticism -i s and asks that they be addressed to the Standards and Practices 1’oard Secretary , ~nst r~’- e’ t
Societe- of America , 400 Stant’ix Street , Pittsburgh , Penns ylvania , 15222.

The ISA Standards and Practices Department is aware of the growing need for attention to the metric
svsteri of units in neneral , and tine Internationa l System-i of Units (Si) in part icular , in the preparation
of instrumentation standards . The Department is further aware of the .enefits to users of ISA Standards
in the U .S.A. of incorporating suitable references to the SI (and tb-ce metric system) in their bu sine’,
and professional dea lings wi th other countries . Toward this end this Department will endeavor to
introduce SI and SI—acce ptable metri c units in all new and revised standards to the greatest extent
possible. The ?letric Practice Guide , which has been published by the American Society for Testin g and
‘lateria ls as AIISI Z2l0.l (ASTM E380-76), and future revisions , will be the reference guide for
definitions , sym bols , abbreviations and conversion factors.

The ISA Standards Cor-s’iittee on Industrial Consnuter System FORT RAU Procedures for Execut ive ~“ m ’ r o ’~c u u ’p,
and Process m r-cut—O u tpu t SP~1 , operates within the ISA Standards and Practices Department , ~~. B. lOl le r ,
lice President. The persons listed helott served as members of this Con’Iulittee :

11. R. Gordon-C’ ark , Cha i ri’ian Scott Paper Company
A. Arthur IB~1 Corporation
F. C. Rearden I4odu)ar Comouter Systencs
R. Care Foxboro Company
L. Cartri ght Inland Steel Company
R. L. Curtis ALCOA
II. Van Diehl Hew lett-Packard
J. Froqgatt {‘best inqhouse Electr ic - onlpany
Li. Frost hboneywe ll , Inc.
5, Uands Datum Inc .
C. C. ibas kel Union Carbide
T. L . Luekens Johnson Service Company
o. ~~~~~~~ Stanford University
1’ . A . Resch III Tennessee Eas tman Company
R. Signor General Electric

Copyri ght 197Cc by the Instrument Society of America
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l nb ul u s tr i al Coniouter ¶ y’. t e c - e  IFII rT OAS I r (,.~~~~1 c ~ I m -  , t ~~

f

c - I  - “ Fi le Access and t i r e -  Control of F i le  Lent’ ‘ ‘ I.j u m.

¶ - 
- COPE 2. I11T ERFA C ES TO ACCESS F I L L S

T n  s st m c m l .  I ‘ ‘ c r , -  , ‘ m ’c t  “x  tr ’m ’nal procedure 2,1 File Systenu Envi ronment Fur T Ii 1~ S t s ’  ‘hc” - I
‘~~~~~~

, 1 , 0 ’  ‘c ‘ ‘ - i n  i nd l h- ,t r ra l  computer control
, ‘ . i , ’ r - ‘ T r . r ’ , ’ . . .m t n - r u  mu procedure references In industrial computer system crs , r ,o r c~ rr e - rut ~- r - ’ ’ r

t ’r ” v t u ’ ’  ‘ c u r - . i i ’ ”  ,i[~ , ,, ’.jnq fm lec, , and also oneration with shared resources such a’~ ful0 -..
r- rc’ -,- r  r ,  c e ’ s t r ’~ f e ”  ri ’ i n -iinn probl ems of f i le a common occurrence. This standard ‘ o r ”, riot
.1 c” SS  , n t ,  ‘- ~~ “mr in a m’nult iprom- ranrruing/ rnult i— address all the areas of file nianagenrent L’j t i~~
I’ ,c ie,,si u c u ’ u c v i r c n c - , e - ’ n t .  In a riult iprograrlllinq/ concerned wi th  the oroblems that mos t conirronu i~

- c lt i ’ u ” uce ’~s i nq e rmv iro nrcent , it is expected that arise in industrial computer sys te rc’ ~. .
. mrnt c ,r ’ u ,- u , t ;ur oc r .h I”-; u- il atte mnt to access t h e
‘,,i r e ’ i l e -  St  L i ii ’ - , I t  ‘0 t i  “c- , therefore , the Table 1 shows both those features c o v c - r e’- J  by I n ”

‘ccl “ m c c ° n h c c i ’e’ references defined in tin $ standard and those exc l uded; however the end UIJL -1
s ’ mu i ~1,m r d  c - r ’ r v i d e  t 1re ’ information necessar y for features may af fect ti-ce result of a request for ’
t I r e  rrocessor to resrr u vp such simultaneous associat ion of a concurrent program to a f u l e ,
.scOe - ss in a” orderly c anner . The imiethod for Such restrictions on associatio ns ar~ proces ~c
‘ ‘ c o l - c u t i on  ri’ access control is left to the dependent and are outside the scope of th is ‘,t s n c s u d .
‘.‘rc es sor .

The argument rn , show n below , sha l l  be se t O le - Cl to
1 . 1 Trf ’n ition or greater ti-can two (2) in value for all i u r c

~ t , j

in which the request is not accepted by the
Fi l e ’ : A collection of related records treated as executive routine. Individual imp lementation r-c ~~

Ld r , i t.  Eu tu ’ee gum -noses of this standard , specify unique values of m within tire all o r- j a Lrl ’ .
u ’~- .:.’-rr1’ are vi~ i’~e’d as being of fixed l enoth . range to designate tb-ce specific reason c i u r
Record storage and access are independent of the the request was rejected.
j r t t c . m ’n a l  frc r’r ’r ~~t of records ,

2.2 Create
1 .2 Eac h. ’ : r-,-ur .1

Execution of a reference to the subroutin e - LFI L e
in  c o i ’ s m u t i u ~ c y - ,’riiu’ s , individual programs may have shall establish , but not open , a named file , Fil es
,,s m ’iou . relstior .shi rts : established by CFILW do not have any ~r i v a c y
- Progu ’riur s are execut ed sequentiall y, attribute to restrict a concurrent prog i’c : ’  f r -on ’
- Several c u - o ’c r um r ’cs can he operatin g concurrentl y accessing the files. The form of call is:

ct  su i t i r no shared resources.
- Several rurograns can be operatin~ concurrentl y CALL CFILU (j,n1,n2,m) where :

a md t h t i ’~ e concurrent programs n-cay share resources .
A f i l e  du n  be sttch a sh ared resource. j specifies the file

The argument is either: a) an integer exl’.u- e s sion
F i l e s  ex is t  in all computing systems and can have or b) an integer array name
‘.‘-srjouS attributes and features , such as: or c ) a procedure tr ac e
- P file can c o n t a i n  d a t a , rirograms , or catalogue The processor shall define whic ir of the above

unf o r r ta t i o n .  three forms are acceptable.
- T~cls u’o csn he a variety of i-lays for file access

such as sequential , direct , and stream . ni specifies the number of integers per record
- A fil e can he created or deleted by a program , in this file. This argument shall be an

a sv st e r ’ c utility , or at system generation integer expression.
t i e,
A f i l e  can have securi t y attributes associated 

~2 snecif ies ti -ce number of records in this f i l e,
Slit ), the f i le f~ r the puroose of ensuring file This argument shall be an integer expression .
pr iv a cy .
“en a f i l e  is associated i- :ith a prom -ram , this m is set on return to the ca l l ing  program - cc to
as cn ci ,rt ion can be restricted by the processor indicate the disposition of ti-ce request.
‘ r r ”  ‘-r,i ;ons of orivac y . The value must he 1 or greater

- A f i l e  can Ic e-  associat ed ibith a set of related 1 - File successfull y created
- c ’r cu r r e n t I ronrar” , and this associat ion can 2 or greater - File not created
“u ’ ‘- “ ‘. :r ~ ct u- d  tin a s s u re orderl y resolut ion of This argument shall  be an integer var iab le
“ iunt ,,- nt io n rcroh lens among the concurrent programs . nawe or integer array element name ,
P file ’ can I c e -  internal or externa l to a program.

- A file can reside on fixed or removable media. 2.3 Delete
- A f i le  can reside on main storage or hac l:inq

~ t r i r , u r e u  - Execution of a reference to the subroutine DFILW- ~e- -~t ” i c ’~~i cmn ’ . for reasons of pri vacy or shall remove a file from the file systemu r , Any
‘, , ‘ r c t m , r c ~ ion “a” appl y to a file or a conponentt f i le  created by ti - ce nechani sum i of Section 2.2 can
o~ ~ f i l e  such as re coru bs and dat a i t e c - c y , be deleted by the execut ion of a reference to

DF I LW. A f i le currentl y open to another proqr ciu ’
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I n s t r u - c n r m n r m t j j~ , f l,~~_~~~~~~~,_

TABLE I

FEATURES AUD ATTRIB UTE S OF FI LLS

Included In Standard Exc luded_FLo,a~~t~~~a,~~
- Fi les whose  co u mte n t s  are considered to be data. - Fi les  whose con tents are not corm s id e red to be-

data by the accessin g concurrent pro5 raimi -

- Files c uh ici r exist on fixed media only or on
reriovable media which are not removed . - Files w imic hi exist on rerumovalile media c.i’ , l C r m  ar ,

removed .
- Files which reside in main storage or in

backing storage .

- F i l es  w h i c h  are  e x t e r n a l  to a c o n c u r r e n t  - Files which are- inter nal to a concurre nt pro g r air
pr o gram .

- C ’ r ’ a t i o n  and deletion of f i les by a concurrent - Creation and deletio,u of files by a syste
program , uti lity or at system generation .

- The associat ion of a f i le to a concurrent
progranr for both system created armd for
concurrent program created files .

- Restri ctions on file access as applied to the — Restrictions on file access a: applied to a
file , component of a file.

- The assoc iation of a file to a concurrent
prograr irrespective o the method of access
(direct , sO(uUe nt cal cu ‘;trean).

- Read and m uri te mc toe-jo cf access for direct - Methods of file access except for direct access
access files onl y (sequemr tial files are
covered by standard FORTRAN ISO Rl~ 39—l972).

— Attributes of a file for the purpose of en suri ur~
file privacy .

— - ~~~~~~~~~~~~~ ,~~~~~~~~~~~~~ “ ~~~~~~~~~~~~~~c. “~~~~~ ~~~~~~~~~~~~~~~~~~~~ - . -- a
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2 S iia r u’mc - The cailli proqr am ci c u r read or the file and must curre ntl y c a v e  acce S s ~ r i v i l u , n - m c , -

rit e ; other ru ommu , ,m rr ’’n c t i ’rO gr a cc ,. ca m ’ a lso
re d’! rn wri t’ - - CALL RDRW ( i ,j ,k ,n ,nc I u -cbn€- i’-.

3 [xcla- .ive brn t e — l ime  cal l inq J ro m J r ’dL. can I s pec i f ies  the log ical unit nurnul ,er , Tin s
read or t ri te ; oth er coircurre mit prograiurs argum uent shall be an imuteg er express io n . .
can onl y ri-aU ,

- . 
,j specifies the record n umber of t c c , ,  r e co rd  cc

4 Lxcl’j -,ive A l ) - O n l y time calling prograi:r be read. This argum ent str o ll be an 1 r c tey ~c r

can access ttm e file, expression .

in is set on return to the calling program to I. designates the first var iab le into r i n r i C h i

indicate the disposition of the request. inifornuati on is to be placed. This arquc :cerr t
The value m ust be 1 or qreater . shall be a) an integer variable name or

- Access privile ges requested is granted integer array elennent name or ii) integer o r r c j
to tine prograni name .
2 or greater - Access privileges before the
request rem cnain s in force n specifies the maximum number of in rte ç - ’ rs toot
This argo -c-rent shall be an integer variable can be transferred.
mi en : ,: or imite ge r array element nacie.

n-c is set on return to the calling progr ar to
L i ’it a t lo ns indicate the disposition of time request.

The value is I or greater
If the file is current l ’ open to another pro;r ar :l , 1 — Data transfer completed success ”u lI : ,’ ,
the disposition of a request for a particular 2 or greater - Data transfer fails.
uuccc’’,s privilege cuil l be as follows : The argument shall be an integer v,:riai ,c)e

name or integer array elenrent nec : ’-’ .
— Read ‘i n : l v  — Fails if anot’mem’ progranr currentl y

has Fe - c l u sive /111 pr iv i lege , ot i rerwi se succeeds 3. 2 Di rect File Wri te
- Shared - Fails if anot irer program currentl y

~~~ Exc lus ive All  or Exclusive Write pr iv i leges , The execution of a reference to t’,e subroutine
cot , cerc ,-i se succeeds. WRTRW writes unforniatted direct accessed in f o ’ ’. ‘- l ion

- Exclus ive tin te - Fai ls if another program has into f i les which have previousl y been opene’ u and
Lxc lus i ve M l , Excln.u :l,” hi te , or Shared access privileges assi gned to ti-ce calling pni ” 1 r~’ -
i cr i vileges, other wic - - s om ,ceeds The request cc i ii only be successful if toe p r o y r r c - ’ s

- Lt clusive All — Fails access privilege is shared , exclusive write m r
exclusive all .

In toe file ca s created by d urr e c h an i s n i outside
of time standard , tine attributes g iven to ti-ce file Time forms of ti-ce calls are :
at i ts creat ion nay restr ic t  the granting of
an access pr iv i lege to tire program . CALL WRT RW (i ,j,k ,n ,m)

This cal i is identical to RDRW except f c c ”  t , c ~
3. it:PIJ T /OUTPUT TO WJ FORIIATTED direction of information transfer.

DIRECT ACCESS FILES

Variou s m ethods of accessing files exist socic as
‘,,u, I0 ec n rti al ’ and “dir e-ct, ” Di rect access is a
r’ret’rod in wim ich i tens of infoni- nation are stored
and become ava il e -t ’ le nnnumc i r e ndent i y.

Th iS sect ic u ’n of the standard provides for
c uf l f c c r - ,et to ’ l  direct access to files. Access to

‘ , : ‘ , m c n t n a l  files i~ defined by ISO R1539..1972 .
Fr’ this standard , direct access files are -

‘

c o nsidered to consist of fixed lengt h records .
T h i n. ~e files are considere d to be resident in
sonic m u s S : - ,  - c - r d that is perm ramne nt ly attached
t-’ the conmnput e,’r. Tir& length of a record in
S-r ise flies is defined in terms of a u n it which
is th e am ,i oun t  of storage occupied by one inteqei - ,

3. 1 Fjm rec t  Fi le Read

I c c  me- C C ’ ’ ’ .  i om u of a reference to th ee subroutine
RDRW re s u l t ’ . .  in tiue sequent ial  t r . cccu f r r of one
data rn. ’ c rc r - l  F’ me - n - i a f i l e .  The f i le is
a’- a ‘Ii rect mi ce - ’ -

‘ f i le  for se lec t ion  of t b ’ .
r - c c o n d .  The ca l l i ng  pr irm l ran rcust have open ed 

~ ... . .. 
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A P P E I I D I C L S

i cc- - ,,- i n i ’ - n c n : m  c c ’ ’ ,  ,‘ur u,- i-cot port of ti-ce ISA Standard AI rPL , DIX I,,
ti .t u n -  i r c c l e j d u - d  to facilitate its else.

NOTES bY SELT J UI4

A P P [ UD IX  A ii.l Section 2 bate s

C r c r n c  i ‘ - - “ c r 1  I c -mis lea d imr q to Industr ial Computer Tiulv standard is a 7 n d n ’ . ; ’ i S s i  en.- stai ru ar ’c m u  5 , . , m  n S
S Fr ~f IIA , b Procedure s for File Access. mIOCS mm o t prescr ibe cc - c c  the executi ye: ~ n 11 ‘ - - u  

to time exterima I pr ’ muc n.c ciui ’ n. refore,- nuc n.-  - n ,r : - r c , u j .  5 c , m ’
1 r h i c t c c - - r c a l Deveiopnmei n t inform’,ration on L i e  access p r i v r l n ,-çc -e- cci tn - fn l u,

w i l l tic lniim di~ d ,~ v t m e  n.- i- cut i v’ routi icr - - c - -
‘ I ’ m  S S t ,r n -d, crmj ~S i iii r ’ .C t  (‘mi ,t ( ,”.n m ’ t i c  e-f t in m~ cinanmj eabi 1 ity of program -is annonuj 01 h I ’  re - n t p r ce - -,’~oor’.

I n t m - c ’’ .i t r onal i’ urdu€ ‘di r s co ci ecu J c : C u s t ’ - i  ul m n t,, different ‘:‘xe- m,uti v~ ccci ru es is r m  c c ,  , ct

Cm ’~ I’cct ’’ ’ ‘ - ‘ -c tc ~ , “ - e , , ;, - c - o a F s  ar - : ti - -is lack of preo. cnii,t re - m n L-- ,t the 001,1 , c Ste-n. f-
toot it is icrer ’ ,~c t ,- ‘  - to s tam md ard m Ze to t o  Omi m . rn

t i c  r u l e ’  5 , - ‘ ! t c f i r u l : i o n , ,I c b t i f m C a t i o n , : c , m c ’ ! i , - e - r n , - m i eccssa r ~- to a~icie v e tnri s rr c t c- r cc. an i , t a ~ c l i  Lj .
, i ncn l s- - ’ c c - ’ diis i - cm ’ , Ii rc ,c u mi :n m I n t , t r r o ’ r r ’: rr ’ : ,
i n ’ , c i i  ‘u l  i o u , ie - , m u ii oh ss: c - n i  n cu ’  , cii i’ r u t  n c i ,  ‘ -c- i Ti n s staridu rd ~,cun. c. rut cover a l l  dre--u c, - I I

, u l ’ c t - m n e - c ’ c e  of i c c c ’ u ’, t r n i l coniputer syste n i or - ’  i , ~ ’ ,, r ’,cc , m : r u t . I m c ,m r tn , clan muuu a t t n , n - u t c a,~e it,
e - f f c e - i ,- u ; c  - c cc i  - ,, c,m r , : c e - u ) t l , r u j u c c , ,  t i m e  dev ele -pc -ne , n t  m, O i , S l c l n . r  f i  i~ ‘i - ivd C,’ - l u - c  am , i ru ~ ust r, , , l or , ,  c c c ~ i n.-

;: - , c , c ’ e r m j c ,  O P - I c . ’’ ’ - - n m d e - l in&,cs on a i m i nt e , ’rr a t i c - c  mu ‘ y ’ , t c f l  pr ivacy ns m n ,c t  a s i n j m c i f i c a c u t  n.’~~i’ ’ l ’~’ ’
I n a , j s ,  because Li n e  i r i t ec nt is tie- p ’r O v l r cec - a ‘on ., mj i , ‘but

case on p laint o r r- a t oni for control ~m mmi ‘ m t ‘ m t
T h ree - ’ b’ cr -i , s n : m , ~- ~‘;rm- ,’d n-c- i- c’,,? corauni ttees to i C m ’ c P V L - c:urposes for all ucm’ r s of tie y str ’n - b ut. tr ,e,’ I o i l - n
i ts  o!n ic ctivm ”. . T ine Fortra m r L,’nquaqe Coni’ni tt ”n.- of contention is acute bec ause of t i -  a , n. i - ~ ’ c,c n n - i ’  - -

w as c u m anmw, - ,i cci t ic t he t e - S ’e of prccpa ring a set of r a t e - r e  of the rn.- - m nc es t n  to tic e sy :.ti- n -
l r , -!uc trial Process - te ’,harm is Cu , cp, mt i b le  c- ’ i t i i
FO c ’IP I- ! l  as , , ‘ii n rr-,l by ISO Rl539_1912* . File n canancmr :c’nt cami bc vory coi ci i rlr n.’ , 1 , ‘ i l  I -

uc i  tH remova lmi ~ c - c ,:di a i . m:m ,, m u su ,, t mn.  syo t ci  n n i :.t

Tim is s c  ar in le - ru l  U tc , i ru’.sul t of th at corc-rl i ttce s c c - c c ! . that t h e  correct r cdi a is J cr m ,-\ n.-n nt f n m m ’ a l l
m co n’k. assess to time file. Se - cu ,  ch eck l im o c mmvi ’ I

considerable systenr ove rhead v ,i,i cic is r : ’ ce - n . :  c u t e , 1.
Jn . 2  Cr i t cm ’ia iIs e .ul in Lrev elo p inq FOIITRAlI Sta midards if a restr ict ion is ,ade to n i - c m - i ’ m  .,cva b m  , , n : u u d ,

The com ani ttee conis i uers t u n e - -  re-strict r n - n i  I - - iOu-
nrc- ccc r i  ttc- e c assessed time status of FORTRAII is rem ,iovab lc- mredi a sati c factory for indus t m - c a l  o y ’ - I i ,

used in tice icidus trial ene virom mr ,n ue -nt a,uui fol l owe mi especial ly if ae,iequa te m easur es are- t~ I, ‘ n - ,-y c u m i e -
t i c  pui del l ies below in th e development of tire operators of the L-qui pllcicirt at t i iOS€ t , l r . n .~~ c e - u ’

- S ,r :ncl ,c r ,i s : reurovable nnc-di a art- c ic a uu ~e-u .

I ) rice S t rnn ’ . Iuu r ’ r t s  sh e - m i ld cover features conivonly lii .1 Lxa ne- p le
c c - cd by ex is t in g industrial conciputer syste ms.

Consider a f i le cal led FIL~Ai-i w i ’  oc r  com ut a r u s e - ,  c t , i

(2 )  t ru c e -  s ta mn da rm i s s iiou ld tue eas i ly  mmp leuvented om e a process. Tice f i le is eic; hit (U ) rn con - mi’- Ic r , - ,,
liv most vendors . eac h record contains ten (10) interior s. Inc t i r ’ ,t

seven (7)  records contain i,rocn.’ss i r c f o ’ ’ - j t m  en, t i a
(3 )  T h e  s t a n d a r d s  cho rd d fol low ti -ce syntax and ci q thm recoru conta ins sta t rus in feni ,e ti m m m i ,

i n t n . - n c t  of FORTRNI as defined by ISO RI53~ -
Program AbC re-ads t ire process oata in n e  f i i- ,
seven records of FIL 1JAI 1 anu nt :- time r rc ’ n , s I - c t - i

r a ~ liii’. s t amcdan i Is  ‘;houulj iuo t restrict time future in time first se -y e -mi re-cords of F [Li~Ai , ,mn ,d ce- n , - - p
m- v, m l : c t i o i u  of FOP,TRAII. t ime  status infonucuation on t ire eighth r000 rmi ,

t r i m ’  m ’ e - v ’ l o p i c r e n t  of FORTRA I-h - s tand e r— s is preseuutl~’ Proc-ran ;-tvz re~uc, c- t ime status record of FILIIAI ’ , ,
the nm ’ , : c n n n s i  [ i i i  ty of A US I/ t 3d3. In uurder th at perfornis ‘cuine- m’ i C t i O f l S  , anei rm-n m -‘ ti-c St  - ‘ t i c ’ - i ’ c c nr , .  -

IS A St ,enmd ards Cc r” : inl  y c-m i tim the e A~IS1 starmdards as
c m ’  as Im e i ssil he : , mn x tc rnc -e - l—proccdure rw f e rvm uces Proqrann Ab C is cot - c u t ’ ’ci c i s y n n i ’n c r c r m r m n c c c l y  c - u - n bc,’

‘ c m  nc u , c ’ - m i rat her t r m , c m m  direct chanoes or a-~dit ion s process infor e ‘a ti ou m ctuaucqes - Ie roq nml c ~‘m’ , r cur:- ,
to I,’:” u- r ’rt , ix o f FO R T RA I I . Thi’, does icrt ir’ply at regular in Si
t l c , u t m b  is t i me only clay Sn provid e these
fe mi t cu m ’e ’’ , n or does it exclude t i n: possibility or In trH s i- s am p le,- time fi le cc - m i t c ’ r, l i ou-c ‘nm,, , ‘ ‘ . n u m  - - - c u r
de~ j “,)lni l i t - -  t h a t  AI lS ! w i l l  devel Oh- c I n c  1 anquam,jc us ed to e u i s c u r e -  an n r m e r  1’, c - c e- im f t m m m ,- sI ,~ t r u ’
s- n ’ Sos to rie -nfo n t imes ~ arid other related foci ,s. I nfori iati on u- cf the I c le F Ii All .

*Y 1 R l ’  m ,,l’P? is the cane a’ AN SI X3.9—l966 .

-- ‘~~~~~~ --~~~~~~~~~~ - - ~~~~- --‘~~~~~~~~~~~ - ----—- ‘~~- -~~~ - - -.-
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Imust rument Soc i,,~~ ,,,~L, Am e rica - - -

C e~ ac - cpl e program ABC C example program XYZ

INTE GE R Fl LNAI-1 IN TE GEI ~ F I L N AM
D I M E N S I O N  IVAL (lO) , JVAL (l 0) DIMENSIO N KVAL (10)

C op~”c f i le  log ical unit number to C open file logical unit number 7
C f i le  name f i l n a u nc - C f i le nanie filna nn
C access n ’nn iv i l eges read only C access pr iv i leges exclusive a l l

— 
CALL O P E N W ( l O , FILFIAM ,1 ,M) 10 CALL O P ENW (7, FILNAM ,4 ,M)
IF(M-i)90 ,FO ,90 IF(M-l)lO ,20,l O

C read record nunmber i C read record 8 and update contents

10 CALL RDRW (1O ,1 ,IVAL ,lO ,M) 20 CALL RDRW(17 ,8,KVAL ,10 ,M)
IF(M— l )90,20,90 IF(~-’.-l )90,30,90

20 CON’h’INtJE 30 CONTINUE

C continue processing data C continue processing data

C chanqe access privileges to C write the updated record
C exclusive all
C and update record number 8 CALL WRTRW (7,8,KVAL ,10 ,M)

IF(M-1 )90,40 ,90
30 CALL MODAPW (lO ,4,M)

IF(M-l ) 30 ,40 ,30 40 CALL C LOSEW(7 ,M)
40 CALL WRTRW( lO ,8,,JVAL ,l O ,M) STOP

rF(M-l )90 ,50 ,90
50 CALL CLOSEW (lO ,M) C error handling routine

STOP
90 CONTINUE

C error nand lin g routYc’c ;

90 CUNTI NUE
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Industrial Computer System FORTRAN Procedures for
c61.2 

_____ 
File Access and the_c~~i!Q,LOf File 

Contention

APP E N D I X  C

Re lutccc - m c s l c i p of Standard to the Draft Revised
FO R TR AN dpX3J3/l976

U. l Revised FO1~TRA h I S tandar d

Time ANSI X3J3 committee has been considering
- - -,cv is io nn s to standard FORTRAN (ISO R1039-1972)
ar-i hu e s released a draft proposed standard ,
X3J3 d pAN S FORTRA N , for comments and review .
T i n e -  cb ,ccn- ie - S , clarifications , deletions and

~dd i tiom u s reade to R1539—1972 uo not invalidate
army portion of this standard. The revised
F’..-PTt licii consists of a full language and a
sut set and it i s  recommended that any supplie r
c ro v ~ dinq tire language m u  t i r e -  proposed rev is ion
sh e - o ld  f c iu1~su time procedures gc v e m l  in the next
c i c t i m i r , .  Ticisie - reconuc’endatjons could ue
i ov ~c l idated if s i g n i f i c a n t  cb-canges are made to
t Ue,, prcserrt draft dpX3J3/1976 before a new
r,:~ c’llA’I stan dard is approved.

C.2 Full FORTRAN dpX3d3/l976

The ,t a , cc ia m~ut is compatible with th is FORTRAN .
do--ie-:- ’,r,’, Section 3 of this standard - readJwrite
to direct access media - is covered in more detail
ec~thr more features in the input /output section of
dpX3 d 3/ 19 76 .

C2.l i, vtrns ’i ons to Fc u ll FORTRAN c~7X3J3/l976

Section 2 of this standard can be implemented by
an ex tens ion  to the 1N1~U ! R E  fea ture of
e - pY  t b  3/1 5 i75 ,  Tire rc-cor .acnended method for
such an octens i on is to use two (2) more key—
cc o rdS .

- = n c:i:c:re yr is an integer ex [u reSsi on
ir imi r ti cal to thee ergurccen it “flu ” in
Sectc mmn 2.

= n wl cn-ncr n I S  an im r t , ,c i;cc r express ion
cm ie c c t i c al to the ae’c r unm’em rt ‘‘k’ in
Section 2.

The c e - t r i m ’ s  performed by c’:-r :cutio ur crf a reference
‘m c Si nic subroutines , (U’l.UW and l lOflT-i’W , are
rrr ov c d ed by ti,e INQUI RE w i th  su n tc ”ule key
wo e -he - .

C .3 c , c , - :r ’-t  e-’f FORTRAN dpX3J3/l976

i~,j5 standard is co cin potible wi th  the proposed
standard sob -Se - I  of FO RTRAN dpX3 ,J3/ 1976 . However
S~~e - t , - - r c  3 of this standard read/write to direct
ac ces s media — is covucred by t ic” READ/WRITE of
FORT -co U,e- 53 13/ ‘i l l ,, .

--
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SECTION III

WORKING DOCUMENTS OF THE INDUSTRIAL 
-

REAL-TIME FORTRAN CO~~4ITTEE CONCERNING

WO RK ON PROPOSED ISA STANDARD S6 1.3 ,

INDUSTRIAL COMPUTER SYSTEM FORTRAN

PROCEDURE S FOR MANAGEMENT OF PARALLEL

ACTIVITIES

This Section presents two of the many working papers

developed by the Industrial Real—Tim e FORTRAN Committee ~n

studying all aspects of the subject of tasking or the manage-

rnent of parallel activities. A draft standard for this area

is now under development by the Committee . Mr. Caro ’ s paper

appeared in the Minutes of the 1976 Spring Regional Meetings

as Appendix A IV D, pp . 51-65, Part II, Technical Appendices

and Tutorials. An earlier version of Professor Petersen ’s

paper appeared in the sam e Minutes , Appendix A-I l l  D , pp.

273-311 , Part I , Narrative and Technical Appendices.

- -  — -- ,,--, ,- , - - . ,--
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A PROCESS CONTROL

VIEW OF

TASKING

- OR -

FORTRAN REQU I REMENTS

FOR THE SE Q UENCING AND

CONTROL OF PARALLEL

CONCURRENT PROCESSES

~v RICHARD CARO
THE FOXBORO CO.
FOXBORO, MASS .
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RUNNING
HOLD

INK

SUSPENDED

RUN N~ BLE
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“TASKING” DEFINITIONS

—is— EXECUTABLE PROGRAM

MAIN PROGRAM + SUBROUTINES~ REF. FORTREV 2.4.2

X3J3/71

- PARALLEL ACTIVITY (PA)

TIME PARALLEL ACTIVITY ASSOCIATED WITH A PCE

— PARALLEL CODE ELEMENT (PCE)

AN EXECUTABLE PROGRAM WHICH IS ASSOC IATED WITH

A P A

—
~

-— RELATED ACTIVITIES (RA )

A SET OF RELATED PA’ s

— ,  - -—
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RUNNING

WAIT
WAITE

HOLD p

EVENT

VOLUNTARY
SUSPEND 

PENDING

STOP

ABORT START CANCL
CON UNCON

TRNON
CYCLE

PA DEFINED

PA NON-EXISTENT

PARALLEL ACTIVITY STATE DIAGRAM

L__ -
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FORTRAN PROCEDURES

SCHEDULING

TRNON BEGIN EXECUTION OF A PA AT A SPECIFIED TIME OF
DAY -

START BEGIN EXECUTION OF A PA FOLLOWING A SPECIFIED
TIME INTERVAL

CYCLE INITIATE THE SERIES OF EXECUTIONS OF A PA
FOLLOW ING A SPECIFIED TIME INTERVAL AND REPEA T-
ING AT A SECOND SPECIFIED INTERVAL

CANCL DESCHEDULE A PA IF IT HAS PREVIOUSLY BEEN

SCHEDULED AND REMOVE ANY CYCLIC REQUESTS 
- 

- 

- - - .-,.- - . - - - 
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FORTRAN PROCEDURES (CONT’D)

SEQUENCING

WAIT PA EXECUTION IS SUSPENDED UNTIL THE SPECIFIED
TiME INTERVAL HAS ELAPSED

HOLD PA EXECUTION IS SUSPENDED UNTIL “RELEASED” BY
ANOTHER PA

SYNC PA REQUESTS PRIVELEGE TO ENTER A CRITICAL

REGION

DSYNC PA IND ICATES END OF CRITICAL REGION

WAITE PA EXECUTION IS SUSPENDED UNTIL THE SPECIFIED
EVENT HAS OCCURED

STOP PA IS TERMINATED IMMEDIATELY

— 
- - ~~~~~~~~~~~~~~~ ~~~~~~~~~ 

~~~~~~~~~~~~ -- ~~~~~~~~~~~~~ w_~
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FORTRAN PROCEDURES (CONT’D)

RELATED ACTIVITY CONTROL

RELESE THE SPECIFIED PA WILL BE ALLOWED TO CONTINUE IF
IT HAD BEEN IN A “HOLD” CONDITION

CON THE SPECIFIED PA WILL BE EXECUTED IF THE SPECiFiED
EVENT OCCURS

DCON THE SPECIFIED PA WILL BE DISASSOCIATED WITH THE
SPECIFIED EVENT

ABORT THE SPECIFIED PA WILL BE TERM INATED AT THE NEXT
AVA ILABLE OPPORTUNITY

L- .~4
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SYNTAX

CALL [STAR~ (i, J1 K M)

WHERE :

PA NAME (CHARACTER)

j THE TIME DELAY (INTEGER)

K UNITS OF TIME DELAY (INTEGER)

.EQ . 0 COUNTS OF SYSTEM CLOCK

.EQ . 1 MILLISECONDS

.EQ . 2 SECONDS

.EO. 3 MINUTES

.EQ. !4 HOURS

M ERROR IND ICATOR (INTEGER)

~ALUE DEFINED ON COMPLETION OF STATEMENII

.LE . 0 UNDEFINED
,EQ , 1 REQUEST ACCEPTED
.GE. 2 REQUEST REJECTED

(2—P N MAY INDICATE REASON) 

- -~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~ - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TASKING FUNCT IONAL REQUIREMENTS

~~ INITIATION

CAUSE PROGRAM TO BEGIN

E TERM I NATION

CAUSE A PROGRAM TO CEASE EXECUTION

~~ SYNCHRONIZATION

ALLOW PROGRAMS WHICH SHARE RESOURCES TO TIME-PHASE

COORD INATE EXECUTION

~~ COMMUNICATION

PASS DATA BETWEEN PROGRAMS

~~ EXCEPTION HANDLING

ALLOW USER TO SPECIFY SYSTEM RESPONSE TO DEFINABLE
ERRORS
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INITIATION

- PROGRAM NAME

- STARTING TIME

- OFF-SET FROM CURRENT TIME

- REPETITION TIME

- NUMBER OF REPETITIONS

- OVERRUN ERROR ACTION

- PRIORITY

- AUTHORITY

- PARAMETER LiST

- ERROR ACTION IF ALREADY INITIATED

__  _  LA
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TERM INATION

~~ SELF (PROGRAM ITSELF DECIDES)

- STOP NOW

- STOP DUE TO ERROR

OTHER (CAUSE ANOTHER PROGRAM TO TERMINATE )

- NORMAL, AT CLEAN/SAFE OPPORTUNITY

- EMERG ENCY J GET OUT NOW

~~ SERIES/SET (CAUSE A SET OF RELATED PROGRAMS TO ALL
TERM INATE)

- NORMAL

- EMERGENCY

~~ GENERIC (CAUSE ALL SCHEDULED EXECUTIONS OF A SPECIFIC
PROGRAM TO TERM INATE)

- NORMAL

- EMERGENCY

_  
~~~ --~~~~~~~~~~~~ - - -~~~~~~ - - -~~-~~~~~~~~~~~~~~ - - ~~~~~~~~~ - -
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SYNCHRONIZATION

~~ WITH EVENT

- WAIT FOR EVENT

‘HARDWARE (CONTACTJ INTERRUPT)

‘SOFTWARE (SEMAPHORE, FLAG, COMMON)

WITH TIME

RESOURCE - CRITICAL REGION

~~ WITH ANOTHER PROGRAM

- HOLD/RELEASE

~~ 
USE OF SHARED VARIABLE NAMES AND PROGRAM NAMES

III- 
_ _ _ _ _  _ _ _ _  

—---

-- --~~ - —~~ -
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COMMUN ICATIONS

~~ SEND

- PROGRAM NAME (DESTINATION)

- DATA IDENTIFIER
- DATA VALUE
- DATA ROUTING
- WHEN (START TIME/OFFSET)

- ON EVENT

- AUTHORITY
- ERROR RESPONSE

RECEIVE

- DATA IDENTIFIER
- DATA VALUE
- AUTHORITY
- ERROR RESPONSE

- ORIGIN PROGRAM NAME

- ACTUAL ROUTE

_ _ _ _ _ _ _
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EXCEPTION HANDLING

~~ EXECUTION ERROR

- OVER/UNDER FLOW

- QUEUE FULL

- FORMAT MISSMATCH

~~ OVERRUN ON SCHEDULE

LACK pr RESOURCES

FA ILURE OF RESOURCES

ü PREDICTABLE D~LAY

- DEVICE NOT READY

- LINK BUSY

____________
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GENERIC FORM OF CALL

CALL INITIATE (PROGRAM NAME ~RIORITY = PRIORITY VALUE~J

[AUTHORITY = AUTHORITY KEY~

~EVENT = EVENT MARK,

rcTJME = TIME OF DAY
DELAY = TIME INTERVAL~

LLNOW

[CYCLE = CYCLE INTERVAL,

IFOR = TIME PERIOD
UNTIL = TIME OF DAY

L~FOREVER

LIST = PARAMETER LIST NAME
CYCLE NAME = CYCLE NAME] 

-- - - -  -~--- --~--~ --~~~~~~~~~~-~~~~~~~~
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1 . INTRODUCT1ON

This document reprc sents a step of a continuous updating of working mater ia l

~. i t h i n  I nt e r n a t i o n a l  Purdue Workshop on Indus t r ia l  Computer Systems , Technical

Committees on Real -Time FORTRAN . Primarily , it is written to express my own

vi ewpoints , r e su l t ing  from some years work within the FORTRAN committees:

F i r s t , with the American Committee,and more recently as a member of the European

Tt~1 (Technical Committee on Real-Time FORTRAN).

The previous document in the series, ref .  [18), has been distributed

w i  thin the American as well as the European Committee on Real-Time FORT RAN .

W i t h  some minor suggestions to improvements , the document was approved by tl -~
European Committee , at the committee meeting in Brussels , in the beginning of

September , 1976. The present document represents a quick r ewr i t i ng  of [18],

wi th an e f f o r t  to incorporate the ideas and improvements suggested at th-

Brus sel s  meet ing .  The document has been prepared before the Fourth In te rna t i o-

n a l  Meeting of the International Purdue Workshop on Industrial Computer Systems ,

which will be held on November 8. — 11., , 1976 . The short time has prevented

a new discussion of the contents , within the European TC1. Since the predecessor

of t h in  document wa n largely accepted by TC1 with only minor requests for changes,

i n - . -. ev onr , the presen t document may be considered to express largely the view-

( - - - i n t s  of the European Committee on Real-Time FORTRAN w i t h i n  “Purdue Europe ” .

I t  f ee l s  appropr ia te  to remind about the short range goal for the FORTRAN

-~~mi t t (  ewo r~- I .  As in previous documents , I consider it urgent  to emphas ize  t h a t

k on s t a n d a r d i z a t i o n  of h e a l — T i m e  mechanisms should be concluded at an

-~ a r ~~ y I t t e .  i t  is very important to keep as close to the current Standard

FORTRAN as p : s sib le , however .  Deviat ions  should only be accepted in those cases

- - i i ; i  c - r i a r - i  ~- l  . - - ;  i n h e r e n t  w i th  concurrent operation of real- t ime programr

‘e n - - h  ~~~ L h i i ~ the current  ANSI standard . Consequent ly ,  we encounter

-w i ri -s ~ i t  ~a t  i - - n , w i t h  the r e cen t  release by ANSI ’ s X3J3 comm i ttee of thio~~

-- - - i  ANS FORTRAN , X3 33/76” . A l t h o u gh not fi:ially approved is

- 
- n ew FORTRAN st t n 1 i  r i , ~ ni° m us t  expect the new standard to be i ( l i I t  - - c lone  to 

i t  dra f t .  Th iS w ill in f ]n n c e our work on real—tine mech ani ms fo r

-~~~~ Ji~ ~~~i 1 t o  L O f l S d - 1 d i -~ . Ti  1ii~ - has not p e r m i t t e d  the author of t a t -  pr - n t - n t

d- m o - n t N - hi ly  i t .  m r  ~~~~ a l l  n h v i  car modifications caused ty the SOW

i t - i t  . t ~~ ~~I s— cot - ~d- - -d a -u i -j cc t  for future commit  t i - ~ work t i~ ecn~. t i l e r

- i l l  (~ I .o~~~ I I )n  0 U i I . -  n- w n t a n i i i i r  . Consequent I y, the r- - t i l er  might. I ~nd
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p ( - r t I i ) r --I - - f  the pr en-. nt  document obviously w r i t t e n  at an ~ ~r 1y stage whi le

othe r por t ions  are of more recen t date , inf luenced  by r e c en t  committee dir ;-

C . a m as w~:il as th~ d r a f t  proposed FORT RAN . I hope tI u t  the reade r w i l l

underet orni the reasons f o r  this lack of homogeneity and tha t  the main p r i n c’.f -- I ~ - : :

and i - i -as w i l t  L-~ evident , despite some inhomogeneitie~ i~r the forms of the

document.

Dur ing  the  sp r ing  cf  1975 , tOe US FORTRAN commi ttee achieve a some s~~ ij r ~ i f i -

cant ro au it s  in t h e  hand l ing  of Para l le l  A c t i v i t i es , formerly termed t a n k i n g ’° .

Valuab le  co n t r i b u t i o n s  are also made by members of the European TC1. T i n -

- ir eat  num ber of valuable contr ibut ions dur ing discussions has not been n ot ch - .  ‘1

by wr i t t e n  papers is documentation of the orally achieved resu l t s, however , a t

~ o - m n t  w i t h i n  the  framework of Purdue Workshop. Like [18], the present pape r

r - ~~- r - - s e n t s  an a t t t  opt to  s a t i s f y  scrr .e of these needs . Additionally, the p r o .  -

ira ~~ len a.- ts from a sc- a c -wh a t  hi gher degree of approvoment from the

TCI th in [18) does. Consequently, I w i l l  suggest , that  the pr e t ;- .-rs t

I - ; i t l i s o - a t  - s conside r- - I an a basis for fur ther  committee work and thdt  the

- r i .  4 0 . - n i - -n  of  t he  d r a f t  proposed ANS FORTRAN w i l l  be discussed, so t h a t N-

ml  lit- -i cr- - s-n t i - - n - - i l — t i me mechanisms can be rev - -sh i ed  ar id even tual ly  tn c~- r -p - r - i t  - -

ri  a :~ t r h -.: i t  r n  - - -n Pe a l — T i me FORTRAN , hopeful ly  o tt a n i b l - : - in a near

— ~~. ~~ ~~~~ ° 
__~4
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2.  I ) E F I N I T I O N S OF lM ~-OP r AN T TF RM i-~

t : - - i - i h - a i t  the r- I E-s, nt  papi r , t h o -  l i i  l owing  terms  and h o - l i  — i e f i n i t i o ns

d r  n ;o~-d .  Sc-me of the d ef in i t i - r I c  a r - c r- n t - a- - r i d  largel y t those f o rn i t l a t e d

a t t h e  comrnitte meeting during the  second American  Reqiona i M e-e t i nq  of

i - r d ; c - Wr -rkshop in Apr i l  1975. To some extent , the a c -f i r i t  ions are  i n sp i r n

by Id].

t b -  terms are  written in capital ~ctte rs in t h e i r  d e fi ni t i o n s .  Terms

I r a i d elsewhere  i t  this vocabulary are underlined. It will , however, be

u n d e r l i n e d  only at the f i r s t  occurrence w i t h i n  the same de f in i t i on  paragraph .

-.)~-bRA I’ I ON . A de t e rmin i s t i c  rule for the geoeration of a f i n i t e

s o t  of data from another f i n i t e  set of data.

i i  MPU ’I’ATION . A f in i t e  set of op erat ions applied on a f i n i t e  set of

da ta , in an a t t emp t to solve a problem. I f  the compu-

tat ion r ea l ly  solve s the problem , it wi l l  also be an

ALGORITHM.

T V I T 7 . ~\ computation , where the operations are performed in

a stri ct sequential order.

PAPA LI EL ACTIVITIES.  .\ -ct  of n t ; v i  L i e n ;  whose operations may overlap in t ime .

P-irsillel activities are DISJOINT if every one of them

on l y  re f - c r c  PRIVATE DATA , i . e .  data that  -icc- not acceast-d

k y  any  otn ;r-r a c ti v i t y  of the set . They are INTERACTING

if t h i - y  rc - f  r to SHARED DATA , i.e. data that are accessed

by moron than one ac t iv i ty  of the set .

h; -- SRAN . A i - : ; c r i j - t i a n  - : f  a computa t ion , expressed in a forma l

it usage , PROG 1~AMMIN G LANGUAGE .

- - & ~~a ’FNT l i L  PROGRAZ’l. A program consisting of operations th at can only be

p e r f - sr r n e - l  S t  r i - s t  ly one at a t ime  w i t h o u t any ov e r l a p

in t t o o - . See d e f i n i t i o n  of “ A c t i v s t ’ ;°’ . An A c t i v i t y

IS do so r~~L-o d h ; one c - u  more s equen tia l  programs c- xc lu d i n q

.~~rd; c. - in s i n .

l t r , t  1( 1 . 1 -! ~i i m : s~oR. /~ 1 hvs ; r c - i l  c r - t i p -  -flt- fl t5 ;-u:iib i of cxi  - : ; t t  i t t - ~ ~n o t i vi~~y

~1 . - t  tn °-u rn/ a st  or t -d ~ 
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\‘1RTUAL PROCESSOR . A simu l a t e d  ct -macnc-n t , capable of o - s c - n ; r t ~~ny an ~ c t i v 1 t y

de f ined  by a stored program. The v~~r t ua 1  procesn: r

may be r ea l i zed  by a p hi ~~s i - 1~ processor or s i r i . u l i m t e d

by program ex ec u t i o n .

MUL TIP ROGRAMNI N G .  Programming techniques or organizational forms which

make use of, or allow , parallel activities .

SYN C HR O N I Z A T ION . A j ener a l  term for r es t r i c t ions  rcs~~o rd ing  the rnr dc- r i t -

wh ich  opera t ions  are pe r fo rmed .  E . - r .  a c y r ; c hr - - n z a t i - : n

r u l e  may specify the order , p r io r i t y  or it u t ua l  o - x n l u s i -:i

in  t ine  between two or more opera ticon- .

S p e c i f ica l l y ,  the term synchron izat ion  w i l l  - c r - - - h e- 

p a r aL l e l  ac t iv i t ies .  According to the  def ic i t t ion dove ,

tnily i n t e r a c t i n g  parallel  a c t i vi t i - - s  are relevant  to

conside r for  synchron iza t ion.

C kI T I C A L  REGION . A i-art of a ~~~uentiai program opc- r~~t i n q  -on shared  daLi

such that this program part must h cv o  e x c l u s i v e  access

to the shared data dar i n g  the execut t -a.

SEMAPHORE . A t r t r c t ur e  c-f shared d a t a , used i - n y  th i - e x c han - r -  of

r -y n c h r o n i z in g  s ignals  batween int er  ~c ti nq  p ar a l iL i

activities. Operations on a semaphore must  only be i t  -

formed within a critical region .

MONITOR . A structure of shared data and a set ks-f ooeraticrn on

this structure , for the purpose of ~ chronizatir-r ci

interacting parallel a c t i v i t i e s .  The shared data can

only be accessed through ap p r o p r iat e  activations of the

set of operations contained in the conitc-r. In this

rea~.ert , the data are local to these operations , while

the operations are shared . The opera t ions  can on ly  in

ac t iva ted  by one of the c o n t r o ll ia - ;  p ar a l l e l  a c t i v i t i e s

at a time .

~~SSAGE BUFFER. It s tr u c t u re  of n h i , c  - 1  i i , used f i t  c x s t-b~~ n g o -  of data

between ~ ar a i  lit - i a c t i v i t i es .
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OPERATING SYSTEM. An organized collection of system programs acting as an

in te r face  between computer hardware and users , providing

users with a set of facilities to simplify the design ,

coding, program error discovery , and maintenance of

programs , as well as controlling the allocation of

resources to assure eff ic ient  operation [14] . See execu—

tive system.

EXECUT IVE SYSTEM. The part of art operating system controlling the allocation

of resources in a computing system. One major resource

is processor execution time*.

SUSPENDED . One of the definite states of an act ivi ty .A suspended ac-

t ivity has stopped the execution of its virtual processor ,

and is waiting for a specified event to continue the

execution of its virtual processor .

CONDITIONAL CRITICAL REGION. A program structure providing synchronization mecha-

nisms between interacting parallel activities. A conditio-

nal critical region is a critical region realized as a

call to the executive system, comprising specifications

of conditions for the calling program ’ s entrance into

the critical reg ion . If such entrance permission is not

granted immediately, the calling program will  be sus-

pended.

*) Th in au thor  is aware of the f lour ishing number of dive rging defini t ions

w i t h i n  th is  subject .  Frequently , operating system is used where th is

pape r uses executive system. The determinant reason for the choice in this

pape r tO an e f f o r t  t- find a term less biased with fixed but differing

i n t o - r p  r o t a t i o n s .  s i n c e  op e rat i  nq systems often include system programs pro-

v i -J t nq ~o t i 1 e r f a c i l i t s - o -  ( l i k e  those l isted above) , there is a need for a

te rm v it h  a more r i - s t  r i c t e, i  scope , and also for one that is less tied to

:po- c s 1 f t c  but  coc ti  S t . ,  conf I i~~- t  ing me anings . 

-- -- - -- — —- - - -—-——---------—-..———-
- --
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EVENT. A significant discrete occurrence or incident which is

intended to affect sotrie program execution in a planned

manner. The source of an event car. belong logically

to an en t i t y  d i s t i n c t i ve l y  apart  from the affected pro-

gram unit or units . An event itself occurs instantorte-

ously and is of infinitesimal duration. The fact t ha t

an event has occurred is indicated by an EVENTMARK which

is a binary—valued program variable of type Boolear .

It is worth noting, that the term ‘ Parallel Code Element” , suggested at the

Workshop at Purdue April ‘75, should be completely superfluous . “Code ” is

covered by “program ’ , and “parallc-l’ should pertain to “ ac t iv i ty” r a the r  I ban

the programmed realization of it.

Please also remark , that  I have found it logical and linguistic correct

to use the term “activity ” where the committee discussion ended up with

“para l le l  activity” . It is “parallel” only when “para l lel led ’ w i ° h  s-one

other ac tiv i ty .  Logical ly,  one could have chosen “paralle lable ” , indicatir ;

that the activity might be activated in parallel with some other , similar

activity. The last term seems rather cumbersome and a rt i f 1ca a l~however , a c i  I

see no real need for the emphasis of the “ paral lellab le ” qua l i ty, since

“Parallel Activities” are defined specifically.

Obviously, there is a need for a term covering several ac t iv i t ies  pera~c-r ; :.  -

ing in pa r al lel , and now the term “para l le l  a c t i v i t y” fits very well. At

the committee meetings , the term “sot of parallel activith-n ” was proposed~
this will now appear unnecessary complicated in comparison.

- - _ _ _ _ _
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3. MA THEMATICAL MOLCLS FOR PARALLEL A C TI V T TI E S

The clarity and distinction in the description of an activity ’s various

sta t en arid trzcr.sfer between states , is greatly enhanced through the use of

“state diagram ” and state t ransitions between states. This idea was recognized

early, and several different state diagrams have , through the years, been

pccp -sed in the discussion within the Workshop . The state diagram , with dis-

tinc~ ‘;tates and transitions between states is ,in fact, not only a practical

nI’-~ cri iti ve method for clarification , but it yields a mathematical model of

t t- c system , with close relation to automata theory.

Theoretically, any discrete , simple sequential machine can be represented

b’.- -~ nn -tkt-l , wbich can be of form of a so called Mealy or a Moore model, wh ich

are tin--tactically equivalent. Both models are characterized by a finite set

n t  cii t t t n c t  states and a finite set of transitions between the states.

Given t r y  i n i t i a l  state , an ”input” may cause a transition to another state .

C t; pni t a t -  -Ji ff€-rnnt initial states, the same “input ” may cause transitions to

d; ’fc rent s t -ct; , -~~ for any initial state , the transition for a given input

i s  ci r -am gunt-t . L : .  a Mealy model , output functions are linked to the trans-

i t  - t a ; , in- -i i t ;  a M-. nie L , t i t r  output functions are associated with the

st i t e s .  Ear the discussion of our topic , the Moore type appears the most

out tahi - , and ” : ; ltp; it ” may be interpre ted as “actions” in the state , for

m a - - m r - t n ;  execution . The Moore and Mealy models are defined for s ingle

- processes , i.e. the nrc -c-es-c (activity) is in one and only  one state

- l ~ - t n , - i n — ; t a n t  of t i m - . The -r ;-:-n cc--pt  is , however, very easily extended to a

muli :itnl ’- - of ae t-ar at c-  activities :

mao -h a cyst em can simply be considered as modelled by a numbe r of d i sj c i i tt

a - I t  s i t r J ia r ii i ;r ac ;n . I t  seems feasible  to apply a t h r e e — dim e n t i o n al  p i c t u r e ,

w i t h  t - siw i an individual diagrams sandwitched on top of each t t i e i  and or i e n t -

~-d no tii ~~r the identtca ’~ states of the individual diagrams cover each other.

T}~ L - t . i l  system w i ll  have  number of state “ stacks” , the sam ; *-  number  as

‘a -- n - m t t -  ;r -f st tc-s in each diagram. Each ‘~ tack” r ep resent s  the t i

5 ’ I i -  o~ aI.l a c tiV i ’  i i - - ; , c1 m i c ~ L~ is easy to impose cer ta in  r es t r i c t  i i n i s  tc- t i -

-~ i ci ; in ; n urnb e r o f cc v t i es i - it - - r i n g  the  55nt~ ~~t i  ti’ : i i ;  in - ma r-;~ -c mt i e mij -dc 1

i ns  ~ ; 1~~ b- ta t . - mat- i n:;; n umber - 1  “ ate red” wafe r s  in t i t . - - t a c k . [‘ n y t i n -

- 
~~~~~ —~~~~ --
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systec. , the ira t;~ t tun a are dict ated by avaiL un1.~ r e s u ar c~~~~, wi t ~~ch , fo r

example , can be ta t - l i - spi ce .

In  design ing a s u it ab i~ - state model , several p )ssib1l~~txes will generally

ex i s t , and severa l  of these can ;  sec-nmt equa l ly  adv tuit a ccc. A l l  f e as i b l e  mn- - i -  -

~~~ ui -a , I i ; - w o v , - r , e x h i bi t  the fol  iow in g  f e a t-ar ea ,, corresponding to requi rements

f a r  t h c  s y a t n - n t . :

1 . The transitions must be non-ambiguous (as discussed above).

2 .  The t r a n s i t i o n s  are carried out i n s t an t l y , i .e .  in zero t ime .

3. The model should r u t  c0nta in  t - r m n i n a l  st~t t O~~.

4. The :n-nd~-t s hou l d  be a Markov sy s t c- n , i . e . t r a n s i t i o n s  f rom ci

s t a t e  sii~ i m : i - i  ct opc�nni or. l v  mtc - -,n t m-a’ state and current  conditicns ,

not  on the  n-~~ev i  ous st - to ar-d the  I ran t n i t t o n b  at bra s ;ht

~ct L V i  t y  t : ; t o  the ~ r e s t  ml ~

5. An a c t i v i ty  should ~-x i s t  in one st a t e  only at a t ime .

A te rm-m ind ~~tTtti- is a state with transi tions only erirma natinnt in the a t - a m - -

aa-.t n~-t o- uonduc m tri o i n t o  it , or transi tion: only c-onductin-~ into the state

and nc-tie -a ;ny -ut from it. The reason for  this requi rement  is obvious : I t

n i O u r  t i - s  r r a n .  II t o r t s , outs ide the mode l to bring an activity to or from such

a state .

- , DEi I(~~~OF A SUITABLE MODEL

I t -  is not immed ia t el y ev iden t , t ha t  the c i t  ~- f  models , feasihl~ front a user ’s

m t  of view , is the same as the set of f e a s ib l e  models as seen from the ot t e r -

at  t r y  system. The s i - m t w i l l  probably  - - - - - t - r l c p ,  r iawov c’r , i n d i c a t i ng  tha t  i t

should be possible t- ~- f i nd  a model , s u i t a b l e  f r a n ,  b o th  v iewpoints .

I f  we set oh . - goa l no f t  i i i  an i:j f - a  I mode l , howeve r , ~~t becam- -s  less l i ke l y

act  o mode l , Sut i  s t - n -  - t  - nv f r - r n  f t c - t b  Vi i - wa - An t s , t a n  f - i -  foun - i .

D u r i n g  the years , sever al m o d e m -  have been I- o- d-- nsk-d , ev i d e n t ly  at  t . - r r p t  i t t - ;

- i- it  i st y diverging re-luirements from the m~ r ’ mc intl the - i - - r a t in - :  s y s t e ms ’ s

needs.  I t  is p robab ly  c af e  to say , t h a t  ci r r - -mt : ; ;. a l~~~v *- i - - O n n i - - c i - u m n a r y  and

thus f b i -c mode l h i ’, never h i - i - -n ciic t j ma] . , f r o tc  - - ;  t h o r  V i iw p ~ - c  L i - t  no , t n  i t  1
~~~~’

- xpl a in  c- - - r t c u i f l  c it i ii t ro v - -r.-nal t . - ;~i;; r.-1 :;-~m ; lts: 
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* he o p e r a tin g  i y s t c m  is c ncernud w i t h  assigning processor to an
activity , cccv to eXOCUt~~ . Usually , there are more activities

than avai lable processors~ thus some timesharing must be performed.

A model must ;c-n t t i s f ’.’ this and must contain states like RUNNING , RUNN—

ABLE e tc .  The user , on the other hand , basically doesn ’t want to

bother with these problems , on which he does not have any influence

anyway . His  requirement is jus t  to get his activity executed wi th in

i tolerable t ime limi t .

* As seer f rom the operating system , memory and other resources must be

made avai lable  before an ac t iv i ty  can execute . On the other hand ,

an orde r to economize the use of limited amount of resources, these

may frequently be shared. For example is it sometimes necessary to

release some- Iremory space from a preempted program (core swapping).

The order , in which resources should be made available to competing

ac t i v i t i e s  may be the object of considerable evaluation , compromises

and comp l e x  solut ions .  I t  is not ve ry likely that a user wants to ,

r s h o u l d  hc allowed to , bother wi th  these detailed problems , belong-

ing to the operat ing sys tem ’ s area of respon sibi l i ty.

The rr ,cde l prcposcr d i t ;  the following is intended to sat isfy the requirements

s:’: -c o -zhem :I above and an ; t i e  previous paragraph , optimized from the user ’ s view-

p o i n t .  I t  is i l l u s t r a ted  by the transition diagram of Figure 1 and conforms

t o f - -  mode l , unanimously  a t ta ined  during the FORTRAN committee meeting in

Ph-  - i-n ix , January 1975.

T f i ~ f o l l o w i n g  conventions are used for the drawing and symbols , adopted

t .  [ 5 ]  and also used in my preceding paper [1]:

State t r a n s i ti - c r a  are e f f e c t e d  by subroutines and procedur es iden t if i e d

I- ’: s t a n d a r d i z e d  n o r m s , by i ;x e c l r t  1V i  c - - r a t i o n s  and by various events. These

ca tegories ca- differentiated between in the diagram :

* c-i~-- i t al  l e t t e r s  in bo x : Effect on an activity imposed by another

a c t i v i t y . I . e .  a subroutine call in one activity has the indicated

-
- f f - a t  o~ t n Ot a i~~ ac t iv i ty .

* Cap i t a] .  letters w i t h o u t  b-ax : E f f e c t  imposed by the activity i t se l f .

* Small  l e t t - -rs : Executive operations performed by the monitor ,

r -- - na i f - I  y t r ~~~~ 
- - m e a l  cy in event .
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The t rans i t ions  are largely identical w i t h  those of [iJ. I h ave  found i t

va luable  to adopt from [5] another transition for cyclic operation : TCYcLE .

F u r t h e r , there are some changes in synchronizing t rans i t ions .  These changes

w i l l  be exp lained in la ter  paragraphs .

4 . 1 .  N~u 1 t ip l e  calls for state transitions.

One mus t  accept that  several different programs(activitios) may issue con-

flicting transition calls regarding one and the same activity . Thus , it be--

comes necessary tc clari fy the situations that may arise, analyze the possiblc-

precautions , and to deci:L~- how these problems should be resolved.

Let us,firstly, mention two typical cases which occur comnmonly:

a. An activity may be scheduled by TRNON or START for execution at

some fu tu re  t ime , but also connected to several other events, for inSt ~~n~
by call of CON.Q-ie of these could ,for example , be the activation of a

- - it t t ta n on the operator ’ s console , s ignal l ing the act ivi ty to eX~ ~ UL-n .

b. A runn ing  act ivi ty  may want (need) to schedule itself , by call of

START , TRNON or CON .

Rule no.  5 of para. 3 denies an activity to be in more than one state at a

time . This rule seems to be agreed upon as necessary , by all committee

mnemnbo r : - , besicla ; i t  is a fundamental  condition for k eep in : ;  tue mode l in

accordance w i t h  theoret ica l  models of automata  theory . Let us , therefore,

try to explore all possible , as well as impossible , solution methods :

1. Lul~ - 5 is abandoned , thus  permi t t ing  the ac t iv i ty  to be in more than

one sta te at  a t ime .

[his is not acceptable , from arguments above and several others ,

expressed by r 1-l:er committee members d u r in g  d i scuss ions .

2 .  R~- j - -i. t any f u r t h e r  ca l ls  for  act ivat ion of an acncvity~ i.e. rt -jtc ct

-- - ill: ; tb -it e ;- r; f li~~t wi th  the present st at i - .

Disc u ss ion  of cofls- ’~uenci - - ::

I t  is mti i - - t - - r m n i r t  i t - -  wh i ch i f  s o v c - r n i  a rt i v a ti n i ;~~ , t i v ~ t i - s  t h a t  w i n s

thin race of i - --p t r i n ; - j  t };~ obj ect a c t . v i - y  th e  fi  m c  t t ime . Thus , t n

Ii t i n n y  -i C t  v i t L i ti r u s t  be i n f o r me d  c o n x a p u n d n I ; 7 _ y ,  0 - i  , - n t , tb l e  t i n - n

r i -p o t 1 t h ~ - i : i l  1 u n t i l  ;;i tc - ccoss. This t i - i t t ~~~- ;  c a ll  1 :, - ;  t i i t ; t f - i -  p m  ox at: iu a ,

in i s -  t i m e r  ‘ s pr c i : ;r - ,in; , t i d  i s v - i vc-s very mu c h  uVi r h i - t~l , cnn -- i - .- cmca ry 

---~~-- ~- --



-61-

be cause it is  inherent ly linked to this method , as opposed to the method

discussed in sect ion 3 below .

Another deficiency of this method is that the inclusion of the program

statements for the repeated calls , in the application program , represents

an extra workload on the application programmer.

The method makes the operating system implementation somewhat simpler ,

though . The author is, however , not inclined to emnphasize the importance

of simple implementation of operating systems, at the expence of run—

t ime overhead as well as convenience and safety of application program-

inlay.

3. Call to the executive system (by calls of START, TRNON or CON) for state

transition to PENDINGcauses listing in a table,appropriately called “çr tn d im; q -

table ” . Each activity may have a maximum of one entry in this table ,

but complex conditions should be allowed: Limited only by some maxi—

mum table size , all valid subroutine calls , intended to cause state

transit ion to PENDING should have its “ running-condition” OR-ed to

the event—funct ion  consti tuting the condition for the subsequent state

t rans fe r  to Rt~~~1tG. This rule , besides being quite obvious , h as a

fu r the r  advantage : It give s a very simple and logical operation of

the CYCLE , TCYCLE, and CON calls. i .e.  the calls causing possibility of

mult ip le  subsequent activations ( RUNs ) : Wheneve r an activity at tains

st a te  DORI4ANT , (by execution of EXIT) , the pending—table is checked.

I f  lnc ;t o c l , the activity wi l l  be t ransferred immediately to state

PENDiNG , guide d by an OR-funct ion of run-conditions from the table-

e n t r y . If the l i s t ing  call was one of the recurrence calls CYCLE ,

TCYCLE or CON , the table en t ry  wi l l  remain . The same wi l l  be the case ,

if inultipi .- ocilo of START or TRNON we-re made , leaving the future acti-

vation tines in the table. Thus , there will be no difference , in

principl e , between th- - immediate efF ect;; of multiple calls of START

j r  TRNON and t b i -  recurrence calls CYCLE , TCYCLE, and CON . The e f f e c t

- ; t  t i - sm r e c u r ran c e  cal’~s w i l l  only be , tha t  the remain ing  condit ions in

t f l t -  t ab le  i - n tr y  w i t i  he a dj u s tu - l  recurs ive ly ,  at the instant when the

t - t i - - i ty is  t r ~ n o f - - r n - e c l  ;oici t DORNPNT to PENDING a f t e r an EXiT .

4 .  ( A ; a -  c al -ic  i f  t h e  at  s h ar d  and the implementa t ion al low -n i t i r e l y  now

i v i ~ t o : ; to ca c t i - U  lvna :n ical ly :)

Any n e w  ,ui t i v i c i i t :  -tt c t i ; O S  t i me c r c .,t  m o m of a new ~ct  i vi ty  , s im i lar  i -a
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eq ui valent  (or even ident ica l )  to the previous cs;o . The newly  crea t  i d

a c t i v i t y  must get i ts  own re-sources, share of resource s , or require-

me-nt for com mon resources.  This includes i t s  own table space in

the primary store (core store).

5. A combination of methods no. 3 an d 4 above:

D i f f e r e n t  (pa ren t )  ac t iv i t ies  create or activate d i f f e r e n t  iden t ica l

child ac t iv i t i es .  Several activations of the same name d activi ty

from tine same parent activity, howeve r , r e f e r  to the very same c h i l d

activity, such that these succeeding transition coils should merel y

be listed (queued) .

From a standardization point of view , method no.  5 looks prefi r~n al-:

It is advantageous because of its genera l i ty;  it -s a aimp o rsi t ~i rc.-m cd:

3 and 4.  Thus , it is conven ient in the standard to leave it tn tn-

particular implementation , to what extent new activities may be cr- - -;i~ - -d .

This method also simplifies the resolution of the possible ambiguity

relating to which activations of an object activity that shall be

ru minated by a call of DECYCLE , DECON or CANCL. It seems roaoon nii .

to let thesc- calls , from a “parent ’ activity , affect only its child

activities , i.e. activities created by the same activity .

It is imperative to mention a word of caution , however, aga ins t  an impetuous

accep tance of recursive activity creation as a pertni ssibl-o feature  in th~

st andard.  Several reputed authors have warned against  the implementa t ion of

t h i s  f ea tu re-  ( see for examp le [15], [16]). The main ri-co on f ;; the considerable

amount of added complex i ty  of the op era t i ng  system which again may reduce sort -

ware reliability . Related to this question , could also be mi-stioned several

cu t l i e r a - ’ ques t i on ing  of the n e c e s s it y  and d e s i r a b il i t y  of r ecurs ive subrout n : ;

ca l l s .  See for  example  J .E .  Knuth ’s well known and ra ther  rn cen t  a r t i c l e-  [ 17 ] .

Since i t  is warned aga ins t  recurs ive f u n c t i o n s  in pure i e a m n e nt i a l  p rogram; - ,

i t  seems eve-n more important to be sceptic, d e a l i n g  w i t h  real t i m e  concurrent

pr o ;iramn s

Another strong argument fo r  r ej e c t ion  of r e cu r s  L V I  ty  is  t lie f a c t  t h a t  s-~

i t -  t a l k i ng  oh-out FORT RAN , not an L TPL .  Let  a. n -  m - - -J at mc  - -ne i l - n ;;  - c- l- ~~u ~o - lO ,-

ti ~- short — t i m e  q- - :tl of -t th at t - i  con clusi on m r ia- ie-r k of 1 a~~1 - i r - i ;~~ , mm - t  ~O~~~~
j _

itt;- FOWI i~AN . I am v- - r y  n - c t :  - i  - I i  - - - i i ;  - -ii , t~ -~i t i i i  i i i  - - ii n - - i - mc - am : i - a ;  d mi - i i  - S n

r - - i t i o r m  of O L t  l v i i i s  1.o’ - - I v .- :-m I n -  i n n  -- 
j -cjmi- - i t i i m  s~~ f n - -~~m i  1 - - i j i l  d I n
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w.- i~ as st r e t c h i n g  tin . - date of a final Standard S61 far out in the fu tu re .

Concluding, I find method no.3 above to be the aest among those discussed ,for

the handling of multiple calls for state transitions.

4 2 .  Even ts.

Crucial to the description of the model is the term EVENT, defined in

paragraph 2. Some additional explanations may be appropriate :

The occurrence may be external or internal: The effect of an external

event will be transmitted through the processor ’s input interface

system as an interrupt request signal or a signal actively read by

some program statements. The source of an exterr.al event will

generally be of some physical nature.

An internal event is characterized by some condition change within

a program as a consequence of some program action . With relation to

the effect :,f an event, it is not distinguished between external or

internal nature of its origin .

As evident from the definition , t-/,-c~’ 
can be a basis for an event . A prevalent

t i m e  is dE-mfined,related to the equation:

B ~
- t > ti (1)

- f t  re

t is wall clock time

ti  is some predetermined point of time

B j;~ the . vc-n tmark , recognized as a binary boolean variable. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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4. i Definiti on of states.

As i l l ustrated in Fi gure 1, the mode l has 5 states , defined by the cozngnit~~, -€ -

as follows:

N- -N-EXISTENT

A non-existent activity is unknown to the activity manager.

DORMANT

A dormant act ivi ty  is known to the activity manager and is not in

any of the states PENDING ,RUNNING,or SUSPENDED.

PEN DING

A pending activity has been associated with an event such that when

the event occurs, the activity will be transferred to state RUNNING.

R U N N I N G

A running activi~ y is executing in its virtual processor . This

means that its program wi l l  be executing on a real processor if all.

necessary r t~~~rm r c e s  are assigned to i t .  Otherwise , it wi l l  be wait-

ing for its required resources.

3t t ;P E NDE D

A suspende d a c t i v i t y  has stopped the execution of its vi rtual proces-

sor , and is w a i t i n g  for  a specified event to continue the execution

-of i t s  virt ua l j-n ~~cs~~-r.

_  ~~~------~~~~~~----~:- - - - m ~~-----
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5. DEF IN ITION j F ABSOLUTE TI~€

Time must be de f ined  accura te ly  and unambiguo u s l y ,  f o r  .--xarnpl.- wha m; used as

l -~~~1ns- er: - f — r  TRNON and s i m i l a r  subroutine  ari d execu t ive  c a l l s . As exr ~1ei i : - -a

in [ 1 ],  an -1- m cj u i t y  results from modular interpretation , i f  h i g h e r  order - n g e: . - r n

and zero reference point of t:he complete time desoriitt L- -n or.: cmi tted . Tf. e  c ;nl -1’

remedy a s  to i~cc iude  a l l  these components (hour , day , mon th , yea r , r e fe rence

t i m e  ze ro , cu .  AD) , eithe r expli c i t e ly  as contents in tabie elements , or

imup l i c i t e l y  as general ly acknowledged cons tan ts .

Usua l l y ,  the highest  order components , like month and year , as well  as

zero r e f e re nc e , ar~ impli c i t e ly  acknowledged. This  works u sua l ly  fin.: - , as

lon.j as all  r e f - - r i n ces r e f e r  to the same (cur ren t )  module.  Ambigu i ty  r e su l t t :

on tfi e boun dar y between m odules, however. An examp le w i l l  c l a r i f y:

On March 30 . ,  an ac t ivat ion cal l for a certain a c t i v i t y  is issued , by

CAL L TRIt ON . Act iva t ion ,  t ime is specified to be some t ir :,e  on date 15. Is t h i s

to be i a t ~~r pr e t - - -~ as the 15th of next month , i .e.  Ap r i l  15., or a re we j u s t

v er y  l a t e  and rea l ly  mean March 15.? If so: should t h e  u C t iv i t y  be ac t i v a t- - d

immedia te ly?

The only safe and correct remedy is to include all ti::.i components , it .

ie-est in p r i n c i p l e .  This  does not m ean tha t  the user aivi :!~ has to s p e c i f y

all components. All components should be inciud .-J in a r -o t - ;-r red  a r ray , h aw ev , - r ,

n a k  m e  the use r resl e-mns ib le  for appropria te  mod i f i ca t ion  of hi  i~he r order c-

i , ’-n t ~ e ; l : ; e boundary between two t ime modules .  In the - x - nri ~-le shown 

was probably the “old” contents of the- month-i-ie:n.orc t of the time

mi~ .- snfication array . It should t o  the user ’ s r & - m c p c - n i s i b i l i t y  to change t h i s

t -  “ Ap ri l ” , ii Ap r i l  L 5 .  is the expect :-d t in -~ at  a c t i v a t ion .

Th is makes I n e cr - ; ;sa ry , w h e r e v e r  absolut e  t inc  is sn e e t f i~ -d , t 0  p r o v i d e

t i - n  f ab l e  space f o r  a l l  components of the comp let t- tjtt-i - : . - ~~l f ic  ut  ion . Tl~-

only  e l e m e n t s  that say no omi t ted  are the tins— zero  and .s :c ’ : . -  r t l ink - x i d

“local t ime ” (“Normal” or possibly “ D a y l i g h t  sav ings  t tma - ’) or UTC ~~:l~:~ . But

the omission of these e lements  must indeed ~ - i a - a u  - s&- t i c i t  t i e  y US d Ck l ; u W ~~ i ; i l - t i - i j

irtmj)liCl t e l y .

L~. ~~~~~ -~~~ 
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The order , in which the elements are arranged in the tables , should indeed

be monotonic.I have heard considerable arguing for a dec -rt-~ aing ~rdt- r: ho ur- rm.c n ,ldt ~-s-

se conds etc. for increasing element numbers . In [18], I capitulated for tho-~ e

arguments and arranged the time elements in a non-monotonic order. Af te r  dis-

cuna ions  at the Brussel meeting in Sept. ‘76 of the European ‘l~~1, I have re-

arranged the orde r again , back to my earlier proposals, as contained in [1].

All  technical and logical reasons favor the following order:

Index 1 Basic time unit

2 second

“ 3 minute

“ 4 hour

5 day
“ 6 month

“ 7 year

People arguing against this order, in favor of reverse order of inde x 1 - 4 only ,

are herewith invited to defend their position with convincing references to

“already standardized” authoritative sources. I must admit, that I have been

unable to recove r any refe rence to such sources.

6. DEFINITION OF SUBROUTINE AND PROCEDURE CALLS

An activity may make a state transition , by virtue of a monitor call within

the activity ’s own program or another program , or by reason of an event previ-

ously specified by the activity itself or some other activity . In the state

diagram , Fig. 1, transitions caused by monitor calls within another program

are indicated by capital letters in “box ” ; transitions caused by direct system

calls from own program are indicated by capital letters without box. Finally,

transitions caused by som d i f f erent event are indicated by small letters.

Inc iden tally , there is basically no importan t reason for emphasizing between

time events and other events . A “time event ” is simi lar to any other event

(st e definition) : The occurrence of wall clock time exceeding a predete r--

mined time , compared with , for example , some other quantity exceeding some ~-me -

determi ned l imit value . Consequently , one could have defined a un if ie d - i t

i f  transitions , and they could be dependent upon a time event  or - aim- Other

°v -m; t , according to the specific needs .

* ) r haven ’ t ba-en motiva:ed ei the r ;  on the contrary , I m ay. m in t . . i i n n y  I a - a n
- n~~ii ued to a non-mono tonic o rder .  
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There are some basic difficulties in FORrRAN , however, of expressing

general  events  in simple ways . I have ,thus , fo und it necessary , for thos€-

subr,:iutjio deal ing wi th  general events , to define the event specification

simp ly as a reference to an array , where all necessary spec i f ica t ions  are

found .  This array can hardly be standardized at the present time m, thus i t

must be l e f t  processor—dependent. Consequently , the specification of general

events is awkward , compared to how time events can be specif ied.  This j u s t fie s

the use of separate procedures for time events: these are in maj or i ty , and

they are probably used most often ; the specification of time events should

therefore not be unduly complicated.

The set of sub routine calls included here is bel ieved to be complete for

state t ransi t ions  w i t h i n  the present state model. Subroutines like cHNGE and

STTSK , descr ibed in [3 ] ,  are not included , since they are not l inked to s t a t e

transitions. I t  should be considered whether these , or si~niiar subroutines ,

should be added to the set. Some of the subroutine calls , included in [3]

and [6 1 are not included because they should be sup er f luour  in the present

model. Among the subroutine calls vanishing are HOL D and RELSE . These are

substituted by the more general semaphore calls WTS and SIGNAL;the WTS (WaiT on

Semaphore) is identical with Dijkstra ’s P, while SIGNAL is identical to

the V semaphore function . Three other calls are also available for synchron i-

zation purposes: REGION , RECEND and AWAIT; the first two of these are given

new and more obvious nanes but are other.’~ise identical to SYN C , SYNCEND in [1].

Synchroniza t ion  is explained further in the introductory part of paragraph 6.1 .

ABORT is not included because it has been considered dangerous , according to

discussions and opinions wi th in  the committee . If  found appropriate or neces-

sa ry,  from succeeding discussions , an ABORT call may easily be appended.

Personally, I do not find it necessary to get involved in that discussion at

the present time .

6 . 1 .  Sunru ary of subrout ine ca l l s .

T~ i L S  paragraph contain -s a summary of the subrout ine  calls described in t ~~
-

fo l lowing  paragraphs.

The l o l  law ing terms and designations for parameterm - .spjf y to ot - v a - r h  i f  
~~~i i

c~i ll u. I f  the exact  a t -m i n g  of t l  - -or N~ra;- - -t - 1  de signat  i s  dev~~, i t i - s  f r -m ~;

wh at i m -  d e f m n ~ - mI : e l - w , t ~~d1 be m.~ r t s m - I  51 .501 t i C u l  ly  ; :i  t t i ;  h a  - 1 . - . -. i ~~~ I - -

of t o - c a l l .  
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“ calling activi ty ” : The runn ing activi ty , in whose program the executed

subroutine call statement is contained.

“calling program ” : The program wh ich eontai ri s the executed subroutine call

statement. See “calling activity ” .

“object activity ” : The activity that is wanted or expe cte d to be starte d ,

stopped, or otherwise affected as a consequence of a system subroutine

call. It may also be termed “ the desi gnated” activity .

“object program” : Since all subrouti ne calls described here relate to

object activities, rather than pr ograms , the term “object program’ will

seldom be used. Where applicable , howeve r , this term means the program ,

or a program, used by an activity unde r its execution .

Commo n parameter desi gnations:

i specifies the object activi ty . Corresponding to previous working papers ,

this argument has been defined as eith er~
(a) an integer expression

or (b) a string of literals , designating an integeir array name

or (C)  a string of literals , desi gnating an identifier name , like

proced ure name .

The processor shaildefine which of these forms are acceptable .

I t  might be discussed , however , if not this list advantageously could be made

more restricted. The new Draft Proposed ANSI , FORTRAN Standard X3J3 / 76 (“ FORTREV”)

contains a clear definition of “Name s” and their scope . Eve n though “ activity ”

is not mentioned in X3J3/76 , FORTRAN ’ s definition of name s fits very well , for

activities as well as for Pr ograms , Subroutines ,etc. Thus , the author feels

it app r opriate now to take advan tage of the definitions of X333/ 76 , and simply

require the argument “ i ”  to be:

“The name of the object activity ” .

Acco rding ly ,  I have simplified the text of the subsequent paragraphs , as compared

to the previous edition of this document.

_  - - -“ -
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m is set on return to the ca l l ing  program , to in dicate th e disposit ion of

the request as follows :

o or less : undefined

1 : request accepted

2 or greater : request rejected

This argument shall be an integer variable or integer array element , local

to the calling program .

Topic for discussion : The numerical d e f i n i tio n s  above are according to all

previous wo rking documents . Why can ’t the values be the following, however? :

less than 0 : undefined

o : request accepted

1 or greater : request rejected.

The author feels that the last  l i s t  conforms more to common tes t ing practice:

In assembly languages , for example , the testing on zero or not is by far  the

simplest , zero indicating a “ normal” situation. Even though most FORTRAN corn-

ptlers migh t  not take advantage of the ease of zero testing directly , most pro-

grammers are perhaps used to consider value zero to represent normal return . I

have not changed the proposed text  in the subsequent paragraphs however; I w i l l

awai t  the outcome of a discussion .

The list of subroutine calls , described in detail in subsequent paragraphs

is:

Full description
- call : parameters :
in paragraph:

§ 6 .2  CALL CREATE (h , i , j , m) h : input name of created a c t i v i ty

i : re turn  designation of created
a c t i v i t y

j : ‘3escri .- oor  of associated rt oqr an

§ 6. 3 CALL K iLL (1 , j , m) j : to jin ~~~~ t iofl parameters
(oppo s i te  of CREATE )

§ 6.4 CALL START ( i , j , k , m) j : numerical value of time delay
(re la t ive  tIme ) -k : time U n i t

§ 6.5 CALL TRNON C i  ,j ,m) j re f e r - m e, to ~h oolu t a- t iim; -

(absolute  t- me) le.;c: -~~ - r ~ r a c t i v a t i on
.t .11. t 
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§ 6.6 .1 CALL CYCLE (i , j , k , l ,m) j : length of time interval
(cyclic , with delayed first -

- k : t i m e unitac tivation )
1 : time de l ay before first

activation

§ 6.6.2 CALL TCYCLE (i , j , k , l, m) i ,j,k ,m: identical with param .of
(cyclic , with absolute time CYCLE
spec. of first activation )

1 : reference to absolute time
descriptor for activation instant

§ 6.7 CALL CON (i ,j,k) j : re ference to even t descriptor.
(connection to event

§ 6.8 CALL DECYCLE (i ,m)
(termination of periodic
re —activation )

§ 6.9 CALL DECON (i,j,m) j : like CON
(eliminate event connection)

§ 6.10 CALL CANCL (i,m)
(eliminate scheduling )

§ 6.11 CALL WAIT ( j , k ,m) j : length of time delay
(delay continuation of calling

- k :  tune unitact ivi ty)

§ 6. 12. 1 CALL WTS (s ,m) s : semaphore variable
(wait on semaohore ) - (shared integer )

§ 6.12.2 CALL SIGN AL (s ,m) s: semaphore variable
(release semap hore )

§ 6 . 1 2 . 3  CALL REGION (v , p , j , m) v : critical region designator
(entry of conditional critical - -p : priori tyregion )

j : event , condition for entrance
to the critical region

§ 6.12.4 CALL REGEND (v , m) v : critical region designator
(textual te rminator of critical
region in program text) .

§ 6 . 1 2 . 5  CALL AWAIT (v , j )  - v : critical reg ion designator ,
(wait for event) or zero.

j : event specification for
resumed execut ion

§ 6.13 CALL EXIT
(te rmination of execution )
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6 . 2 .  Creation of a n e w  o r t iv i t y.

A new ac t iv i ty  i s  introduced to the real-time system by reference to sub-

routine CREATE . The designated ac t iv i ty wi l l  be associated with some specified

program , ~o-ns ider ed  a resource l ike  oth~~~resources , necessary for  the activity

to perform . The associated program w i l l  normal ly  reside on some background

storage u ni t , administered by a file system. It may also he read in , for

example f rom paper tape in simple systems , fetched from some separate place

in the pr imary memory, e t c . ,  dependi n g on parameter j of the c a l l .  Sub jec t

to r e s t r i c t ions  by the processor , new ac t iv i t i es  may be created recurs ive ly .

Th us , the same name (parameter Ii) may be specified as another act ivi ty, al-

ready in ex i s t ence. F o r  the purpose of being able to distinguish between

similar  activit ies, the executive syctori; will supply, as return parameter i ,

a unique identifying name . This name , rather than parameter h ,shouid be used

as identifier in all succeeding system calls for state t ransi t ions  of the

created ac t iv i ty. If the orocessor d e~ies recursive creation of act ivi t ies,

i t  w il l  be natural  to expect the executive system to return a name i identica l

to the input name h .

The form of the call is:

CALL CREATE (h , i , j, in)

where

h specifIes an input name of the created object activity. If  t h i s  pa rameter

is identical to the actual name of an already exist.~ ng activi ty , the

executive system shall interprete this  as a requirenc-nt for a new ac t i v i t y

of the same type as the former.  The argument is e i t he r  the n ame of the

object ac t iv i ty  or an array name .

i is set on re turn  to the ca l l ing  program , as a m1n t~ li1e desi g n a tIn g  nane -r

id ent i fie r  far  the created ac t iv i ty, suppl ied  by the execut ive system .

This  i den t i f i er  is to be uied  in future r e f e rence a t  the desi gnated act i v i-

t y ,  as long as it remains  ex i s t en t  ~n t h a -  r ea l - t ime  ~—y s t e n .  The argument

wi l l  be of the same form as j~.iramoter 1;.

j specifies an integer array which COflt~~lfls aL i n f o rm a t i o n  n ece .- ; r .;ar-y

I n  specify an associated pr~~~;ra1i;: i t m -  al e s iq n a tio n ,wt -r e  the p r o - l o o m : ,  can

be foun d such as descri ption of f i l e , r e s i du i - -:y w : i i l e  e x i s t e n t  (core

re:;ider- t - r ~ w ipI a) a a - )  - . il~ k-I i:ls 110 0 - - t —d t 1 ~ned.

-
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m io set on return to the calling program , to indicate the dispcoiri~-n of

the request as follows :

0 or less : undefined.

1 : request accept ed.

2 or greater : request rejected .

This argument shall be an intege r variable or intege r array element ,

local to the call.

6 . 3 .  Eliminating an activity from the real-time system.

A re ference to subroutine KILL will eliminate a designated activity from

the real-time system , by tran sferring it to state NON-EXISTENT . If the designated

activity is in stat e DOR1W~T or PENDING , the effect shal l be carried out immedi-

ately. If the designated activity is in any executing state , the termination

shall only affect future executions. Thus, the designated activity will conclude

its present execution , without any intervention by this call.

The processor may impose cert ain rest rictions on which calling activitie s

may be permitted to eliminate other activities . For example, a reference to

subroutine KILL may be effective only if the desi gnate d activity has been

created by the same calling activity ,  i.e. there exists a parent - child re~ at io n-

ship.

The form of the call is:

CALL KILL (i , j ,  m )

w::- -r e

I specifies the activity to be affected (object activity) . The argument

is either the name of the object activity or aa~ arr ay name.

j specifies an intege r array which contains information to guide the

termination , such as whether the object pr ogram is to be wr itten to some
back ground storage , the location or file name within such storage ,

etc .  The specific details are processor -defined.

m is set on return to the calling program , to indicate the disposition

of the request as follows :

o or less : undefined

1 : reques t accepted. The designated a c t m v i t y  (~~) is

terminated.
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2 : request accepted, but the activi ty is still executing

wi th in  a run already started pr ior  to the call.

3 or greater : request rejected.

This argument  shall be an in t ege r  var iable  or in i o q er  a r ray  d emon t~ .

6.’; Starting an Activity Immediately or after a Specified Time Delay.

Execution of a reference to the subroutine START shall , after the expira-

tion of the specified time delay , cause the execution of the designated acti- -- i t v ’s

f i r s t  program unit. This execution shall commence at the program ’ s f i r s t

executable statement . The time delay is def ined as the nominal duration from

the time the call is made unt i l  the time the desiqnated activi ty is supposed

to enter state RUNNING. In the meantime - the designated activity is listed

in a table , and is transferred to state PENDING if the pres-ont state is , or

when it becomes, DORMANT. The actual time instants for the entering and the

l eav ing  of the state PENDING are subject to the resolut~on of the system ’s

real time clock , to the interrogating and activating actions performed by

th~- - Executive program , and to the possibi l i ty  that  the present state is not

DOR MANT . Thus , ~i reference to subrou t ine  START is not necessarily equivalent

tc a trans f--r t o  : - a t m a t a -  P E N D I N G , but to a request of such a t r a n s f er , when i t  ho-

c, - - - :- - - rv is s ibie . A s p c c if i e d  z- - ro c r  negat i ve delay shall b-s in terpreted as

Ji a ’ ’ -x- - c’a j 
~oai ” , shi ck a sraill cause any residency in ] t c -  PEND iNG to

Vnrai sn .r a ama :,n rr  a~ : - - : m a i L l , - . TL~~: to rn  of t~t - -  ca l l  i i :

CALL t i  ~~ i , j , :.~ ,

5:- - r-

‘-I - a - -a  - - a . I ’  ~i i L  is e i r . r : -

r -ir. - 0 i- ~ t ~ vi ~ 
or 1 e~~ ’ - y n oi~ - -

j -pe c- i f o - s  a. .- t i m . — 1 ’- ~~-~ -~- , i n  ~~it ~- a-  s m ’ - - a f l , - ( :  ~~ ~m , - a r e as d’ f l n ’ - o
Lay’. T his  i r r : m ’ - ; , ’ -~~ ,l l  a~ ar ~ i & ~i~:- r • -‘q r ’ -  

k ~ - a - - - i e s  i t - - u n i t - - of t i l t ,  0 f~~~1ow~~:

0 — Ba n c a ar i ~ s e’ -  ‘ S ra - - t it - ci

I — m~r 11 : - - na

—

I - M i ; a u t , - ~
-l — Uc i r --

- I i  - t  S t l , t a’ ‘ .~~~ , i l a t  :- r - a.’; i -  ~~~~

_  
~~~~~~
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m is set on return to the calling program, to indicate the dis~-o~-ition of

the request as follows:

0 or less : undefined

1 : request accepted.

2 or greater : re quest rejected.

This argument shall be an intege r variable or integer array element.

6. ~ Starting an Activi ty at a Specified Absolute Time.

Execution of a reference to the subroutine TRNON shall cause the designated

activity ’ s first program unit to be executed at a specified time (absolute

time) . Execution of the object program will commence at the program ’s

first executable statement. The specified time shall be the time when the object

- 

- activity is supposed to enter state RUNNING, and the actual time of this occurrence

is subject  to the resolution of the system ’s real time clock and to the inter—

rogating and activating action s perfo rme d by the Executiv e program . The

relations to pending-table and to transitions between States DORMANT , PENDING ,

and RUNNING are similar to those described for subroutine START. The form of

this call is:

CALL TRNON(i , j ,  in)

where :

i apocifies the activity to be executed (object activity) . The argument

is either the name of the object activity or an array name .

j Designates an array, whose first 6 elements contain the absolute

t ime  at which the object - program is to be executed. These

elements are as follows :

i- i r - - t element : Seconds (0 to 59)

Second “ Minutes (0 to 59)

Hours (0 to 3)

I- -i t rt h “ : Day (0 to 31)

Month (0 to 12)

Year (0 -‘)
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Any negat ive  value is interpreted as zero , and any value jroo t a r

the upper l imi t s  specif ied above shall  be taken as equal to the- limit. .

Value zero for  ‘Day ” , “Month” or “y ear ” shall  be in te rpre ted  as o u a r a - n t

day/ ~ anth and/or year and should be changed to ccc-rect values au’~ -

inatically by the executive system.

This  argument shall be an integer array name .

Time is in terpre te d as “ current local time ” .

0 is set on re turn to the calling program , to indicate the dispositi-~n

of the request as fol lows :

o or less : u n d e f i n e d

1 : request accepted.

2 or greater : request re3ected.

This argument shall be an in teger  va r i ab l e  or int eg e r  a r ray  c - t  a t .

£ . E  S ta r t i n g  an Activity in Periodic Execution.

CaJ - .l I c - i t ia± c--tart immediately or after a specified t in . 0 i l lay .

Execut ion of a reference to the subroutine CYCLE has the same immediate

e f f e c t  as a r e fe rence  to sub routine START . A d d i t i o n a l l y ,  the designated

a ct i v i t y  shall be re-scheduled , each time the activi ty leaves state PENDING.

The new time scheduled shall be equal to the sum of previsu:- scheduled time

and the in terval  specifi-a d by the call of CYCLE . The re-scheduling under sa iai

condition w i l l  continue until act a voly terminated by a call ~af subroutine

DECYcLE, thus stopping a series of periodic executions. After such a termin-

a tion , a new cyclic execut i on of the designated ac t iv i ty  wi l l  require new c - a l l

a 
of CYCLE. The interval can be modified by another call of CYCLE, wi thou t  a : .

i n t e rven ing  call of DECYCLE . This  m o d i f i c a t i o n  shall , howeve r , a f f e c t  onl y

succeeding scheduling operation , i.e. it shall not change tne current  i r i t a r v , , 1

and the ~xecut ion which in atroady scheduled; the “delay ” ~‘arameter of a iw sil-

fy i ng CYCLE call is w i t h o u t  e f f e c t , I f  the “delay ’ ~~~~~~~~~~ shall ho~’ ft~ ~~~

t r i o  - c  - - - - i  cycli ng t u c - ’ l r s t  i a -  I -  t : c - ] : - - - a  oy a r~ f i a ’ ; .  a -  t a  ht ,l rO~~i l : i , -

bEt Y CLE . I :  t t a i . 4  C ,lia : , i t  w i l l  u :;ually a t l ~~- a -  1 ~~P c -~~~~- t a  ~~1 1 H . I t l - a ~~. I l a ’

a r ’  i ) ; . ‘du l  i f l~ t - :1m: , a- - - ~y ,  y a c- i l l of - r ib r o ut  a : ; ’

- “ - ‘ - I :“ ( w r a  ‘ - a ,  o r ’ ; sn aI l  1’ t i a r a ; )  as i a  a t n  i - - c - i - - i  “ i ; a t a - J

- , - ça. nd i i  n J — ’  - at - a - - “ , - a - c q a ~ ac as -~~t a - a ’ - hL N [  a - . ~
‘; - . - t no t  - a a: I a a i. a.. , cii.’ ii

a - - - i  I ~~-n
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The actual running may be delayed unintentionally, while in state RUNNiNG ,

because of running of other programs . Such delays will not be accumulated.

If the execution is not finished be fore th e time for next execution , the next

execution will  be delayed and started (re-scheduled) as soon as the previous

execution is finished 2 )

The form of the call is:

CALL CY CLE( i , j, k , 1 , m)

where :

i specifies the activity to be executed. The argument is r-irtn-r the

name of the object activity or an array name .

Object and calling activity may be the same , i.e. argument “ i”

may designate the calling activity.

j specifies nominal length of the time interval , in units as specified

by k , and as defined above. This argument sjall be an integer

expression .

/- )

It should be discussed , how far such skewing effects may go before some alarm
Ic aener ated.  It should also be discussed , how an alarm can be implemented.
On ’ - poss ib i l i ty , quite elegant with the present handling of programme d events ,
would be to a f fec t  parameter m of the cycle-call. This could , in turn , be
used as d triggering event for a fault-handling program , initiated by CON .
The ef f ec t  would be that a sudden change of m to , say , 3 ,  wou la~ start the
fault-handling program.
Example:

CAL L CYCLE (INTERG EAT E , 2 , l , F l)

GAoL CON (I- ACLTI ,FA1 ,m) A suitable descri ption in
array FA 1 could be:

~~Fl 
;

3 ~~~

I t  t h ;~ mechanism is allowed, the descr iption of par a met er m (5t h I~a r - a a ria -a a - r ~
- the - : 2~~le-cal l  sh ould be modif ied according ly.



—~~~~~~~ ~
—

~~~~
-
~
- —~ 

_•
~~~~~~w~

_____ —r--- -
~~

-78-

k speci f ies  the units of time as follows:

o - Basic counts of the system ’s real time clock

1 - r~ Iliseconds

2 - Seconds
a 3 — Minutes

4 - Hours

This argument  shall be an integer expression .

1 specifies a time delay , in units as specified by k , for the ini t~~a’.

act iva t ion, as measured from the t ime the call was made . The t ime

delay shall be interpreted like parameter j in call of sul- routina-

START.

This argument shall be an integer expression .

m is set on return to the calling program , to indicate the disposition

of the request as follows :

o or less : undefined

1 : request accepted.

2 or greater : request rejected .

Thi s argument shall be an integer variable or integer array e lement .

6 .o .2  in i t i a l  start at specified absolute time .

} xecr : t  ics. of a re ference to the subroutine TCYCLE has the same immediate

- - f l o c t  as a re ference to subrout ine TRNON . Additionally , the designated activity

sna il  1 — -
~ re—scheduled , each time the activi ty leaves state PENDING.

The cycilc resci ;€-dulingis exactly identical to this function of subroutine

CYCLE , described in section 6 .5 .1 .  The interval can be modified by another call

to TCY CLE , or te CYULE , wi th  identical results as described in sec. 6.5.1.
-~h~- f o rm of the call is:

CALL TCY C LE ( i , j, k, 1, m)

whe re:

i , j ,  k and m are a - i ’ n t i c a l  w i t h  the corre sponding p;~r~ime- tc-rs of call i c -

subreu t iii-- ’ C y clE (see c a - c a . .1. ). I d c - c i - ~i a a t a - ~ an a :r ay  , wh-,~ o f i  r ; t  a;

‘ - a C a t - ; a t - - c - - - t n : i  ~r a-  absol- a ’ - - ‘ ime at wh i ch t h e  specil. a ’ ,I t a t  vi t- 1- is

- a M a -  - ‘ n t -  a t . ~ a c - ‘‘~~~~‘J . Th is it ;u,- - -n~ • - x c ’ ly  ‘ - - ~~u a v . a . - - a

~~- a - .  t a ca  .~~a - — a ,

-~~~~~~~
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parameter j of call for subroutine TRNON. The elements of the array

are as follows :

Firs t  element : Seconds (0 to 59)

Second “ Minutes (0 to 59)

Third Il : Flours (0 to 23)

Forth “ : Day (0 to 31)

Fif th  “ : Month (0 to 12)

Six th ‘ : Year (0 -
~

Any negative value is interpr ete d as zero , and any value greater than the

upper limits specified , shall be taken as equal to the limit. Va l ue zero for
“ Day ” , “ Month” or “Year ” shall be inte rpreted as current day , month and /or

year and should be change d to correct value s automatically by the executive

system. This argument shall be an integer array name. Time is interpreted

as “ current local time”.

6. 7. Connection of a program to an event.

Execution of a re ference to subroutine CON shall cause the designated

ac t iv i ty  to be associated with a specified event and listed with a new entry

in the schedule-table. This listing shall cause the transition to state

PENDING i f , or when , the desj~~iate d activity is or arrive s in state DORMANT .

The s~~:ci fied event shall constitute the condition for the subsequent transfe r

to s tate R UNNING. The form of this call is:

CALL CO N( i , j, in)

v t ’  are

i < a p e c - f i e ; the activity to be a f fec ted .  The argument is e i ther  the

name of the object activity or an array name.

j c-pecifies en integer array which contains all th a -  information

necessary to designate the event to be connecte d and the type of

connection .

—
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in is set on retLrn to the calling program , to indicate the dispositica.

of the request as follows:

o er less : undefined

a request accepted.
a 

2 or greater  : request re jec ted.

This argument shall be an integer variable or inic~~c-i array e lement .

~ .8. Terminat ing periodic execution.

Execution of a refe rence to the subroutine DECYCLE shall terminate any

pei a adic re-sheduling of a designated act ivi ty, previously i r it i a ted  by a

call of subroutine CYCLE or TCYCLE . If the designated activity is PENDING or

in any execut ing state , i . e .  RUNNING or SUSPENDED , the termination shall arfc-c t

an t  f u t u r c-  ~-x ecut ion s.  Thus, the designated act ivi ty wi l l  conclude i ts  present

- m d  pending e~aecution , without any intervention by this cali . The fo rm of thc

sill Ia:

CALL DECYCLE (i ,m)

i ~F’~~Ci f i~~~ the ac t iv i ty  to be a f fec ted .  The argument is ei t h e r  the

name of the cat - ~r ct  a c t i v i t y  or an array name .

in i s a ; , -  t on return :o the cal l ing  program , to in dt c~ata:- t i e -  d i s p o s i ti cr a

0 the req uest is foJ lows :

o or i~ a - : un def ined

I : request accespted. The objec t  act iv~ ~~; is not runncurq .

ra?quest accepted , but  the a c t i v i t y  ia  s ti l :  a x ,at in g

wi th in  a run already started pr i- s r Icc t i 5 -  c a l l .

3 Sr -~r - m t -  -r : request rejected.

TI - is arguns - :~ t c1a ~ 1 he an integer van adi a a or in te al - r - ~~~ ay a - 1  e ra-a l  a 

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



6 a 1  Elimination of an event connection.

Execution of a cal. ]. to subroutine DECON shall cancel any connection be-

tween a designate d activity and a specified event. Thus , it eliminate s further

ef fec ts  from a previous call to sub routi fle CON . If the object activity is

— in any executing state , the te rmination shall affect only future executions .

Thus , the object activity will conclude its present execution , without any

intervention by this call. The form of the call is:

CALL DECON ( I , j, in)

whe re :

i specifies the activi ty to be affected. The arg ument is eithe r the name

of the object activity or an array name .

j  specifies an integer array which contains all the information
necessary to designate the event which is to be deconnected.

m is set on return to the calling program, to indicate the disposition
of the request as follows:

0 or less a undefined
1 a request accepted. The object  a c t i v i t y  is n-c t

running.

2 : Y equest accepted , but the activity is s t i l l  executi nq

within a run already started prior to the ca l l .

3 or greater : request rejected.

This argument shall be an intege r variable or integer array element .

6 . 1 0. E 1i r r , i n ~~tion of p~~?vious scheduling.

E x a - a - a , a to- n a re ference to subroutine CANCL shall cdSee i a l l  e f fec t s  ai

fa~~a -Vt5 ~j5 a -al i t ;  to subrout ines  START , TRNON, CYCI~~~, or TCYCLE f,ar a design a t e m ,

ob i - ’Ct ~act av ity . a-

~~~~~~~~
.-
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If the object activi ty is in any executin g state ( RUNN ING og SUSPENDED) , the

el iminat ion shall a f f ec t  only future executions. Thus , the designated program

w i l l  conclude its present execution , without any intervention by th is cal l .

The form of the call Is:

CALL CANCL (i ,m)

where :

i specifies the act ivi ty to be affected (object) . The argument is e i the r

the name of the object activity or an array name .

m is set on return to the calling program, to indicate the disposition

of the request as follows:

0 or less : undefined

1 : request accepted. The object activity is not running.

2 : request accepted , but the activity is still executing

within a run already started prior to the call or has

still more entries in the pending-tanle, as consequenca -~

of previous calls of subroutine CON.

3 or greater : request rejected.

This argument shall be an integer variable or integer array element .

_ _ _ _  ~~~~~- --- ---
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6.11. Delay ing Continuation of an Activity .

Execution of a reference to the subroutine WAIT shall provide a mean s

whereb y a run ning activi ty is suspended for a specified length of time. Afte r

the suspending period , the program shall resume execution , first executing

the instruction immediately following the call of subroutine WAIT.

The time delay is defined as the nominal duration from the time instant

when the call was made until the program resumes execution in its virtual

processor , by being transferred to state RUNNING . The actual time instants for

the entering and leaving states RUNNING and SUSPENDED are subject to the re-

solut ion of the system’s real time clock and to the interrogating and activating

actions performed by the Executive system. A specified zero or negative delay

shall be equivalent to no action , i.e. immediate return from subroutine WAIT.

The form of the call is:

CALL WAIT (j ,  k , in)

where :

j specifies the length of time de lay , in units as specified by k , and

as defined above . This argument shall be an intege r expression .

k specifies the units of time as follows:

0 - Basic counts of the sy stem ’s real time clock

1 — Milliseconda

2 - Seconds

a 3 — M inutes

4-Hours

This argument shall be an integer expression .

in is set on return to the calling program , to indicate the disposit ion

of the request as follows:

0 or less a undefined

1 : request accepted.

2 or grea ter : request rejected.

This argument shall be an integer or integer array element.

- ---- - -  — — 
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6.12. Synchronizing suspension of an activity.

Syncronization between two parallel activities is achieved by t ransfer  of

one act ivi ty into state SUSPENDE D whi le  wai t ing for certain conditions to be

sat isf ied by the other.

A num ber of different mechanisms for synchronization are proposed in the

li te rature~ each one with its attributes and claimed advantages. ( [ 4 ] , [ 7 ] ,  to

[13] ) .  Here is proposed , to include in this standard of FORTRAN subroutine calls ,

two widely used mechanisms: Semaphores and Conditional critical reg ions. Each

of these mechanisms has its class of problems, for which it is optimal in corn—

parision with the other. It is generally acknowledged , that all synchronization

p roblems may be solved by proper use of any one of them, and it is reasonable

to assume , that these two mechanisms will be suff ic ient, also from a practical

point of view.

Semaphores are traóitionally manipulated by Dijkstra ’s P and V primi-

tives. Although these primitives are widely known by these terms , single letter

i d e n t i f i e r s  should be avoided , since they can be confused with user defined

names. Thus, the semaphore manipulating subroutine calls are here described ,

using the suggested designations WTS (WaiT on Semaphore) , and SIGNAL ,

corresponding to P and V respectively.

Conditional critical regions as means of synchronization are described

by P. Brinch Hansen in [4] and [10] and convincingly advocated as particularly

well suited for problems where several acti7ities compete for exclusive access

to shared resources. The author of the present paper has developed the pr inc ip le

further ([13]) , by attaching priority to a call for entry into a critical region .

In this paper , conditioral critical regions with priority are managed by two

system subroutine calls , REGION and REGEND.

Although theoretically superfluous because of the othc-r synchronizing sub-

routine calls , it is useful from a practical aspect to extend the list of

synchronization calls to include AWAIT:”Wa it on event” . Any event can be speci-

fied , and upon occurrence , the designated activity ts transferred from state

SUSPENDE D and back to RUNNING.

The fo l lowing  paragraphs d e t ; c r i l a a  in detail  the f i v a  su i - r c c a n t -  calls f - c

the a aj i a c t ;r u n i z i n g  mechar.isms m e n t c er a - d  in t i -  in t a  ; jduu t a  ~ v-c 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



---- -- -—~~-- ------------ 
~~~~~~~~~~ ~~~~~~~~~~~~~~ 

-

~~~~~~

-85-

Execution of a reference to subroutine WTS involves manipulation on a non—

negative integer variable , referred to by one of the arguments of the call ,

and shared with other , parallel activities. This particular sha red variable
is termed a “semaphore” , and the immediate effect  of the subroutine call de-

pends on the magnitude of the semaphore , as decribed below. The operation on

the semaphore shall be exclusive , i.e. only one activity at a time may access

the semaphore

The form of the call of WTS is:

CALL WTS (s,m)

where :

s specifies an integer variable , termed the “ semaphore ” and shared with

the parallel activities with which the calling activity is to be syn-

chronized. The subroutine shall be granted exclusive access to this

variable dunit -; its operation . If s is zero when the subroutine is

called , the calling activity will be transferred into state SUSPENDED and

the exclusive access rights will be released. An activity thus suspended

will resume state RUNNING when the semaphore becomes positive again . At

this point , subroutine WTS will perform, on behalf of the calling activity ,

the operation , exclusive in time:

s = s  — l

and a return is made to the call ing program . If the call ing activi ty is not

s-uopa nd~-ci because s>0 , the operation s=s-l wi l l  be performe d di rectly,

without any intervening suspension .

in is set on return to the calling program , to indicate the disposition of

the request as follows :

0 or less : undefined

1 : request accepted, synchronization obtained.

2 or greater: request rejected , synchronization is not per for ming as expccte d .

This argument shall be an integer variable or integer array element.

*) A somewhat la ss r .-st r i c t i v e  t u l a  may be imposed , in f a c t :  S imul tanous  r ead ing
a may i-c a l lowed. ‘i l t i a ;  is of no concern in the present ca n t a - x t , however .

_ _ _ _ _ _ _ _ _ _  - - 
~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~
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Execution of a re ference to the Subroutine SIGNAL sha lt  increment  an in~ .-- ~- r
variable , re f-- i -red  to by one of the arguments of the call , and shared w i t h  o ther

activities. If this incrementation causes the numerical v~~~uc- to char~oe trc a- .
zero to pos i t i ve , t lai s  event  shal l  cause the transtitiora to state RUNNING
for any other activity , waiting in state SUSPENDED for the occurrence of this

event , relating to the same variable. The form of this call is

CALL SI GNAL (s ,rn)

where:

• s specifies an integer variable, shared with the parallel activities

with  which the calling activity is to be synchror a ized. The sub-

rout ine  shal l  be granted exclusive access to this var iable  dur ing

its operation and will execute the following modification of its

value:

s = s + l

A change from zero to posit ive value , caused 1:y t h i s  opera-

tion , shall  provide a releasing t r ans fe r  to state R UNNING for any

parallel  ac t iv i ty  wai t ing  iti~~ tate SUSPENDED for  this event to occur.

m is set on return to the ca l l ing  program , to indicate the disposition

of the request as follows:

0 or less : undefined

1 : requested , synchronizat ion obtained.

2 or greater  : request-  re jected , synchronization is not performinq

as expected .

This argument shall be an integer variable ~-r i n teger  array e lement .

Execution of a r e f - r c -n c e  to the subroutine REGION is a request from art

act iv i ty  to be granted aceess tc- i ts cr i t ical  regioa , named as per argument v.

The request is guided by a priority number supplied as argument p. The e f f e c t

of the call is that the activi ty is tran sf e ro~-d to state SHSPENDE D where i t

shall remain until access to the cr1 tical recaion is g r a n t- c u.  At  th is  t i r e , i t

w i l l  he t ransferred to state R U N N I N G .  One c n - a ~ tion f o r  ~~oC a s;; to the  cr ~~tica1

region w i l l  be an event , spec i f i ed as areum - r a t  j .  The rc~~easc -  Ic- i t ro ro - l a ’ r

_ _ _ _ _ _  - - -- -~~~~~~ - ~~-- - -- - - - - - ------— 
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to state ~- VNN~. UG ch-ili . not be performed until all the following conditions are

s a t i s f ie d :

1) v is not assigned to another activity

2) The event , specified by j ,  is true.

3) I f  more than one of concurrently executing pa rallel activities are

simultaneously calling REGION ,wi th  the same parameter v, that one
having the highest value of p , amon g those activities where all

these conditions are satisfied , shall be selected for entrance into

the critical region. This selection is indicated by assign-~ng v to

this activity , thereby preventing point 1 to be satisfied for the

other activities. If the priority p has the same value for several

activities , these activities will be selected in the order of their

arrival to the queue.

The satisfaction of these conditions constitutes the event upon which the
- - activi ty can be transferred from ;trate SUSPENDED to RUNNING. At this point,

the activity will have entered its critical region.

The form of this call is:

CALL REGION(v , p, j, m)

whe re :

v specifies an integer variable , shared with the concurrent programs

to be synchronized. This parameter designates the critical region .

t p specifies a pr ior i ty  and can be e i ther

a) an integer expression or variable

or b )  an integer constant

in m y  case , the value of p shall be defined , prior to the call.

j specif ies  th~ ~‘?‘~~tt which constitu tes  a condition for the entrance

to the cr i t ica l  region , as listed below. The argument is either:

a) a real constant: value -0 Imp i  ito; t h e  ~ i~~ rt is tru - thi -m is

normally used for unconditional entry .

f

or b) a re~al  expression: value > 0 constitutec the t’ ; t ’u t.

or C) an integer array name ; the array contains  all the i n f or m a t i o n

aa CL ~-~;t ~a i ~y Lu spa~C1 I -y  t n t -  e v e nt .

The i-c-eec :>  - r  sha l l  de tin c- which of these rn- - a a t C  acceptable, and

t h e  or r ca :;sc- r also def ines  the s pec i fi c  form of ar r ay  components ,

i f  applicable. 

- -
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in is set on return to the calling program , to indicate the disposition

of the request as follows:

o or less : undefined

1 : request accepted

2 or greater : request rejected.

This argument shall be an in teger variable or integer array element .

6.12.4 Exit from Critical region.

When an activity has entered a critical region , and a common variable v

is assigned to it, this region c~~ii only be released, and v deassigned, by the

same activity, by call of subroutine REGEND (or as a secondary effect of a call

of AWAIT, see next section). The region, and the assignment of v, are con-

sidered similar to internal resources; thus the activity will formally remain

in state RUNNING during and immediately after this call. The form of the

call is:

CALL REGEND (v , m)

where:

v is the same variable as in a previous call of REGION.

in is set on return to the calling activity, to indicate the dispostion

of the request as follows:

o or less : undefined

1 : request accepted.

2 or greater : request rejected.

This argument shall be an integer varable or integer array element.

When the subroutine PEGEND is entered, v will immediately be deassigned from

the calling activity thereby exiting the calling activity from the critical

region, and permitting v to be assigned to another activity , pending in its

call of REGION.

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

~~~~~ ~~~~~~~~~~~~~~~~~ 
--- 
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The waiting effect of synchronization is obtained through call of sub-

routine AWAIT, with the following effect:

Tht~ activity is suspended, until an event is true: The parameter j  has
similar effect as in call of REGION; it designates the event which subsequently

will permi t the calling activity to continue by being transferred to state

RUNNING. The call will have no effect, if the specified event is true already

when the call is made. The form of this call is:

CALL AWAIT(v, j )

where :

v specifies an integer variable, shared with parallel activities to be

synchronized or, it can be the integer 0. This parameter designates

a critical region and can be set equal to 0 if the call is not being

used in connection with a critical region.

j specifies the event which constitutes the condition for the calling

activity to resume execution by being transferred to state RUNNING.

The argument is either:

a) an integer expression: value > 0 constitutes the event.

or b) an integer array name; the array contains all information
necessary to specify the event.

The processor shall define which of these forms are acceptable, and
the processor also defines the specific form of array components, if

applicable.

If the activity is within its critical region, designated by v, it shall leave

this critical region immediately and permanently when AWAIT is entered, and v

shall be deassigned. Thus , subroutine AWAlT includes the effect of REc~~ND.

This ensures that concurrent activities, competing for the same critical

region , are not unduly delayed if the programmer, inadvertently , puts the call

of AWAIT inside the program section corresponding to the critical region. The

only purpose of specifying the critical region, by v, is to achieve this auto-

matic leaving of the critical region. Thus, it can be omitted or, the effect
specifically suppressed , by using the integer 0. It would, however, be a

good practice to always include the region specification , if applicable.
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6.12.6. An alternative definition of critical region call.

If the call of subroutine REGION
\

is extended with a f i f th  parameter , it is

possible to eliminale the use of REGEND to terminate the scope of a critical

region. The subroutine RE GEND then becomes superfluous and can be delected

completely from the set of standard subroutines. The new definition of the form

of the call of REGION could be:

CALL REGION (v , p, j, 1, m)

where v, p, j and m are as defined in section 6. 12 .3.

1 specifies a statement label , indicating the last statement of the critical

region. 1 is an integer variable name .

The statement label, indicating the end of the critical region ,must be assigned t i

parameter 1 by a statement label assignment statement,i.e. a statement of the form

ASSIGN S TO 1

where s is the statement label indicating the end of the critical region . For the

assignment statement, all normal rules from ANS FORTRAN applies.

It should be discussed , which of the forms of REGION should be included in

the standard: The pair REGION - REGEND as described in sections 6.12.3 and

6.12.4 , or the alternative fo rm of REGION as described in the present section

and which makes REGEND superfluous. Both methods give the same number of

statements in a program , and about the same number of rules to remember for the

programmer. The method with assignment of a label appears to give slightly

shorter execution time, since it eliminates one run—time call of a subroutine.

This saving is probably only fictitious , however: At the termination of the

critical region , the executive system must be interrogated in any way , to re—

lease the region v for the benefit of other parallel activities. Perh aps this

method even gives slightly increased execution time , because the executive

system must be furnished with some mechanism to keep track of the execution of

the region , to terminate the region when the last statement is reached. In any

way , the realization , with regards to compiler and executive system , will probably
be more complicated with the method in the present section . Since the advantage

-~~~ - -~~~~~~~~~~~~~ --~~~~~~~~~~ —~~~~~~~~~~~ - — -~~~~~~~~~~~~ -~~~~~~~~~ -.
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for the user is probably also questionable I see no reason at present time
of the evaluation work to propose this method . It would be interesting to
see other opinions , however.

6.13. Normal termination of execution.

Execution of a call to subroutine EXIT shall terminate the normal execution
of an activity and return the activity to state DORMANT . The form of the
call is:

CALL EXIT

with no parameters.

6.14. Status information of Pending—queue.

Execution of a call to subroutine QPEND shall provide, on return, information
about all elements of the pending-queue (—table) , regarding the designated
activity .

The purpose is to supply , to the calling activity, all pertinent information
about the designated activity ’s entries in the pending-table, prior to the
call of CANCL or DECYCLE. This will enable the calling activity to reestablish
those elements of the table , that are eliminated un intentionally by CANCL or
DECYCLE . The call itself has no effect on state transitions.

The fo rm of this call is

CALL QPEND (i, j )

who re

i specifies the object activity. The argument is either the name of the

object activity or an array name.



-92-

i will on return to the calling activity contain references to all elements

of the pending—table that concerns the object activity . These references

shall give all necessary information for the occurrences of i in the
pending—table , such as execution time, cycle interval, and event connection .

The argument is an array name . The specific details are processor-defined. 

~—-----.-~~-- —- -~~~ —~ -~~~---~ —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ____
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SECTION IV

A REAL-TINE FILE SYSTEM AND JOB

INITIALIZATION ROUTINES FOR PROCESS

CONTROL COMPUTERS

\
•

The material contained herein was contributed to the

Workshop through the courtesy of Royal Dutch Shell Petroleum ,

The Netherlands. It was presented at the Fourth Workshop

on Standardization of Industrial Computer Languages , November

1970, by Mr. Antonius M. Hens, and published in the Minutes

of that Workshop , pp. 234-277. This material was very

helpful to the Workshop participants in their discussions

of file handling procedures.

L
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A REAL TIME FiLE SYSTEM AND JOB INITIAL IZATION ROUTINE S

FOR PROCESS CONTROL COMPUTERS

Content s -

1 . Real time file system

2. Job starting and completion routines

3. Auxilia.ry routines

L~, Figures.
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1. R~A1, TIhE FILE CY3TEII

1. 1 Def in lt ion~ (Fii; . 1)

1 .1 .1 .~~ file consists of a number of blocks (NDLK ) and each
block of the file contains a~i eouaJ. number of words(LSLK = block length). This length is to be equal to or
an integral fraction of the “record length” of the logi.-
cal unit on which the file resides (i.e. 1 , 2, 3, 4, 6,
8, 12, ctc. but not 5, 7, 9, etc if this record length
is 96) .~~) iT R x~ ~~ &r~~~ ~.oaC~~A ’~~~ ~~~~~~
The total number of words in a file is therefore equal
to irnLK ~ 1~13LK’~~

) .

1 . 1 .2 h file is specified as being a member of a set of
files belonging to a certain unit .  Therefore , NUN IT ,
I-.1FILi~ specifies file 1’WILE of unit NUNIT. Unit numbcr3
start ~-‘ith unit 0, files with number 1. Note that the
f i les UNIT 0 i”i).e ~ to (5 are reserved for the file sys—
tecii i tself.

1 .1. 3  A fil e is always processed (read or written) by
block rather than by eloment. Consequently, to use a
file a block pointer (IPNT) is required.

~
) 96 is -the number of words of a CL1C 1700 disk sector.

Some files will have a “ record length~ which is equal
to LBLK which will for example be the case if the lo--
gical unit is a card reader , line printer , typewriter ,
etc , or -when a special bit in the file definitions
block is set .
In the case of a CDC 1700 computer this will mean
‘word addressable ” mode .

~€~ ) An exception on this rule are files located on in—
or output devices (line printer e tc . ) .  In such a case
N1~LK may also be undefined.
The record length for such files is always equal
to the block length LBLK .

lI• ’
) 
1.~._ ~~~~~~~~~~~~~~~ ~~4 5,,1.Le.. ~~~~~~ ~~~~~ 1~L~~k L&~~ AL 

~~ 
cu .) ~i~-o.y ~~

M.ça4.

Thk dc l~ rn~-n~ is c3, ic~c.~: ’ rl . 7 ~ .:‘ . r r ’-., 1- ~r3n
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~~~ ~~~~ 
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c~~ o ~~~~~~~~~~~~ Q~~9~c#,ur~~~,

1~~i •1~ u~ilcs may be re~ id en/on c1i~ ferent logical units
- 

(i.e. cQre , disc , drum ,~ etc.).~~
)

Core wor 1~ing area to allow the use of files which are not
core resident has to be specified by the user (1BUF see
section 1 .2.2).

1 . 1 .5 i~och i’ile has a file definition block (FDB) which in-
dicates to the system on which logical unit the~ ~ileresidc;- together with its ~~~~~~~~~~~~~~ bit,9itsblock size and number of blocks and whether the file is
in a protected or unprotected status (see section 1 .2
and Fig. 1).
An extra protect bit to prevent accidental and erron~ousdeletion of files (see section 1 .2.1) is included.~~~

)
File definit ion blocks of so -called rotate f i les have part-
ly the same specifications as above . They are separately
~~~ated in section 1. 1 .7 .

1 . 1 .6 To use a file a block pointer (IPN T ) has to be de-
f ined.  The block pointer con sists of 10 locations , and
has to be defined by a dimension statem ent in the user ’ s
program , e.g.  DIt ’rEN SIO:r IPI ET ( 1 0 ) .
Each bled ’, pointer is unique in the sense that in a
multiprogramming real time system the block pointer is
onl y known to the program which has defined it.

*) But a particular file resides only on one particular
logical unit. 

- .

~~
) Although it is no part of this specification, file
definition block should preferably be so organized
that~ -

a. they can be resident on different lorUcal units
(core drum , or ~~~~~~~~~~~~~~~~~~~~~~~ -- _______

b. they are partly core, partly drum or disc resi—
dent ;

c. that spare file definition blocks can be reser-
ved on the different logical units.

In selecting the possibilities in the f i le  definit ion
blocic orj.~an izat ion it is essential that a high flexi-
bi l i ty is not obthirmed at the expense of an excessive
consumption of core space and/or execution time .

) d..4cLL QJJ& % ~~
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AMENDMENT

to BICM-CMF/~ MEMORANDUM OF DISCUSSION No. 1k9/70) ,
page 3, point ~
bit 15 R/W controls adjustment of 1 and 2
bit 11~’ File protect bit ex FDB
bit 13 Mode (sector or word addressable) ex FDB
bit 12 Information has been read into core indicator
bit 11 Flag indicating that a writO command is not yet

executed .

1~ ~~. o ~~
°-

~~~~~
‘- 4L~- ~~~~~~~

- ~~~~~~

_ _  ~~~~~~~ 
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The block pointer contains:

1 . A self—relative (core) address of the block of the
file to which this pointer is pointing;

2. the number of the block to which the block pointer is
pointing;

3. The number of blocks of the file NBLK -

4. The number of words of each block LBLK

5. The “file address”

6. A pointer to the file protect bit

7. The number of the first in core block

8. The number of blocks wh±ch can be in core~ (in thespace set aside for the file in IBUF )

~~. the file logical unit nu~iber , together with the fol-
lowing four control bits:
bit 15 R/~’ indication to control the adjustment

of 1 and 2~~
)

bit 14 indicator whether information in core ~is originally been. -read in from the file( s~~~attached to the block pointer ‘

~~

‘ 

~~~~~~~~
bit 13 flag indicating that a write command is

still not yet executed
hit 12 “~Jord addressable mode ” .

10. the address of the error exit in the user ’ s programme
( section 1 . 2 . 2 ) .  Upon errors it is left to the user
to deci ’~~ which actions be will taKe . Ii no c~ th’ess
~ n ~~~c ’.~~j~~ 1 the testiii~ç- of: au error ~‘ili result
~~~~~~ a 1:-ital i.1assa~~ a;1d st opping of the job .

- 

~
) T~~’ sdju~;tment t 1  thE? ~iocY~ poi~iter is ds~~ rmUent on

i.~me previous operations performed (“ read”/ “write 4’
and or ‘attach” operations). 

-
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1 .1. 7 1. number of Iiles , each ~‘iith the same number of
bloc!~s and of eciual block lonrth , may be arranged into
a “rotating ” or tyclic file (Fig. 2). The file defini-
tion block of a “ rotating ” file gives the system infor-
mation about the starting address of the set of files,
the number of files, the space (e.g. number of sectors)
ocCUp ied by one file and a pointer to the current file
in addition to the normal information (see section 1. 1 .5)
contain~d in the definition blOc~~.Tho file definitionblock of a rotate file occupies therefore the double
amount of space (6 words.) as the regular file definition
blocks and uses therefore two file numbers.
Two special routines are provided which attaches one of
the files from such a “rotating” file to a block pointer.

The second half of the file definition block of a rotate
- file may be regarded as a regular file definition block

of a so—called “ slave ’ fi le. This “ slave ” file definition
block has always the “current ” file in its file address.
The “slave” file may therefore be used as if it were
a normal f~.le (see section 1.2.9).

- 

1.2 File handling routines

1.2. 1 Call Define IN NIT~ NFILEL NBLKL LBLKL LUL IND,~
ça t j T ,~~~~~E~rMD~

The Define and Delete routines will allow the dynamic
generation or deletion of filcs.~
NUNIT unit number of the reciuired file

NFILE file number , if this file num ber is equal to zero on
entry, the routine will return a u k  number to
the user; if NFILE is not equal to zero , the spe-
cified file will be defined (see also IND).

ITBLK number of blocks of the file

LI3LK block length

LU logical unit number e.g. 0 = core, 1 drum ,
2 = disc , etc. ~~~~~ 

b~ ~~~~~.. ~~~~~~

IND 0 flO error datected~ file imi defthed.E44~~
S ~ R6

Iattcmpt made -to redefine an existing file
no spare available on requested LU

- no file definition block availobie
iWlJ .,E out of range
i-’thflT nut of range

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

*) t-i~~y ~~~~~~., ~~~~ vs€ t~ ,~~~ ~ u~v c 7 t~~ .’3 . rM 1-,4n-r c~~~~C F~ ~~S.rc7’ 7’.-

~~~~~~~ C ~~~~
jpj r.4 E. ~I’~L.UE +~ 

3N b. ~~Reç~~~ ‘~~~~~~~J~~.’j ~ my Pd,C

B. ~~~~~~~ ~~S ~ o~~ L9W ~~~ ~~~~ i~~~rw~~(-  — 

3 p t ~4& oui~~o’~~ r~ ‘z..~~~c’ ~~LT# d”

~ \ LU — o ~~~ ~ ~ (,~~ f ~~~~~~~~~~ ~~~~~~~~~~~~~ • 
F.~ o r 4~~L I~~ j .uu.?S

) 
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Note: ~~~~~~~~~ ~~cGn64-dert~d to pluocAn extra protectbit in the file definition block in order to prevent
accidental and erroneous deletion of files (e .g .
fixed files belonging to a particular sy~tem. This pro-
tect bit is then ~o be set by a special initiali-zation routine i)).

1.2.2

Attache s file NUNIT , NFILE ,~~~
) to block pointer IPNT .

The block pointer is 10 locations and has to be defined
in the user ’s prograrn by a dimension -statement as:
DIILEUSION IPNT (10).

IBUF ~ivcs to the routine the address of file work area
(for non—core f i les .) .  The dimension of IBUF should
(agaIn only for non-core files) be sufficient large
to contain a complete disk sector, or a complete
block (,LBLK ) in case of word addressable mode.
It should be considered whether the use of an
external IJ3UF may be advantageous.

LENGTH specifies the number of’ words in IBUF

iERRXIT r;ives the address ~in the user program to whichcontrol is transferred in the case of a read,
write or other posrible fatal errors. The address
in the argument is set by an
ASSIGN XXX TØ1SRRXIT
statement .
If the ~rgunent is not used (i .e.  = 0) the job
will come to a fatal end if an error occurs with
a short error message. F~mrthor result will insuch a ca-se be unpredictable.

Upon return from the attach routii~e IPNT(1) will pointto the first block of the file~’~~iIPNT(2) will containa one ( i )  for block number one ; IPNT(3 ) and (4 )  contain
the nuraber of blocks and the block length (NBLK and LBLK )
of the file. See for the contents of the rest of IPNT
the description given in section 1 .1.6.

i )  Such a routine can be made with the fol1owin~ call:
C~~L~~ fl~ ØTF U!~ I~~~~~~~~~~~~~E ~~~~~~~~~~~~~~~~~ ~~~~

~~
) It will advantageous to specify NFILE as external.
In this way the file number can be assigned at system
generation time without the need of recompil~tionsetc.

~~)more accurate IPNT(1) is pointing to the beginningof the core work area IBUF which is the potential 10—
cation for the first block as soon as it wi].]. be made
(or road in).

~ \ ~ ~~4 4~L £W~ - ~~~~~ ~~ oL4j& ~4~ S ~ ~~4M4 t. ~~
I 
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1.2. 3 CALL PRØTEC (IPuT)

These. calls put the file to which U~NT has been attached
(sc.e 1 . 2 . 2 )  into a protected/unprotected status. This
r~eans :
when a f i le is placed in a protected status no other pro-
gram than the one which i~ suod the protect, is able to
write into that file (soc also 1.2.6 and its note).

Potc : If a file is alre~idy protected when an attempt ismade to protect that file, the program which requests
this protect is suspended at the CALL PRØTEC state-
ment until a CALL’ UNPRØT ( from another program )
clears the protected status of that file. Since
this situation may occur with more than two pro-
gr 4arn s using the same files , queuing of the sus-
pended programs is required. ( This will mean sa-
ving of all registers, the priority, etc . ,  queuing
according priority and within a priority on a
first in first out basis).
The call UNPRØT routine has to check whether any
program has bean suspended because of a call PRØ—
TEC for that particular file which is now to be
unprotected. If there is such a program waiting
on the quot~me it is to be restarted and taken of
the queues) .

1. 2 . 4 CALL SEO.RD IIPL1T)

The first time SEQRD “ sequence road” is called after
attaching the f i le  to 1:PNT the first block of the file is
read. At each subsequent call the next block is read in.
Upon return IPNT is always pointing -to the block just read .
It is also possible to use SEQRD after a CALL RANDRD
(section 1. 2 . 5 ) .  Upon exit IPNT ( 1)  is pointing to the
block just read. IPNT(2)  contains the block number of
that block.

1 .2 .5  &_~~~~_I~~~L~~~~~
“Random r e-ad” will read t h e  specified block WDL~CK and re-
turns tlic’ block pointer IPNT pointing to the block N 3LØCK
of the- f ile  attached to 1PWT . IPN T(2)  will contain the
value of 1--WLØC K at return from random read. As an alter-
na tive , the nai1ic’ I1D~JLK ( 1PNT , i~!1JLØCK) “ read block” may
be u sed.

) iTote that in the queue which will be probably a threaded
list , t h e - c~ lis of the list must not only contain the
original registers and priority ~nd suspension address,but also ~n indicator which uniquely indicates for whichfile the program has been suspended.

— - -

~

—

~ 
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1 .2.6 ~ ALL~~;En IR j IPITT ,~~RETUR 1~~
y~1j, TWJ TP III LI T )

After  a file has been attached to IPNT , blocks of the f ile
can be written with the aid of the above routines. The file
is first to be placed in a protected status by a previous
CALL PRØTEC (IPN T).  LI the file is not placed in a protect
status the above routines will issue an error message and
return to the error exit JERRXIT as defined in section
1 ,2.2*).

The first time SEN!R or ‘~-!RSTP “sequence—write~ or “write—
step ” is called after  attaching the file to I?NT the first
block of the file is , in principle , written**) . At each
subsequent call the next block is written. Upon return
IP 1’TT(1) is always pointing to the block directly after
the one just written. IPNP (2)  contains the block number
of that block to which IPNT(1) is pointing.

In S01 .TR the second arguinent lRETURN is an optional return
address (set by an assign statement, e.g. ASSIGN 10 TØ
IRETURN) to which control is given as long as the end of the file
has not yet ~een reached. After writing the last blockof the file control will be given to the next executable
statement. This optional return offers the possibility
of performing a so—called DØ—loop over an entire file.

x) Note: Although it is conceivable that another program
which is not part of the job under consideration,
did put the file in a protect status, it is
highly unlikely that these two I rocrams will al-
ways run in the same time slice especially be-
cause each program will have to pass a test phase’
during which the other program is probably not in
operation. Hence, any forgotten CALL PRØTEC will
already during testing be found because the fatal
error message.

*i) in principled because of efficiency reasons write
commands are only then executed when a complete core
buffer IBUF is fully used,thus making space for a
next core load, or when file processing is finished
by ~~ fllg or SEQEND. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The CALL ~E~~~’3t) will, be used to end sequential f i le  pro-
cedure s ( s j~ecially file write procedures ~3EOYR , IIRSTP) in
a correct way.
IJote : that  11 the S~ C~ ’1~ routine is used , and the normal

exit has been reached (end of’ the so-ca)led DØ loop)
a call to Ei~ L~TD will b~ regarded as a dummy oper-~atio1~’i and m~y therefore be omitted. This is of coursealso true for l~’Rn3TjD, if the in core blocks of the file
~iere truly written during the last time it was exe-
cuted.

FIN1~iR ~final write ” is a routine very similar to S~QEND
but will always imply a write coiniiiand . A call to FIN\ ’R
has therefore the exact same effect as a call “RSTP di-
rectly followed by a call Si QEND. -

Note ; All the above routines can also be used after a
previous call to RANDRD (IPNT, NBL0CI~).

.2.7 CALL COPftL (Nui\rIT 1 , i\TFILi~ 1 , NIJNIT 2 , NFILE 2 ,
j~ RR~ IT

This routine copies one file into anotherx*) . Note that
the operation of copying is done under protection of the
files concerned , which a~ain ~aay result in job suspen-
sion and c!ueuing as described for PRØTI~C and UNPRØT(see section 1 . 2 . 3 ) .  -

ERR~IT contains the address to ~ihic1i control wifl be givenif a read/write error during copying occurs. It is set
by an ASSIGI\T X~-~X TØXERRI~IT statement .

Note : The user can perform his own copying operations by
- making a duplicate block pointer by using DUPIPT

(see section 1.2.10)

i) The S~T’ii~ND routine is required because a file is read
or written per block , however, if a file is for example
disc resident , many blocks may go into a sector. The true
read wri te  operation to pr from disc is, however , done
sector—wise i.n order to economize on disc transfers. There-
fore, this special routine which will transfer the correct
riur~iber of words when writing is stopped somewhere half-
way the I.tle.

1k) 1’. minimu~ reauirement 1;; that the second file has atleast the same number of blocks and has a block length
equal to the block length oi the first file.
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1.2,8 CALL COPYCL ( NuNrr 1 , NFILi~ 1 , NUFTIT 2 , ~FILE 2 , 

This routine copies file JWNIT 1 , NFILE I into file NU—
NIT 2, lIFILE 2,as with COPYFL but also clears file NU—
NIT 1 , 1-IF1LL 1
The operat ion is again performed under protect ion of the
files as is described in 1 .2.7.

FTote : It may seem that with a separate clear file route
(e.g. CLE~AL~F) all needs wi].]. be fulfilled. Theroutine described here could tIi~n be made by:

CALL COPYFL (.......)
CALL CLEARF (.......)

but this will mean that between COPYFL and CLEARF
the file will be unprotected (and may consequently
be updated (and protected) by another program (of
higher priority). To prevent this situation the
calls have to be combined into a call COPYCL1
Since this call has to be available no real need
exists any more for a clear file routine.

I • 2.9 CALL R~TATE 1NUNIT~~
r1FILEL IPNTL IBUFL LENGTH2ERRXIT~

These routines are provided to communi.cate with so-called
“rotating~ files (see section 1.1.7)1), and performs the
same function as the ATTACH routine (section 1 .2.2).

*) A special initializing routine (similar to DEFINE) is
required to Initiate the file definition blocks of the
rotate and slave file. See also next note.

~ ciw .f2A* . ~~~~~~~~~~~~~~~~~~~~~~~ .., oi~~.#i.i LDhL ’- ø I*’S ~~~~~

C~~L-L cL~PiLE ~~ n.E~)

~~~~~ 
4-
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CALL RØTATi~ will attach the current file, to which thecurrent file pointer is pointing, to the block pointer
IP1’IT and increases the current file pointer to point to
the next file in the rotating of cyclic files. At the -

cane time the file address in the second part of the file
definjtion block will be set to the address of this ~‘nex’t”file1). -

CALL i-IISTØR attaches the file which is NDi~LAY files before
the file to which the current file pointer is pointing.
The current file pointer is, however, not changed. (If
iTDEI.J~Y = 0 is used the same rile out of the rotating files
is obtained as if CALL RØTATE were used , but without read-
justment of the current file pointer).
UFILE is the name ( number) of the rotating file.

1 .2.10 CALL DUPIPT uIPNTi JPNTi NUN1TL NF1LE~
makes a duplicate block pointer JPNT from block pointer
IPNT (i.e. pointing to the same work area) but attached
to file ~-TUNIT, NFILE. Note that only the 5th, 6th and
9th location of the block pointer JPNT (see section 1 .1 .6)
are obtained from the special file definition block NUNIT ,
la ILE. The rest is a “copy” of the block pointer IPNT,
therefore by making a call ATTACH for NUNIT , NFILE and
JPNT but using the same buffer ,EBUF and error exit ERRXIT
does not necessary give the same result~~).

1.2. 11 CALL RESIPT 1IPNT~
Reset IPNT to the beginning of the file attached to it
(i.e. IPNT (1) points relative to itself, to beginning
of work area IPNT (2) = 1).

1 .3 Using the File Organization Routines

Considerable care should be taken to ensure correct use
of the file routines. 1~ny misuse may lead to unrecoverable
errors and program stoppage.

z) As mentioned in section 1. 1 .7 the file definition block
of a rotate file is equal in twice the number of words
f or a regular file definition block. ~~cause of the
same layout the second half may be used as the file
definition block of a so—called “slave” file with fi le
nuii~bcr ec~ual to i’4FIL1~ i. 1 • Therefore it is possibleby following a call RØTATE by a call ATTACH for liFILE
+ 1 to obtain t’- io block pointer~~(I-PNT and JPNT ) pointing
to two files in the rotating files which are next to
each nthcr.  ( i .e .  at c~ mpietion of these routines the
current — 1 and the current file),

~~
) This m a y  be of ir -ip ort an co if one ~‘ant~ for example print

a te xt f ib  from disk on the line printer.  One makes now
a duplicate block printer a (tachcd to the “line printer
rcsident file , but with thc- number of blocks NI3Lk and
block 1.on~;th LBL~ of the disc resident text file. By
using now SEORI) and 31X)WF( ~rith the thu s obtained block

4 ,, 4- , i’ v— m r,1 ,~ 4- v .  ~
-
~.-- ~-4- ( f 1 i- r~ ,. 1 4 r~ ~~ ~4

- -  
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i Ott~- that on a process control computer one can have so—
veral job s ( which may be not related to each other) where
c~ ch job m:y consist of a number of programs (in Fortran
i ROGRA~ statement ) or overlays . Each program may use Se—
v~ raj . subroutines. Consequently the words Job , Program
and subroutine will be used with the above meaning.
In the following some general rules are given:

1.3.1

In each program the bock pointers used should be dimcn—
sioned and oquivalanced , e.g.:

DIIIENSION IPNT (10)
EQUIVALENCE (IF , IPNT ( 1~~))

i~ote that according to the definitions, IPNT (1) is rela—
tive to itself.

This means that for example
IPNT (Il’)

gives (in Fortran) the contents of the first element of
the block to which IPNT is pointing.

IFNT (IP + 1)

gives thc content s of the second element, etc.

Very often it is possible to give selfexplaining names
to the cont ent s of a blook such as high limit , low limit
desired value and dead band for a block containing alarm
limits. By using the following way of coding :
Dhi- 1EN~ ION IAU i (10) ,  I]3tJF (96 )
EOUIVALEWCE (HLIM , IAL. , IALM ( i ) ) ,  ( LLIr I , IALM ( 2 ) )

~(1U IVALEN CE (DESVAL , IALFI (3)), ( DBAND , IALN (14))

IN TEGER HLflI , DESVAL , DBAND -

Dp4~~M 5ZD P%J s4~tm (‘~, LL.1 M (1), b~~5V4 L (~ , b~ A’4~
in which IALfl is the block pointer of the alarm limits
file , the values of the alarm limits in the block (after
reading a block of the alarm limit file by one ol the
read routinesdescribed in sections 1.2.4 and 1 . 2 . 5)
can be found in the locations :
HUll ( IAL) for the high limit
LLIi 1 (IAJ .)  for the low limit
DESVIkL ( IAL) for the desired value
DBMD ( IAL) for the dead band ,

~Tben floating point numbers are used in t h e  files special care
ha~ to bo taken. Dy using an integer 

variable equivalenced with
a floating na Lt e problems are solved :

- i~°UIVALE~1CE (A, 1A) (DlTL1~N~3b0N IA (2))

Then IA -~~ U-NT (ir)
IA(2) 1Pi~1T (ii’ •f 1) gets the floating point figure fror~the file into A. 

_ _ _ _ _ _ _ _ _ _ _ _ _  

- _ _  _ _ _ _ _ _ _ _ _ _ _ _  

-t

_ _ _  - 
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i . S .o Use 11’ as argument in the file handling routines In-

stead of 11’NT (e .g .  CALL SEf lJ W ( I P ) ) .  This allows the
fortran compiler to detect that the subscript II’ of IPNT
in a following statement witl-i IPNT (IP) has or may have
been changed. Fortran will therefore recalculate the in—
dcx and will not assume an unal tered inthx IP.

1 ,3.3 Before using a file in a program first attach the file
to a blo’ck pointer by the ATTACH routine .

1.4 Init ial ization of file definition blocks (preliminary)

A special mass storage resident program is needed which
allows the initialization of the ~L44zW’file definitionblocks.
This program can probably make use of the DEFINE routine .
The program will read in file definition cards of -the
following format :
A2 , 3X, 715.

The cards contain according to the above format following
information : - -

a. for a normal file 
-

FL, NUNIT, NFILE, NBLK , LI3LK , LU, N~~P , I~~TR..

b, for a rotate file

~~~~ IIUNIT, UFILE, NBLK , LBJJK, LU, NOFILES,.~ L X7P~
where

—

LU - logical unit of file (m ci. i eoi d—~eng~ hbit IL.444. 3~. 
Fo4. 3~~~~~&

NOFILES = number of files = 0 for non—rotate files.
Special control cards will allow the optitnization of the
location within a certain logical unit of the files for
example :

NC 
- 
start fol],owing file cards for the disc on a new disc
cy linder E . I - ‘I 1 - - - 

- -

The Format for this card may be A2, ~3X, 15 and contains

NC , LU -

where LU is again the logical unit. -

A ~ Q ~~~: ~~~~ s~~L~~ ~~~~~~~~ 
L ~~~~~~ ~~~~~~~~~ &.&& (v.ssr~r

~~~ o.. du.~~~..y 
-
, i€)(7P— AL LOtU S T-? ’.t ~ ~ts~w&4t~~ 

6.
~—

~~~~

.*- ~~~~~~ 
,4.4~hks 

- ~~
.. ~ ~~. ,

~1ji~ ~ 
o1.L ~~~~~~~~ 

‘
~~ ‘-~~

4t~,4.. ~~~~ ~o sc’. ~~~ c~t~~*. 4L ~~~~~~~~~ ~~ ~~~ ~Ø6i~ ~~~~ £

~~~~~~ tu ~4J ~~~~~. L~ ‘~-~~~~ ~~~~‘ 4~1i-i.
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2. j o: ST!..~:Ij:C A\~!D C0h1?L~ fIoN ROUTINES

-~ i ~c~ er~ ~
x)

2c~ch prQ~ rai~ (separate overlay) of a job has ~n entry in
~~~ syste~a directory . It is this entry which is threaded
into the schedule stack when a schedule request is issued.

ecause of the above a program cannot be rescheduled again
until the first schedule has boon honoured (program taken
into execution).

If rescheduling is tried when the first schedule is -still
ir~ the schedule stack the request is rejected and bontro].
returned with the Q register set negative .

One other important facet of reschçduling a program is that
t h e  program has to be re—entrant~~~) . However , thi s re—
ouire~nent cannot be met for most of the jo bs. It is there-
fore of the utmost importance that a program or job is not
rescheduled (taken int o execution again) before the Pro-.
gram has terminated a previous execution.

The above two facets are the reason for providing special
(re—e ntrant ) subroutines which are to be used to start and
to teri~in~~ e a job. An additional feature of these sub—
routines i~ that jobs which require disc transfers can be
put into a delay status in order to provide for disc
r.:aintcnanc e t ir-ic ( O — h 0  i~iin . ) without the loss of perti-
nent information. 

-

2 2 CAL L ~~~~~~~~~~~~~~~~~~~~~~~~~

whore ,

AN~ is the name of the job . Name is to be defined as
external : EXTERNAL NAhE

II~RG is the name of a dimensioned array which contains
the input arguaent s (if  any) ,  for the job. If no
input argument s are required a zero (0)  is to be
used.

~:) Aitheugh it may sooia that these remarks apply only
to a CfJC 1700 computer si~ i1ar observations will apply
to tr~ost process control computers .

~~
) At least when it is a core resident prograr~.

it 
_ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _  -- - - -~~~~- -
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IND ~s o .,  cr~’or i.~dicator
- () no error-
— 1 110 roe availabic to store arguni~n i~s

nc-ga -Live reque st to start job rej ected ( f -~~ol
errol ’) .

MAIN too nai ;~o of the program which issues the c~.il ~~
~~w u - . This name (~ Ai1I ) is used to release ccro 01
•chis program part (Note that a job may consist ~f r~orc
than one consecutive pro gr am) .~ )

ana STRTJ3 are almost the same routines. Thc- or~ly —

d~ : ; - ~ once is that that i~ L ITJ -~ does not accept tne
~~~er~ts because thu table of argument s for tha z jcb I-

full ( luD = 1) STRTJI3 can still accept one ~~~ o2

The or~ uments are stored in cells of a cylindrical l;~~-~t:~e length of the list determine s how many sets of org—i —
mcmts can be accomoda-ted (the list has one spare c d l
which may be used by STRTJD).

2 . 3  Job ta bles

In order to be able to use the calls as described in 2.
and to incorporate other features such as the autor~atic
starting ol jobs at a predetermined time interval etc. a
special program which should be under the responsibility
of the system supervisor of a particular installation is r e—
craired and \-thich can be called ~Job tables ’ (J DTAD ).
All the I-TLhl arguments of the previous section (2 .  1 ) whi ch
are -~~e names of all ti-ic- real time jobs , should be entry
point s -in tillS J13TA~3 program .

For each jo b in this job table program the following in—
Ior~ aLion is to be available :

1 . The ( in i t i a l )  priority oi’ the job.
2. ;hother -the job j~ to be restarted wi-ion a second e tc ,

call is i- ado for the job while it is still busy with a
previous call.

3. hether the job may be placed in a delay status for dllc
maintenance.

4. ~hethcr e special job (so—called repeat job)  is to be
star ted when a secondary , thi rd , e tc . ,  call is made for
the job which is still in execution (see also under
point 2) .

5. - bother the job is ~o be started at a predetermined
time interval by a cloch- routine . In this case t h e
job must have a count...do\-rn location and an indication
o~~the required time in terval .

~
) c’~-i C r C  1700 use is r ode oI ’ t i le cal .L ~~ LESE ( J ’ : IW.)  f ~ i

other ~I-ogr a~ po r ts  hot erKila . with a call :- lj - -J- h . ~-.e call
REL .~ L or the ~()~‘tr ~-in , run tirie paChag e is tll Od if iC(J so that
aL so  ~~~~ resident c~a -ra ils can issue a call ~~~~~ ~-~ -~houtr’ri ii- - ~iri ’- r’ v ’ r’nr .~ ( c ~~~. 1 -~‘.., ,.t -..-~~~ -,.. ~~~~ -, ,- - - ,

~~.-

~ 
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C .  :~cr a :) ob with argu~rent n the arguments must be saveein a cylir-.drlcnl list (per job) on a first in first c-ut

basis .  ~~. special routine is required for  these jo os to
obtain access to- these arguments (see section 2 . 3 ) .

2 • 
~

Jobs started with one of the calls given in section 2. 1
and which use argument s must have the moans to get the
value of these argument s from the cylindrical table (see
section 2 . 2 )  in which they are stored.

For this purpose the JOBAII G routine ha~ been provided. The
routine may be used repeatedly in the same program or set
of pro~ rai ts of a .job. An example is:

DIi~IEI~lS ION I~ HC ( 1 )
EQUIVALE1’ICE (INN , INHC ( 1) )
EXTERNA L NAME (name of the job)
CALL JØDAI~G ( NANE , INH )

execution of the above call

INH C ( Ii-1-i ) contains the first ~rguinent ( IARG ( 1 ) )

INHC ( INH + 1) contains the second argument etc.

-I- 

_ _ _ _

—~~~ 1----- ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ _~~_ ‘ . .~~~
‘ —  - 
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—‘ . AUXILIARY RUUTINE~

3.1 CALL, 1’LASr(

CALL DMASK

T~-iese ai’a t ’.-io special routines which~ although USL-Ci 10
file orjanization routines themselves, do not belong to
the itle system proper.

The routines make it possible to use non-re-- entran t non-
inhibit ed F’ortran callable routines in a mult i .—pr - o~~r s.m~~no
environment by f irst  making a call to ~1A~~( and a f ter  •c I O
routine a call -to ‘)r LA JJ;~. The routine or routines ca~ aer ;
between these two statement s should , however , in no ca~:cmake any I/v (input-/ ou tput )  command or request.  -

It is important that no call to one oi the file orr- :ani�~o--
tion rOUtines iS made if a CALL MA3~( is still ef fec tive .

3.2 CALL LØCAL (NAME~~ IBUF , IARG 1 , . . . . . IARGn .~
Thi s routine -‘loads on call~ the subroutine i~U JL~ int o w a ry
area IBUF .
The number of argument s (IA~ G) of tile subprogram m ust match
‘-~ith -the number ol’ IAdG s in the call LOCAL .
The effect for the user is therefore -the same as if he usa a

CALL I~AI1fE ( IARG 1 IARCn )

The \-.ror !~ area IBUF should be at least equal to the len~ t-h
of the subprogram .

Note ; NAM2 will most l ikely ho a core resident array 02
locations containing the address of the subpi-’ograa
on di sc and the pro~ rani lcng-bh. Therefore naoie has

be specified as external . A special program may
put the address and length information in the array
after the subpro~~ ain itself has been placed as a
file on mass memory storage .

-

-

-
~~~~ TT_~~ _. ~~~~ -~— — - T~~.~~ -~~~~~~~~
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SECTION V

FORNAT DEFINED LANGUAGES

At the First Workshop on Standardization of Industrial

Computer Languages the Problem-Oriented Languages Committee

was first organized as the Fill-in-the-Blanks Languages

Committee from the popular format for such languages at that

time. They recommended a name change to Format Defined

- Languages Committee and eventually to Problem-Oriented

Languages Committee. This first document is their first

requirements and definitions report. It was published in

the Minutes of that Workshop as Insert VII, pp. 53-57.
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FORMAT DEFINED LANGUAGES

A. EXPLANATIONS

1. D IGITAL COMPUTER OUTPUT :
a. Direct digital control (DDC ) is a means of imple-
ment ing a control function by direct action to the actuator.
b. Digital setpoint control (DSC) is a means of imple-

menting a control function by setting the set point

of an external controller.

2 . DIGITAL COM PUTER INTERNAL CALCULATIONS AND CONTROL

H FUNCTIONS

a. Regulatory digital control (RDC ) uses a large group
of control functions short of optimization which may
be implemented by cascade adjustment of set point s
(DSC) or direct action to the actuator (DDC) .  This
inc ludes sequential control as well as the usual closed
loop , feedward and other algorithms irrespective of
time scale for repetitive actions .
b. Optimizing control is a control method using
special calculating procedures aimed at arriving at
optimum set point positions for regulatory loops to
meet a specific operating objective .

B. FDL IS REC OMMENDED IN THESE APPLI CATION AREAS
1. Data Acquisition by Schedule and Interrupt
2. Data Conditioning
3. Alarm Log and Emergency Response
k . Regulatory Digital Control

5. Support of Man/machine Interface
6. Data Storage and Retrieval

7. Communication with Other Computers 

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

_
hIL — --- --~~ -
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C. GENE RAL REQUIREMENTS FOR FDL
1. Process Definition
2. On-line Program Expansion and Modification .

3. Should make maximum use of industrial terminology.
k . The language should be self-documenting. The source

information after being prepared or listed should be

intelligible to the application engineer.

5. Must interface with procedural languages.

6. The application engineer working with FDL should

definitely not have to concern himself with bits,

bytes or internal number representations, about the

real time operating system, about internal interrupt

responses, or about routine internal file handling.

7. Sufficient -iiagnostics should be included to show

improper use of the language .
8. Should inc lude methods for the definition of recovery

procedures to insure appropriate operation in the

event of system failure .
9. The method used to identify and name system equipment

should be such that names and addresses need not be
defined more than once.

10. Information named within this language should be
externally accessible by references to said names.

11. The capability should be provided for an experienced
programmer to add new format definitions to the

language .
12. Retrieval and documentation of the information after

it has been used and modified should be possible.

D. SPECIFIC ITEMS IN FDL
To be specified at subsequent meetings . Example items

that may be considered are attached.

--- -- - -- - 
_ _ _ _  -— --- 
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EXAMPLES OF SPECIFIC ITEMS TO CONS IDER IN FDL

I. Inputs-Scheduled
A. Analog

1. Indentification
2. Scanning Rate

B. Pulse

II. Inputs-Interrupt
A. Analog
B. Contact Closure

if III . Inputs—Generated
A. Timers
B. C omputed Variables

IV. Alarm and Log
A. Analog Inputs
B. Contacts
C. C omputed Variables

V. Conversion of Data & Data Processing

A. Eng . Units
B. Aver. , Delta , etc .

VI. Control Functions

A. Build Loops
B. Build Feed Forward & Interacting Systems
C. Control Calculations with Constraints

1. DDC
2. Set Point (Links to Variety of Calc . Methods)

3. Sequencing
VII. Control Output

A. Analog

B. Contacts
-: C. Pulse

~~~~~~~— ~~~~~~~~~~
—- -

—.“
=~~ --—-- - ~~-—~~~— -~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



VIII . Communications-External
A. Oper Console-Pertinent Variable & Control Info. & Adjust
B. Engineer
C. Report Writing-Typers & Line Printers
D. Other Machines

E. CRT Displays
F. Data Storage and Retrieval

IV. Communications-Internal

A. Links to FORTRAN Subr.
B. Background Work (Time Share )

X. Misc. Services Routines & Features
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E. RECOMME NDATIONS FOR FUTURE ACTION

In order to conform to the adopted goals of the Workshop
and to further develop the use of a “Format Defined
Language” which specifies parameters and control actions ,
a committee is to be formed which is directed to do the
following:
1. Recommend a generic home for the language(s).
2. Prepare a more complete and detailed set of require-

ments and features for the language(s).
3. Examine the relat ionship of these requirements and

features to the effectiveness of the existing languages
of this type and identify new directions for development .

k. Recommend preparation of a standard language(s) if

- 

- and when this appears feasible.

I
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SECTION VI

PRELIMINARY REQUIREMENTS

PROBLEM-ORIENTED LANGUAGES

The following three documents present the work of the

Problem-Oriented Languages Committee in developing a set

of specification requirements for a problem-oriented language.

This work is not yet completed since the Committee has con-

centrated recently on its development of a translator system

for these languages (Avenue 2 of the discussion in the Intro-

duction). “The Preliminary Requirements” appeared in the

Minutes of the Second Workshop on Standardization ~~ Indust-

rial Computer Languages on pp. 51.63. “The User Criteria for

Process Oriented Source Languages” appeared in the Minutes

of the Third Workshop on Standardization of Industrial Computer

Languages on pp. 73-90. The “Preliminary Recommended Speci-

fication and Procedure for a Process Oriented Language”, appeared

in the Minutes of the Fourth Workshop on the Standardization

of Industrial Computer Languages, pp. 88-101.. The “Working

Document for the Specification of a Problem Oriented Language”

appeared in the Minutes of the Fifth Workshop on Standardiza-

tion of Industrial Computer Languages on pp. 137-179.

U - - - - - - —- — ~~~~~ IthSfl ~~~t - _______
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PRELIMINARY REQUIREMENTS

PROCESS ORIENTED LANGUAGES

1.0 Introduction

The process oriented language concerns itself with

those aspects of industrial computer systems which can be

joint ly expressed in the following source documents

( c . f .  Section 2 . 0 ) :

1. Process scheme and specification

2 . Control diagram

3. Logic flow chart .

The process oriented language is a set of rules ~nd

symbols which are understandable by humans an d mechan ies.

It expresses information contained in the above three

document s in such a form that it can be t ranslated auto- if
matical ly  into working computer programs and/or data  used

by computer programs .

The elements o~ the language are ident i f iers  and

operators . Identif iers  (e .g .  names , addresses , et c . )

designate objects and a t t r ibutes  of objects. Operators

( e . g .  imperative verbs , arithmetic operators , etc.)

designate operation to be performed on objects .

These concepts will be more rigorously defined

below .



- -  ——- — —- ~— ~~~~z~- - -~-.~--- r :  — -- -

-152-

2 .0  Source Docume nts

2.1 Process Scheme and Speci f ica t ion

To describe the process , we consider it necessuy

to provide:

1. P & I Diagrams

2. T abular lists of:

a) Analog inputs
b) Output signals
c) Contact signals

The tabulations include such items (but ~~~ n~t

limited to) the following:

Analog Inputs

Identification (name , etc.)

Value, alarm limits , etc.
Sensor an d Signal, etc.
Sampli ng
C onversion to engineering units

- Notes

Output Signals

Identification

Devic e an d signal
Clamp s and alarms
Feedba ck charac te r i s t i cs
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Contact Signals
Identification
Device - 

-

Contac t rating
Position (open , closed)
Sampling (random , synchronous )

2.2 Control Diagram

The control sys tem is defined by a block diagram

similar to analog computer or instrumen t diagrams , using

existing standard symbol sets as much as possible . The

diagram consists of blocks or special symbols represen t ing

computations performed nearly simultaneously , and connec-

t ions which represen t the flow of information from one

computation to the other. The calculations include , but

are not limited to , two term controllers , dynamic compensa-

tors , multipliers , etc . which exist in the analog world

or which would exist there if they were practical (dead

t imes) .  Each calculation would have a number of parts or

connections (an exception has been suggested for the

equivalent of an analog cont ro l ler ) ,  and might have actions

relating to display or other system functions in addi t ion

to the control (such as lighting an alarm l igh t ) .

An alternative to this analog tradit ion already

exists.  This is in the ~loop ” concep t , that exists in the

many systems , where measurement value , control parameters ,

and control struc ture information are conceptualized in

blocks together. While this point of view might be

accommodated in the approach we are taking here , we feel
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that a major reason for not doing so is related to the

need for effect ive  operator in ter face  to the contrc- l

system. The result  is a spec i f ica t ion  for d ig i ta l  c- ~ tr .-l

techniques oriented about the analog traditic-r~. We

believe that operator interfacing Is su f f i c ien t ly  im~-ur~~ r~t

and detailed to require separate specifications and ~--o

question whether , as a standard , tleing control and ~L-

pl ay toge ther can be made su f f i c ien t ly  f lexible  arid ~- e f ~r~~l

to satisfy most users.

From the original analog point of view a cont- r~-l

system is defined by a block diagram and a list of pr r--

meters.  For purposes of discussion the contro l syFi t e r ’

is described in terms of the followin g enti t ies :

- A contro l system is an entity with a name and a
series of contro l elements.

- A control elemen t is the digital equivalent f ar -i
analog computing block. It is an entity w i t h  a
name , a typ e (controller , mul t iplier , c a l cu l a t t ~- ir ,
e t c . )  and severa l variables associated with  ipu t s ,
outputs , and parameters which may be used as au
input to ano ther calculation .

- A variable is an ent i ty having nam e , ar i thmet ic
type , engineering units , data entry in fo rmat ion
(whether the value is calculated , entered manually
or entered from the supervisor) .

- A macro element is an element whose comput at ~~ :i
is defined in terms of other elements (effect~ vol~in a diagram ) but which is treated in other
respects like a contro l element. We assume t d ~capability to define macro elements out ci
elements or as computational procedures .

_ _ _ _ _ _ _ _  _ _ _
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By the way of illustrating these concepts , a tabular

representation of a series of control elements is given

in Figure 1. It is assumed that the element variables

are all indicated by symbolic references and that any

undefined variables can later be specified by a table of

the form shown in Figure 2. The variable references are

grouped in Figure 1 in order as outputs , inputs and

parameters. There is a single main output which is

assigned the name of the element unless otherwise specified

in the table (although there are calculated values to he

stored w ith the element which are not explicit  in the

table such as the integration in a PID).  The purpose of

the table is to show the nature of the control system

specification. While this might appear to provide a basis

for a fill in the blanks implementation , it is not our

intent to describe the form of the language .

It will be noticed that in Figure 1 connections are

made by referring to common variables or to the output of

a preceding variable. As a matter of principle , we would

prefer  free bi-directional interconnection between all

variables (including any stored values ) intermediate t~—

final results. If the name of the main output was used

as the name of the main variable , subscripts could he

used to access secondary variables.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -—--_ _ _ _ _ _ _ _
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Definit ion of entries in Figure 1:

FRC 1O1-I- is a PID controller with 1 sec sample t L r r ~
V103 is its valve output

F1O1 is its measurement (a flow )

SP1014 its setpoint

Initial Status : Auto —manual , pos i t i on a l  -

incremental , increase-decrease , etc .

KP1Ok Proport ional gain

KIlO~- Integral gain

KD 1Ok Derivative gain

HL1O~4 H i limits to valve travel

LL1Ok La I!

CAIL~ No. -~t is a multiplier for

F85, a flow measurement and
P 85 , a pressure measurement giv ing as a

a comp ensated flow .

CAIC No. 5 is a sample and hold element wh~ c-~--
picks the peaks of A33 , an analyzer , under
logical control of CMP1O , a comparator.

The variables are specified in terms of their re-a l

or logical character , their conversion propert .~H- : - ,

and their data entry (or operator interface) pr  r e r t~~
The assignment of a name and type to a control elemen t 1 -

a convenient means of tabulation , and does not imply any

part icular  method of language implementatien.  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _ _



-157- 

“- rn -~~~~~~~~~-- -- - -- -- - -- - -. -—-- -- “- - -~~~~ _



___________________________ 
ii

-158-

2.3 Logic Flow Charts

It is proposed that the process be delineated b~- tJ~~-

flow charts. The flow charts completely describe the t r , ’-~~

logic and operations to be performed during norma l cpei-a~;~~-u ,

and also under exceptional or emergency conditions .

Bas ically , the f l ow charts  descr ibe how the eau ipa :eat

and devices specified on the instrumentation and control dL a 

are manipulated to accomplish the required actions .

I t is required that a system have a provision to in~ ~ 1 or - - -

or terminate any procedure in response to:

a )  a random external event

b)  a request by another procedure

c) an abnormal condition detected v~ithin a pr-~c ~du -e

during execution.

Conditions for initialization and termination are des- H

crib ed on each logic flow chart  and thereby desc r ihe  the c~-~ -- ~ r

procedures or events in the system.

The logic flow chart consists of a group of operati -u-

represented by suitable standard symbols. (Note : Each ;yn~~ - 1

and its contents correspond to a single language state~-er i .

The symbols are connected with lines and labels , so that t~1~~

process operation is completely described.

It is noted that six (6) standard symbols are s u f f i c i e n t -

to descr ibe any p rocess sequence . These are the Query , A - - Li - a ,

Message , Con nection Label , Ini t ia te , and Terminate ~yinla-ls .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - -
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The Query symbol is represented by ~~~~ xpr~~~
and has the following mean ing: (

If exp r = TRUE go to right , otherwise go down . The

“expr” may be any relational or logical expression . For

example , “ expr may be:

FT1 ~~~~~ AND FTI ~~8o; or (nIl AND D12) OR fl13;

where FT1 is a real value and Dli, 2, 3 are digital

inpu ts.

The action symbol is represented by and

means any unconditional operation by the system. Examples

of such unconditional operations are :

a) Evaluate an arithmetic expression

b )  Operate an external analog or digi tal  h ar d w a r e  device

c )  Read and save the value of an analog input device

d )  Read and save the condition of a digital  input device

e )  Init iate a conditional or unconditional time delay

f )  Change the value of at tr ibutes describing an analog

input

g)  Change the value of a t t r ibutes  describing a DDC

algorithm

h )  Execute another procedure

The Message symbol is represented by and

means the unconditional output of the message referenced by n.

The Connect ing Label symbol is®, where n is a num eri c ,

alpha , or alpha numeric s t r ing and in general refers  to ano ther

-~onnecting label containing n in the flow char t  of procedure.  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -— —‘.~——-_-— — -——-—.—- —-- --——-—-- _ --- --- - ----—--- _—-- .—--- - -------- - -—- ---- - --.---—— 
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The Initiate and Terminate symbols are and

respectively, and represent the beginning and ending of a

procedure.

3.0 Man-Machine Communication

Man-machine communication utilizes devices such as

typers , printers , keyboards , consoles , and CRT’S.

The scope of the Process Oriented Language includes the

content of the communication between man and machine , but

excludes the formats of the messages used in communication .

k .O Classification of Objects

k .l Devices

The term tt device fl includes such things as process actu-

ators and sensors, control loops, or even complete process

uni ts .

A simple device is one which is not composed of other

devices.

A composite device is one which is composed of other

devices , either simple or composite.

k.i.i Attributes of Devices

In general , devices have the following a t t r ibutes :

1. Description (name)

2. Components (parts l i s t )

3. Variables
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As a specific example , a simple external device such as

a valve , has the following attributes :

1. Description (name )

2 . I/o elements (latching relay )

3. I/O variable (eg. actual and desired state )

4 .2 Variables

A variable is any arbitrary data structure.

4 .2 .1 Attr ibutes of Variables

Example : The following attributes are representative of

those associated with an analog input variable :

Name
Value and initial value
Process Unit ID
Change criteria
Signal properties

- - Engineering unit conversion
Filtering
Sample rates
Alarm limits
Reasonableness
Rate of Change limits
Deadband
Priority of point
Data type
Synchronization
Data comp ression
Demand read
Miscellaneous 

— - — - - ---- ~~ - -  ~~L— .. - - —— - - —~~ -~-.—— -~~- ------- --- ~ :::~~ —-—--—-- . ______
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4.3 Procedures

Procedures such as programs and sub-programs are within

the scope of this language.

5.0 Classification of Operations

5.1 Arithmetic and Relational

+ , —
, 

*
, /, 1,>, <, 

~~~~ 
?~~~, 

=

Function Library

5.2 Logical

And , or , not , exclusive or

5.5 String

Move , edit

5 4  Transfer Contro l

5.k ..i Uncond itional

Do , until , while , go to , delay

5.4 .2 Conditional

If , else , when , wait until

5.5 Procedure Control

Start program , stop program , call subroutine , return ,

exit.

6 .o Language Definit ion

6.1 Longhand Form

In the longhand form , some or all of the elements of the

language are separated by symbols called delimiters.  In this
fo rm , the language resembles a typical procedural  language
such as FORTRA N or AUTRAN .

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

- -
~~~~~~~~~

-
~~~~~~~~~~~~~~~~
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6.2 Shorthand Form

The elements of the language occupy fixed relative

character positions in the input stream and are not separated

by delimiters. In this form the language resembles a typical

fill-in-the--blanks language such as PROSPRO or BICEPS.

6 .3 Publication Conventions

The process of preparing this specification and subse-

quent user manuals for printing requires a form of expression

which makes the reading of printed text easier. it is there-

fore necessary to define conventions to be used when describ ing

the language in publications.

_______________________________________ -
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USER CRITERIA FOR PROCESS-OR IENTED

SOURCE LJ~NGUA GE

User criteria are the attributes of the Program-oriented

Language (POL) which enable the user to define his process to

the computer system. The computer system is represented by

(Figure v-i) a group of functional processors interconnecting

through a central processor. The user communicates his process

requirements to these processors by a combination of statements

representable in Bachus Normal form consisting of specification,

sequences , procedures and conditionals.

Sequences can be implemented on any of the processors .

They consist of a string of sentences initiated by a conditional

which is implemented through the Central Processor (CP). The

physical process which can be a batch, or continuous process is

implemented with sequences in the respective functional processor

and initiated at system start up. The sequenc e describing the

batch process are grouped in a separate Batch Processor.

The attributes of the following processors are described

below .

1. Analog Input
2. Analog Output
3. Digital Input
4. Digital Output

5. DDC

6. Man-Machine Communication
7. Computation, Arithmetic and Logic
8. File Builder
9. Batch Processor

10. Cold Start and Maintenance

Th ose ai~tributes of the functional processor which are

static information are character ized in the specif icat ion state-
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ments and the dynamic operations which act on the specifica-

tions are characterized in the procedure statements.

CHARACTERISTICS COMMON TO ALL MACHINE S

1. A program memory and a date memory ( but c ommon to all

machines)

2. A program counter (al l  machine programming languages are

assumed to be sequential.)

5. A repetition stack in which is stored a list of f re-

quency code-address pairs indicating that , when free ,

the machine will jump to any address from the stack in

its program whose time-for-next repetition condition has

been met .

4. Has a terminate command TMT which releases machine to

process next request.

5. Has a repeat c ommand :

RPT freg m i t .

which causes the frequency code to be placed on the repe-

tition stack along with the address af ter  that of the RPT

command . Also has a release command : RLS address ,  which

deletes any pair with the given address from the repeti-

tion stack.

6 . A Time marker command :

TM address

whose function is to increment a time marker (see coor-

dinating machine) and to release processing from present

program if the time marker count is completed. Also sends

I ’.
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FIGURE V-l
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a return address to the coordinating machine-time marker

stack. - 
-

7. A machine request stack containing addresses to be jumped

to on completion of any present program and a command re-

questing an action from another machine .

RQS T machine address

This command places the indicated program memory address

on the request stack of the appropriate machine .

8. In the interests of permitting data structure def inition

and manipulation one might add to any of the machines with

Load and Store commands any of the following

a. Interchangeability of data and program memory

b. An indirect address bit

C . Increment register commands

INR n Register no limit

DCT n Register no limit

where n is the amount of increment and limit is a value

for a skip test, skipping the next instruction if the

limit is reached.

d. With reservation we might add a minimum number (5 or

or 10 at most) arithmetic commands and register (add

c omplement , and and/or) and skip tests.

COORDINATING MACHINE

1. Has a time marker stack (Dijkstra semaphore) and a com-

mand, STM ri address, (set time marker stored at address

to count n completed conditions before re lease) .  The

— --
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time marker stack contains marker address - machine-pro-

gram address triplets such that, when free, any machine

— with an entry in the stack corresponding to a completed

time marker will be returned to the program address.

This permits a uniform way of synchronizing action s with-

out requiring any assumptions about who triggers what

program.

DDC MACHINE

1. Has a set of standard numbered registers of sufficient

number. Each register would allow standard data informa-

tion storage but would allow an “undefined” code as well.

2. Has a load register command :

LD Register number address

3. Has a store register command:

ST Register number address

4. Has a “de-defining” command, DED, which puts all registers

in an undefined state.

5. Has an algorithm command:

ALG type

whose function is to act on the entire set of registers

as a block and apply to these an action appropriate to

the type code . There would be standard algorithm types

such as:

Controller
Lead Lag
Square Root , Adder , Diffencer , etc .
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There might also be a “higher level language” type whose

only function would be to transmit the data to the “higher

level language” machine along with a request for action and

a return address. The action would then terminate.

As an example of the function of this machine consider the

controller algorithm. A list of data normally dealt with

in a controller might be as follows:

1. Error

2. Auto manual status

5. Manual input

4. Valve analog feedback

5. Valve too low digital signal

6. Valve too high digital signal

7. Feed forward

8. Proportional

9. Reset

10. Derivative

11. Derivative filter gain

12. Valve

13. ~ Valve

ik. Derivative Data

15. Integral Data

i6. Mode Code

Certain (or all) of these data forms might be optional in which

case the algorithm would recognize any undefined registers arid

act accordingly (Such options might also be defined explicitly

in a mode code) For instance, although the controller in its

most general coding is three term, we might compile a two term

controller driving a valve into code as follows:
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RPT l sec 0

DED

LD 1 ERROR

LD 9 RESET

ALG CONTROLLER

STA 12 VALVE

RQST AO OtYTVALVE

TMT

This last command is a request to the analog output machine

to go to the address of a routine that outputs the valve.

ANALOG INPUT -

1. Has an address, a condition register, and a device address

register plus several data registers with loading and

storage conirnands.

LID Register no. address

ST Register no. address

2. Has increment and decrement register conunarids

INR n register no limit

DCR n register rio limit

3. Has input command 
—

RAS type

(Read analog sensor) where the type code would cove r

standard device types such as current (or voltage) out,

millivolts out, pulse width out, etc. and where the

L 
_ _ _  _  _  

-

~~~~~~



-

~~~~

-172-

address register is where data is stored; the device

register indicates which point data is input from.

4. Has skip commands

SOF n (skip on fault) where n is the bit in the

condition register

5. Has filter and convert commands acting on data in regis-

ters and at the address in the address register

FLT type

CONV type

ANALOG OUTPUT

Same as analog input except for items 3 and 5.

3. Has output command

OAV type (Output Analog Value)

5. Has conversion command

CONV type

DIGITAL INPUT

Same as analog input except for items 3,5 and it has a

bit field register for defining the bit read into.

3. RDS typ~
(Read digital signal)

5. Masking commands and extra registers

CMR register no (compliment register)

AND register no address

OR register no address

I
I !

- - - - - -- -- -~~~~~- -- --  --  ~~~~~~~~~~~~~~~~~~~~~ - - --~~~~~-- ~~~~~~~~~~~~~~~~~~~~ - ~~ --- - - --—- - - - - - - -_—--——- -—~~~~-—~~~~~~~~~~~ -~~~~~~~~~ -- - -
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6. Skip commands:

S KBS n address~Skip if bit n of the word in the

address is set).

DIGITAL OUT PUT

Same as above with

3. ODV type Output digital value

HIGHER LEVEL LANGUAGE MACHINE

Same type machine with higher level language available.

CONSOLE MACHINE

1. The ma~hine would have a keyboard register or registers

permanently containing a code defining the ~
t ored tt state

of itself and the most recent keyboard actions on a bit

by bit or field by field basis.

2. It would have a data register with Load and Store commands .

3. AND, OR, and bit skip test commands as in Digital Input

4. Display commands

a. DSP device

Transmits code in data register to console device

b. DSPC char x

Positions are given character at position x, y on the —

scope

c. DS PVC mode x1 y1 x~ y2

Positions a vector of given mode (solid , dotted , etcJ

from point x1 y1 to point x2 y2 on scope. 
~ J
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SOME DEFINITI ONS

Backus Notation

A notation used to describe the syntax of languages .

The notation is defined below.

1.0 Metalinguistic Variable

.c p> A sequence of characters enclosed by the bracket

termed a metalinguistic variable .

The values of a metalinguistic variable are

sequences of symbols.

2.0 Metalinguistic Conriectives

(1) Explicit Connectives

:~~~ “ IS defined as”

Example: a ::= - b - reads as “ - a - is def ined

to mean b “mean - b -

“ inclusive or”

Example : - a / - b reads as “ - - a or - - b :- -

( 2 )  Implicit Connective

The absence of an explicit connective between two

metalinguistic variables implies the presence of the

connective “ and ” .

Example: - a - - b rea ds as - “ - a and~ b 
-

3.0 Metalinguistic Constants

Any symbol which is not a variable or a connective

is termed a constant and denotes itself .

Example: The string of symbols JOE is a metalinguistic

constant. A permissible syriomum of metalin-

guistic constant is literal. Also , literals

may be optionally underlined for easier readin~- . -

_____________________ ____________________ -- - ;  ~~~~~~~~
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4 .o Syntax Equations

A syntax equation is the definition of a metalinguistic

variable .

Examples:

(1) ~~ette~-> : := A/B/. .. ./ i.e.
- 

“The variable letter is defined as one character

of the alphabet” .

(2) <‘digits : :~ 0/1/2/3/4/5.. ./9 i.e.

“A digit is one of the characters 0,1,2, etc.
1

(3) <‘alphanumeric characters : :~ C’letter) / <‘digit)

“An alphanumeric character is a letter or a digit” .

( 4 )  <‘integer~ : := <digit> /<digit> (integer>

“An integer is a digit, or digit immediately followed

followed by an integer” .

5.0 Backus Normal Form of Language Definitions

The set of syntax equations which completely define the

syntactic rules of a language.

FORM OF A PROGRAM AND SENTENCE

<PROGRAM UNIT> = <
‘TITLE> <~PROGRAM BODY2 ~ END -

:->

/TITLE> = ~HEADER .-’ <LIST >

~TADER2 = SFECIFICATION/PROGRAM/SUBROUTINE/

REAL FUNCTION/INTEGER FUNCTION/LOGICAL FUNCTION

~AM ~ ‘ 1 Y> SENTENCE>/

~.. ~ENTEN C~ 4ROGRAM BODY’>
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SENTENCE — = IMPLICIT SENTENCE /

/
~XPLICIT SENTENCE /

- ~EXPLI CIT SENTENCE - 
= SENTENCE ID - DELIMITER - IMPLICIT

SENTENCE -

- IMPLICIT SENTENCE - = CLAUSE LIST - SENTENCE TERMINAT OR -

- CLAUSE LIST = - CLAUSE / CLAUSE - DELIMITER - CLAUSE LIST

~CLAUSE . = ~ SPECIFICATION CLAUSE> / DECLARATION CLAUSE - /

--~EXECUTABLE CLAUSE - .

• END - = END . SENTENCE TERMINATOR .

Underfifled Productions:

SENTENCE TERMINATOR

DE LIMITER

DECLARATION CLAUSE

EXECUTABLE CLAUSE

SENTENCE ID

F ORM OF A SPECIFICATION CLAUSE

- SPECIFICATION CLAUSE :- = -
‘ IMPLICIT SPECIFICATION CLAUSE /

- EXPLIC IT SPECIFICATION CLAUSE

EXPLICIT SPECIFICATION CLAUSE . = CLAUSE ID DELIMITEF~

- IMPLICIT SPECIFICATI~ r-~ CLAUSE

IMPLICIT SPECIFICATION CLAUSE - 
= OBJECT ID DELIMITER

DATA LIST

?DATA LIST.~’ DATA ITEM ’ /~- DATA ITEM DELIMITER DATA L1 T .

_ _  ---— —-~~~ -- -- - - ~~~~~~~~~~~~~ -----—- • -~~~~~~--~~~~~-
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- DATA ITEM ’ = - LIST - / DATA TYPE ID - DELIMITE R LIST

Undefined Productions :

CLAUSE ID

OBJECT ID

DATA TYPE ID

DE LIMITER

FORM OF LIST AND NAME

LIST - 
= LIST OF NAMES -‘ / - LIST OF VALUES 7

<‘LIST OF NAMES > <DELIMITER > <LIST> /

/LIST OF VALUES> <DELIMITER> <LIST> /

LIST OF NAMES - = 
- NAME / NAME DELIMITER - LIST OF NAMES

NAME = VARIABLE NAME :./~ DEVICE NAME ‘ >/ ‘-- PR OGRAM NAME

LIST OF VALUES 
- 

= — NUMERIC VARIABLE - /

- LOGICAL VARIABLE - /

NUMERIC VARIABLE • DELIMITER -- --LIST OF
VA LUES - - /

LOGICAL VARIABLE - DELIMITER - LIST OF
VALUES.

Undefined Productions

DELIMITE R

VAR lADLE NAME

DEVICE NAME

PROGRAM NAME

LOGICAL VARIABLE
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FORM OF VARIABLE AND ATTRIBUTE

-. VARIABLE = - ATTRIBUTE /~ ATTRIBUTE - - END OF FIELD VARIABL

ATTRIBUTE ’ = - NUMERIC VARIABLE - 7

- LOGICAL VARIABLE 7
- CHARACTER VARIABLE /

- ‘NUMERIC VARIABLE , -. END OF FIELD - VARIA -LE

- LOGICAL VARIABLE -, END OF FIE LD - . VARIA -LE

CHARACTER VARIABLE - 

~ END OF FIELD 
- VAi-. - !~ -LE

- - - NUMERIC VARIABLE REAL -. / INTEGER -

Undefined Productions :

REAL

INTE GER

LOGICAL VARIABLE

END OF FIE LD

CHARACTER VARIABLE

EXAMPLE OF DES IGN CRITERIA FOR FUNCTIONA L PROCESSORS

Specifications (sensor characteristic s, and parameters)

1. Procedure to input e.g., A/~ multiplexer, address , 
- - c

scaling information etc.

2. Validation

3. Conversion parameters

4. Filter parameters

5. Alarm limits

_ _  -i

- i
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Procedures (sensor operation and data processing)

1. Rate of scan

2. Base t ime

3. Order

4. Action of c anpletion

5. Storage

6 . Type of scan

7. Stop scan

8. Options e.g., filter, alarm checking, etc.

DIGITAL INPUT (Boolian )

Specifications

1. Input Address (Control Word )

2. Word size, bit position

3. Initial Conditions or Normal State

4. Msgs. (Norma l, Abnormal, Changes)

Procedure

1. Rate

2. Base Time

3. Actions

4. Logical expressions of interrelations with other d1~’it~ 1

input

DIGITAL OUTPUT (Booliafl )

S pe c if ic at ions

1. Output Address

2. Wor d size , bit position

3. Durat ion

4. Mags. (such as confirmations)
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Procedure

1. Rate

2 . Base Time

DIJC

Specifications

1. Type

2 . Input ID’ s

3. Output ID’ s

4. Parameters

5. Alarms (No control alarm, etc.)

6. Msgs (Including displays, etc.)

7. Set point

Procedures

1. Rate

2. Base T ime

3. Set point changes

MAN MACHINE C OMMUNICATION - OUT PUT

Specifications

1. Device Name (Tel-typ e, CRT , Mag Tape)

Proce dure

1. File Name

2. File Description (e.g. Floating pt. etc.)

3. Format (including graphs)

FILE BUILDER

Specifications

1. Variable Value Files

I
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2. Process Constants

3. Messa ge files

Proc edure

1. Build

2. Delete

3. Mod ify

GLOSSARY

Semaphore - A counter mechanism for coordinating parallel

- processes originated by Dijkstra and occurrin~

in British RTL. The idea behind it is that one

may initialize a counter so that as each of se-

veral processes arrives at a desired point , it

increments the counter and hangs up until the

count is completed and all processes have at a

condition of coordination .

Virtual — Adjective applied to a hardware-software ~yst- n~n

which is designed to look like cr simulat ~~~~~.

equivalent plausible hardware system.

Virtual Memory - A mass storage filing point of vi~~ ~-, h i c - L

permits programs to operate as if they had un-

limited core (up to the amount of mass ‘~~-c ,

available) and machine instruction ret .

Virtual Machine- An abstract machine (which could be simulated

in another machine) used to define the meaning of

more elaborate languages or to facilitate inter- 
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machine transportability of programming lan ~~iu:~-s .

Generally it would be designed to be simply r1~ iu-

lated and unambiguously interpreted , whereas ti j (~

more elaborate languages would be more dthf~ iTh

to compile directly. A general compiler ~ay t~~-n

be written into the virtual machine.

The following definitions will be prepared by the Commi~~ r-4~:

Definitions:

Analog Input

Analor~ Output

Digital Input
(Contact closer)

Digital Output

Functional Processor

~‘ent ral  Processor

Bat ch Process

Cont inu ous Proces s

~ equences

Conditionals

Language

Procedure

Object

Variable

Data

Operators

Devices (simple composited)
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PRELIMINARY RECOMMENDED SPECIFICATION

AND PROCEDURE FOR A PROCESS ORIENTED LANGUAGE

VARIABLES

1.1 Process Variable Inpu t

~~ecit’ications

(1) ~~~~~ri’i~ Typ e ; Analog Input
Pulse Input
Code Input

(2) Pr- -c’ t-d~ire tL Input Device Addres s

Te rminal Addres s
Proce ss ing Sequenc~- ( : .~~i r  T~lor ~~~)

( ‘- )  Vaitd ’i t~~- ; Val id i ty  Check
Req uired Act~ ’ -i / M -~ . -u -~e

( ) (‘ 
~r- • - 

- ~~~ 1~~~ r~ i rs ’ter ~~ Compensati 1

( nvu-rrl -n j-~qi~.~~ -;

~ V11 (‘1, t

(
~~) F l i t s - ring Fl it or  T ,\rn’-

Fl 1 t (‘rlnk , 1 - l ctL-rs

‘
~~ 
) 

- - I t it ~~ k ; n S ~ rur~ ~‘ I 1,1 m
Prc~~ -ss ‘‘ - r i -~~~~

- 1 * - 1 i ;-~ t

i~ate of Change Llmi~-

~et Point Limit
No . f Repea t reads
before decThring fm~~t-

Deadband to Act iL -ri

Required Action/Mess~~~c

(7) Information Variable Description

Eng. Unit
Variable Name

_ _  

-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
- 

_ _ _ _ _ _ _ _ _
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Procedures

( 1) Read Mode: Random, Sequential

(2) Action on Completion

(3) Rate of update

(4) Base Time of update

(5)  Accumulation of past results

( 6 )  Average and M m .  Max.

( 7 )  Storage

(8) Option ; Error Condition Keep
Rea d Stop
Recovery Action
Replace Action of Variable

1.2 Process Variable Output

Specifications

( i )  Signal Type ; Pulse Train
Pulse Width
Code
Analog Output

(2 )  Procedure to Output Device Address
Terminal Address
Processing Sequence

(3) Validaticn Illegal

Required Action/Mess~~e

(-4 ) Conversion Parameters ; Absolute/Increinci-it~tl

Code Conversion

Encode

(5) Limit Check Instrument Limit

Move Limit
Rate of Change Limit

Feed Back Input Limit

Required Action/Message
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(6) Information Variable Description

Eng. Unit

Variable Name

Procedures

(1) Order of the output

(2)  Action on C ompletion

(3) Rate of output

(4 )  Base Time of output

(5) C omputer Override ; Automatic
Manual
Hold

(6) Option Error Condition

1.3 Logical (digital)  input s

Specifications

(1) Input Address ; Device Address
Terminal A ddress

Bit Position

(2) Validation ; Validity
Required Action/Message

(3) Conversion Parameter ; Mask for Bits Selection
Logical Expression

(4) Initial Condition or Normal State

(5) Alarm Condition ; Change Status
Abnormal
Required Action/Message

(6) Information ; Status Description

Bit Name — 
-

L . F
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Procedures

(1) Read Mode (random, sequaential)

(2 )  Action on C ompletion

(3) Rate of update

(-4) Base Time of update

(5)  Detection of State Change

(6) Storage

(7) Option ; Error Condition Keep -:

Rea d St op
Recovery Action
Replace Action

1.4 Logical (digi ta l )  output

Specifications

(1) Signal Type ; Momentary
Latch
Pulse

( 2 )  Output Address ; Device Address
Terminal A dd ress
Bit Position

(3) Vali dation ; Illegal
Required Action/Message

(4) Conversion Parameters ; Mask for Bit Selection

Logical Express ion

(5) Normal State or Initial Condition

(6) Alarm Condition ; Abnormal

Fee d Back Chec k 
—

Required Action/Message

( 7)  Information ; Status Description

Bit Name 

— —  — --- ---— -- 
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Procedures

(1) Order

( 2 )  Action on C ompletion

(3) Rate of Output

(24 ) Base Time of Output

(5) Duration of Pulse

(6) Computer Override ; Automatic
Manual
H old

( 7)  Option Error Condition Keep
Feed Back Input Action

Output Halt
Recovery Action
Replace Action

1.5 User ’s Interrupt

Specifications

(1) Interrupt Type ; Hardware , Software

(2) ‘ Interrupt Address ; Level
Position

(3) Conversion Parameter ; Mask for Receiving

Logical Expression

(4) Alarm Condition ; Normal

Abnormal

(5) Information ; Status Description

Point Name

Procedure s

(1) Interrupt Receive Mask or Unmask

(2) Branch Vector Level Assignment

Branch Address
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(3) Action on C ompletion

(14) Save Status

1.6 Intermediate Variable

Specifications

(1) Variable Address

(2) Calculation Calc . Equation

Independent Variables
Coefficients

(3) Limit Check Variable Limit

Rate of Change Limit

Deadbarid to Action

Required Action/Message

(
14.
) 

Information ; Variable Description

Eng. Unit

Variable Name

Procedures

(1) - Order of Update

(2 )  Action on C ompletion

(3)  Rate of Update

(14) Base Time of Update

(5) Storage

(6) Option ; Reset

2 . D D C

Specifications

(i) Control Type

(2) Process Variable Input ID

(3) Process Variable Output ID

(14) Control Parameter ;

& D~ t~ Source P s ’~~e~ j
~~’
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Rate Time
Derivative
Filter Gain
Dead Time
Gap Width (Minimum Output)
Other Non-linear Factor

(5) Set~Point Value ; Value
& Data Source Loop Name

Cascade Level

(6) Valve Status Direct/Reverse
Feed Back Point

(7)  Limit Check Loop Condition

(On ,Off,Fault)
Rate of Change Limit
Feed Back Input
Required Action/Message

(8) Information ; Loop Description
Eng. Unit
Loop Name (No.)

Procedures

(i) Triggering Order

(2) Rate of Update

(3) Base Time of Update

(k) Loop Actuation ; Automatic
Manual
Hold

(5)  Set Point Change ; Increase/Decrease
Data Source

(6) Parameter Change & Tracking

(7 ) Storage

• (8 ) Option ; Error Condition

Feed Back Action
Recovery Action

• ~~~~~~ • . -• • _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _
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Replace Loop Wit1~ A1 t~~~i~it ’

Manual Manipulaticr !

C omman d s

( 1) Select Standard DDC Algorithm

ALG type
Exp . of type
Style a Signal ad d , split , etc .

“ b : Stan dard transfer functio n

C : Standard Function Generator

~ d : C omparator

e : Optional element

3. Sequence Control

Specifications

Under Stu dy

Proce dures Under Stu dy

Commands (Reference)

(1) Status Detecting Command

SDET type
Exp. of type

Style a : Sequence Step Inttialize

b Process Status Change
C : Interrup t
d : Intermediate Variable Change

(2) Action Request Command

RQST type

Exp. of type

Style a : Sequence Step Initialize

b : Sequence Execute

C : Sequence Monitor

d : Sequence Hold 

— ____  
~~~~~~~~~~~~ LJ~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ — _________________________________ ________
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Style e : Sequence Stop

f : Sequence Skip

g : Call Special Function

(3)  Timer Active Command

STIM type

Exp. of type

Style a : Set Timer
b : Read Timer

C : Timer Active
d : Timer Hold
e : Timer Delay

(k) Transfer Control Command

STRN type

Exp. of type

Style a Branch Sequence Step

b : Return End

(5) Logical Command

Same Type in Digital Input of Characteristics
(Third Workshop, Part 1, P. 80)

~~~. File Builder

Specification

(1) File Type ; System File

Variable File

Message File

Constant File

System Common File

User ’s Defined File

(2) File Name

( 3 )  Device

(!t) organization Random

V 
—V
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Index Sequential

Sequential

(5 )  File Typ e ; Fixed Length
Dynamic Expandable

( 6 )  Record Type ; Fixed
Variable

( 7)  File Size

Vt (8) Record Size

( 9)  File Protection

Procedures

(1) Define File File Set Up

DEFN type

H type = Characterist ic of File

(2 )  Direct  Access

(a) READ type

type = File Name and Position

(b )  WRITE type

type = File Name and Position

(3) File Access

Under study for file open, close, read and write

procedure.

5. Man-Machine Communication

~~ecifications

(1) Data Display

(a) Identification Data Type

Point No.
Time

(b) Dev4.ce

_  VV J
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I
(c) Display Mode ; Instantaneous

Continuous Update

Cyclic Point

(d) Display Format ; Point ID

Va lue
Decimal Point

Unit
Text

( 3 )  ID Entry Method

(2) Data

(a) Identification ; Data Type

Point No.

Time
(b) Device

(c) Value Limit ; High Limit V~.lue

Low Limit Va lue V

(d) Entry Format ; Point ID

Value

Decimal Point

Unit
Text 

V

(e) ID Entry Method

(f) Value Entry Method

(g) Display Mode

(3 )  Trend Recording

(a) Identification ; Point No. 1 (e . g. Pen, ~~~~~~~

display)

Point No. n

(b) Time Marker

(c) Device

(d) Recording Mode

(e) Start Message Code

_ _ _



- — V~ ~
_ _

~V_ _
~_ V~~~~ ~~~~~~~~~~~~~~~~ V — V _ — ~~_V~___ _ _ V_ _V_ V~~~~~~V ?  — 

_VV V - _ -

-194-

(~) Message Form

( a )  Message Code

(b) Device

( c )  Data Point Sequence for logs

(d) Data Format Sequence for logs

( 5)  Request Function (operator functions)

(a) Function Code

(b) Branch Vector

(c) Receive Condition

(d) Terminate Condition

Procedures

(1) Active and Passive Entry

(a) Request Receive

(b) Action on Completion

(c) Entry Data Receive

(d) Display Data

(e) Acknowledge input and Store Data

(f) Message Output

(g) Cyclic Action

(2) Alarm Display

(a) Trigger Condition

(b) Action on Completion

(c) Error Condition Acknowledgement

(d) Alarm Display

(e) Message Output

(f) Clear Alarm

~~~~~~~~~~~~~~~~~~~~~~~~~ V V V ~~~~~~~~~~~~~~~~~~~



T

~~~~~~~~~~~~~~~~~

. V 
-

~~~~~~~~~~~~~~~~~~~~~~~

-195-

( 3 )  Graphic Display

( a )  Pattern Generation (Selection)

(b)  Order

V ( c )  Action on Completion

( d )  Selection of Display Mode; Vector Node or
Chiractar  Mode

(e)  Repetitive Display

(~
) C ontrol Loop Manipulation

(a) Loop Condition Change

(b) Loop Status Display

(c) Loop Add

(d) Loop Delete

(e) Loop Modification

(5) Memory Display and Change

(a) Memory Address Set

(b)  Memory Display

(c) Memory Chan ge

(d) Print

6. User ’s Maintenance (optional)

Specifications

( 1) Error Identification ; Error Code
Error Type

(2 )  Error Priority

( 3 )  Error Condition Description

(~4) Error Branch .Vector

(5) Maintenance Block and Action

(6)  Replace Device or Action 
V

V ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~~~• •  ~~~~ •_ V _  ~VV~ —- V VV~
__

~ V~
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(7) Recovery Action

(8) Error Message Code

Proc edures

(1) Error Handling

(a) Error Detection and Branch

(b) Save Status (Mark Down by Computer)

(c) Device Failure Set (Mark Down by Operatc’r)

(d) Device Replace (Alternative Device)

(e) Device Restart (Mark Up)

(2 )  Program Debug V

(a) Trace

(b) Conditional Dump

(c) Break Point Set

7. Inter System Communication

Under Study

~~~~~~
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FOREWORD

This description presents the form for and the inter-

pretation of programs written in the common programming

language for use on industrial computer systems .

Suggestions for improvement gained in the review of

this material  will be we lcome . They should be sent to

the Chairman , POL Committee.

________________________ _ _ _ _
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LANGUAGE DESCRIPTION

1. PURPOSE AND SCOPE

1.1 Purpose

This description establishes the form for and the inter-

pretation of programs expressed in the language for the

purpose of promot~ng a high degree of interchangeability

of such programs for use on a variety of

computer systems . A processor shall conform to this

standard provided it accepts, and interprets as specified ,

V at least those forms and relationships desc ribed he re in .

Insofar  as the .nterpretation of the language form and

relationships described are not affected , any statement

of requirement could be replaced by a statement expressing

that the standard does not provide an interpretation un-

less the requirement is met. Further, any statement of

prohibition could be replaced by a statement expressing

that the description does r~ t provide an interpretat ion

when the prohibition is violated.

1.2 Scope

This description establishes:

(1) The form of a program wr i t ten  in the language.

(2) The form of w r i t i n g  inpu t data t’o be processed by

such a program operating On industrial computer

A
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systems (to be def ined) .

(3) Rules for interpreting the meaning of such a program.

(4)  The f o r m  of  the output data r esul ting from the use of

such a program on computer systems,

provid ed tha t the rul es of  interpr etation establish

an interpretation (to be defined) .

1.2.1 This description does not prescribe :

(1) The mechanism by wh..ch programs are transformed for

use on a computer system (the combination of

this mechanism and computer system is called a

processor).

(2) The method of transcription of such programs or their

input or output data to or from a computing

medium.

(3) The manual operations required for set-up and control

of the use of  such programs on computer equ ip-

ment .

(4) The results when the rules for interpretation fail to

establish an interpretation of such a program.

( 5) The size or complexity of  a program that wil l  exceed

the capacity of any Specific computer system or

the capability of a particular processor .

(6) The range or precision of numerical quantities .

1.2.2 The Intra- and Inter—Program relationships of this language

shall be defined.
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2. BASIC TERMINOLOGY

This section introduces some basic terminology and some concepts.

A rigorous treatment of these is given elsewhere . Cer ta in  conven-

tions concerning the meaning of grammatical forms and particular

words are presented.

A program that can be used as a self-contained computing procedure

is called an executable program.

An executable program consists of precisely one main program and

possibly one or more subprograms .

V A main program is a set of statements and comments.

A subprogram is similar to a main program but is headed by a

BLOCK DATA, FUNCTION, or SUBROUTINE statement . A subprogram headed

by a SPECIFICATION statement is called a specification subprogram.

A subprogram hea ded by a FUNCTI ON or SUBROUTINE statement is called

a procedure subprogram.

2 The term program unit will refer to either a procedure or a specifi-

cation program. 1 The term procedure will  r ef e r  to ei ther a main-

program or a procedure subprogram.

Any program unit except a specification subprogram may reference

a global procedure .

A global procedure that is d ef i n e d  by statement s is calle d a pro-

cedure subprogram. Global procedures also may be defined by other 

~~~~_V 
~~~~~~~~ VV ~~ V •  ~~~~~ ~~~~~~~~~~~~~~~~ —— ~~~
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means. A global procedure may be a global func tion or a g lobal

subroutine . A global function defined by statements headed by

a FUNCTION statement is called a function subprogram. A global

subroutine defined by statements headed by a SUBROUTINE statement

is called a subroutine subprogram .

There is a type of statement called a NOTE statement that merel y

provides informa tion f o r  documentary pur poses.

The statements in this language fall into two broad classes -

executable and nonexecutable . The executable statements specify

the action of the program while the nonexecutable statements

describe the use of the program, the characteristics of the oper-

ands , editing inf orma tion , statement functions, or data arrange-

ment .

The syntactic elements of a statement are names and operators.

Names are used to reference objects such as data , procedures, or

devices.  Operators , including the imperative verbs, specify

action upon named objects.

One class of name , the array name , deserves special mention . An

array name must have the size of  the identif i ed array d ef i n ed in

an array declarator . An array name qualified only by a subscript

is used to identify a par ticular element of  the array .

Data names and the arithmetic (or log ica l)  oper at ions may be

connected into expressions. Evaluation of such an expression

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ——-—--- ~~V~~ • - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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develops a value. This value is deri’ied by performing the

specified operations on the named data.

The identifiers used in the language are names . Dat a ar e named .

Procedures are named . Statements are labeled with names followed

by a colon.

At various places in this description , there are statements with

associated lists of entries . In all such cases the list is

assumed to contain at least one entry unless an explicit exception

is stated . As an example , in the statement

SUBROUTINE s a1, a2, ... an
it is assumed that at least one symbolic name is included in the

list. A list is a set of identifiable elements each of which is

separated from it successor by a comma and/or a space. Further,

in a sentence a plural form of a noun will be assumed to specify

also the singular form of that noun as a special case when the

context of the sentence does not prohibit this interpretation . 
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3. PROGRAM FORM

Every program unit is constructed of characters grouped into

statements .

3.1 The Language Character Set

A program unit is written using the following characters:

A , B, C, D, E, F, G, H, I, J, K, L, M, N, 0, P, Q, R, S,

T, U, V, W, X, Y, Z, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and :

Character Name of Character

Space

Equals

+ Plus

- Minu s

* Asteri sk

/ Slant

C Left Parenthesis

) Right Parenthesis

Comma

. Decimal Poin t or P eri od

$ Currency Symbol

Semicolon

: Colon

Apostrophe

Ques t ion Mark

— 
Underline

The order in which the characters are listed does not

imply a collating sequence.

~~~~~~ V~~~~~~~~~~~~~~~~~~~~~~~~~ V V V ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~
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3.1.1 Digits:

A binary digit is either a 1 or a 0.

V An octal digit is a binary digit or one of  the f o l lowing

six characters: 2, 3, 4, 5, 6, 7.

A decimal digit is an octal digit or one of the following

two characters: 8, 9.

A hexadecimal digit is a decimal dig it or one of the

additional six characters: A , B, C, D, E, F .

Strings of digits representing numeric quantities are inter-

preted in the decimal base number system , unless otherwise

specified .

3.1.2 Letters:

A letter is one of the twenty—six characters: A, B, C, D,

E, F, G, H, I, J, K, L, M, N, 0, P, Q, R, S, T, U, V, W, X,

Y, Zr

3.1.3 Alphanumeric Characters:

An al phanumeric character is a letter or a digit .

3.1.4 Special Charac ters :

A special charact er is one of the f o l l o w i ng sixteen

characters: Space, Equals, Plu s, Minus , Asterisk, Slant ,

Lef t paren thesis , Right parenthesis, Comma , Period , Curr ency

Symbol , Semi-colon , Colon , Apos t rophe , Question Mark , and

Underline . 
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3.1.5 Spaces:

A string of spaces occupying consecutive columns has the

same mean ing f o r  the Processor as a single space . Any

V special char acter exc lud ing the under line charac ter ,

surrounded by spaces, represents itself.

3.2 Statements

A statement is a string of characters of the character

set. Statements consisting entirely of spaces are called

empty statements and are ignored by the Processor.

The character positions in the statement are termed columns.

Columns are numbered consecutively starting at the left and

proceeding to the right. The leftmost column is column 1. V

The rightmost column contains a semi—colon and marks the

end of the statement.

3.2.1 NOTE Statement:

The first five significant characters of a note statement

are NOTE: designating the statement as a comment . This

statement does not a f f e ct the program and may be used f r eely

to improve the clarity of the text.

A NOTE sLatement may not be the last statement of a program.

3.2.2 END Statement :

The significant characters of the statement must be END;

designating the end of the written description of the program .

_ 
_ _ _ _ _ _  

-- - . -
~~~~~~~~~~~~~
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Every prog ram must phy sical ly termina te in the END state-

ment.

Ther e must be exac tly one END statement in a program.

3.2.3 Ordering of Statements:

Statements are numbered consecutively in the order of presen-

ta tion to the Proc essor. The statement which is f i r st

presented is statement 1.

Two non—empty statements are equivalent if they contain the

same ordered set of words .

Two empty statements are always equivalent .

Two programs are equivalent if they contain the same ordered

set of non—empty statements (assuming that note statements

are ignored).

3.3 Statement Label

A statement may be labeled so tha t it may be r ef erred to in

other statements. A statement label consists of a name

followed by a colon.

3.4 Names

A name consists of one to 32 alphanumeric or underline charac-

ters , the f i r s t of which must be alphabetic or the underl ine

character.

__________ ~~~~~~~~~~~ ~~~~ 

—
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4.  DATA TYPES

Eight different types of data are defined . These are integer ,

scaled integer , real , extended integer , extended scaled integer ,

extended real, logical , and character. The term numeric data

is used to indicate integer, scaled integer, real , extended in-

teger , extended scaled integer, and extended real data. The

term non-numeric data is used to indicate logical and character

data. The term extended type is used to indicate extended integer ,

extended scaled integer or extended real data.

Each type has a different mathematical significance and may have

different internal representation . Thus the data type has a sig-

n if i c ance 1 n th e interpre tation of the associated opera tions with

which a datum is involved . The data type of a function defines the

type of  the datum it supplies to the expression in which it appear s.

I
4.1 Data Type Association

4
The name employed to identify a datum or function carries

the data type association. The form of the string represent-

ing a constant defines both the value and the data type.

A symbolic name representing a function, variable , or array V

must have only a single data type association for each pro-

gram unit . Once associa ted with a part icular  da ta type , a

specific name implies that type for any differing usage of

that symbolic name that requires a data type association

V - 
_ _ _ _ _  -- - --— -= ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ — 

_ .~_ _
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throu ghout the program unit in which it is defined .

Data type must be established for a symbolic name by decla-

ration in a type—statement for all data types.

4.2 Data Type Properties

The mathematical and the representation properties for each

of the data types are defined in the following sections.

For numeric data the value zero is considered neither

positive nor negative .

4.2.1 Integer Type:

An integer datum is always an exact representation of an

integer value. It may assume positive , negative , and zero

values. It may only assume integral values.

4.2.2 Real Type:

A real datum is a proc essor approximation to the value of a

real number. It may assume positive , negative , and zero

values.

4.2.3 Scaled Integer Type:

A scaled integer datum is second form of real data.

(Radixpt is implicit in data)

4.2.4 Extended Type:

An extended datum is a processor approximation to the value

of  integer , real, or scaled integer number. It may assume

- - -~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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positive, negative , and zero values . The degree of approxi—

mation though undefined must be greater than that of the

types integer real, and scaled integer respec tively .

4.2.5 Logical Type :

A logical datum may assume only the truth values of  true

or f a l se.

4.2.6 Character Type: 
V

A charac ter datum is a string of  charac ter s. T~~~~ ring

may consist of any characters capable of representation , in 
V

the proc essor. The blank charac ter is a vali d and signi fic ant I
charact.~r in a character datum.
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5. DATA AND PROCEDURE IDENTIFICATION

Names are employed to reference or otherwise identify objects,

including data and procedures.

The term reference is used to indicate an identification of a datum

imply ing that the current value of the datum will be made available

during the execution of the statement containing the reference . If

the datum is identified but not necessarily made available , the V

datum is said to be named . One case of special interest in which

the datum is named is that of assigning a value to a datum , thus

defining or redefining the datum .

The term reference is used to indicate an identification of a

procedure implying that the actions specified by the procedure

will be made available .

5.1 Data and Procedure Names

A data name identifies a constant, a variable , an arr ay

or array element, or a block. A procedure name identifies

a function or a subrou tine.

5.1.1 Constants:

A constant is a datum that is always defined during execu-

tion and may not be redefined . Rules for writing constants

ar e given f o r  each da ta type.

L~~~4
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A numeric constant is said to be signed when it is written

immediately following a plus or minus . Also, for these

types , an optionally signed constant is either a constant

or a signed constant .

5.1.1.1 Integer Constant

An integer constant is a binary constant, an octal

constant , a decimal constant, or a hexadecimal constant.

5.1.1.1.1 Binary Constant

A binary constant is written as the letter “B” followed

by a single quote, followed by a non-empty string of

the dig its 0 and 1, followed by a single quote .

5.1.1.1.2 Octal Constant

An octal constant is written as the letter “0” followed

by a single quote , followed by a non-empty string of

the digits 0, 1, 2, 3, 4, 5, 6, 7, followed by a

single quote.

5.1.1.1.3 Decimal Constant

A decimal constant is written as a non—empty string of

the digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9.

5.1.1.1.4 Hexadecimal Constant

A hexadecimal constant is written as the letter “X”
followed by a single quote ,
followed by a non—~mpty string of the digits 0, 1. 2,

3, 4, 5, 6, 7, 8, 9, and the letters A , B, C, D, E, F,

followed by a single quote. 
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5.1.1.2 Real Constant

A basic real constant  is written as an integer part , a

decimal point , and a decima l fraction part in that order .

Both the integer part and the decima l part are string s

of digits; either one of these string s may be empty but

not both. The constant is an approximation to the digit

string interpreted as a decimal numeral.

A deci.m.~l exponent is written as the letter , E, followed

by an optionally signed integer constant. A decir-a~

exponent is a multiplier (applied to the constant written

immediately preceding it ) that is an approximation to

the exponential form ten raised to the power indicaLEd

by the integer written following the E.

A real constant is indicated by writing a basic real con-

stant, a basic real constant followed by a decimal ex—

ponent, or an integer constant followed by a decimal

exponent .

5.1.1.3 Logical Constant

The logical constants, tru e and false , are written

TRUE and FALSE respectively.

5.1.1.4 Character Constant

A character constant is written as a single quote

followed by a string of characters followed by a single
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quote . Two sequential single quotes within a char acter

constant is interpreted as a single quote .

5.1.2 Variable:

A variable is a datum that is identified by a symbolic

name. Such a datum may be referenced and defined .

5.1.3 Array :

An array is an ordered set of data of one, two, or three

dimensions. An array is identified by a symbolic name .

I d entification of the entir e ordere d set is achie ved via

use of the array name.

5.1.3.1 Array Element

An array element is one of the members of the set of

data of an array . An array element is identif i e d  by

immediately f ol lowing the array name with a q u a l if i er ,

called a subscript, which points to the particular

element of the array .

5.1.3.2 Subscript

A subscri pt is written as a paren thesized li st of  sub-

script expressions. Each subscript expression is

separa ted by a comma f r o m  its successor , if  there is a

successor . The number of subscript expressions must

corr espond to the declared dimensionali ty .

A subscript expression is an arithmetic expression . The

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~_ _ _ _ _ _ ~~~~~~~~~~~~~~~~~
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value of a subscript expression is the greatest

integer contained in theevaluated arithmetic ex-

pre ssion . Following evaluation of all subscri pt

expressions, the arr ay element succ essor func tion

C _ _ _ _ _ _ _ _ _ _ _ _ _ _  ) determines the identif i e d  array

element.

5.1.4 Procedures:

A procedure is identified by a symbolic name. A procedure

is a local or global function or subroutine. Local and

global functions are referred to as functions or function

procedures; local and global subroutines as subroutines or

subroutine procedures.

A function supplies a result to be used at the point of

reference; a subroutine does not. Functions are referenced

in a manner d if ferent f r o m  subrou tines.

5.2 Function Reference

A function ref erence consists of the function name fol lowed

by an optional argument list. If the list contains more

than one argument , the arguments are separated by commas

or spaces.

5.3 Type Rules For Data and Procedure Identifiers

The type of a constant is implicit in its name .

)

V _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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There is no type associa ted with a symbolic name that

identifies a subroutine or a block.

A symbolic name that identifies a variable, an array, or

a statement f unction must have its type s p e c if i ed in a

type—statement.

In  the prog r am unit in which a global or local f u n ction is

re ferenced, its type def in ition is defined in the same manner

as for a variable and an array. For a function subprogram ,

type is specified explicitly in the FUNCTION statement .

The same type is associa ted with an array element as is

associated with the array name.

5.4 Dummy Arguments

A dummy ar gument of  an external proc edur e identif i es a

variable , array , subroutine , or external function .

When the use of  an external f unction name is s p e c if i e d , the

use of a dummy argument is permissible if an external

function name will be associated with that dummy argument

When the use of an external subrou tine name is sp e c if ied ,

the use of a dummy argument is permissible if an external

subroutine name will be associated with that dummy argument

When the use of a variable or array element reference is

spec if i ed , the use of a dummy argument is permissible if a

— _~~I ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~ _ 
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value of  the same type will be made available through

argument association .

Unle ss sp e c if ied otherwise, when the use of a variable,

array, or array element name is specified , the use of a dummy

argument is permissible provided that a proper association

with an ac tual ar gument is made.

_ _ _ _ _ _ _  . V V VV 1
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6. EXPRESSIONS

Thi s section gives the f ormation and evalua tion rule s f o r  ari th-

metic , rela tional , and logical expressions . A relational expression

appears only within the context of logical expressions . An ex-

pre ssion is f o r med f r o m  elements of the language.

6.1 Arithmetic Expressions

An arithmetic expression is formed with arithmetic operators

and arithmetic elements. The arithmetic operators are:

Operator Representing

+ Addi tion , positive value (zero + element)

- Subtraction , negative value (zero — element)

* Multiplication

/ Division

** Exponentiation

The arithmetic elements are primary , f ac to r , term

signed term, simple arithmetic expression, and ari th-

metic expression.

A primary is an arithmetic expression enclosed in paren-

theses, a constant, a variable reference, an array

element r ef e r ence , or a function reference.

A factor is a primary or a construct of the form:

primary **primary
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A term is a factor or a construct of one of the forms:

t e rm/f ac tor

or:
t e rm* term

A signed term is a term immediately preceded by + or — .

A simple arithmetic expression is a term or two simple

arithmetic expressions separated by a + or — .

An arithmetic expression is a simple arithmetic expres-

sion or a signed term or either of the preceding forms

immediately followed by a + or — immediately followed

by a simple arithmetic expression .

A primary of any type may be exponentiated by an integer

or extended integer primary , and the resultant factor is

the same type as the element being exponentiated .

A real or extended real primary may be exponentiated by

a real or extended real primary , and the resultant factor

is of type real if  both primaries are of type real and

otherwise of type extended real. These are the only cases

for which use of the exponentiation operator is defined .

By use of  the ari thmetic opera tors other than exponen-

tia tion , any admissible element may be combined with

another admi ssible element and the r esul tan t element will

have a range equal to the maximum range of any of its

- ~~~~~~~~~~~~~~~~~~~~ V - 
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constituent elements. By the range of an element is

meant the absolute difference between the largest and

smallest value capable of representation.

6.2 Relational Expressions

A relational expression consists of  two ari thmetic ex-

pressions separa ted by a rela tional opera tor and will have

the value true or f a l se as the rel ation is true or f a l se,

respectively .

The evaluation of the relational expression will use the lar-

ger of the ranges of these two arithmetic expressions.

The rela tional opera tors ar e:

Opera tor Repre senting

LT Less than

LE Less than or equal to

EQ Equal to

NE Not equal to

GT Greater than

GE Greater than or equal to

6.3 Loqical Expressions

A logical expression is formed with logical operators and

~~T:1:l:::T 
:
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logical operators are:

Operator Representing

OR Logical disjunction

AND Logical conjunction

NOT Logical negation
EOR Logical comparison

The logical elements are logical primary , logical factor ,

logical term , and logical expres sion .

A logical primary is a logical expression enclosed in

parentheses, a relational expression, a logical constant ,

a logical variable reference , a logical array element V

reference, or a logical function reference .

A logical factor is a logical primary or NOT followed by a

logical primary .

A logical term is a logical factor or a construct of the

form:
log ical term AND logical term

V A logical expression is a logical term or a construct of

the form:
logical expression OR logical expression

6.4 Evalua t ion of Expressions

A part of  an expres sion need be evalua ted only if  such action

is necessary to establish the value of the expression . The

rules f o r  f ormation of expres sions imply  the bind ing strength

of operators. It should be noted that the range of the sub-

V J .~~~~~~~~~~~~~~~~~
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trac tion opera tor is the term tha t immed iately succeeds

it. The evaluation may proceed according to any valid

formation sequence (except as modified in the following

paragraph).

When two elements are combined by an operator , the order of

evaluation of the elements is optional. If mathematical

use of  opera tors is associa tive, commutative, or both,

full use of these facts may be made to revise orders of

combination , provided only that integrity of parenthesized

expressions is not violated . The value of an integer or

extended integer factor or term is the nearest integer or

extended integer whose magnitude does not exceed the magni-

tude of the mathematical value represented by that f a c tor

or term. The associative and commutative laws do not apply

in the evaluation of integer or extended integer terms con-

taining division, hence the evaluation of such terms must

ef f e c t i v e l y  proc eed f rom l ef t to ri ght.

Any use of an array element name requires the evaluation of

its subscript. The evaluation of functions appearing in an

expression may not validly alter the value of any other

element within the expressions, or any othe r statement in V

which the function reference appears. The type of the ex-

pression in which a function reference or subscript appear s



V 
V -. 

~~~~~~~~~~~~~~~ 
— ~~~~~~~~~

V - t- ~~~~~~~~~~~~~ #.: -.. V.~~. V —

-224-

does not af f e c t, nor is it affected by, the evalua tion of  V

the actual arguements or subscript .

No f a c tor may be evalua ted that require s a nega tive V

valued primary to be raised to a real or extended real

exponent . No factor may be evalu ated that requires rai sing

a zero valu ed pri mary to a zero valued exponent.

No element may be evaluated whose value is not mathemati- V

cally defined .

I 

________________
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7. STATEMENTS

A statement is classified as executable or non—executable .

Executable statements specify actions. Non—executable statements

describe objects and attributes of objects.

7.1 Executable Statements V

There are three types of executable statements:

(1) Assignment statements

(2) Program Control statements

(3) Device Control statements

7.1.1 There are V three types of assignment statements:

(1) Arithmetic statements

(2) Logical assignment statements V

(3) Character assignment statements

7.1.1.1 Arithmetic Assignment Statement

The arithemetic assignment statement is of the form:

V1 = V 2 = . . .V ~~= e

Where n must be at least one, and each V1 is a numeri c

variable name or numeric array element name of the same

type and e is in an arithmetic expression .

Execution of this statement causes the evaluation of the

expression e, converting the resulting value into the

type of V1, and the altering of all V’s to the conver ted

value.

__________  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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7.1.1.2 Logical Assignment Statement

The logical assignment statement is of the form:

V l = v 2~~~~. . . Vn = e

Where n must be at least one, and each V1 is a

logical variable name or a logical array element name ,

and e is a logical expression . Execution of this state-

ment causes the logical expression e to be evaluated

and its value to be assigned to each of the logical en-

tities V1
1 s.

7.1.1.3 Character Assignment Statement 
V

The character assignment statement is of the form:

= e  
V

n

Where n must be at least one, and each V1 is either a

character variable , or a character arr ay element, and

e is either a character constant consisting of a single

character , a character variable, or a character array

element. Execution of this statement causes each of the

V1s  to assume the value of e.

7.1.2 Program Control Statements:

There are twelve program control statements:

(1) GO TO Statements

(2) IF statements V

_ _ _ _- -_

~

VV

~~~~~~~~~~~

V V V

~~~~~~~~~~~~



-227-

(3) Subroutine call statement

(4) RETURN statement V

(5) CONTINUE’ s tatement

(6) REPEAT statement

(7) PAUSE statement V

(8) PAUSE UNTIL statement

(9) WHEN statement

(10) CANCEL statement

(11) STOP statement

(12) START statement V

7.1.2.1 GO TO Statements

There are two types .~f GO TO statements:

(1) Unconditional GO TO statement

(2) Computed GO TO statement

7.1.2.1.1 Unconditional GO TO Statements.

An uncond itional GO TO statement is of the form :

GO TO k

Where k is a statement label.

Execution of this statement causes the statement identi-

fied by the statement label to be executed next.

7.1.2.1.2 Computed GO TO Statement.

A computed GO TO statement is of the form:

G O T O (k1, k2, . . . ku), i
where the k’s are statement labels and i is an integer

variable reference.

4
_ _ _ _ _ _  -- 
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Execution of this statement causes the statement identi-

fied by the statement label k, to be executed next , where

j is the value of i at the time of the execution . This

statement is defined only for values such that 1 = j = n.

7.1.2.2 Logical IF Statement

A logical IF statement is of the form :

IF (e) S

Where e is a logical expression and S is any executable

V 

statement except a REPEAT statement or another logical

IF statement . Upon execution of this statement , the

logical expression e is evaluated . If the value of e

is false , statement S is executed as though it were a

CONTINUE statement . If the value of e is true, statement

S is executed .

7.1.2.3 Subroutine Call Statement

A subroutine call statement is of the form:

S ; or

S J ;

Where ~ is a list of actual arguements.

The inception of execution of a call statement references

the designated subroutine. Return of control from the

designated subroutine completes execution of the call

statement.

7.1.2.4 RETURN Statement

_ _ _ _ _ _ _ _ _ _ _  V V V V ~~~~ V V
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A RETURN statement is one of the forms :

RETURN
RETURN d;

A RETURN statement marks the logical end of a procedure

and, thus, may only appear in a procedure. The argument d
must be a dummy argument of the procedure .
Execution of this statement when it appears in a subroutine

causes return of control to the current calling procedure

and, if d was specified , it is assumed the d is associated

with a statement label. 
V

Execution of this statement when it appears in a function

causes return of control to the current calling procedure .

At this time the value of the function is made

available.

7.1.2.5 CONTINUE Statement

A CONTINUE statement is of the form:

CONTINUE ;

Execution of this statement causes continuation of the

normal execution sequence.

7.1.2.6 REPEAT Statement

A REPEAT statement has one of the forms:

REPEAT TO ~ i = m1, m2
, m

3

or REPEAT TO i = m
1
, m

2 
;

Where: 1) 2 is the label of a CONTINUE statement .

This CONTINUE statement is the terminal

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ .. VV V_ . VV _V_ .. V VVV VV VV VV VVVVVVV V ’ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V V V V V ______
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statement of the associated REPEAT, and

must physically follow and be in the same

program unit as that REPEAT statement.

2) i is an integer variable name ; this variable

is called the control variable.

3) m~ , called the initial parameter ; m~ , called

the terminal parameter; and m3, called the

incrementation parameter , are each either an

integer constant or integer variable reference .

If the second form of the REPEAT statement is

used so that m3 is not explicitly stated , a

value of one is implied for the incremcntation

parameter. At time of execution of the REPEAT

statement, m1, m2, and m
3 
must be greater than

zero.

Associated with each REPEAT statement is a

range that is defined to be those executable

statements from and including the first execu-

table statement following the REPEAT, to and

including the terminal statement associated

with the REPEAT. A special situation occurs

when the range of a REPEAT contains another

REPEAT statement . In this case, the range of

the contained REPEAT must be a subset of the

I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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range of the containing REPEAT.

A completely nested nest is a set of REPEAT

statements and their ranges, and any REPEAT

statements contained within their ranges, such

that the fir st occurring terminal statement

of any of those REPEAT statements physically

follows the last occurring REPEAT statement

and the first occurring REPEAT statement of the

set is not in the range of any REPEAT statement .

7.1.2.6.1 A REPEAT statement is used to define a ioop. The action

succeeding execution of a REPEAT statement is described

by the following six steps:

(1) The control variable is assigned the value represen-

ted by the initial parameter . This value must be

less than or equal to the value represented by the

terminal parameter.

(2) The range of the REPEAT is executed .

(3) If control reaches the terminal statement, then after

execution of the terminal statement, the control

variable of the most recently executed REPEAT state-

ment associated with the terminal statement is incre—

V mented by the value represented by the associated

incr ementation parameter.

(4) If the value of the control variable after incremen-

tation is less than or equal to the value represented

I



V_V _~~_V~~~ V V~_~~ ~V V- V_~ V -V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—23 2-

by the associated terminal parameter, then the

action described starting at step 2 is repeated ,

with the understanding that the range in question

is that of the REPEAT , whose control variable has

been most recently increme’ited . If the value of the

control variable is greater than the value represented

by its associated terminal parameter , then the REPEAT 
V

is said to have been satisfied and the control varia-

ble becomes undefined .

(5) At this point , if there were one or more other REPEAT

statements referring to the terminal statement in

question , the control variable of the next most recen— V

tly executed REPEAT statement is incremented by the

value represented by its associated incrementation

parameter and the action described in step 4 is re-

peated until all REPEAT statements referring to the

particular termination statement are satisfied , at

which time the first executable statement following

the terminal statement is executed.

In the remainder of this section (7.1.2.6) a log ical

IF statement containing a GO TO is regarded as a GO

TO.

(6) Upon exiting from the range of a REPEAT by the execu-

I ,-___
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tion of a GO TO statement ; that is, other than by

satisfying the REPEAT , the control variable of the

REPEAT is defined and is equal to the most recent value

attained as defined in the preceding paragraphs. V

7.1.2.6.2 A REPEAT is said to have an EXTENDED RANGE if both of

the following conditions apply :

(1) There exists a GO TO statement within the range of

the innermost REPEAT of a completely nested nest

that can cause control to pass out of that nest .

(2) There exists ~ GO TO statement not within the nest

that, in the collection of all possible sequences of
V 

execution in the particular program unit, could be

executed af ter a statement of the type described in

(1), and the execution of which could cause control

to return into the range of the innermost REPEAT of

the completely nested nest.

If both of these conditions apply, the extended range

is defined to be the set of all executable statements

that may be executed between all pairs of control state-

ments, the first of which satisfies the condition of (1)

and the second of (2). The first of the pair is not in-

cluded in the extended range; the second is. A GO TO

statement may not cause control to pass into the range of

3’ 
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a REPEAT unless it is being executed as part of the ex-

tended range of that particular REPEAT. Further, the

extended range. of a REPEAT may not contain a REPEAT of

the same program unit that has an extended range . When

a procedure reference occur s in the range of a REPEAT ,

the actions of that procedure are considered to be tem-

porarily within that range; i.e., during the execution of

that reference.

The control variable , initial parameter , terminal para— V

meter , and incrementation parameter of a REPEAT may not

be redefined during the execution of the range or extended

range of that REPEAT.

If a CONT INUE statement is the terminal statement of more

than one REPEAT statement, the statement label of that

terminal statement may not be used in any GO TO tha t

occurs anywhere but in the range of the most deeply con-

tained DO with that terminal statement .

7.1.2.7 Pause Statement

The Pause statement is of the form :

PAUSE f l u ;

Where n is an integer variable or constant, and u is

either SECONDS, MINUTES, OR HOURS.

~

V

~
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The PAUSE statement cau~ cs nornal program flow to be

suspended at the point of execution . The program flow

is restarted after the i’lJicatecj time interval n u has

elapsed . When this time interval has elapsed , the program

flow is restarted at the statement following the PAUSE

statement .

7.1.2.8 PAUSE UNTIL Command

A PAUSE UNTIL command is of the form:

PAUSE UNTIL e )

Where e is a logical expression

The PAUSE UNTIL command causes the normal program flow

to be suspended at the poin t of execution . The program

flow is restarted when the expression e is TRUE. When

the expression becomes TRUE , the program flow is re-

started at the statement following the PAUSE UNTIL command .

7.1.2.9 WHEN Statement

A Wh EN statement is of the form:

,~~ : WHEN ( e )  S ;

Where e i’~ a logical expression , and S is an executableI
statement ,except WHEN~~’? is a statement label.

The execution of the WHEN statement does not affect normal

program flow . i~ .r .’ever , if foilowing the execution of

~~~~~~~~~~~ 
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program flow is interrupted and statement S is executed .

Following the execution of S normal program execution

is resumed without loss of continui ty. A WHEN statement

remains active.from the point of execution until it is

negated by a CANCEL statement.

7.1.2.10 CANCEL Statement

The CANCEL Statement is of the form:

CANCEL ~

Where 2 is a statement label. The execution of this

statement cancels the WHEN statement whose label is e.

7.1.2.11 STOP Statement

The STOP statement j~~ ~~ the form: 
V

STOP

or STO P p ;

Where p is a program name.

If used alone (STOP), this statement terminates the

execution of the program in which it is located . There-

fore , it should be located at the logical end of the

program. One or more than one such STOP statements can

be used in a program.

If used with the arguement p (STOP p ) ,  this statement

terminates the execution of program p.

V 

_ _  _ _  
_ _ _
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called a type statement.

7.2.2 Array—Declarator:

V An array declarator specifies an array used in a program V

V unit.

The array declarator indicates the symbolic name, the number V

of dimensions, (one, two, or three) , and the size of each

of the dimensions. The array dec~ rator form may be in a

type—statement .

An array declarator has the fotm :

V (i)

V Where: (1) v, called the declarator name, is a symbolic

name.

(2) Ci) , called the declarator subscript, is composed

of 1, 2, or 3 expressions , each of which may be

an integer constant or an integer variable name.

Each expression is separated by a comma from its

F successor if there are more than one of them.

In the case where i contains no integer variable ,

i is called the constant declarator subscript.

The appearance of a declarator subscript in a decla—

rator statement serves to inform the processor that

the declarator name is an array name. The number of

subscript expressions specified for the array indicates

~~~~~~VV X V V
~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I-V ~~~- V.V VVV V . V .V V .V VV .V V .._V
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V its dimensionality. The magnitude of the values

given for the subscript expressions indicates the 
V

maximum value that the subscript may attain in any

array element name.

No array element name may contain a subscript that,

during execution of the executable program, assumes

a value less than one or larger than the maximum

length specified in the array declarator .

7.2.3 Array Element Successor Function and Value of a Subscript:

For a given dimensionality , subscript declarator , and sub-

script , the value of a subscript pointing to an array element

and the maximum value a subscript may attain are indicated

in Table 2. A subscript expression must be greater than

zero.

The value of the array element successor function is obtained

by adding one to the entry in the subscript value column.

Any array element whose subscript has this value is the

successor to the original element. The last element of the

array is the one whose subscript value is the maximum sub-

script value and has no successor element.

_  
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TABLE 2

VALUE OF A SUBSCRIPT

Dimen- Subscript Subscript Maximum
sionality Declarator Subscript 

— 
Value Subscript Val.

1 (A) (a) a A

2 (A, B) (a, b) a + A (b - 1) A B

3 (A, B, C) (a, b, c) a + A (b - 1) A B C

+ A B (c - l )

NOTES:

(1) a, b, and c are subscript expressions.

(2) A, B, and C are dimensions.

7.2.4 Integer Statement :

An INTEGER statement is of the form:

INTEGER v1, v2, V
3 
. . . V~~

Where v1 is either a variable name or an array declarator .

TO BE DEFINED FOR ALL OBJECTS.

I
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SECTION VII V

JAPANESE REVIEW OF THE PROPOSALS

OF THE PROBLEM-ORIENTED LANGUAGES

COMMITTEE

The several Japanese committees studying the field of

industrial computer systems and software have been extremely

helpful to the several workshops even before the formation

of the Japanese Regional Branch of the International Purdue

Workshop on Industrial Computer Systems. This material

represents some of their contributions to the work of the

Problem-Oriented Language Committee. The material appeared

in the Minutes of the Fourth and Fifth Workshops on Standardi-

zation of Industrial Computer Languages, pp. 203-207 and 24-

27 respectively.

_  - -- __
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November 1970

COWvtENTS TO THE PROBLEM ORIENTED LANGUAGE COIvThII TTEE

Working Group for the Problem
Oriented Languages
Technical Committee on Industrial
Computer Languages of Japan
Chairman, T. TOHYAMA

1. Present Status of Problem Oriented Language

At present , a few computer manufacturers have been developed the

program packages for industrial computer application s, but these

packages are utilized for specific application area and do not designed

so much systematic consideration ftr the generalized process control

oriented language .

We recognize the importance and the necess i ty  of stanJardiza t ion

of problem oriented language and hope further expansion of this work.

It is user ’s basic requirement to design computer control system
V 

as possible as easy anã economic , and to improve system at plant-site.

Besides , the standardization of specification for application is im—

portari t to get e f fec t iveness  in system development and system mainte-

nance of various computers.

In Japan , the trend of s tandardizat ion of problem oriented language

is not enhanced su f f i c i en t ly .  But , we find the necess i t ies  and the

a c t iv it i e s  of s tandardizat ion of industrial  computer language through

workshops at Purdue University.

We have Working Group for the Problem Oriented Language and study

your reports  of workshop. Our group just started to investigate the

requirement and the spec i f i ca t ion  of problem oriented language . He re -

in , we show the comments and our idea to the report of the Problem

Oriented Language Committee at the 3rd Workshop .

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 
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2~ Comments

Followings are comments and requiremezits to d evelop the standard—

ization of Problem Oriented Language (POL).

(i) It is the 1st step of work to describe the detail specification s

of hardware and software interfaces for industrial computer system.

In 2nd step, procedure s and syntax are established and next step

Programs or Languages thcmself are defined.

(2) Form of POL has function of self documentation and easy under-

standing.

(3) The conceptural computer aystem is basis for the establishment of

POL. If this is basic requirement, it is important to describe

the complete characteristics of computer system.

(4) Fc l lowing  requirements are options of POL developer for user ’s

convenience and attractiveness.

(a) Building block structure for expansion of applicat ions

(b) Quick response

(c) Small requirement of memory

(d) Parallel I/O operation

(e) On—line program development and maintenance

(f) Mult iprogramming in multi-task

( 5)  it is necessary to provide Level and/or Subset of POL with each

functions or structure in languages.

(6) POL is supervised under Operating System ( Os ) .  But , POL itself

can hand le interrupts of hardware and sof tw are , and error hand i-

I ng.
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(7) POL will be more rigorously defined below. V

(a) Relation of structure between Procedural Languages and POL

(b) Calling sequence between each languages

(c) Mixed programming by using each languages

(a) File access method

(6) It is better to define the level of computer size for generating

the object programs from the source documentations.

( 9)  It is convenience for future study to define the basic configura-

tion for running the object programs .

(10) Before translation of POL, the following procedure are declared.

(a) Hardware Assignment

(b) Data Type Definision

(c) Core Allocation

(d) File Allocation

3. Scope of User ’s Function in POL.

The following requirements of POL are put in order. We have idea 
V

to es tab l i sh  POL to co-operate your workshop .

There are seven sub-functions proposed under our working group .

(Det ail informations are shown in Attachment.)

(1) Variables

(a) Process Variable Input

(b) Process Variable Output

(c) Process Status Input

(d) Process Status Outpu t

(e) User ’s Tnterrupt

(i’) Intermediate Variable 
V 

~~~~~~~._ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ VVV ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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(2) DDC

(a) Loop definition

(b) Standard DDC Algorithm

(c) Easy construction of required control algorithm

(3) Sequence Control

(a) Standard Sequence Control Algorithm

(b) Easy construction of required logic flow chart

At present , we do not def ine the fol lowings.

Descri ption of Logic Flow Chart for computer

Descri ption of request , abnormal cond ition for  control

Specification for Input/Output
(Using Process Status Input and Output in Variables) V

(4) File Builder

(a) Same f i le  structure in POL ’s f ile and User ’s f ile

(b) Easy file access from user ’s file

( 5)  Man-Machine Communication

(a) Comm unication mode

Act ive Act ion

Passive Action

Alarm Disp lay

(b) Message Format definition

(c) Expandability for new device

(6) User ’s ?Jaintenance

(a) Error definition (Process side)

(b) Error Handling

(7) Inter Communication

(a) Computer to Computer

(b)  Remote Peri pheral  Device to Computer

( c )  POL and Procedural Language

V ~~~~~~~~~~~~~~~ -~~~~ -:~~~~V.V 
--V.- —V.- ~~~~~~~~ -V V-V ~___ -VV~V. -V
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Apri l  1971

COt~ 1ENTS TO FROBLEM ORIENTED LANGUAGE

Working Group for the Problem
Oriented Languages
Technical Committee on Industrial
Computer Languages of Japan
Cha irman , T. TOHYAJ4A

1. Outline our goals for the year

For 1971, we have established the same objectives for Problem
Oriented Languages as our primary concern’s:

a. Develop Specification and Procedure for Sequence Control, Inter

Systems Communication and Process Control Function.

b. Review and exploit The Preliminary Recommended Specification

and Procedure for the Process Oriented Languages.

c. Develop the shorthand form (Fill in the Blanks System) on

Process Oriented Languages.

d. Investigate the necessity and the requirement for application

programs in the industrial comnuter .

2. Supplements for Specification and Procedure for a Process Oriented

Language

Followings are supplementary specification and procedure for the

fourth workshop on standardization.

(A) Sequence Control

Spec if icat ions

(i) Sequence Block ; Name

(2) Sequence Step Type ; Digital Logic
Decision Table
Analog Logic
T inuner
Trigger

( 3)  Variable Input ID ; Logical Input
Process Variable Input
Interrupt

_ _  _ _ _ _ _  _  L
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(4) Variable Output ID ; Logical Output
Process Variable Output

(5) Parameter ; Intermed iate Variable
Decision Rule
Control Limit

(6) Data Source ; Global
Local
Historical
Multip le

V (7) Faile Safe Condition ; Normal Condition
Hold Condition

V 

Emergency Condition
Answer Back Point

(~~) Alarm Condition ; Abnormal Condition
Required Action/Message

(9) Information ; Sequence Block Description
Sequence Block Name

V Sequence Step Name List
Step Operation De~~r~ptions
Step Operation Condition
Block-out Operation No.

Procedures

(1) Order of Sequence Block

(2) Order of’ Sequence Step
V ( 3)  Action on Completion of Sequence Step

(4) Action on Completion of Sequence Block

(5) interactive Operation of Sequence

(6) Rate of Update in Repetitive Operation

(7) Detect Status

(~~) 
Action Request ; Initialize

Execute
Mon r
Hold
Skip
Stop
Call Special Function

(9) Timer Action ; Set
Read
Active
Hold
Delay

V V :VV..- V.~~~~~~~~ TV.~..-V V V
~~ V V .  V
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(10) Trar:~ :r ~r C~~: ~~~
(11) Logical and Arithmetic Operation

(12) Parameter Change & Write Status

(13) Store

(14) Option ; Emergency Shutdown
Standby Shutdown
Restart
Partial Auto/Partial Manual

(B) Inter Systems Communication

At present, the following approach for the Inter Systems

Communication is performed to prepare the specification and

procedure.

Ci) Computer to Computer

a. Data Communication Mode

b. Communication Line control

V c. Message Text

d. Error Check

(2) Inter Language

a. Longhand Form and Shorthand Form

b. Problem Oriented Languages and FORTRAN

c. Problem Oriented Languages and Long Term Procedural
Languages

d. Problem Oriented Languages and Assembler

( 3)  Function of Hierarchy System

a. Hierarchy System
b. Dual System/Duplex System

(C) Process Variable Input from On—line Analyzer
(Reference for Gaschromatograph)

Specification

(i) Signal Type

(2) Procedure to Input ; Device Address
Terminal Address
Processing Sequence

( 3)  Stream Identification ; St~ream Code

A

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V V~~~~~~~~~~~
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(4) Component Ide~itification ; Component Code
Value Address

(5) Read Status ; Instrument Status
Read Ready Condition
Gain Selection

(c,) Validation ; Validity Check
Required Action/Message

(7) Conversion Parameter

(~~) 
Filtering ; Filter Type

Filtering Factor
(r)) Limit Check ; Instrument Limit

Process Variable Limit
Rate of Change Limit

(io) Information ; Variable Description V

Eng. Unit V

Variable Name

.Yroc edure

(i) Read Mode V

(2) Select Stream

( 3)  Detect Instrument Status

(4) Select Gain

( 5)  ActIon on Completion

(6) Rate of Update for Calculation

(7) Adjust Base point

(8) Calculate Component ’s Value

(9) Average and M m .  Max.

(10) Storage

(ii) Option ; Change Instrument
Read Stop
Recovery Action
Replace Action Variable

— 
V 

V.~~~~~~ V V~~ V. -V
VVV

_-V
V
V~ - VV.._V~VVV. -V V V 

V_
~i::~ -- . V_ V_ V V V V V V V T V V~~~~ V V VV V V .V V V -V



-~~~~~~ V . V V V~~~~

-251-

SECTION VIII

V 

DECISIONS OF THE PROBLEM-ORIENTED

LANGUAGES CONMITTEE RELATING TO THE

TRANSLATOR METHOD OF PROCEEDING
V AND PERTINENT LITERATURE REFERENCES

TO THE TECHNIQUES USED

At the end of 1971 the Problem-Oriented Languages

Committee decided upon the ~rob1em-Oriented j~anguage Q.on-

V 
verter and Translator as their desired end product (Avenue

2 described earlier). The attached documents from the

Minutes of the Sixth Worksh2p on Standardization ç~ Indus-

V trial Compu~er Languages, Chapter IV, pp. 65-74, and the

Minutes of the Seventh Workshop, Chapter IV, pp. 91, 96-97,

and 102-134. The latter pages reproduce several of the

definitive papers by Professor W. M. Waite of the University

of Colorado , on STAGE 2 , the basic work in the translator

area.

_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
--

_ _ _ _ _  
V
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REPORT OF THE PROBLEM ORIENTED LANGUAGES COMMITTEE

SIXTH WORKSHOP ON STANDARDIZATION OF INDUSTRIAL COMPUTER

LANGUAGES

Based upon the results of the 10th Meeting of the

Committee attached herein and of further discussion during

this Workshop the POL Committee has adopted the following

resolution concerning its future work:

The Pol Committee will now concern itself with
defining the facility (POLCAT STRUCTURE) which
will allow the generation of POL’s that are
compatible with the LTPL and that all have the
same basic structure.

To illustrate this proposal the Committee has worked

out the defining example of Figures 1-4 as illustrations of

the work contemplated .

It is estimated by the Committee that this effort will

- require the equivalent of one man year of work.

If four Committee meetings are held each year (two at

the Workshops and two at intermediate times) for an average

of two days with five participants , the necessary man years

of effort can be accomplished in five years.

Therefore the Committee appeals to the Workshop Attendees

for increased participation in its work to reduce this over-

all time period of its project.

_ _ _  
~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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FIGU RE 14
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MINUTES - 10th MEETING OF THE PROBLEM ORIENTED LANGUAGES CO~ 1 1T TEE
Foxboro, Massachusetts Sept 23-24, 1971

by
N. P. Wilburn

Attendees: P. Wi l burn - WADCO Corporation
D. Hartmann - Bailey Meter Company
E. Bristol - Foxboro Company
R. Flath - Leed s and Northrup

Opening Review

To begin the meeting a review was made of the minutes of the previous
P01 Meeting’ and the “Summary of the POL Committee Activities ”.2 The
study of this material revealed that, just exactly what, a POL should include ,
was still unresolved. -

Charac teristics of a P01

The commi ttee then tried to answer the question “what is the definition
of a POL and what are its characteristics ”, by looking at three sources : V

1. The ~OL C ommittee Minutes , Summary, etc. V

2. Vendor Statements and Positions
3. The Attendee ’s Understanding

The following observations were made in this discussion :

• The P01 should enhance transfers of data between sections
of the computer (as de’f Fned on Page VI-2 of Reference 2). 

V

V 

• The POL should be like a set of tool s that the design
engineer can use.

• The computer shoul d be transparent.

• The POL is equated with a user oriented language where
the user is not a programer.

• User should  be able to set down in a P01, a solut ion to
his problem.

• Transportability of programs that was needed in the business
and scientific programs is not required in the P01.

• But universality of P01’s is necessary so that retraining
for each user Instance is not required.

1 “ Minu tos  - 9th Meet ing of the POL Commi ttee ”, layfayette , Indiana , May 3-6, 1971 V

2 “Summary of POL Committee Activities” edited by P. Wi lburn , July 1971.

_ _ _V - V-V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _  _
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In l ight of the above discussio n the POL Committee came to the following V
conclusions and concensus :

• There cannot be just one POL (Concluded also in several
other POL Con~n~ittee Meetings)

• The POL should allow both “Fill-in-the-blanks ” type programs
and “sentence” type.

• It seems an impossible (or at least a very lengthy ) task to
meet both of the above requirements in a committee situation .

• Th~~efore the POL Coiirn’ittee should confine 
‘itself to describing

the basic architectu ral structure of the POL language(s).

• Certain generally applicable built in functi ons should be
made availa ble in the POL and the specifi cations for these V

will be made by the committee .

• The POL will have the LTPL as its basis and the POL will
accept into its structure all of the LTPL definiti ons
such as character sets , etc .

The POL Committee acknowledges the possibility of logical
inconsistencies resulting between the POL and the LTPL.

• The POL will include on line real time commands to allow
the user to debug with certified algorithms or modules.

The most important conclusion made was :

•.. The POL Committee will henceforth concern itself with defining
the structure of a “macroin g” capabili ty to be added to the LTPL
(when defined). Wi th this structure it will be possible to generate
many POL ’s all having the same basic structure whose “sentences ”
or “fill-in—the-blanks ” tables can be expanded into the LTPL (similar

V 
in manner to macro expansions done in assembly languages).

Macro Structure

To give the discussion a basis, the example POL statement suggested in
the sixth meeting of the POL Committee was again selected:

UPDATE n EVERY t, a FOLLOWING id START”~G b TH SECOND:

A rough structure for a possible means of defining the macro was made :
(underscored words are assumed to be reserved).

— V.
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MACRO BEGIN 
V

DECLARE KEY STRING ‘UPDATE’

FORMAT DEL IM (1,’ ‘) (2 ,’ ,’)

TERMINATOR (;)

ORDER KEY , DELIM(l), ARG (l), STRING ‘EVERY ’,

DELIM(1), ARG (2), DELIM(2) , STRING ‘FOLLOWING ’

ARG(3) , DELIM(1), STRING ‘STARTING’,

• . S • ~ S S S S S • S • S • S S S S • • S S S

ARG (l , 25 CHAR, NAME)

ARG(2 , 3 DIGIT, TIME)

ARG (3, 5 CHAR, NAME) V

BECOMES

CALL System Prog #3 (ARG1 , A RG2 , ARG3 )

• S S • S S S • S S S S S S ~ S S S S S S S S S S S S

END

Whe re the reserved words serve the fol lowi ng roles :

MACRO Identifies macro and possibly changes meanings of some reserved
words from LTPL to POL.

BEGIN Beginning of Macro

DECLARE Declarations beginning

KEY Identi fies STRING which triggers macro

FORMAT Begins structural description of macro calling sequence

DELIM Specifies delimi ters to be used in macro

TERMINATOR Specifies terminating character of macro

ORDER Specifies order of macro call
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STRING Specifies strings to be used in macro call V

ARG Specifies arguments to be used in macro call

BECOMES Indicates beginni ng of 1.TPL program into which macro is to V

be expanded.

In discussing this macro structure the following conclusions were
reached:

• Deviations from the specified order of the macro result in
di ffering possibilities

1. Substitution of default values
2. Error message
3. Al ternate code

• The POL will only allow deletions from the macro order not
rearrangements (eg . deletion of “EVERY t,’ from example)

P01 will have reserved words (eg. ORDER, DELIM)

There will be only one type of macro structure

• P01 syntax will be imbedded in LTPL syntax

• Macro names will not be used as variables

• Communication between macro expansions at compile time will
be made using computer tables

• Conditionals will be all.owed in the macro expansion

V- V V V V V. _ VVV.~~~~ VV ~~~~~~~~~ V. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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REPORT OF THE PROBLEM ORIENTED LANGUAGES COW1ITTEE

SEVENTH WORKSHOP ON STANDARDIZATION OF INDUSTRIAL

V COMPUTER LANGUAGES

The POL Comm i~ttee met informall y on Tuesday morning during th~ Seventh
Workshop. The committee discussed the followi nq l tcmc :

A. The procedures as to how one can obtain STAG E2 ‘.no~ld he
• included in the minutes . --  STAGE2 or the Mobile ?roqracm. .ing

V System Package can be obtained upon request from:
Graduate School Computing Center

V — Univeristy of Colorado
Boulder , Colorado 80302

The package consists of:
1. W. M. Wai te - Technical Report 71-10. (S3.OO)

2. W . M. Wa i te - Technical Report 69-2. ($2.60) V

3. 1!. N. Waite - Technical Report 69-3. ($4.75)
V 4. W. M. ~V 1 a i te  - Technical Report 69-3B ($3.40)

5. W . N. Waite - “Implem entation Guide for Mobile
Programmi ng System.” ($2.00)

6. 026 Card Deck for Mobile Programmi ng System. ($32.0C ,

7. (Al ternate) Industry Compatible 7-Track Magnetic Tape

for Mobile Programming System. ($18.00)
Approximately one month is required between request and receipt

of package .
B. That the POL Committee meet informally at each Worksho p to rev le \V J

current status and whether the POL Commi ttee should be r •activat~d.

C. The possibility of having another presentation to the Workshop
(maybe on a fifth day) by vendors on the characteristics of their
particular POL or procedural language.

D. The possibility of presentations of user experiences wi th imple-

mentation of STAGE2.

E. Copies of References 2, 3, 5, 6, 7, and 8 of the Bit~—

i 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

T V V VV.
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PROBLEM ORIENTED LANGUAGES COMMITTEE MEETING

The next meeting of the POL committee of the Purdue Workshop on
Standardization of Industrial Computer Languages will be Thursday
and Friday , March 23 and 24 in LaJolla , California at the Holiday inn
beginning Thursday at 9:00 AM.

Fred Ruebhausen has agreed to handle room reservations for anybody
who needs them. He can be reached at the follow i ng address or phone.

F. E. Ruebhausen
Control Data Corporation
4455 Eastqate Mall

• LaJolla , Cal ifornia 92037
(714) 453-2500 ext. 325

~4s you may have observed on Pages 65 to 75 of the last workshop 
minutes

(attached), the direction of the POL committee ’s effort has changed
somewhat. We will be concerned for the most part at LaJolla with

V defining “POLCAT.” I believe the following references are pertinent
to this effort and it would be helpful if you could look at them (if
available) before the meeting.

V 
1. “Texas Instrument Language Translator ,” Texas Instruments ,

Incorporated~Manual #955382-9701 (December 1971)

2. “A Language Independent t’lacro Processor,” William M . Waite ,
Commun ications of the ACM , Vol . 10, No. 7, Jul y 1967

3. “A Base for a Mobile Programming System ,” Richard J. Orgass
and William M . Waite , Commun ications of the AcM, Vol . 12 ,
No. 9, September 1969

4. “Macro Instruction Extensions of Compiler Languages ,”
M. Douglas Mcilroy , Commun ications of the ACM Vol . 3 , April 1960

5. “Syntax Macros and Exten~1ed Translation ,” B. M. Leavenworth ,Communications of the ACM , Vol . 9, No. 11 , November 1966

6. “Building a Mobile Programming System ,” W . M. Wai te, The
Computer Journal, Vol . ‘13 , No. 1 , February 1970

7. “The MI/I Macro Processor,” P. J. Brown , Communications of the
ACM , Vol . 10, No. 10, October 1967

~~~~~~~~~~~~~ V~~~~
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March 6, 1972

8. “The Mobile Programming System. STAGE2,” W. M. Waite ,
Coninunications of the ACM , Vol . 13, No. 7, July 1970

I am looking forward to seeing as many of you as possible in LaJolla.

N. P. Wilburn
Chairman , POL Committee

- NPW/se
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N. WlRTl”~. Editor

A Lan truane . In(iependent Nlacro rules, and a character strea m is produced as output.  The
• pro~essor described in this paper a- (ksigned I C,  operate as

Processor such a string mani pulator , and its output is tu  ho presented
to some compiler or assembler . lk’cause it Can deal with
almost any input text , it has been named LIMP (Lan-

~VILL 1AM M. \\ AITE guage-Indepeudent ~l!ac1’o Processor).
Unñ’ersitL, of Colocado, Boulder , Colorado in classical nucro processo rs such as that  describe i by

Mcllroy, a macro definition has the form: V

A macro processor is described which con be used with a~- MACRO NAME (P, , P,.  • - ‘  , P.)
r.iost any source language. It provides all features normall y Code body

V associated with a macro facility, plus the ability to make or- E!-.J)

bitrary t~~nsform atio ns of the argument strings. The program Fs Here the words “MACRO” and “EXI)” sor ~- t , to ddmm:t
used at the Bosser Computing Deportment , University of Sydney, the definition, “NAME” is the macro name , and “P, ”
Sydney , Australia , to process text for eight different compilers . thi-ough “P s” are formal parameter-s. ‘!‘hv code body is a

V symbol string which may contain instances of the formal
V parameters. The form of a call on this macro would be

“NAME (A1 , .4 , • , Ak) ” ivhere k � n. Such a call V
is replaced by the code body of the macro “NAME” . V

with the actual parameter strings _-li , A 2 , • ‘ • 
, .1,,

being substituted for the correspondaig formal l)aramne t ( l~’
1. Introduction P1, J ) ~ , . . . , . If k < n, then the processor generates

The term “macro” ~~~~~~ first used to denote a feature of actual parameter st rings for P~~ , PA.+2, . . , J) ~ in some
certain assembly languages which allowed a programmer regular way.
to refer to a group at iiistruetiofls as though they were a I.iMP generalizes the notion of a macrq dcfi~ition and
single instruction. By ntei i t io run g t h e  name of the “macro- macro call. The line which introduces a macro definition
instruction ,” the programmer caused all of the component • may be any arbitrary character string, with parameters
instructions to be inserted at that point in his coding. indicated by a special l)arameter symbol. ~Ve refer to this
The poss.bilitics of this sort of redefinition were sooti line as a temp late. A template e~senti aIl y allows the name
realized, an d a classic paper by Meltroy Eli showed how part of a traditional macro to be replaced by a “distributed
an appropflate set of macro instructions could allow the name” consisting of all portions of the line other t hami the -

user to tailor an assembly language to his needs at a parameter markers, This approach frees the s stein 1mm
quite high level. tutu recently little more was said on the any arbitrary format restrictions of a pai~iculnr lang:ztge
subject, and n~o~t of the operations proposed by Mcllroy —templates can be wi-it cii in a form suited to tin’ 1z~i i -
were used routinely in a number of assembly languages. guage at hand.
The problem of reprogramming has been responsible for a Macro calling is accomplished by pattern matchin g
resurgence of inter est , and several papers [2—5] have ap- against the set of temp lates defined by the user. .tnv
peared during the Past two yetTS. line which cannot be matched is copied directly to t i m e

One of the signif icant features tif the current papers is output without change. When a match occurs between an
the concept of a macro I)roccssol’ which is in(lcpen (ient of inpu t line and a template, the code body corresponding to
any particular a~senib ly language . Macro proees~iug is the template is evaluated with the actual parameter s
viewed a~~a t y  pe of string mani pul a t i on— - a character resulting from the temp late match. The result of th i s
stream fed to t h e  input is analyzed according to certain evaluation replaces the matched line iii t i m e out put test -

Correspondences between act ii~l immul fi irmal a ramneter s
This work w:i~ ptif i rrned tit the Itasse r Comp iti lag 1 )c’part — are set up (luring 1 em})late matchin g. The temp late i— a
nie nt Uim i’~er s i tV of ~v.ln~v. 5v,tnev . .\ istrHli:L . j ii i l ~~~~~ ~ f lp— , - 

V
• .

. 
- V S(’(t tieitCC (it fixed st ri mig s seiia E1 t (Mi 1,~- “h oles (Istiramel (-I-

p mcd by I Is’ I V~~~V~~~% : t i , i i t I t ‘ , 5’ liCe ~i li 11(1:111011 mim id er I is idoc - . - - 
• V

t i- i Sl l~c— ( -: i r ( - l ’ Fell ~ .liip Ni i.~~~~
’( I  inai kcrs ). Vs lien t Ia’ n ai t elmin g ~n’i~coss Is com plc ’t t - . eaeh

I )epartniclit iii Eleet r it- *I Liigineeriiig. I :iiversmty of Culonulo parameter marker will corresisaid to SOflIC sulist ri ng of

~ ol un,e 10 / 
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h u i t ’  ili ~ )tL t line ; t he fixed str ingS i 1 1 lie m ( ‘llI j ) ltiI ( ’ ~‘ilI (‘,‘C— Iii Sect iou 4 :i mniiiils ’ r of (‘X~iIIij i lt s i i ~ J .1 ~II’ m acrub are

~‘t l ~ i i ta t e li i i t i i er sUl)~ t C , i i . ~ , i~~f tii ( ’ h u e .  Th e  string giveli , Cltiis ( ’ II to ill ut- . t r: ite tl it ’ ha—i t ’ i i t i i (
~~

)lt ’ and ~l)ifl C of
iii :tt (‘h( (I 1)5 a given pal’ani( ’t( ’r :itark( ’r ))L’eOiIH’S t lie ~tCI tial t he tIfli(1U(’ k’aI ure~ of I lie laiigia tge . ~e(’t 11111 :~ outlines the
pa r:uis -(( ’r corrv-s~)onding to t h a t  given foliiI ~i l zsranietcr . C(iiiSl ru cti (iIi of t h e  processor tIIId gives :in indication of

*I~IiC (‘(SIC body of a LIM1’ niacin (MflIslsts of a series of the tla’ection of fut tii’ e work on this project.
St ~I I t ’niem st s i n ;i language aln~ost iml emi t ical to Sxonot.
II.,. 7J~ l-’ornia l l~IrLInht ’te r s are specifi ed by their relative 2. i’cmnplatc %$~ite hs ng
:uldresses in the template, up to 9 formal parameters being tlatclijng a single template against an input line is a
ailnu ed per macro. (The relative address is a digit between specia l case of t h e following general problem [9~: “Given a
I and 9 inclusive , which specifies the number of th e pattern ~c1e2 ‘ ‘ c~ and a string S, locate consecutive
parameter marker in the template , counting from the substrings s , in S such that each s, is an acceptable va lue
h eft . ’) ~\ hereas conventional macro processors perm it onl y of the pattern element c~ .“ l’attern elements in LIMP
one form of substitution of actual for formal parameters, templates are either fixed strings or parameter flags. Each
l , m~ip allows several alternative forms. The type of sub- element can be assigned a weight , ie ,, equal to the length
stit u tiOfl is specified for a given instance of an actual of the shortest acceptable value of c , . If e, is a fixed string.
parameter by a subscript on the relative address. 

~~‘, is its length; if it is a parameter flag, a- , = 0 (because
The structure of LIMP allows it to be used as a pre- a parameter flag can match the null string).

liii)ce~sor for almost any compiler or assembler. It ~vas In general we shall have a whole set of patterns which
iTlCoI ’[iOl ated into the KDFO operating system developed are candidates for the matching process. These pzitte~ s
by th~ B:a-ser l omput ing Department in April . 191)6 [8] may be grouped into a tree with each element correspond-
and snice t hen has been used with progra ms written in ing to a branch ; the branches leaving a given node can
eig ht languages (three variants of A1.c.oL, t wo assembl then be ordered according to the weights of the corre-
coties . a l ist processor , a flowcharting language , and an sponding elements. V
:tut ( iCO ( k’). No change in LDIP is required for any of these Often there may he severa l ways for an input line to
languages. match a given template. and a given input line might
The input to LIMP consists of a series of lines. (On match any one of several templates. For example, the line -

card-oriente d machines each card is a line; on l)al)er tape. “x = V = Z.” would match any of the templates ‘‘ . =

h u e s  are delimited b carriage-return characters). The 
~~
“ “

~~~ 
= *.“, “X = V = s.” and mamiv more.

Iir st line defines the set of control characters for the nu t. Moreover, it could match ‘ s = *.
“ in t w o  ways: \Vi t h

This f l a q line is necessa ry to preserve the language lade- actua l parameter I equal to ‘~X = V”, or with actual
1i(’n( len(e of the processor; different languages generally pa rameter 1 equal to “X” . Such po ssibilities complicate
requ ire difk ’rent control characters. the matching process and require furthe r specifications to
‘l’he first character of t h e flag line is the end-of-line eliminate ambiguity.

fla(,. If it appeal-s on ant - subsecju entV line , its effect is that In order to define um(1ue’lv which template ~vill match a(II :i carriage relur n—the remainder of the line is ignored given line, and which of the possible matches to this
by Lrmi v , This allows the use of any text as commentary template will be chosen. the following rules are used.
on any bile. If “space” is specified as the end-of-line flag, Rule 1. A space which is not adjacent to a l)alanleter1.mMP assumes that no end-of-line character is desired . flag matches any noneinpty string of spaces, and spaces‘l’hie second character of the flag line is the parameter at the end of a line are ignored unless the last charactermar ker, It  is onl y recognized as a control character when a 

of the matching template is a parameter flag.t c ’tn p ht te is being entered into the set of macro definitions ; Rule 2. The matching process proceeds fro m left to
at any other time it is treated as a normal chara cter. In
tha -  pn$mer , t i me parameter flag will be represented by “*“ 

right with each pattern element matching the shortest

IIIII  th(’ c ’nd-o f-line character by ““  possible substring.

Aft er the flag line , the user defines his macros. At least Rule 3. At a node , matches are at tempted for the
branches in order of decreasrng element weights.

oia• (h ’hn it ion linust follow the flag line , and further defini . 
-

t i oli S lIi:i~ appear anyw here in the text. Each macro must , Rule 4. If no element at a node can match a substm’ing,
then a new match is attempted at the previous node.

of course, be d efined before it is called. This new match is accomplished by extending the sub’The free format of the input line and the large number -

of tem np lalt- s involved create possible ambiguities in the string formerl y m atch ed to the next shortest acceptable

niat eh ing process. Section 2 describes the template. value for the saute element. If this extension cani~~t be

m:i t chui i ug  algorithm in detail and shows how time scanner made, a match for the next element at that node is at-
tempted. I f no element remains , rule 4 is applied to that V

resnlv(-’. these ambiguities. An informal specification of 
ode.t he code lxxi v statement s can be found in Section 3, ~

where t in ’ %- :IriotmS types of parameter conversions are The pattern match succeeds when the last character of -

C hi ’I i iu ’ii . This sec t i n i  gives a brief review of t he features of the input line has been matched ; it fails when no match
Ssonoi. which are crucial to the underst and ing of LIMP .  catu be found for the first character.

-$3 $ cAnlllntIIlsc J ,,oIl~ of th e ACM ~oliime 10 / Number 7 / July. I9b~ 
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As an example of the m~.~~chirig ~~~~~~~~~ consider the set TAh3Lh I . Sricisu N.~ut~ Av .~u L .~BL~ IN LIMP
of templates 

- Name Fu,:ction
(1) SAM = A.

(2) SAM = dc actual parameter d, couivcrsioi’ C

(3) •~~~~~~ ( 1 �d �9 , 1 � c � 3)

(4) . = A. 
Oi current value of location cou nter .

( 1 � i � 9 )  niinus i
(5) s * = •. IN effective input line

PR printi n g outpu t strea m
The t ree for this set is shown in Figure 1, where a lower PU punching OUtput stream
case “b” is used to denote a space. PT private tree

V - ST symbol t ree
TT template tree

A. (1)
SA M b b 

• 

shortest possible matching siib strimu g for the first I arunlc-
ter). According to Rule 3 the uie :~t nmatch to be attempted

(2) must be for “A.”.
Root The match for “A.” fails because the next character of

the line is “C”. So we attempt a match for the p:iranwl ci
(4) flag. Now the only way u i  w hich we can extend the ,eai ch

_______ ____________________ 
for the first formal parameter is by repeated tI~ e iii Il iuk ’ 4.
But this requires that we be unable to find nay m atch

h b 

~ 

‘

at all nodes further along tIme bramuch. Simice the line
matches template (5), we will tuot get ~h me chance to app ly

(3)
Rule 4 at all.

Ftc. 1. An example of a temp late tree
3. Code Body

The input line “SAM = A.” will match template (1), When LIMP matches an input line to a tem ulate , it

as will any line which has a noncnul)ty string of spaces creates actual parameter strings and thezi executer a series
betw een “SAM” and “ = “ or between “=“ and “A.”. of statements making up the code body of tiut macro.

The effec t of Rule 1 is thus to make a string of spaces The statements of the code body are written in a language
significant , but the exact number of spaces in the string which is ainmost identical in form to SNoBoL. There are two
is immaterial. (Whteui a template is read and merged with reasons for this choice : (I )  The operatiouts available iii

the tree any string of spaces is replaced by a single space.) SNoBox. allow very general unampulat ions of the actual

Suppose that the iiext two input lines were “SAM parameters . (2) The syntax of SNonoL effectively sepa-

B.” and “SAM = C.”, where there are six spaces rates the metacharacters front the strings being ama ni pu -

between “ = “amid ••C” in the secon(l line. Both hines match hated and thus preserves the language indepeudence of
template (2), and in the first line t im e value of the actual the processor.
parameter will be “13”. In the second line, however, the The general form of a statement in the code body of a
value of the actual paranmeter will be “ C”—five of LIMP macro is:
the six spaces have been included in the actual parameter. çh abelXstr ingXpattern~ (re placement) /(go.toi
This is because the space in temphate (2) between “=“

amid “.“ is adjacent to a parameter flag: A space adjacent As in SN0U0L, a statement label must begi n in the l rst
to a parameter flag matches exactly one space, so that character position of the line and may consist t~f any
the remainin g spac es must be absorbed by the parameter, string of letters or di gits. The label t erimmiita t~s at t h e

No spaces are actuall y deleted from the input line duri:ig firs t space ; if time first character of the line k a space. i t  is

the mat ching process, so that if no match is found all assumed that the statement has no label. The next con-
spaces are 1,rescrvcd when the string is written out. stituent of the statement is a string reference. In Sxonoi.

At first glance one m ght assume tha t the input line a string unity be given almost any symbolic name , hut
; “B = C = A. ” woul d match templ ate (4) with “B = C” in Line time J)rogranmmcr may use omml y a fixed set of muamu e s

as the valu e of ti m e actual parameter. Consideration of as summarized in Table I - The only strings tvhieli may
the rules will sh ow , h owever , that t h is line will be matched be used as working stora ge during the executiout of a cock

to template (5). body are those corresponding to the nine ;~~~ 1l1le actua l
Th e  cruc .i~ deei— ~~m m occurs at the SeCOnd IIOdC of the parameters . System strings (such as IN) have special

lower t runk  of thi’ t ree At this I RPI1It  we have nuatchicd properties which disquali fy th eium fur liSt’ ~
C5 wor kin g

“II’’ t m  the l i N t  p :c !amel e~ llag :111th “ lb  = b” to the tixcd st (mi’a ~ (’ . Th e  private t ree (PT’) can he used to ‘~t~ ,m-e i I i t , , m _

portion of the temp Lit e . as i’(’d t tiII’t ’Cl by Rule 2 (“8’’ is the imm edi ate u . — t i l t  wheum more t han nin e st r in gs in’ ,ii ’c ’chc ’ iI.

Vo lume 10 / Nuns ber ~ / ink , l% d~on~uaii,,iie&tlion. of iii. ’ ~(‘~t $33  
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‘I’.~Itl.I I I .  1’.t - i-T}: L~ ~~~~~ .~\ •i
~ S .~ccE r’1-~:i) DV LIMP 

‘
~
‘
~~~~ go-to fi e l d utin y he absent , but if present it ~tkes one

- - ~~— - - - —-- ~~~~~~ —— —  -- - - — - - -  --- - __________— of t h e  foll owing fornis :
1 ~.pe Furni,u .t!dlc/,es

—- —~—--———.—-— - — ____________ —— - — — —  —-—-—— — ______________ — 
___________—-——— ((label )) — — t r aii~Ier ~~~~ I rut 1.0 (la b4~l ~ uiic u i & , l I t i Ol i ahly

I. i ier al ‘all y st ring ’ itself S((label ) — %  r atis fer cola rot to ~la l s . t  if t h e  p attern matc h was
Consi imnt de a s,ihst r i n g cubi t  a i i l i i i g  the same -

(0 < d � 9, characters as time specified F( (h itbehi ) — -tr ans fer control to (label> if the p attern match was

U < c ~ 91 cnums t an t  si ring. not successful.

Arb i t ra ry  dA any St r ing or sitbsti ing , includ- Hot h conditional ju tn j ) s  nmay be present, u t  cit h e r  order.
I ing the null at ring

Balanced dB a non-void si r ing which ~ ~ l)~C~~ are ignored everywhere in the go-to lucid.
lialaimee d with resp ect in ( ) A code body may contain any nunmher of statements ,

Fixed- dFk aiiy siri ng of length k (k may time last of wh ich i-s ( l ist ingui shed by time label ‘END” .
length he any number of di gi ts ,  ‘l’his last st ate ine ul t iim ed not coimtain an~’ cit h ie r comi stit .

Back- 
- 

dR t h e  s tr ing which was previousl y uents, including the slash. Of course it may also be a nor-
reIc ’ienccd matched to vat-table d - - -

_________________________________________________________________________________ — mat coue ootty st at eincui t ,’ in whiclm both the —la: ~h and
string reference are required.

The conversion digits , denoted by “c” in Table 1 ,
describe the was- in which t ime  actua i on i-amn et er string is

- - 
to he used in each part icular substitution instance. The

• Lsseui i i ah t y this t ree constitutes the “backup store” for meanings of these di git - s are (1 � d � 9):
the macro processor; it is used only by code bodies and is -

- 

. . 
- 

dO —use an exact copy ‘1 the actual paru nme a-r st r ing .
in tmt i i l t eR d b~ sn~ p u t  of the s~ atem dl —use an ict copt of thi. .iet u tl l) ’u’ im el er  n u g  if th is

- lie t h in ! constituent of the statement , the pattern, conversion appears in a s t r in g  referen ce , any I : .~t ern speet-
una v lie abs emi l . If present . it consists of a series of pattern fled must match a s i i b s t r i n g  which beg i ns  :11 u i , ’ lu-s i charac-

ek’imu ’iits -s( ’P:tiatc(l by blanks. The allowed pattern dc- ter of the referenced strung . (This is equ iva l en t  to

uma ’mmN are hs;ed iii Table II. \Vhen a literal string is read - 
“anchored mod~” i n SN0BOL .)

- 
d2 —took up the siting on the svnmbol tree and use iii,’ value

ti m e j iroceclui-e for handling quotes us as follows: The first found; if the st r i u g  is not in the svnmb ol tree , use a j iu l t
d i ui i tc  marks time beginni ng of the literal. Any subsequent string. 

-

string of n consecutive quotes is replaced by a string of k d3 —same as d2 , except tha t  if the str ing is not found . ii is added

cuuu ~e(’titi ve quotes , where k is the greatest integer not to time symbol tree ami d  given the current value of p: ir anmei er

greate r tha mu a 2. If there is a nonzero remainder from 0 (the “ l o ta t in t i  counte r ”) . l’ar aumieter 0 is incremi ’uted by

- - - 
one follo wing t h i s  definition .

thi i ’- division, time liter al terminates . A litera l may extend
over —t’vera l h u e s . in tv iu icli case a cai’m’iage return charac- TIme s mnbo l tree is established eiti m er by time use of type

Id - i - i- . inserted in time literal at the end of each line. This 3 parameter ca l ls or by direct action on the part of t ime
allows the programmer to write a single literal which pro— progt’:un nmer. Time symbol t ree has the i mau m uc ST, tvhiic h i
duces ~c’vera l hines of output. can be used as the string refereumce in any sta te n m en t .  ~onme

Ii a p at t er u i  is specified in a statement , the pattern is caution must lx’ exerci~ed , however , because ~ I’ us a t ree
k ’—t (’d ; ig it immsr the string named by the string reference, rather tlman a string. The pattern mntt st begi n with a set
If t i n ’  p attern can he matched to some substring of the of constant elements . Tlmis constant portion , consisting

striuig referu ’u ice , strings are created for each variable i~ 
of nil ehenment s up to time first variable , ~vm il be tested against

t u e  I t i l ter i m.  .~iso, time matc liimmg substring m a y  be altered the tm’ce amid must match some entry all time way f rom t he
by ~ s’eiI~- iu t g  it replacement. This i’ei)laeement may con- root to a leaf. The re immainde r of the pattern ~vi hl be tested

1 n i t  the variables k ’fiumcd by ilte l)attern match ; see [6, 7J in the usual way against the string ~ttt ac imed to t~~’ leaf.

f ui ii her cle t ails. Note that  if um o replacement- is desi i-ed , Any i’eplacenment will only be made to that  part (If the

lii i t hit ’ ‘‘ = ‘‘ and the replacement string should be pattern which is beyond (lie leaf. This constraint allows

t a i n t  it- c l, If ~
‘ = “ is present but mmo replacement string is the programmer to clmangc ’ time definition of a symbol ,

~p t ’ cmtit ’d. i lie null string is assunmed. but not to delete a symbol fr~m the t ree. Time entire t ree

-‘ — t i t t e n i e u i t  nm:cv stretch over severa l liimes. If the line nm ay be deleted by ‘ST = /“ , and a synmbol may be added
cii:iuig -~ iic ’cur wi th in  a litera l , they result in carriage by ‘‘ST ST (sp eci ficatioim of symbol) 1’’’ . If the added
ret urn elma in cter s a’ noted above. if they fall between svnibol is to be delineti, ii second statement umu st be used .

l iii ’ eciii ~I itu eui t s  of time statenmer mt , t hey are treated as The systetim unniui t :iiuu s a location counter which I lie pm-

ai l ’ ’~ . (‘c,ui~t it ucut s must be separated by at least one 
gr amu m m er Cii im muse in several ways: (I) Type 3 conversion

cur (‘a r i iage ret urn , and additional spaceS or carriage 
to assign the ct irreumt value 

• 
of time location

- - 
- 

counter to a symbol. 1 he location Counter is automat icall y
rc’iut u S  an’ ignored. The / preceding the go-to uicki in c ieumi cnt od by I following (lie ass igutli euit. (2) A set- of
,nu.~i be pm est’mmt wlietlmer time go-to is used or not— -it i~cal inbels can he obtained 1w using i) :traimme ter 0 cx .
sc ry .” notice th at 11w current line is time last one for time plicit ly. -‘ reference to str in g Oi is taken its (be current
C ii i ’ i t ’Ii t st aleu mm eui t .  ‘ value of (lie location eoutmter minus i. If the ~)rugrainmer

-$36 C,~n ,mu ,,iicj t ion~. of t h e  ACM ~ ohame tO / ~.iu.iubc r 7 / ic i ly, 1967
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. - u~— (’ -- such ( ‘(,uiS t rt t Ct iOum ’- , im ( ’ is re s 1suuis i lmk ’ fm u- iti c l ’eui eimtin g ated by a mum ac i’o ~t l a hi i glmt ’i level , as “1tS~\.\I  ‘~~ ‘‘ ii i
• ~ t he locat i(I t i  (v uul rm te r by h u e  u na xi ui m muni value of 1, talus I , t h e  pr t ’seumt ex auump ie).

~ ~ 
befoic tIme first ~‘t a m .  u~’ft ’it ’iic ’ is eneott imt ered . ‘I’lmis c~m ic be 1 n m ost euui\’ ( ’iit iouial ummacm’o pr~(~(~-ssots , an C X I ) i t i t I  h ’ I I
done Ut - t ime ‘- tate im mei mt ‘‘00 = ((10 —f- ‘i ’ ~f ‘1’)!’’. line is au t tn i m:c t  ical I~- smtbn mit ted fo r a me-scull ; I i Ia ui i’

As simow n in the stateumuent above, integer :u’ithummetic the re—scan is t mmi d cr li me voim t i ’ol of (lie pI’imgra mum ; en . I-or
ctn  be performed ott ~triuigs in Li~~ip .  Each expression is most ap l ) l iC :u ti Ot m s t lmis  cau ses Ito duiheu l t v , bitt ti t i c  itt _ c
enclosed in par etmt lmeses and imas as its value a string con— certaiui macu-os in wh ich t lie pl’ogr am m mtu mcr un ity iii t kin at-
ta ining the miunx ’ric value of the expression. The allowed wheth er  a h u e  contains a macro call on u mot.  In stuck i i i -
operators are 4— , — , * and / , with their usual mmm eau mi n gs . stances he would i’estuhmit the questionable limit ’ ho Lm~i 1’
Note that there is umo possibility of confusion between by assigni n g it to iN. If it nmatehied soune teimip l:tl - . it
“/“  used as aim end-of-statement mark and “/“ used as a would be expanded; otherwise it would merely hi’ ctup it ’m i
divisiinm operator because the latter appea rs only witlmin into time punt- li output stream.
parentheses. l’arentlieses may be nested to arbitra ry depth. All of the mm oni m m a i conditional assembly api-ra t iouis of

and arithmetic operatioums nmay continue over as many most macro generatom’s are available in Li~t m ’ by uuic : mums of
lines as necessary. Numbers are stored as strings of digits; suitable statem imem it s . \Ve Cmiii easily test the value of m m m i v
ume gative m mum mm b e rs are sigumed , positive are tiot. argument , make arbitrary cimammges lii any :ti’ gutm ment . ~-k ip

statements, loop, etc. The only feature of ci ,nvent i tuumal
4. E~anmp les of LIMP Macros macro processors which is not obviously availabl e i-s i l i : i t

The simp ie~’t possible nmacro operation is one in which ~ . of nested definition. This is provided by exp l i c it  ue f eu - t- t ic e
si ngle line is expanded into several lilies with parameter to the template tree by means of t ime symbol “l”l” . ~ i : t t ’~- -

substitution. For example , suppose we wish to write an ments using TT obey exactl y the same rules :15 dmo-se ti~~t t i g

arithmetic tatement in an assembly langu age program out ST, time symbol t ree. Suppose , for example. t hat w~ wi -ti ’
a single address mmm a c lm i mm e (the muota t io u m for this assembly writing aim algebraic language based on -imm g ht ’ - : t ik l i - t-ss
laumguagc u - s th at ‘f [11) : assembly code. Suppose furt h eu ’ that we deu , and& ’ul t h a t

the programmer declare all variable -s. \\ (‘ COti l(l ( li ’I i t ii ’ a
END PU = ‘FETCH , ’ 20 ’ macro to infornm him of undeclared variable s:
ADD ’ 30 ’ FETCH , *.
STO1~E , ’ 10 / END PR = ‘VARIABLE ’ lO ’ IS UNDECLAI (EF). ’ ./

This tenip hut e wotuld match a line -suic lm as ‘~sAM = JOE The addition macro defined above would be altered to

—t— HI L T -u mmd the code body would pummc lm : expaumd the FETCH instruction (using IN). t’athet ’ t h ai m
just punch ing it , and this would cause time “Ut de& iaieii ’’
message to be printed :

STO1~E , SAM • — * + •.
IN = ‘FETCH , ‘ 20 /

Time v t & -uii  st r ing  ~‘PU” is time punch unit , and whenever END PU = ‘Al)l) , ‘ 30 ’
it 1— a i~, ia’ i a v:m lue. ti mat value is pimimehed (followed by a STORE , ‘ 10 /
cainiage ret ttrn ~. ‘-PH” is the printer , amid behaves im m the Now , whenever a variable is declared , we mu tt - st ~l~f i imi ’  1
same way. Time interniediate cam’riage returns were supplied FETCH macro for that variable. The t el m ) l ) lat  C u m ta t  i ’h i t i~
by including ihe um in lite r:mls . process ensure s that thc macros containing vari able ii : t ! im ( ~

• The next step j i m cornl)it ’xity is to allow a macro call to 
~vihl take precedence over the one wit im a pur atmm t ’t e r fi :m ~~.

be used j im time code lxxi v of anoth er m acro. For example, VARIABLE * .

we m ight define a conmp lex addition by~ PU 10 ~: ItESEflVE , m ’ /
TT TT ‘FETCH , ’ lO /

2 + 
~
‘ END~TT ‘FETCH , ‘ 10 ‘PU “FETCH , ‘ mc - “‘ /

IN ‘R ’ It) ‘ = 11’ 20 ‘ + ~ 30 / END’ /EN I) IN = ‘I’ 10 ’ I’ 20 ’ + 1’ 30/
The first stat eummemmt punC1~’~ miii mtsse flml)l\ ’ code opet:m I i ’  it

If the lin e wh ich was matched was “ZSAM = ZJOE + to reserve one location for time variable mind de limit ’ th e sv~im -

SI3ILL.”, t hti-ti the first ~t aie nm emit would aSstgfl time value boi. Time secoumil st at eim met i t  in serts t ime new te fl m p i:t te ‘i i i  H .
HJOE + RBI LI..’’ 10 time svstemm i string IN. ivlmi le time t h ird provides t i m e  de fi t mi t i cu n.  Net’ h o w  tIm e

(Note that t i n ’ cu d - o f - h u e  symbol us automatically 5UP quotes iii the definition mire sup~)lied - since t i me~ a rt - i i i -

piled.) Ti:,’ effect of ib is :m-ssi g m m nm e m mt is to save the ct iU ctm t side mu literal , their mtum mibei ’ mit -st lie d,tubk ’.l. ‘I’m - ~l : t - s I t
state of al l - s t rn g - s  :m imd call t I me l)m0CC550 1’ recursively’ tO omi t Ime third line is mu part of time literal , not tim e t eru m l im a
e~paum d (lit lm t m e wlmo~e value is assigned to IN. After time t ioum of time rule , The FETCH nma ero for t lie var iable -‘
cxpnui~ion complete d , coot ml i’d urns to the next state- wouhi thus Imave I lie forumm:
n’ ent . I I I N i-s tu ~~-ti in it pat t enmm or replacement . rat her F’ETCI ~~, .~ -

~t i : tu i  lx’iimg a ——ug i t ( - i  I a ~‘niue , i t s  v ah it ’ ls t lie next effective ‘FI~rc’1I - A’ /
r i mput line (atm i-fi t-ct lye input limit’ uu ma y have been geum er - EN])

S nIt ,,,, .’ to - ~~unuh , er  / Jol~ - ]% Co,nn ,iinic., . , ~ ni itic .~~:si t:~7 
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N. ‘mic e hmei’e t h at t ime use of l- ’ETClI mt - s hot it a macro min n ie defiuu iti ons or eh ammge t in ’um m temmmpo rarily. The statement
zt target language tm pe nmm t mon is possthle because of the, rr Ic O i i s t mtf l t  p: i tte ii i t  dA = (s tr iI ig~ dO /

~~ .mu’ m tm m muu meu ”s freedom t a subm it a line for u-c-scan or
jtu t iei i  i t  out immmnmedi atel y. will amI d code to mmii existing umua cro . We can change a n~acro

‘l’i:e tu ia i it  remi~t t t m for requiring th at time programmer de- teumupor anil y by soummethi mmg like:
ch~ ie his variabl es iii time prec e(iimmg exaumup le ~Vmt 5 to ensure ‘FT ‘TEMPLATE .‘ dA = (stringy /
t ha t space was reserved. This can be (lone u sium g the LIMP p’r = PT ‘~ .-~VEMAC’ /
s vm mih ol t ree m i d  type 3 conversion without requiring PT ‘SAV EM AC’ = dO /
dcchmtra ti omm s. Instead of deflni umg the fetch macro to print ‘rime current code bod~’ of macro “TE~\lI’LA’fE *“ iS
m mii  “Undeclared” m e s sage, uve write : saved on the pui\’mtt e t i’ee as the value of tIme s3’nubol

FETCH , • “SAVE.\IAC”, and is replaced on t h e  temp late t ree by
ENI) Pt ’ = ‘FETCH , V -f- ’ 13 / (string). Time code body can be recovered from the private -

By the definition of type 3 conversion, this macro si’ill 
tree ~

i um ie h ant “FETCH , V + n” where “n” is time value found 
~~~~ 4 = ~o /i i i  time symbol tree for the variable. If the variable was not

1mm the s~-nmhoI tm-ce, it would be mudded and given the current 
In time current version of LIMP time code body of a umma cro is

value of the location counter. The location counter would not- held as a string because of the couts equ ieuu t slowdown
thiet m be i um cre uum em mt cd by one, in interpreting it . It is converted im mto a list structure when

At t ime end of the progra m we would reserve a block of first defined, and hetice it is not pos~ibie to use string
sI ’a ’~ it. h old all variables. A little though t will show th at operations to make clmanges with in the code body. If such
t he sis,e of this block is just the value of the location coun- operations au-c ulce es-smmry , the code body m ust be entered
t en mi t t Ime emmd of the program. We can therefore define a by means of “IN” amid stored oum the lM’ivate tree as a
Imm:met~ END by: string. Changes can tlmen be made, and the code body

redefined from this string. The following tumacro will read a
END. code body and store it in the private t i-ce aS a string:
ENI) PU = ‘V : RESER S E. ‘ 00 ’ ‘

END ’ / ENTER CODE BODY * UNTIL *.

P T = P T 1O /
Tiiji~ macro will replace the programmer ’s END statement 30 = /

~with’ - LINE 40 = IN /
- 41 20 /S(END)

V: RESERVE , k 30 = 30 40 /(L INE)
END END PT 10 = 30 /

Th is reserves a block of meumm ory of the cunm-ent lemmgth A call on this macro m i ght be:
mind gives it time name V. Time asseumubler ’s addi-ess arith- ENTER CODE BODY SAM UNTIL ~AM IS FINISHED.
i i ie t ic feature then references each variable within this (code body>
l)iOCk. 

- 
- SAM IS 1-’JXISHED .

~uippose , however , that the assembler being used can- The code body would he read and stored in mu ch uni pa manme-
u m i.t  thu address arit hin metic. Lu) !? nmacros can still be written ter 3 u t m mti l  the line “~ -~\I IS FINISHED” was recogumizedto avoid the imeed for variable declaration: by the test “41 20 ,‘~ (END) ” . At- this point ti me -triu u g from

Fl-ITCH *. 
parameter 3 would be stored as the value of “SAM” on

END P1’ = ‘FETCH , V ’ 13 / the private t ree. This string could then he i mm auu i pulated
END. in any way and defiumcd as the code body of any te m plate.

10 = O0 ’.’/
20 = ‘0’ / 5. l imip lemue ntatiomi aumd Extension

(il K 11 ~0 ,’~~/~(EN 
~
, / The entire Lmr processor is written in the list language

20 = (20 + ‘1’) / (CHK) 
‘ Wms~ [10, I l], min d It emmee l)osses~’s a certain amm uou nt of

END PU ‘END ’ / machine as well as language independeuicc (~\‘t sp systems
- are available on time IBM 7004 , 70( 0, GE 2Ii~ , English

I lent ’ each v:iniabi e is named “~‘i” for successive integers i. Electric KDI-’9, Elliot 503, EDSAC 2 am id Atlas 2). Time
‘liii’ “l-~ND” mmmmmcro then cu’eates a seris of space rcserva- processor itself is iummbe d ded iii tin emi virontmment wimich
I i( .ue. , otie b r  each variable. It is iuiteresting to note that interacts with the op er mmti um g svstenm to route 1.iup output
t here is no IK- na lty mtttachm cd to specifying a go-to. Because text to time correct conmpiier. In time Ihmsser system , the
ol’ t im e way tin ’ statcnueumts Ire stored, one with no go-to compiler to be used is specified by 3 charmmcters of a 12-

m t’ffectivehv supplied wit h two go-to ’s, both to the character program identifier. Time miser nm :my provide a pro-
m~e~, , t iung -stat emeiit.  gram title as uvell mis  atm identifier , amid t lie I , m~u u’ emiviron-

mist’ of 11’ muhi OWs Us to add code to existing uim:i Cro lmm ( ’ mit uses t ime fir st 3 chmiractt-rs of th u s t i t le  to replace time

(38 C,,s ,,,,,,,,, it-sit ion ,. or t he ACM S’o lu,i.e 10 / ~ t .m hvr ~ / ~~~~ , 1%?
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com piler s l s ’cih icztt i oum . ‘l’h e () t m t j ) u t  text- fro m Lint ’ is ~~‘hmcn : mmn , t h i e u ’  l ,buik h u e  m~ 1 ‘ am id . I i i .  ; t ~~~~~~~~i i . ?  ~ i.~
then 1(’subnmit ted in the svs te mmi by uvi - itim i g it omm a numi gnetic to the m— t: mte m t ieu ih  folit.~~iti g ‘‘ l  f —- I \ ‘‘ I m 

~ o • s~ t m -  ~ Itape mu d reset t i t i g  t he ~mip1it un i t .  ‘l’imei’e is no restriction meats “PU = I N , ‘‘ min d ‘ 1  ‘1 ~ — ; \ ~ ~ • : I mm ‘ e I II ,(~~~

out the conmp i ieu’ ~-elected ; it could easily he LIMP m tg mu i um . copy ing fr (, m lm t lie iu mp i t t  u n i t  t o i ‘~~. - ; a:~ ’) ~ t i ’  ~ ~~~~~ 
! ~ -j

It is thmer cu ’t e j )o— sib le to umma ke imu u lti p ie im:Ls-ses t lmrough resl)ectiv(’Iv . Ju t  emtehi Case the  t (- :~~J ! L ~~- i . i a t (  :~ .~ i t r ~. -m- ’~--
Lm~um ’ before going t O ml com mv eum t ion al con~i)iIer . is bypassed. \\ h eu i :t li l . i mi I~ j ima  is t ’ Im -t~ i l i t t - t - t ~ ~ - t ~ -

The version of !~IMi ’ described in th is paper is a reformu— essor returns to the st :mte nm eumt foUo~- iumg th i t ’  ( I T i~
lation of that w h i i e h m  is ctmrrent lv iii use iui tI me Basser Corn— initiated the cu~m~-ing .
pu ting De 1) :mltnt t ’lI t . The t~m o  ~-eu’siouis are equivalent in ‘l’hmc mainr dm a ~vhmu ’l~ of the cut r ent imi1 ~ ~~It •~~ -m ~ ~ ~i
po%%-er , bmmt the B:Is’4er versioum m’(’qUit ’e’~ titat  time code bodies is flint \Vu su - stares a single dm :m r :tc t ( - t  Pet ~ orti , u I
be ~vr itt en out in mm fornm mmmcli d o—er to that u i -which they increases both the stou- agt -’ re(1u i r - i i i e i ~t -  :ii i ‘\(‘( ‘ l m t

are executed. ‘1’I~ - re —tilt ing maei’o definitions are relativel y ti m es of Lntm ’. ~\‘hert it is 1 ) I ( I C
~ ~ - I I ~~ :m ;, ca - n fl~ i o u

u iumm isy to w -m - i te , afl( 1 difficult to deci pheu’ when debugging. statements wh ich art ’ not SpeCia l t- a - -t- ,-- . I h i  m ium u- “1 - •  iii’ ’’
The processou’ has two nma iim phases: definition and cx- seems particularly apt. ‘I ’imi s deft-ct oh \ V i — i  i- i - - : ~~ a - i

pansion. When a macro is defined , i ts  te nmp late is added edied by the inc lusion of packed e h mt m - :a-tci- ~t r i~ - a-  I:i t~
to t he temp late t t ee mind its code body is converted into a items.
form ,which cm mn be handled by an iuuterpretive routine The major exteu msiom i conte mmm p lated for Li \.i ’ ~ an :tI-
durir~g the expansion phase. This conversion recognizes a teration of the tenup l m m tc scan. It is propo~t’d t h ~~t . rm ~- t t - d
number of special eases , and sets up cliffercuit structures of a single parameter flag, we allow nan memi p: m a u i m . ’ t & - r ~
fcr  each. 1- or eXanll)Ie , if “PU” is time string reference, of the form *XAMEs. Stuchi a par au mmete r  v - i h  hi -  ld ’ —

lemi the rep l:teeun emi t is formed into mu siu ig ie string with fined by a Backus Nor nmal Foi-nm ( ‘xp uessio im . m d  t i ’e- ~~~
- . i i

r ,mark ei-s for t ime p arm umuu etel’ substitutions. Thus the string ncr would have the power of mm syn t ax- d i i  ~~~~ 
i -

need riot be m-e-eval u mut e d each time time macro is expanded. A substrimmg of the input line would uni v  m~ .&N 1 ~1 n:muiw d
Suece~si ve pum m e im s t atet ime n t s are co mmi bi umed , with suitable parameter if it had t h e  specified syfltaN . E~chm BNF ~Lilt’

insertio n of carriage u e tum ’mu chmmm ’acter s . Simmu i la r s i imm p ii- would hm ave an associated cache hod~- , ~v hm ichm w .,uhd hi’
ficat io ns can be uiim ud e where time stri img reference is “PR” called by a function EX(d O) . The value of th is  fu at ’t i o m m
or “ IN” , St a t ( ’ ummem mt s ref eret m ei m mg “PT” . ‘‘ST” and “TT” would be the stri um g pi-oduced by the code bod y of tI m e mule
are liLewise s~it~k’d out and when a symbol or template used to recognize parameter ml. A parametei’ with imo mimi t l lC

is defined by nmc auis of two such statements , these are (i.e., “**“) would be handle d in time same wmtv m1~ t h e  cur-
comb immed . - rent version h andles all parameters . Time extended Lr .u i t ’

Dum -ii g the cxpmu n~ion phase . im mp U t lines are read and would he closely related to the syntax-directed co nipi km-
r , iat ch cd To the t emvi p lmmte  t ret’. \\‘lien a mmu cro call is found , described by Warshiahl and Shap ii-o [12].
I re c t> t - m -esp m ) i 1 i I I m ~~ Ci .de hotl~’ is exauuiitmed amid one of ev- Extending LIMP in time manner described above ~v iut ld
cm l iu oce~stm’~ i~ ca lled to puu iehm . p rim it , move information result in a pm-ogram with considerable powet-. hut which
to t h ~ - ~m put - etc. One of these processors is mun interpreter could be used for simple thmiimg s . One of t ime dm - miwh: ck~ ot’

for t ie sub~et of ~~ OBOL uvlu i ci i makes up the geumer al syntax-directed comp iler is tha t  one must- specif y t in ’  ci i -
code b -civ st ;,t enmei it If time st a teum u em mt cannot be recog— tire syntax of a language. Th is would not be t he  emu se am
t , ized as a si cciul c:m~e, it is h andled by t l mi s intem’preter. extended LIMP. One could miiake small changes am t h e
I- tteim such ~t u t c i U c m A t  h a s  been commveu ’ted into a list with app nremmt behavior of au existing compiler by de l imi in t r
sub lms ts for t h e  p att ’u ’m m and reph ace u mu emmt , each of uvhm ic h small exten siomus or changes in its m-~-ntax in Lu~ii’- - the

a li st  of e icnmcnt s. Tic go-to fields mire replaced by links bulk of the sym mt mtx analysis would still be done by the cx-
t o thi t -  lists for t h e  correct statement . If no go-to is speci- isting compilem’.
l cd . Ii S arid F hii ik s point to t l- i e next sequential rule. A macro processor wimic im has thus abil i ty to m ake
T1 ti ~ c-very rule effectively imas go-to fields, amid any rule changes in an existing compiler was recc-iu t l~- t l esct - th - i l v
which is um ot aece~siblc Iroumm some other rule is not at— Leavenworth [13]. h i s  progranm uses syntactic i i i f o t ’ i u ia i  i i , t t
lac-hied to time list stu’ucture . Such immaccessible rules are durin g the recognition process and allows fix ed stnti mg ~ t o

elmii t ,t te d d1m i-ing g :mrb mm ge collection. 
- be intersperse(1 with the fornmmml pmtrammue ters . h 1o~vcvcr .

Lmsm t’ e im t eu ~ time definition phase imnmediate hv after time macro nam n e roust precede t ime 
- 
flrs t pat - :u um a’ t e u -  ant i

- - . . - - must he unique. Apparent lv recognition of th e m i lac i t )  Isroce~~iui g t h e  flag hmi me , :und accepts def initio ns uu mtt l  a , - , -

- - per formed on the basts at t ime m iam mme ul omie , :u t t l  ~Vti t m i i ’ t  IC
blank im i e is eumcouumtered where a t emp late us eX 1)(~eted. - - -  - 

-

- - itiformatton us used solely to establish time values ~f l it ’
The expm tmi ~i omt 

~~~~--~~~“ 
cumtercd with time succeeding line , actual para m eters , The code h)od y of time imm acni ) m ihio ws

(Not ri- h at  t h i s ali t  u for mu blank l imi t ’  to appear any— for co mmd i tio u ma i generat iou i t i  a rather rest r i c t i-mi nm:t mlui ( - r .
re n i t i t m u m  :m c .tiie body.) The exp :muls ioum phase co umt ttmueS fl~

. j neln diumg extra infornm m it iu t t  in time teimip hute (f ,iU ,u - ht ~
i i i t t-mm u - i f  t lie t h iree st :mteu mt t ’ i i t s  “‘FT = IN - 

‘‘
, ‘‘PL = t ime umm im mm e ) one macri, defimmi t ion t-ssi ’mmt imthl 3- i t t - c t  ‘t imes - O V  -

IN  1” or ‘‘i’U IN ‘‘ is ext_ ’cute i i i i  m m code body - The cm l. ‘l’hte code body t iit ’it  has \~f t \ 5  i) t getierm ut u i m ~ i l t i mi - ),-
first st aU -nw m t t  ~n I u i . m t - ~ a r e-t ’u it iy to t i t t ’  t l c f tu i i t ium m phase. Pt ’i t t e  code for em m eh m ai lc m’ m mm tt m y e .

~ 0111011’ II I  , \,.,s ,i.i r / J uR , I’K~ (‘A,n,l,lIs,Ii, ’~It iohI- ’ of I I , c  %C~I 139 
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6. Sti u ium i&m ry (I lFt () , m iuii i  H. .1. Om’g:e.s (Vale Lm u iv . ) .  Sixs-iul t imamiks are

I u i t h is i) :ii)t ’m’ \~ t’ li i\ t~ d(’st’m’il)et l mmii  mm l) i ) i ’(tm u ’h to Imt m i-  ~~~~~~ to I )r . ‘t I . I I . Hat ht g( ’h )t ’r t ,f t he j~’mmiv ersi t~ of Syd mey

gnmi ~.m,t ’-i mt (h ’~m emidt ’ui t  ml u m L i ’ t O ~)i ’uut ’(~~~1ttg. I ’hte key princi ple of for h i — - - ,t itl u t  ~n’.a ’itliui g test eases m imid ~‘iig gc.st louis for both
LiMi’ is si ri mu g in mt ui i l f l i l m l t i t l t i  u vi thm intramne ter sub stit u— ti m e pu c~’essou’ m iui d its doc ’ttmuic mmt atj om i , amid to the two
t iom u .’ a ti’i ’hutii iu c ’ wh m it ’hm im m is r cvt ’ut t lv been iu ,seml in two referees who st rugglt ’d t lmr tnu g ht the first t’ersiOui of this

sintila r h)r tM ’( ’-s~4Jrs : St rmu ’iuc ’v ’s ( k’iiem ’ah h’mut’pose Macro— paper amid provided mum :iil- imnp ort aumt fresh outlook.
gm’utt ’rmllt ;r 131 uui u d Mts,crs’ ‘L’RAc ~~ ‘rime-se systems are Jl~ CEIVE D MAY , 1900 ; RE V iSED NOVE MBER , 1967
ver” close to L I MI ’ H i desigim gonl&m , but t hme i u ’ realization
t hi siilays mi Iii i t d amni -mtt mil difT&’i’etmc’e iii pm ’ogu’arnm immg philoso— I~EFE 1{ENCES

phmv . Bot h t ’mpiov the mm i i t io t m (if “nested functional ex 1. MctLnot-, M. I). Mmmcro ins t r imct ioi m extetmsion s or comp iler
jn’es-sions” j im which the rnmu ’ro is written as a com posite languages. Contn, . :t CM 8 (April , 1900) , 214.

fu u t t -t i n n  ~v ithi strings mts argummiemits. LIMe t reats the macro 2. HALm ’E mt.s, M. I. Xl’OP: a meta)au ,gua ge without mets-

its a pr~ ’edmire to be executed rathem- than a function to be physics. Proc. A1-’IPS 1004 Fall Joint Cun iput. Cotilh , \‘ol. 26,

evaluated . - 3. Sric~emu~y. C. A general purpose macroge rmerator. (‘output. I .
Lut u r has sufficieumt capacity to provide the programmer 8 (Oct. 1965), 225

with a powem-m ul tool for moclifyiutg the apparent behavior 4. GuttHAM , M. L. , AN D  INGE1tMAN , P. Z An assembl y language

of mtmi eXist imi~ (‘Ornpiler withtait the necessity for a c’orn- for reprogramming. Comm. .LC.l! 8 (Dec. 1(1115), 782.
- , - . , 

- 
. 5. Moo~ns. C. N. TI IA C , mm procedure-describing laumgu age forplete m’edeI imnt iomi of thm ut :~

uumpm
~~

1. s language. This pro- the reactive typewriter. Co,,on. 1C.t! 9 (~s l m m rt -h . 1066), 215.
gi unu hi m~ b e n  a~ ni mble t am geimeni use iii the B’t-s~er 6 F%RB E R D ~ GRISIt OLD 11 E ~s.n POLU ’s -k ’i I P
Com puting Departmeumt - since April , 1966. Typical appli- .SNOBOL , a st riumg mani pulation language. J ACM 11 -

tation have been to reduce the amount of punching re- (Jan. 1964), 21.

c1tii~’ed in ALcOI ~ programs, to eliminate the need for many 7. The SNOBOL3 programming language. BSTJ 65

of - lie limit ’ det’larations iii a flowehmam’t laumguage , and to (J tm I~’—Attg. 1066) , p. 89a. 
-

- - - - - 8. WAITE , V - M. A Imm iigua ge -tndepe umden t macro processor.
avt itt t im e uimdmvidumul spem-iumi-atiomu of large numbers of Basser Compu t it ig Dept. Tech. Report 11 , ~yd i mey, Aus-
t ’on stammts i i i  plotti ng progi’am-s writtem i in assembly code. tralia , Mar elm , 1966.

Our experience with Litu m ’ ha-s led us to cotmsider the 9. (Jmmuswou), II. E., txn PoLo NsEY , I. P. Str i ng p at tern match-

lx~rs~ii)i hiti e~ of ineorpuratimig most of its features immto a ing in the progrmm mmiuig lmiitgum i ge ~NOBOL. Bell Labors -

gem i ni te xt -e t l iti umg system. titus eit imubini uu g the tasks 
?~ 10. W iLKES , ),[. V. An experin ieti t wi th  mm se l f -comi mp i l i m i g corn- - -

text ( ‘it rre ( ’tmt in and e~paa-smtttt . Research Ui tlits 3xeD. ~ piler for a sim ple list processing lat i giiage. l i t  I~i~t ia rd -

bt ’imu g cmiiwicd out iii connection with time developm ent of a Goodman (En .), Annual !ievicw in . lu tuui at ic I’ m- ogra utui iiig,
iuu t ul ti ( ”m npmitet ’ netwom’k by the staff of the Basser Corn- F ol. 4, Perg a mot i Press , New York , 1964 , p.  1.

putimmg Department. 11. ORGASS~ B. 
~: 

Scit Ot iR , H. ,  IVAmT L W’. M , 
:~~ ° ~‘iLEES,M. I .  W I.’~P—a se l f-co mpml mi ig list. proees~u iig 1ati ~iiage .-

:li ’l,stoit ’lcd qutent, The general approa ch taken by Basse r Conip i mm ing Dept. Tech . ileport 36, Svtiney, A,ts-
i5 similar to that of mtm~t other macro processors— trails , OcL 1065. -

i t —  rt~Im mt i o mi t o  BEFAP amid Inum.u’ eami easily he seen. Many 12. WAR SHALL , S., A N D  SmiA p immo , B. M . A geiter a l-pt irpose
- . - tab le-driv eui counp iler .  Proc . A FIPS 1961 Sprit ig Joint  Corn-e m t u m t s  of I mi up U( dmret t out gmou th of the author a put Conf lot 2o p 59
work t o m several \\ isp eompmleu’s , in (‘ollmli)Om ’atmOfl With 13. LE.%vENwouu -rum , B. M . Syntax nmacr os and extended trat isla-
l’roi. M. V. ~Vilkes (Umuiy, of Cambridge) , H. Schoi-r lion. Comet. ACM 9 (Nov. 1066), 790.

Pro posed USA Standard

COBOL
is now available

IThis import a n t  Prt’posed USA Standard COBOL is cont a ined in an issmte of t h ~ ACM SICPL AN Notices (Volume 2,
N u iu m m ts ’ r -I . Apru l 1967,. wh ich wits disi rm i ,u t ed la m .Jumie to the regular ACM $ICI ’LAN mailing list. It has also been
~~r i to  mime COBOL I lI (o r lmi it t ham But ie t  iii mail imig list. . -

i t ,  nmueresu ’tI pci-suns m ItIt on eithe r of time mailing lists for the above pubhit - i t in m is .  th is  l’roposed COBOL $taitdnm ’d
is :,i’ atl ihle ii St . lX) ~x’r copy . Orders must fm ~ pr ci imiitl itumd should he amldresst ’d : COROL , Association for Con mpti t ing
Ma , ’li t miu ’r v . 211 Faist -Eh-d Street , New I urk , New York 10017. A special price of S2.50 per copy is being grul mt e(I by
~L ( ‘.11 (or ‘bulk orders of 50 or more .

• U~ A $imin , I mt r , l s Con irn im tee N3 has mmi t th i ,, riz ed p iabh icat ion of t i ti s doritum i~ttt , w) mi e h coumt ait ms .138 pages , to elicit
C , , i , I t m e ’l t t  a t til cr0 IC u smm m t rommi tie ’ ilais ) ‘r iu ’essit tg v ,, nm rn t i t m i ty Prior to voti n g oti u s  acceptanc e ma~ a USA Stammdar d .

- Comments slm , ’t il ,t be matli t ssm l to :  X3 Secretary , Bitsittess Equi pment Mm mutt if u t- t m ut -ers Association , 2~l East 42nd
Stree t . New lt~rk , ~ ew lurk 10017.

I 10 ceiiisiinoicat 11) 115 of the ACM ~~olus,ie 10 / ~~iu , , ~i,i’r 
~ / July, 1967



— —~--- —~‘‘~ ~~~~~~~~~~~ ~~~~~~ “•“ ~~~~— - ~-— ~~~ .- ~~~~~~~~~~~~~~~~~~~~~ 

-275--
REFERENCES 7. Ross, D. T. A generalized technique for symbol mani pula ’

1. Gut ty , J. C. Compound data structure for com puter aided tion and numerical calculation. Comm. ACM 4, 3 (Mar.
desi gn; a survey. Pr oc. ACM 22nd. Nat. Conf. 1967, Thonip- 1961), 147—150 .
son Book Co , Washington , D . C., pp. 3.55—365. 8. —- The AED free storage package. Comm. ACM 10, 8

2 HANsEN , IV . J. The impact of storage manageme nt on the (Aug. 1967), 481—402.
imp lementation of plex processing languages . Tech. Rep. 9. RE ymmot.a s, J. C. Cogent programmi u mg manual. Argonne
No. 113 , Computer Science Dep., Stanfo rd U., Stanford , Nat. Lab. Rep. No. ANL-7022, Argonne, 11Iinoi~, Mar.Calif., 1969 . 1965.

3 Kxum , D. E. The Art of Computer Programming, Vol. 1. 
~o, Scnonmm , H., AND IVArrE , W . M. An efficient machi ie-inde-Addison-Wes ley, Menlo Park , Calif., 1068. pendent procedure for garbag e collection in various list4. L tmm o , C. A., AND Ga ty , J. C. ASP— A ring implemented

associative structure package. Comma. ACM 11, 8(A ug ~9~~) structures. Comm. ACM 10, 8 (Aug. 1967) , 501—506.
11. S’rYGAR , P. LISP 2 garbage collector specifications. TM-

5. McCxmmmr , J., ~T A r.,. LISP 1.5 Programmer ’s Manual. 3417/500/00 , System Development Corp., Santa M on ica ,
MIT Press , Cambridge , Mass. , 1902. Calif., Apr . 1967. -

6. M mNSK Y , M. L. A LISP garbage collector using serial see- 12. W isautAN , N. E. A simp le list processing package for the
ondary storage. MIT Artificial Intelligence Memo. No, 58, PDP-7 . In DECUS Second European Seminar , tachen ,
MIT, Cambridge, Mass., Oct. 1963. Germany, Oct. 1960, Pp. 37-42.

A Base for a ]\(Iobile then used to translate a more elaborate one, and so forth ,
until the desired level of complexity is reached.

Programming System This paper is a complete description of the first stage of
such a bootstrapping procedure. It is organized as follows:
in Section 2, the processing performed by the simp le corn-

RIC H ARD J. ORGA ss piler ~SIMCMP); in Section 3, some examples of its use ;
IBM Thomas J .  Watson Research Center in Section 4, the environment which n-must be coded for a
YorI - low,m Heights , New York particular computing machine ; and in Section 5, the
AND SIMCMP algorithm.

WILLIAM M. WAITE 2. Speci fications for SIMCMP
UniL’ersily of Colorado , Boulder, C- lorado The algorithm described in this paper was constructed

to provide a compiler of minimum length and complexity
which is adequate to serve as the base for the impiemen-

An algorithm for a macro processor which has been used as the tation, by bootstrapping, of programming systems.
base of an imp lemento rion , by boot stropping , of processors S1MCMP is essentially a very simple macro processor.
for programmi n g languages is described. This al gorithm con Source language statements are defined in terms of their
be easil y implemented on contemporary computing machines. object code translations, These definitions are stored in a
Experience with programming languages whose implement a- table. A source program is translated one line at ‘a t ime.tion is based on this al gor ithm indicates that such a language
con be transferred to a new machine in less than one mon-week The input line is compared with all of the entries in the

table. When a match occurs, the object code translationwithout using the old machine.
of the input line, with appropriate parameter substitu-

KEY WORDS AND PHRASES, bootstra ppin g, macro proces s ing , machine tions, is punched . SIMCMP can be used to translate anyindependen ce, programming ionguag es , implemenfaSon tech nique,
CR CATEGOR IES 4.12 . 4.2 2 source language which can be defined by rileans of simple

substitution macros with sing le character parar ’v: ers.
Several terms as they are used iii this paper are Ui -

I. introduction strated here. In a conventional macre processor , a macro
The development of many special purpose programming definition is of the form:

languages has increased the overhead associated with MACRO NAME (P1 , ... P..)changing computing machines and with transferring a
Code bodyprogra nimum ing language from one computer, center to

another, A num muber of writers have proposed that these END
in igu imges should be implement-ed by bootstrapping. (Since The strings ‘MACRO’ and ‘END’ serve to de~iniit thethis woi-k is wemi known , it is not summarized imi this in- 

macro definition. ‘NAME’ stands for the nw,ie of thetroduction .)
Thc description is given of a bootstrapping procedure macro , and ‘P1’, ... , ‘P ..’ stands for the f om- tna l para meters

which does not reqmmi i -e a running processor on another of the macro. This macro is caVed by a line of the form
machine for its implementation. A compiler is described ‘NAME (-‘Ii , . . , .4,,,)’ where in is less than or equal to a.
which can be trivial l y implemented “by hand” on con. When this call is encoumitered in the program text , the
te mn;sii - :ir y computing machines. This simple compiler is code body of the macro NAME is evaluated by sub-

~ olu ,,,e 12 / ~mun a ber 9 / Septe mb er , 1969 Communicat io ns of the ACM 507 
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stu nt ing t 1m t~ va limu ~— of ii i’, ‘ ‘ ‘ , ‘.1 ,,,’ for occurrences of After all of tl1e macro definition -s have been read ,
“Si

’, . . . , ~~~ •l f u s  i~ ~e~s than it , then values for actual S IM C\IP  enters tile expansion iili~tse . .  ~ sing le scurce
p alometers It ,,, , 4 ’~ 

- ‘ ‘  , ‘.1~ ’ am-c gemmcr~tcd by ti-me macro statement is read into the array. I{c-~oi i m m g is t ermni m iate d
,)r ’’cc~—~o1. ill  some rc~ ui~sr ~\-~ty . \\ hCti a source end-of-line flag occ um- ~ iii  t im e input stream,

~ l MCMI ’ (hfl(-r s from a -unvelltionai nlacm~) processor This — t~stcn iemmt is translated by sumec t- -sively mm am cl i ing it
j I m that  t l i~ h u e  wi mi ch  intruduces a macro delimmition n ay  agaiumst each of time tiefimied temn p i:ttc~. B~ii,re thi s  corn-
he ~i mi az-bit m - mt my ~t rim i g of e1m~tracters , with pnrarnctcr .s in— parisomi is done , a check is made to em u smi r e t k t  time source
(iLc: it t ’ll by a ~1>ccimi l symubol called ~t p ar a immetcm~ f l a~j .  ‘l’his h u e  is nut void (a void line tcrmiiiatc-s the plo gLa mil to be
1i m mi ~ iM rcf errcml to as the tem plate. ‘l’lic effect of im~ing a translated). During the matching proce~~, a char :icter
tenij ,late is to tsllo~v the name part of a traditional macro which is n-matched against a source huu igu ~ige p~t rz t mm iete r
to be replaced by a “distributed name” which consists of flag in the template is placed in the co mm -c~pondin~ pam -amne-
all t i me characters in the line except the parameter flags. ter storage word. If all the characters in the im ipu t line
L.xcept for the parameter flags , each character of the are successfully matched , the input l imm e is acccl)ted as a
template n-must match the corresponding character of the call on the macro whose template is curm-entl y being
input line exactlv. A parameter flag, however, may match scanned . If SIMCMP fails to find a match for some
any single character. That is, the template line may be character of ti-me input line, an attempt is made to match
thought of as a mask consisting of literal characters inter- this input line to the next template. If :tU templates have
spersed with “h oles” which correspond to arbitrary char- been compared with an input line and there is no match ,
ac~.ers in the input string being matched. The character then the input line is assumed to be in the target 1:snguagc
which is matched by a particular parameter flag becomes and it is punched out without translation , After proces~ing
the value of the formal parameter which is d enoted by this an input line , the next input line is processed , and so
parameter flag. forth , until a viod line is encountered.

TI-me code body of a SIMCMP macro consists of lines Since the templates are scanned in order , an input line
in the target language with references to parameters sub- w-hich matches scveral templates xv i II be tre ated as an
stituted for some elements of the lines. That is, each line instance of the first template encountered. Therefore , it
consists of a series of strings of characters and references is the responsibility of the user to ensure that the order-
to parameters . A reference to a parameter is signaled by ing of the macro definitions will not produce strange
a special character called a mac/mine lai~guage (MCT) results.
para m eter f lag. This flag is followed by two digits, the first When an input line has been matched to a particular
of which specifies the number of ti-me formal parameter in temp late , the lines of its associated code body are punched
the template, counting from the left. The second digit out. Characters other than the formal pam-a meters are
of the parameter call defines the type of conversion to be punched exactly as they appear in the code body and
used in the particular substitution instance of the formal call on formal parameters arc replaced by the values
paramneter. A maximum of nine formal parameters , num- specified by the conversion digit and the actual pa rameter
bercd 1 to 9, may be specified in a single template. The value. Two conversion types are available: type 0 ari d
two conversion types which are available arc described type 1. Type 0 conversion is a dim-ect copy of the actual
below. par amneter into t h e  output string. For each coumiputi ng

Time SIMCMP translator has two main phases: macro machine , ti-me user of SIMCMP rnu~t define a one-to-one
d fi mm ition amid macro expan sion. During the n-macro defi- mapping, if , from the character set of his computing
nition pha se , user-defined macros are read and stored in machine onto a set of positive immtegcrs . The onl y restric-
an irray. The first input line for SIMCMP is called the tion omi if is that the characters 0 to 0 niu~t m a p  onto
jl~z~,’ li ne and contains five control characters. The first is successive integers. Type I conversion produces as output
the  source la nguage end-of.line f lag, a character which the numeral which denotes the image of the actt~al pa-
marks the end of characters to be translated in an input ran -meter under ti-me mapping M.
hne . The second character is the source language para meter For some target languages , it is necessary to SIMCM1~f i n 1  which is used in templates to indicate time position cf to be able to generate ai-bitrary , un i que symbols. This
iom -n - . mi paranieter~. The third and fourth characters of capability is provided by n-means of parameter zero. Up
the h a g  line , respectivel y, are the MCT eimd.of-line and to ten unique symbols may be generated during the ex~the MCT param eter f lags. The firs t marks the end of use- pansion of a single n-macro by re ferring to p~iameter zero
ismi information in a code body line; the second indicates with conversion type 0 to 9. The conVcr~-ion tvpc’, in thistlm .~t a converted actual parameter .~hould be insci-ted at case indicates which of the created s\ -rnbols i- being re~t i i ~ point in time umach ine code out put. The fifth char-

- , - ferred to (for example , 00 refers to the first createi l svmn-
actci- on t lm c flag line mnu st be the ~liaracte r 0 . Following , -

t ime fl:m g line is a series of macro dehinitiori s. Each macro bol , ‘01 refers to t ime second created symbol , etc.). F hese
defin ition is tern -mj natcd by a line svhose fi r st cham-acter is symbols arc three-digit decimal nun iem-als; the fir~t one
1-hic \ICT emi d - of-l im i c flag. After t l m i~ line , a mme w t ern plate denotes the integer 100. These numerals are supplied by a
rnu~ appear. If a part icnl:~r macc~ is the last one to be “location Co U ui t c m - ” which is maintained by SIMCMP .  Thi-~
defi ned , then the fmr~ t Iwo charac l i-r~ of it s tc r mn i i n a t ing  location co imm iter is initiall y set to t ime value 100; after
11mw u-c m acinc code cud-ui-line flmm g~. proc essimig a macro ~ ‘m ich Coumt ain s references to ; m i -

~ 
meter

308 Comm., ni , -at Ius m~ of I lie .-tC~l \o l.sinc I~ 
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0, its value is incremented by one more than the highest The output program is used to write text which is to be
conversion digit used . processed by the assembler; the output text is also or-

The structure of the tr~ins1atic~zm performed by SIMCMP ganized into lines.
imposes restrictions on both the source language and The input program (IREAD) is an integer procedure
the target lammguage. Restrictions on the source language with one parameter. The -value returned by this pro-
syntix arc miot important because the only purpose of cedure depends on the value of the parameter and the
SI1\ICMP is to compile the next compiler in the bootstrap next character in the source. The parameter of I [I2AD
sequence. Restrictions on time target language are more may have the value 0 or 1. If IREAD is called w,th a
serious ; so we Imave attempted to generalize the program parameter whose value is 1, ti-men the value returned by
without compromising our design objectives.

CAR...3. Examples I = CDItC21).
The compiler for the list processing language WISP CDR ( ’ll) C~ 1t (I).

[I] is written in a subset of itself which can be compiled
by SIMCMP. SIMCMP has been used to implement the (a) Exa m ple of SIMCMP macro definition.
WISP language for several computing machines. The A CAR B.
programming effort required to implement WISP in (b) A String which matches the template of (a) -

this manner is about one man-week. The macro processor I = CDR(38)
LIMP [2] is written in the programming language WISP CDIt (36) CAR(I) - -
and , consequently, is available once WISP has been (c) A possible output from macro (a) when string (b) is the input

implemented. sss S **s
P’ISP n-may be described approximately by saying that I CDR( ’41).

J CDR( ’Sl).it is a simple version of the “progra m feature” of LISP ‘l0’~~’~~(f) ‘o0’60’7G~J).
~3]. The examples given here are taken from the subset of
WISP which is compiled by SIMCMP. In order to pro- (d) Another example of a SIM CMP macro definition
vide examples which do not refer to a particular comput- CAR A CDR B.
lug machine, the FORTRAN II programming language is (e) A str ing which matches the temp late of (d).
used as the target language . In actual practice , the target

I CDR(36)language would be the assembly code of a particular 
.~ CDR(38)

machine. CARd ) CDR(J)
Figure 1 contains examples of two SIMCMP macros (f) Output produced by SIMCMP when string (d) is the input.

and illustrations of the output produced by SIMCMP for
particu lar sou l-cc language strings as inputs. In this fi gure , Fio. 1. Examples of SI.\I CMP macros

the sotmrce language and MCT end-of-limie flags are “ S ” .

Time source langu age parameter flag is “*“ and ti-me MCT TO sa IF CAR s]. CDII
para m et er is ““ . I — CDLI ( ‘31).

An examp le of time use of parameter 0 is given in Figure J — CDIt (’41).
(IF (CAR(I) — CDR(J)) ’OO , ‘1O’20, ‘00.

2. The flags in this figure are the samne as those in Figure ‘00 CO NTI NUE .
1. Since the target language is FO ETRAN II , arbitrary
ia%x’ls must be gener ated because three labels must be (a) A SIMCMP mnacro definition which uses parameter zero.
specified for the IF statement. When the condition is not TO 13 IF CAR A CDR B.
satisfied , contro l is to pass to the next statement, which (b) A st ring whic h matches the template of (a) .
must be as—igmied a label. SIMCMP produces this label I — CDR(36)
automuatically by means of p:lrztmneter O~ J — CDII (38)

IF (C AR (I) — CDR(J))100 , 13, 100
.1. The Envi m’onmnc nl . for the Sinmp lc Compiler 100 CONTINUE

The envirOnment for SIMCMI’ is defined to be all (c) Output produced by SLMCMI~ if s t r ing (b) is the first input
string which matches a temp late whose defini t i on uses pa r am-

progr ams w h i c h  are meq uire d to use SIMCMP on a par- eter zero.
t ic t i l ar  co mimput in g mm ma chim m c . That is , the environment . TO 14 IF CAR B — CPR A.
includes if lp u t  and ( inmi p ut  progranis . the assembler for (d) A string which matches the template of (a) .th i .. eo nmp m mt i mmg m: icuiiin e, and a driver progra m . (Time
SI \IC~ll’ :iig~.rttiimn i— given :ls a procedure.) The immput I = CDI ((38)

J = Cl)ll(30)
pr~gr.~nm is im ~e(l to reau fr ~ ra a source created by time user. IF (CAl L l )  (:1)11 (J)) 10I , 14 , iom
This source is ‘o be org:in ized i m m t ~m lines. l-’or remote 101 CONTINUE
term iiim i: -i or paper tape orme m it , sl  muad iin cs , a li ne is tic- (e) Output pr od imeed by SIM CMI’ if st r in g (d) is the second imm I~,mt

li mited by ~~~ - m t ’ ~. r c t ’ Ir mm ~. l o r  card oriented m:,chimmes , string w hich matche s a tenip laic whose definition uses p ars,,, -

each e:m i - .l is a hml ; C amid is cmn msmtkre d to have a carriage eter zero.

retur n fi ,hht ,~ ing t i me .~~th character. Fio. 2. Examp le of the use of para meter zero

~ u Iuuie 12 / ~ u.iibe r 9 / Scpt.’ .ulw r . l% ’m Con ,, , im,n icat ion s of t Ir e ACM 509
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the procedure is the integer which corresponds to the next However , this call causes the input stream to be moved
character in the source under the mapping ill. Note that forward unti l a carriage return character has been p.ossed.
it is assumed that the source is organized so that the first That is, after such a call , the next call to IREAD ~,-ith acharacter of a line immediately follows the carriage re- parameter whose value is 1, returns as its value the in-
turn of the line which precedes it. The carriage return teger which corresponds to the first character of the next
itself corresponds to the integer —1. input line. Successive calls I READ (0) may be used to

If IREAD is called with a parameter whose value is 0, skip input lines.
then the value returned by the., procedure is undefined. The output program (IPNCH) is a procedure with one

argument which is used to convert integers to the char-
SU8ROUl I~~E SIMCMPILIS T.kSAA I
DIMEN SION L IST IEMA XI acters to which they correspond . The statement CALL

C ~uo CONTROL CHARACT ERS . IN THE ORDER —

SOU RCE tOe . SOURCE PA RAN, MCT CDL, MCT ~~~~~~ ~~~~ IPNCH(I) causes the character which corresponds to I
so s m.i .s
LIsTi m , .IREAD,m, to be placed in the output character stream. Since the
~IsTs6’•1°O integer — 1 corresponds to the carriage return , CALL

C 15*0 MACRO ocrINmol oNs
2 I . I RIA D I O I  IPNCH(— 1) termiflates the current output line. That is,

L m s T I L ) . - i  for a card oriented machine it causes the termination ofm .L3 iF II .65. EM AX ) STOP the current output card ; for a remote terminal or paper
I .l’i
L m S T I I I . I ~~5 AOI1 ) tape oriented machine, it causes the carriage return
IF I L I S T 1 I I  .RC. L I s t l i l l  GO TO 3

6 j.j R5 ADI OI character to be placed in the output stream.,.m .r‘1.1 By contemporary standards, the assembler required for
~F (I  .GC . SHA RI STOP

s l i m  I • I R E A D I  i r  the SL\1C \IP environment is quite simple. This assembler
IF I L I S T I I I  .RC. L I S T C ’ I I  GO TO 12
L:s ~ lm , . t t s ? I s , -m RsAoI i ) — 7 must be capable of assigning values to svmubolic addresses
1 • I . !
L i s Y  m , . m R E A D I I I - L I S T I S )  which are strings built up out of numerals or numerals
IF I L I S T I I 1) .RC. i — 7 1 )  GO TO 7

~F I 5 T I ~~ I .LT .  c i s t I m o  L I S T I L , . L m s T I m I  and other characters. The symbols generated by ~L\ICMPoo TO 7
12 IF  0,1 5 1 1 1 1  .5. Lm STISI ) GO TO 1 are always strings of numerals. However , the ti-anslation

LI ST 1 1 1 . — Ir c u .~~~‘. -H GO 10 ~ rules may be written so that a string of numerals is pro-
L I S T  151.1

ceded or followed by another string of characters. This
IF 11R553111 .NE. L I S T I 3 I I  GO TO 2

c REA D £ souRc e S TATEME N T assembler must have a facility for reserving storage.
2 3 I - I R T A D I O I
21 22 I .S ,( MA X The driver program defines the storage used by the

L I S Y I  I I . T R T A D I Z I
it I L I S T I I I  . tQ.  L I S T I 1 ) )  GO TO ~ procedure SIMCItIP and calls this procedure. It may also
If i L I S T I I )  .5 0. i — I l l  GO TO 52

22 CO NT I RUC - be used to take care of bookkeeping functions. During
STO P

C T R *N S ~~AT E ONE S T A T E M E N T  translation , SL\ICMP requires a single integer array and —30 IF I I  .50. CI RETuRNit six temporary storage locations. The array must be large
31 L~~S enough to contain all of the translation i-ules (stored one

00 34 character per element) and a single input line. In addition ,if I L I S I I N I  .C0. L i S t i l ) ,  GO TO 33
I L S I I N I  . tO . L I S T ( J I )  GO TO ~ fifteen elements of the array plus two elements per ti-ans-

32 • . LmS1 (~~II~~,~~- E I31 .S0 .S )  lation rule are used for control information.
~~ IF I i  .(‘~ . j ,  GO 10-32 -m s t , L I . L m S T I J I

5. The SIMCMP Algorithm34 C O R T I N U C
GO TO ’t -

C PUNCH “aC ’ .INC CODE IRARSLAI I OJR The SIMC2sIP algorithm is shown in Figure 3. This
43 CALL I PNCHILI S T INIP
41 N ’ N~~1 algorithm is stated as a FORTRAN IV subroutine. It hasIF I L I S T I M I  .00. Ni GO TO 47

I F  I L I S T I N I  .55. 1 1 1 i  GO TO ‘~ been used in this form with an IBM 7044, an IBM 360/50,L . L 1 5 0 1 N 1
and a CDC 6400.IT IL .L0. TI GO TO 42

I F  I L I S T I R I  .R C .  D I  50 TO ~3 The two parameters are the array described in SectionC A LL I P P I C H I L I S T I L I )
00 TO 41 4

~
jL

~~iL and the number of elements in this array

~ 

~~~~ t ca f l . ,  -~ I 3T4~-1t.tl~~ i4I t--—-—-—--- -—---———--—----.--—~*———
GO TO 20 (KMAX). The comments in the program exp lain itsC C~~IVE R? A PARAMETER TO AN i NTEGE R

4? L m S t I T , . L I S T , N , . L I S I I b ,  operation , although this information i5 not required forRI .L IST IL ,
30 ~ E .EMA * the use of the program.L 1/1O
L I S T I J I . I - I L . 1 O ,  RECEIVED DEcEMUEn 1967; REV m SED M.~v 1969IF IL  .50. 01 GO TO 45

£4 - I ~ISTOP REFERENCES40 CALL I P R C H I L I S T I J I . L I S T I S , ,

1. Oao.tss, R. 3., Scmtonn , H . ,  WAIFs , \V. M. ,  AND \ V I L KES , M . V .IF IJ St. E l  GO TO 45
co to 4m WISP—A self-comp iling list processing language.  ‘lech. Rep.

C ~~IRCH ~~JT A N JRRL(0~ NIUD LIN E A P T E R  G ETI INO IT  A LL INs~ ~- i . m  No. 30, Basser Computing I)ep ., U of Sy dney, Australia ,
30 SI I . J , E R A R  Oct. 1905 . (Also repri n ted by the Dep. of E lectr ical -Emlg ineer-L 1 S T I I  . i 5 ( A ~~~fl
~R L I S ? I I I  .50. I - I l l  GO TO 52 ing, U. of Colorad o , Bou lder , Col , and by the Columbia U.S~ STOP Computer Center , New York.)

0: !‘O 51 .. . R . I  2. WAmT c , W. M. A language independent macro pro?essnr Comm.5’ CAL l. I.’S(”iL ISTIJII
3,3 50 S I  ACI1 10, 7 (July 1007), 433—440 .(NO

3. McC.uo-r,m y , J. i.r At. . LI SP 1.5 progr ammer ’s manu al . MIT
Pie. 3. The SIM CMP algorithm Computation Center , Cambridge , Ma.ss., 1962.
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0. E. ~ NUTH, ~dlto,

Syntax Macros and Extended The macro st ructure is a string of metavariables anil
- basic symbols. The first symbol of the string must be a

Tram~1ation unique basic symbol called the macro delimiler. The
mettn-ariabies are the parameters of t he macro and are

B. M. I.EAVENtV0RT 1I drawis from the metavariables (i.e., constituents of the
Infl , ,~at iouaL Busi,iess .lThchines Corpoi~a(ion ,5 syntax) available in the base language. For the present
) ‘n-k lt ’icu h e i ghts. Vest’ York discussion, two types of macros are assumed to be ai’ami.

able: statement macros and function macros. — -

The macro definition is also a string of metavat-~abIes
A translation approa ch is described which allows one to and basic symbols. Each nieta~-ariable in the definition

extend the syntax and semantics of a given high-level bose must appear in the structure. Metat-ariables in the strue-
language by the use of a new formolism coiled a Syntax- ture are ordered from left- to right , and each is referenced
macro. Syntox.rnacro s define string transformations based in the (lefinition by inset -ti lig the ordinal number of the
on syntactic elements of the base language. Two types of variable in question , preceded by t he metasymbol , ‘S’. A
macros ore discussed, ond exa m ples ore given of their use, svittax maci~o may be t hought of as a string function
The conditional generation of macros based on options ond whose domain is the macro structure and whose range is
alternatives recogn ized by the scan ore also described, the macro definition. Both structure and definition must,

have the sante syntactic type. A syntax-macro is tie-
Introlltivt)Ofl d ared as follows:

The procedure concept in programming has been de- macro U define V end mnac ro
vclopcd int o an elegant and powerful tool [l—3}. However, where macro stands for either smaci-o (statement macn))
t h e  potential extension 01 current. proeedural languages 

01’ ~~~~~~ (function macro), U stands for the macmo
in t O i J )CClal purpose areas seems to requIre a more flexible structure and V for the definition.fat -i l it  tl i:t n otht-ed by the procedure. On the other hand, To illustrate a svntax-macio , it is necessary first to
the (-onvcnt~rntai macro, also considerably developed specify a base language. The following grammar defines a
~4 , 51. lii i- ~ suit been based essentially on symbolic ~~ base language L~sembl y i-oue. The put-pose 01 this paper is to suggest a
gener ;ihzation of the macro concept to high-level languages, program ::~ block

which ailow~ the programmer to extend the syntax and begin~ iocat identIfier ;1~~~’ 8 tatC-iiSt end

sc -mamii i cs  ox a given base language b~’ new statements statement ::— variable — express go to identifier if express
or expressions. The constituents of the new type of macro, then statement block result express I label stat emcnt I
called a svnt ax-macro , are syntactic elements , or con- s-macro-call
~ i-tn t s of the base language , rather tit an fragments of express ::— a-term [relatop a-term)
macbimi e instructions as is the case with conventional a-term ::— b-term (1+ — J b-term )

- - . - b-term ::— primary (~. ~/) primary ) ‘ -

!1t~ u l o ~~. The object ive of thi s work is to develop powerful primary ::— variable constant I(express) l block I f-macn 1-c~ t
in odi-~ of expression and reference by using flexible syntax variable ::— identif ie r [~express(, express ) - - ‘  )J
and multip le levels of defiwtion. relatop : :— < ~ — I I > I ~

The syntax notation entp)oyed here fol lows that in the
Ssnta ~ ~ lacros -

PL/I report (31, namely:
A ~ y m iI :tx -I flatI’t) has two parts: 

- I I braces denote grouping,
a macro sl,-iwtHic which describes the syntax of square brackets denote optional occurr ence ,

t lit ’ -AJIl r ce 1l-\ t  to be recognized ; vertical stroke separates alternatives , 
-

~~)) a ftia( ’rO ~h t i f l Wh W ) Ij S~ I tlcscribes the semantics . . . three dots denote the occurrence of the immed iately prt -
- 

— 
- 

- 
- ceding syntactical unit  one or more times in SUCCessIOn

oi ila i -nrrespondilig macro strucLur e .
- - \(etat ’:triabies are lower-case wonis , ~vit h the except IOU

~ICflT ~ I )cve1~pnicnt Division of the following: “identi f ier ,” “eonT ,tant” uta h “lab’ )

790 ( OflI,,III,IICdIiOIIP of ij ,e AC~U Volume 9 / ~~unsber II  / Nos-eniher , l9tIh
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(t v l in ’h h a s  the f - au “ ii k - i t t  iu ier :”) arc scanned by t he contains a t a l l  to t h e  for m~tcro in its definition :
- 1Ii ~Iat or  as basic ~‘‘~ubOls. Other basic ~svmbols at-c - - -

-
- - 

- 
- fmnacro sun, express with varishle ‘— express to express

chiai-actei’s a.~~. ~eywonls (denoted by boidtacc define begin local £;
type). - t~ — 0; for $2 $3 to S-i do

The semantics of La are not- defined rigorously here, I I + $1; result

h it  t hey could be specified by a real or simulated machine. end

Xt c thiitt a block may act a.s either a statement or a endimia cro

pr im n :try . The use of a block as a primary allows the (lesig- The purpose of the function macro is to produce a value
rm:.tc t I result of a series of statements (status changes) which may be embedded ii~ an expression. The syntactic

to be efllb(’tldtxl as a VitlUC in the contex t of a larger cx- type of an f-maci-o-call is a primary, which is Consistent
pression. This end value is defined by using the result with the usage of ordinary functions in progra m m in g
statement before exit front the block. A block also serves languages,
te qualif y local identifiers and labels , and to protect them To illustrate these ideas, éonsider the statei aent ,
front similar names iii the external enviro nmemit. .-~ macro - -

- - c — a . s u m b(k) w s t h k — l L o lO
tall i~ a macro structure ~vtt h the mite t avarmab ics rel)lace(l
w ith lu cia! st rings (actual parameters). When the iu:u ro- tvhii ’h contains a call to the f-macro sum , Expansion pro-

(‘all k scan ned, each literal string must agree ~vith the duces — :
syntactic type of its corm-esponding nietavariable. After c — a s beg in local 1; £ — 0;

the proper substitutions have been made for the mets- for k 1 to 10 do

~-tu-iables in the definition , t he i-esult ing string must be a £ — I + 6(k) ; result I

symitact ica ll y cori-ect st ring in the base language. A simple end

for statem ent m a y  now be tlefineu in terms of La by the and expansion of the for ma cro yields
following Statement macro. c~ — a s b e g i n local t; t — O;
smua cro for variable — expre ss to express do statement beg in k — 1;
define begin SI ‘— S2; Li: j f k  ~ 10 the,,

LI : if Si ~ $3 t hen begin I — + 6(k);
begin S4; $1 ’— $ l + l ;  k~ — k + 1 ; go to Li

go to Ll end
end end; result

end end
endma cro Nested calls such as the following can also be made:

~ otiee that both the structure 
- 
and definition of the 

~j m sum ~j, k)  wi t h  k I to 20 wi th  j  1 to 10
above macro have tu e same syntactic type , i.e., statement.
Thii.s i5 essential for correct analysis. The macro delimiter The effect of macro recognition and expansion is the

in thi s example is “fo r ” : once a macro delimi ter appears replacement , of one string by another , If the new string
in a new nlaci’O declaration, it becomes a “resci-ved word ” contains no macro delimiters , i.e., it is a string in t h e base

awl mar onl y be used in the call of this macro . language , it can then be scanned amid transfot-ined accord-

In the case of the macro call , ing to the semantics of the base language ; othem-wise the
process i~ repeated . Because the scope of hitc i -u l str in t ~— is

for k — 1 to n+1 do j  ‘— j + n ihkl determined by syntactic analysis , actual pam-ametels need
the correspondence between metavitriab les and literal not be delimited by special symbols like commas in aim
strings is shown below: argument list. Further , certain symbols used as separators

syst.iciic £yps lise,~I ~~~ 
may also be contained in actual parameters. I”or example,

Si variable k in the macro sti-ucturc :
$2 express 1 , -

express ,i+ 1 signal expre ss (state-list)

54 stat em nc mt t I ~— i+tn(kl any literal string corresponding to the metavariable
The above macro call would expand into the following “express” may contain nested parentheses.

at i-lug Parsing Method
b 

n+i t Ii -ii 
In princi ple, any method of syntactic analysis that

begin j —  j -t- :n Lk l; produces a structural description [6) of source text can be
k — k -i-i; used for macro reco gnition. Whenever a programmer is
~o to Li given the ri ght to add new syntax rules to a base language ,

the parsing method should be specifi ed in or(lei- to remove
ambiguity. The met hod assumed in i hese illust rat ion— is a

The secomid type of niat-ro to he considered is the ft imw - top-down :imma l ysis such :15 that described by Sehmorr e ( ‘ I
tion macro. Coa—ide r the following deela r at iumi , ~v j mt t - Lm or Conway [S) As 501)11 as a marco delimiter i’~ ree()gitiZed ,
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I h1~- i i -~ i i~l~it or got’s r~lo a sJX-c i :il liviero scanning nio(le opulent . ‘t’he tr:ut slatoi ’ utiIiz(’~ :ui it mt erpm’etive langII; ig, .
~ I , ~% himi -h i  t lii ’ tm ,— i ,,, — , . ~ . :ii ~t :r o}s’ra t loims ai’ e sui,iiressed , to L I ( ’ fi l i e the sytm t ax of t Im e given babe language.
-‘ I , t 1  .i ~~ t~~- i : .  —~ i- . -_  ~~ ,.~i i i t i’at t’tl  for ( ‘at’lt mnetavai ’iable in Time nt~tero recognition and geimeration is pt’rforni~5~ hr
I l i t -  ~- m 1-utiurl ’ . At I lie ‘onelusj oii of Iii~1(’I’O rer ogiiit jolt , the a Sifl:t ll set of string m ani pu lation rout ines tvrit (en i;i
‘-4 i: I i N  I ( ‘SI  I— I i ii Ii hi li( ’t l aceordii ig to t he macro definition , I-omri it,~x . ‘I’lmesc z’out imm es perform t he following fuiietj oii
ii im I I I i(’ ie~t ili I i i~~ i ext ‘I’ replaces I lie ori ginal text in the - 

- - .  . .
- . - Ini tialize l t rmu g pooh (hiii k up str ing elements).

~( ‘ I I I t *  i-’l i- Hu g; —c : imil i lmm g now proceeds again st ail iiig at the Cre~mte a stri n g (un l ink first element in pool and point to it).la- ~i i i i I i i l i g  (ii 
~~~

‘j ’ . ~‘)0fliC tnlvaut:iges of t ime parsing method Destroy a str ing (ieturn string to pool).
:i I im I —\‘l i I  ax iiot t ti Oli a(loptetl here arc : (1) syntax is Add value to a str in g (unli n k first element in pooi , store va lue j~
i t _ I  m m i i i ioii-oi’icint ’t l; (2) options arc easy to specify ; ‘~ 

and append to str ing).

~iii~l ~ t :iinh ) igui t v is ehih~inated by virtue of the- factor- 
~~~~~~~~~~~ 

to st r imi gi (concatenate st r ing2 to str liigi 5~j t liut i~,
mag om’ no-ba ckup l)rineipie. Read next element in str ing (pointer advances).

1’hei-c’ i~ a possible danger of conflict of identifiers after is string exhausted? (has pointer advanced to end of 8triii ~~?)
tIn ’ ni:icro has beeni expanded , for example if any of the
(\ l) m ( ’ ssiolis U5(’(l in a t~ill on t im e SLIJU function would refer Concluding Remarks
to a fm-ce variable itamcd i. This conflict is avoided if The development of syntax-directed compilers has
id cnt . mte r s and labels are qualified by their block numbers eased the task of producing scanners for different pro.
in an internal representation while the macros are being graniming languages. Unfortun ately, t he specification of
scanned, semantics has proved to be a more difficult problem. The

present approach attempts to solve th is l)t’Ofllem by
Conditional Macro Generat ion defining extensions in ter ums of semantics already pm-ovidei l

Macrn Structures ma~’ contain options or alterna tives in the base language. This avoids the re—pc (-ihc al ,ion of

~v hm i c1i niav be 115011 for conditional macro gener ation. As syntax and semantics for the kernel of each new special
ai m examp le, c-bnsider a slightly more complicated for language, assuming they have a conimnon base. This ap-
statement: proach p~ys off , because an underlying uimiformitv of

structure can be shared by a large c-lass of special pu rpose
siimaero for variable express Iwla i le express ’ ([by expre ss’J to l~n a es

~~~~:~ meJit - - Other advantages of syntax-macros are :
1. Flexible format allows convenient language cx-

An opti on or alte ’native is called a group; gi-oups are tension.
nu in b em - i t i  fr ont left to ri ght as shown; i.e., a new number 2. Multi ple levels of definition are possible.
oi’cui’mi just helm-c each , 1~ and character. Metavariables 3 Macro parametem-s can be any syntactic element
am - i’ a — o  miumhic i - ed from left t-o right, defined in the base language.

\~-o -i:i1ed wi th  (‘a( h group in the macro structure is a 4. Special separators are not required for macro
ctmi - m- e~l s l , a l ing  group in the definition. Each definition parameters,
gm -t amp i5 de lmm ~m iic t l  by braces, and is referenced by the While svnta ~-nmacr os allow a flexible fom-mat , t hey still
( ,m’ t li n al m it i n il er of the correspon(hiflg structui-e group. have cssentiall a prefix format which i-tiles out the bait-
DeImmt ion gi-oups may appea r in any order, wit-h - repeti— du ng of infix operators. This limitation , which probabl y
ion allowed. (‘0111(1 be removed by a more general approach, is certainly

if a gi-oup is recognized cltmr ing a scan of the macro one of the first things that should be treated in any ex-
—I i - imi ’ t  t im- c , it s c’m-m-esponch ing definition group is scanned; tension.
ol l ur w i - i r  t he gm-oup is bypassed. One possible macro The type of conditional macro generation described i-
il ( ’ l t t t i t  1011 of the given for statement is shown below th is pmlper does not providc’ the fu ll p011cm’ of compile-tin ”’

- imperatives , since descriptive abil ity ha-s been emp ha’define bc~tm ’a L I :  SI — $2; . . - -- L2: if ~i $3 t h e n  begin SO; go to MI sized , rather than programming orm ent at iomi. inc nhmU’i’O

3 SI ~ $5 ti me,. begin ~~~~; fac i l i ty described above should also allow repetit ion over
Si — Si + 12 S-4)H2 1(; go to L2J li sts [4] in order to incr ease descri ptive power.
end The i’elat ive vase or diff icul ty of performing e~tensionS

end of a base language is a function of t im e choice of primitivesrii , i,nac r o - , - - ‘ iin the base language. 1 he really difficult ~~~~~~~ in t in .
‘I’he T i oha t i om i — ‘u ‘ - ‘ means that if the nth group is develop imment of programming languages are th ose  of

Isr.~ mci -i ~ n zed mIt uri ng — c a l l  of the st u-tn t tire, the defi flitiofl representation , (hats structuring, a nd storage allocat ion.
gm ’olip i-  — i-a i mimed ; otherwise it is bypassed. It is clear that  these 1)i-OhlefllS will not be solved by Sytl-

tac ’l ir nu ’thods alone. However , it is hoped that the 81)’
I i i . imkinen ta i ion pro:ut- l i omi t lined iii t h uis  p :iper cami be used in conjunction
A ~vmui .~~-m -rn t ra im —l i t or  h i s  been implemented as wi th  other formalisms in a c’ombined att~u-k on the pi-ob’

p a i l  i f  i i  (-\ 1) ( - i i , , ( - m t 1 si ntulat ion huim ~,umage wider (level— (cuts of improving progu’anmnuug languages.
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begin

- - - - ,- z :~ in(y) -  — 775 ; p :~
a i m  .-Ilec’tive data proce ssing technique. The physical reaht . p := l/ ( l+p ; I := y X p ,’:

lou of i hi~ concept h a s  been sceim to be highly m odular end
m u d  suitable m m ’  programming implciuientation. eia d 1;

Time 1)ata 1-’iltci’ behave- as a tu-o-port data filter withi n p ro cedur e mini mal (eta , omega , cps , lal , d in ) ;

~i ii im i t i rp rehi ve pro cessing eiit -irominicit t , and represents thie 
t a lm ,c cia , omtg a , Cpa ; real ‘c , omega , ep s . l a l .  f ” ;

- - . , . , counnicu L I his procedure assigns the value ot >~ to laI , ac et i .
i mliy — im ’ a l I ’t’ahlz:t t ion ot the data filtering concept. I his is ratel y to wit li la a relative erm -or of cps , w here (X ,’ ( i s  the minimal
;mmi-o in imli~hmt ’tl by associating format declarations with its solution (normalized by Xt ’= 1) of the differenc e equation
ilip t il au th Output lxtrts which define its processing char ac— 2t + 1 L’ + 2
l et- i ’ m li-s . Time desired data strimig is sequentially constructed — 

I. + ~ 
— L(L 

“
I) 

X~~, 0 (w $ 0),

lii t i m e OUT buffe r by fi ltem -ing ilatunt in the IX or HOLD - — -
iii iti I’l s iiii ’oug hm these format d eclarations. A ~ roccdural (l’or terminology, see (3~.) If (X L I denotes th o sn l i i t inm m corra-

~‘oi t t  roller is employed to -.~-nclirouizc loading of the IX 
sp oum dtng to lou t  mal v i b es >n 1. >0 w — m~, the pr m-ed t ire ilso

- - — - — ass gus to din the v i i  tie >0 — >0 - ‘1 he miegzi l ive 1’ ga r i but it
bu ih-r and dumping ot time OL I buffer to itchimeve specific ;~ — >0’( m:i be cmisidcrt ’il a measure of the “degree c,f mini-
•ht i:t  htrocessing results as implied by the job being proc— mali ty ” of the sol ii tiomi (~~~;
cs-i’d . begin integer I., no , real cta2 , r , ra ;

- cta 2 :~ c(a 12 ;
IILI - , : m % -Efl Fg~~it~ .~~iy , 1960 ; RE VISED Juxa , 1066 Li: 

nu :— 20; Ca :— 0;

REFERENCES 
f o r  L :~ no sie~. — I  mm i i !  I do
r :— — ( LI  2 + c iu2)/ (LX (2X L + I) X o m c tp z —  (L + l ) Xr ) ) ;

I. l- mmmi c t io ,iai  design speci fica tion of a (IRIS ret rieval model if a b s ( r —  i-a) > cpa X ab s(r ) t h o u

i.~l1ACt’~) . S l i m  60-173-2 , North American Avi a tio n , It i c . ,  beg in

I ) i , wmi ~- , CaliL , March 1960, ISOpp. rca :— r ;  tin :~~ t in + 10; go to Li
Cud -

2- .~hI~ (’L~ — i r s  ii :s I i .ml .  ~‘ll) 60-17. -l , Nor th  .tmcricall Avia — m i  :— , r ; tint :~ mimi-g a — cia — r
10, 1, , l i e . , I )uwney. ~‘Jhii . . Mard i 1906, i4spp. end sniniuwl ;

~~~~~~~ 9 ,
‘ ~~imnI ,e’r i i  / ~~oa ember , 1966 C u ,nuimiiumlcmi t h ,, ai ’~ of t h e  tCM 793 
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Building a mobile programm ing system
w_ M. Waite
. Department of Eleclrical Engineering, University of Colotado, Boulder, Colorado, U.S.A.

The techniqu es oIabstrsct machine modelling and macro processing can be used to develop pro~jams
of grea t mobiIit~- . This pap er describes the concepts and construc tion of a system which has been
implement ed on nine different computers. In no case was more tha n one man-week required , and most
implement ations went more rap idly than that.
(Received June 1969)

1. Introduction operations. Given a particular task , it is possible to
The mobil/i; ’ of a progra m is a measure of the ease with define a set of basic operations and data types needed to
‘which it can be implemented on a new machine. A user perform the task. These operations and data types
of a hi ghly mobile program suffers minimum disruption aefi ne an abstract machine—a hypothetical computer
of his work when his computer is upgraded or he moves which is ideally suited to this particular task. The pro-
10 a new insta llat ion. Because his progra m is mobile, gram to perform the task is then writ ten for this abstract
only a small amount of effort is required to get it runn ing machine. To run the program on a real machine , it is
on the new machine before he can continue using it. necessary to realise the abstract machine in some way.
Applications progra ms written in high level languages The abstract machine is an embodiment of the basic
such -as FORIRA N, ALGOL or COBOL have reason- operyti ons required to perform a particular task. Theor-
.ub lc m obility , provided that the autho r has taken some etically, it has no connection with any real machine , but
pains to avoid local idiosyncrasies. For systems soft- practically we must always keep a wary eye on reality
ware , however , the picture is much grimmer. There when designing an abstract machine. Many abstract
have bccn many attempts to devise high level languages machines can be formulated for a given task. The trick
for compiler writ ing (Feldman and Gries, 1968) and a is to choose one of the right ones. Three considerations
he w to use such language s for the production of operating must be kept in mind— -

s\s t cmn s (Cilaser. CouleLir and Ol iver , 1965) . Unfortu-
- The ease and efficiency with which the algorithmmia t e ly, none of these attempts has yet metwithwiaespread for accomplishing the task can be programmed insuccess.

A FORTRAN user requires a large programming the language of the abstract machine.

-.ysmem , consisting of the compiler and associated run- 2. The ease and efficiency with which the simulation of
lime routines. The mobility of his programs is deter- the abstract machine can be carried out on machines
mined by the number of installations which support this available currently and in the forseeabl e future.
svstcm. One can therefore argue that the mobility of a 3. The tools at hand for the rea lisation of the abstract
prugr~im is completely dependent upon the mobility of ,machine.
the programming system on which it rests. In this paper,
I shall d iscuss a technique which I believe is fundamental Balancing these three considerations is very much an
to the improvement of programming system mobility. 

- 
engineering task. If one is stressed at the expense of

he back ground and general concepts from which the the others, there will be trouble.
techni que was derived are presented in Section 2, while An earl y attempt to use the abstract machine concept
the rem ainder of the paper is concerned with a specific was the UNCOL proposal (SHARE , 1958). UNCOL
s~ste mfl ‘~%h iCh has been designed and built using this was to be a UNiversal C’onmp utcr Oriented !.anguage
technique. Section 3 descr ibes the basic bootstrap on which would reduce the numbe r of t ran slato i-s for a
a h mc h th e system rests , and Section 4 discusses the im- languages and a, machin es fro m ii x a, to ,z + ~n.

ple iti en ia t io n of the common macro processor. The Effectively, the U NCOL proposal created a siumg le ab-
~itha nt~mges and dms.uds’antagcs of the approach are pie- 5t~adt machine. In view of the three considerations
-,citt ~ d in the Section 5. mentioned above , it is easy to see wh y this attempt was

unsuccessful— cry to design an abstract machine which
comes close to satisfying condition I above (‘or

2. (;cncral approach FORTRAN, LISP (McC arth y, 1960) and SN080L
T h e  lcm. hni qu e rc ls on the fact t hat it is possible to (Griswold, Poage and Polonsk y, 1969) simulta neously !

itle t t i t y  two components of any program: the basic The mobi le progr amming system circumvents this diffi-
operati on s and m hc algorithm sshich coordinates these cu lty by allowi ng a multi pl i ett y of ~tbst ract machines .

The Cc uipuler Jo urnal Volw~ie 13 Number 1 February 1970 
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it does not attempt to solve the a X am translator prob- mobile systems , who prefer to assume that a work ing
1cm. The advantage of the mobile programming system version of the common processor is alread y available on
lies in the fact that it reduces the specification of an some machine. They argue that it ’ a working version is
algorithm to the specification of its basic operations. available on machine M, then a new version can be
th us drasticall y reducing the amount of effort needed created on machine N by the following procedure :
to implement it. I.  Code macros which translate the source code of theOne way to carry out the rea hisation of an abstract processor to the assembly language of N.machine is to devise for it an assembly language whose 2. Expand the common processor, using the macrosstatements can be expressed as macros acceptable to the developed in (I)  and the processor existing on it!.real machine ’s assembler. This approach was suggested The result is an assembly language program tor N.by Mcllroy (1960) and used in the implementation of L6 

~ Rt in the program resulting from (2) on N.(Knowlton , 1966) and SNOBOL (Griswold , ef a!., 1969).
Unfortunately , the assemblers for different machines may I must reject this procedure on the basis of my own
require quite different input formats, and their macro experience. More often than not , the machines t! and
processors often vary widel y in power. The ease of N are remote from one another. Since it is v i t t u .tII y
t ransferring a program written in this way thus depends impossible to write the macros correctly the first time ,
critically on the existence ofa suitable assembly language steps (2) and (3) must be iterated and the distance bet ts ee,i
for the target machine. the machines makes this a slow and costly bL isi fless .

Recent developments in language -independent macro Also the machines often have incompatible per ip herals
processing (Strachey , 1965 , Waite. 1967 , Brown , 1967) and for different character sets : at each itera ti on of (2)
suggest that it is possible to make available a common and (3) a tedious translation must take place.
macro processor. If the assembly language sta temen ts By eliminating the need for a working versioa , SIM-
for the abstract machine are acceptab le to this macro CM P avoids these problems. All work is done on one
pr ocessor . then the realis ation does not depend upon the machine. The abstract languages being translated are
macro capabilities of the target machine , but rather on defined using a restricted character set avai lable on most
the availability of the common macro processor. An machines (43 characters of the FORTRAN set on the
examp le of this approach is the imp lementation of WISP IBM 026 card punch). The character set used for the
(Wilkes, 1 964). There t heW lSPc omp ileri s the common real machine ’s assembly language is completely arbi t r ary .
macro processor , and is itself built up by bootstrapping It is determined by the macro definitions. which are
from simpler macro processors. written specifically for that machine and translated on

it. This is not true for the procedure omhined abme .
There , machine M must be capable of writing assembly

3. The bootstrap code for mac hine N. if machine ~itI cannot output  -all
One of the design goals of the mobile programming of the characters needed by the assembly lang t mage oi .V ,

system was that imp lementation on a new machine should a translation must take place at each iteration of steps
not require a running version on another machine. The (2) and (3 above. On the other hand , suppose tha t  all
base of the system was to be easily imp lemented by hand of the work is being done on N using SI MCMP. If N
if necessary. Once this base was available , it could be cannot recognise all of the 43 characters used in the
used to implement a common macro processor which abstract language. a tra nslation need only be done once
would handle the rea lisation of the various abstract to put the source code into an acceptable form.
machines in the system. The common macro proc essor
itself was written in the assembl y language of an abstract
machine , and hence the base of the system must include 4. The common macro processor

a simple macro processor. As pointed out in the previous section , SI MCMI’ aas
An adequate macro processor can be expressed as a designed primarily for simp licity and is certain ly not

91 statement program written in a restricted form as adequate to serve as a common processor for rea lis ing
-ASA FORTRAN. This program. known as SIMCMP , abstract machines. It is impossible to produc e t~ood
‘is described in detail by Orgass and Waite (1967). code using SIMCMP because decisions cannot be made
SIMCMP is written in FORTRAN for two reasons: and alternate expansions provided. Becatise there is

1. Since FORTRAN is a widely-used language , it may no ite ration facility. macros with argument list s of in-
be available on the target machine. This means de1i~ ite length cannot be handled. A second processor,

known as STAG E2, was therefore designed as t he commonthat SI MCMP can be implemented trivially.
2. FORTRAN was originally designed to be quite processor for the system. It provides all of mh c kamti r es

normally associated with a general purpose macio pro-close to machine code , and hence an algorithm cessor (Mc llroy, 1 960). in many respects, it is qu i teexpressed in FORTRAN is easy to translate to similar to LIMP (Waite. 1967). Its input rcc om ’nit ionmachine code by hand. (Translation of SIM CMP
to machine code for two different machines required proced u re is language-independent . emp loy ing th e 1 . 1 M P
about 4 man-hours in each case.) type of scannin g mechanism to recognise macro ca lls

and isolate parameters. The code bod y. hos~cscr. diff ers
The pri mary criterion used in the design of SIMCMP from that of Ll~ -1 P. It does not inc iLid e th e ‘grouping

was simplicity - Only those feature s considered to be concepts nor the S~~OROI. interpreter. Condi t ional
ahsolt itcly ncccss.mr) were incorp orated. SI MCM P has expansion . iterat ion and the  like arc pros ided h~ pm-u-
only one purpose: to rea lise the abstr act machine tised ce.cror fwiei ion.~ ra th er than b~ an exp lici t program struc-
for the common macro processor. This approach is not lure. The ability to pertorn) diff erent par .tm cler cOn -
the one which has been taken by ntosc designers of ’ versions has been retained and extended. A complete
a 
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ma nual describing the use of STAGE2 is available 2,4b Translate , assemble and run the test programs.
(Waite , 1968). Correct any err ors in the macr os which were

The design of STAGE2 required a balancing of two detected , and rep eat step (b) until no errors
conflicting objectives: remain.

1. It must be translated by SIMCMP.
2. It should be as flexible and as general as possible. Testing the macros in this manner simp lifies and speeds

the implementation considerably, because it means thatM y overall philosop hy dictate d’that (I )  should be given the implemcntor need not be familiar with the innermost wei ght , and any clear choice had to be resolved in workings of STAGE2 to be able to debug his macros.favour of it. Thus. STAGE2 does not provide all Since the test programs were made available , STAGE2features which one would like to see in a macro pro- has been imp lemented on six different machines . Fourcessor, it is relativel y slow, and it requires a fair amount of those implementations were done by peop le whoof data space. I ts purpose is to provide a common were not familiar with STAGE2 . but in no case wasmacro processor for realising a variety of abstract such fa miliarity needed. The test programs detected allmachines , and not to act as a processor for day-to-day 
~~ the macro coding errors , and STAGE2 ran perfectl yuse by applications programmers . For this tatt er use, we when compiled.arc preparing versions of ML/ l  (Brown , 1967) and LIMP. 

~ cannot oversiress the importance of a comprehensiveSTAGE2 is written in a language called FLUB (First macro test program in the successfu l imp le mentation ofLan~ tiage Under Bootstrap). FLUB has 28 machine a machine independent system. Macro coding errorsoper at ions and 2 pseudo-operations , each of which can can be very subtle , requiring hours of debugging tobe expressed as a macro acceptable to SL MCMP. A trace them down if the machine independent program iscomplete descri ption of the characteristics and design the onl y test case. A conservative estimate based onof the FLUB language has been given by Waite (1969). our experience is that lack of a good test p i-ogram wi llTu e piocedure for implementing STAGE2 on a new increase the time required to complete an implementationmachine , N, is thus: by a factor of five when the author of the sy stem is
I .  Imp lement SIMCMP on N. available to debug the macros. When he is not avail-
2. \Vri te 28 ,macro definitions which translate FLUB able, the task is almost hopeless.

into the assembly language of N.
3. Translate STAGE2, using SIMCMP and the defin-

itions of (2), and assemble the resulting program. 5. Advantages and disadvantages
Once STAGE2 is running, it is possible to rewrite the Use of the abstract machine concept allows an im-28 macros , taking advantage of the added flexibility of pressive red uction in the amount of coding necessary toSTAG E2. Using the version of STAGE2 already avail- establish a processor on a new machine. In the case ofable, an optimised version of STAGE2 can thus be SNOBOL4 (Griswold , ci a!., 1969), for example, - -heproduced: compiler/interpreter contains roug hly 4500 lines of cole.

4. Write 28 macro definitions which translate FLUB but only approximately 100 primiti ves must be recoded
into the assembly language of N. These macros for a new machine. The FLUB machine has 28 prim-
u s e  the features made available by STAGE2. itives, and STAGE2 is over 850 FLUB statements. A

5. Translate STAGE2, using the version of STAGE2 LISP (McCarthy , 1960) system without numeric capa-
implemented in (l)—(3) and the definitions of (4), bi l ities requires j u st8prim itives operating on6 da t a  types -
and assemble the resulting progra m. Although the reduction in sheer bulk of coding is a

factor in the success of this approach , the decrease in
The operations of the FLUB machine are rather code comp lexity is more significant. Each pr imitive

simpic to describe and can be coded in a strai ghtfo rward can be specified thoroughly, and is generall y quite easy
manner. Unfortunatel y, a well-known axiom in corn- to implement.
puter programming states that it is impossible to write Whenever the term ‘machine independ e nce’ is men-
e’en the simplest code correctly the first time. The tioned , questions of efficiency arc bound to arise. Of
macro definitions are the ‘hardware ’ of an abstract course, a program imp leme nted as descr ibed in this
machine , and an i ncorrect macro def inition is analogous paper will not be as fast and tight as a hand-coded
to a %%riting error in a real computer. No manufacture r version, Two arguments can be brought to hear , how-
tests a computer  just oft the production line by runnin g ever. First , extreme efficie ncy of the generated code
a batch of FORTRAN jobs throug h it , and the implemen- may not he an issue , as long as extre me ineffi c ienc y is
tor of an abstract machine should not be forced to avoided. An - interactive BASIC (Dart m outh . - 1966)
attempt a similar feat. Tsso test programs have been syste m which can be up and running with k-~s than one
developed by Mr. E. H. Henning er and Mr. R. C. Dunn man-week of ellort may he pret ’ei-ab le to one wh ich runs
to facilitat e checkout of the macros. These test pro- twice as fast but requires 10 man-months to complete.
gra i~s isere quite tedious to construct , and are subject Second , it is possible to optimise the program on several
t o nios t of the problems of normal hardware test pro- levels. The source langua ge is designed to m it c h  the
grams (Bas hko ” . Fr ict s and Karson . 196 2). problem well , and a great deal of time can be put int o

U sing the test progr ams, steps (2) and (4) above have producing an efficient proeram for the abstract machine.
two sub-steps : Care fu l construction 01 t h e  macros can result in stir-

‘~,4a Wr i t e  2~ macro definitio ns which translate prisingly good code for the tar g et machine. Once the
FLUB into the assembly language of N. assembly language version is as-ula b l e, critical parts can
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be rewritten at leisure to further improve the progra m’s Acknowledgements
performance. The basic ideas for the system came fr om some unpub -

In addition to SIMCMI> and STAGE2, a comprehen- lished comments by T. R. Bashkow on the duality of
sivc text mani pulation program and two small editors hardware and software. Techniques were developed
have been produced using the system described in this through the implementation of LIMP and a number ot ’
paper. We are currently working on interactive BASIC WI SP compilers , in collaboration with M. V. Wilkes
(Dartmouth , 1966) and SNOBOL4 (Gris wold , ci a!., (Cambridge University), H. Schorr (IBM) and R. J. Or-
1969). A ‘logic anal yser’ (which includes automatic gass (IBM ). Thanks are due to R . E. Griswold. J. F.
flowcharting ) and a pag inator for producing reports are Poage and I. P. Polonsk y of Bell Laborator ies for their
in the planning stage. The list processors WISP (Wilkes, willingness t o discuss the inner workings of the S N0 130L
1964), LISP (McCarthy, 1960) and L6 (Knowlton, 1966) 4 compiler /interpreter. Dr. P. C. Poole of the IJ .X.
are being considered. Atomic Energy Authority and Prof. Wilkes were of
The system has proved extremel y mobile in practice , material assistance in criticising several drafts of this

having been implemented on nine different machines. In paper. Computiiig time was kindly made available at
each case the total effort was less than one man-week , different ti mes by the followin g institutions: Cc rnputer
and most went more rap idly than that. A team of two Center , Columbia University : University Math cma tica l
people, one thoroughl y fa miliar with the system and the Laboratory, Cambridge ; Graduate School Computer
other with the target machine, have had it running in Center , University of Colorado; Culham Laboratory,
one day. U. K. Atomic Energy Authority.
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The 1ML/ I Macro Processor instructions to achieve this. To do this he would define a
macro, give it a name, MOVE , say, and defit ie the two
requisite instructions as the replacenuat t text of the macro.

P. J. BROWN Having defined his macro, the user could then treat
Lni iers ity Mathematical Laboratory, Cambridge, England MOVE as if it were an assembly language statement , and

the macro processor wouki expand this into the two given
A general purpose macro processor called Mt/ I ~S described , instructions. The MOVE statements ate called macro calls

Mill has been implemented on the PDP-7 and LC.T. Atlas 2 a~id have ~~rm :
computers and is intended as a tool to allow users to extend MOVE argwnent 1, argument 2
any existing programming language by incorporating new . -

statements and other syntactic forms of their own choosing In the typical macro-assembler the syntax of macros is
and in their own notat ion. This allows a complete user-oriented very rigid. Each line of input text must be either a sta te-

language to be bui lt up with relative ease. nient in the base language or a maci-o call. The arguments
of macro calls are separated by a fixed delimiter , the

- comma, and the closing delimiter (the symbol used toIntroduction , .indicate the end of a call) is typically either a space or the
A macro is basica lly a means of extending an existing end of a line.

programming language , called the base language, by intro- Several macro processors with more general properties
ducing a new syntactic unit which is describable in terms of than the basic macro-assembler have been produced .
the exi~.t ing syntactic units of the base language. This Among these are XPOP [2], Wisp [3), LiMP [4), GPM (~J
paper k concerned only with macro processors which and Tnac [6). These have extended the basic cotteept in t a n
operate on text and act as a prepmce~sor to the compiler main ways. Firstly, the user has been allowed to define
for the base language. Most existing macro processors have own notation for writing macro calls. This cotation might ,
a fixed base language, usually an assembly language, and for instance, be something approach ing the English Lan-
the macro proce~cor and the base language processor are guage or alternatively might be close to the langua ge of
regarded Us 0 ~tngIe piece of software , as exemplified by the algebra. Secondly, the tnacro processor has been made in-
term ‘ maeru-a~’.ctnbler.” One of the best known macro- dependent of the base language and its processor. In this
ax-emblers i~ Macro FAP ’ (l). Most macro-assemblers re- case the sante macro proce ssor can act as a PrCl)roeessor to
quire that- i i in ’ros expan d into a series of statements; it is any number of different languages, and there is no restric-
itot possible , for instance , to use a nrncro to generate the tion on the syntactic fo r ms of the base language which
addres.’ field of an instruction. may be expanded.

As a s-cry elementary examp le of t h e  use of a typical ML/I incorporates both of these extensions and is
macro-asnembler, assume that a user wished to introduce intended to allow the user to extend any language , using
a ~i ii g~c statem ent that would move an item from one his own notation. The only restriction on notation is that
slot - age location to another on a machine that required two maclu calls must commence with the macro name. M L/I
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recognizes a macro by the occurrence of it~ name and a ML!! allows nmaci-o calLs to be itented within the argu-
ra~ to call is taken as th e  text from the macro tiarne up to meats of other macro calls. Hence it would be qui te possi-
its closing delimiter. This contrasts with nmcro processors ble to write nested calls of the IF macro. The method of
such as Wise and LIMP where macro calls are z-ecogttized searching for delimiters takes care of nested calls,
by compa ri ng each line of input text with a number of Before the more basic details of ML/ 1 are described , a
templates. few more exanll)!es of its app lications still be considered in

general terms iii order that the reader may get som~ sor t of
Main Features of ML/I a feel for the kind of macro that is normally defined .

This paper will not attenM t to give a detailed description Example 1. It is possible to design a set of macros that
of ML/I but ra ther will describe its main features. For de- would be useful for refe rencing individual fields in blocks
tails the reader is referred to the User’s Manual [7). Firstly, of data. Thus FIELD and SET macros could be designed
the general form of a macro ss’ill be described together with that would allow the user to define the fields of his data
examples of its app licat ions . ML/I allows any sequence of blocks and then to refer to these fields. His program might
characters to be used for each delimiter. The macro name read (where, for the sake of clari ty, the delimiters of the
is t egarded as delimiter number zero. Hence the user could FIELD macro have been italicized):
S~( eify TO and a semicolon as delimiters of his MOVE F/ELI) FATHER IS WORD 1;
macro and write his calls: FIELD MOTHER IS WORD 3;

MOVE argument 1 TO argument 2 ;  FIELD AGE IS BITS 6 TO 12 0? fl’ORI) 4 ;
SET X AGE (FATHE R(MOTHE R (Y))) ;

though this in itself could hardly be claimed as a dramatic
improvement. The special feature of ML/I is that the user The action of the FIELD macro would be to set up a

macro definition whose name u-as derived front the fi rstspecifies a delimiter struc ture for each nuicro which makes
it possible for each macro to have any number of alterna- argument of FIELD. Thus the third call of FIELD would
tire patterns of delimiters. The purpose of the delimiter define a macro with name “AGE(” and with clo~itig de-
structure is to define the name or nam es of the macr o and limiter “)“. The replacement tex t of this macro would
to define for each delimiter a successot- or set of alternative generate code to reference the desired field of the
successors. A succes~or is the next delimiter to be searched designated data block.

for when scatuüng a call. A closing delimiter may be eon- Example 2. It is possible to write a macro of forni :

sidered as having a null successor. As an examp le , con- LOAD argumen t

sider an IF macro which has altern ative f orms: where the argument is a genera l arithmetic expression.
ta) IF ar gu ~nen t 1 argument 2 THEN argument 3 END This macro would generate code to load the value of the

or (b) IF argument I argument 2 THEN argument 3 ELSE arithmctid expression into an accumulator. The at- t~uniet 1t
argument 4 END could be analyzed by defining the character ”(” as t. macro

In the delimiter structure of this macro each delimiter has name with a right parenthesis as its closing delimiter and
a unique successom- except for the delimiter THEN which specif~s-iitg all the permissible arithmetic operators for the
has the alterna tive successors END and ELSE. intervening delimiters, of which there could be any number.
The above IF macro could be extended by allowing as Since ML/I is independent of t h e  base language , it . is

the first delimiter a itumb er of alte rnative relational opera - intended that it be used as a common pre~roees~or to all
tom to “equals. ” This could be done by specifying time set the compilers and assemblers available at an installation ,
of relational operators as alternative successors to IF. in the same way as each compiler and assembler might use
Each relat ional operator would have THEN as its sue- a common loader. In general it is true to say that the higher
cessor. In order that a meaning can be ascribed to different level the language , the less need there is for ma cro facilities .
delimiter names, ML/I contains a facility for placing However, even in the most comprehensive high-level lan-
conditional stat ements , opera tive at macro generation guages , macros are useful for introducing statements
tim e, within the replacement text of a macro. These condi- specially designed for the user ’s particular field of applica-
tional statements can be used to make the form of the code tioti,
replacing a ma cro call dependent on the delimiters used in The above examples have illustrated the pri m ary use of
the call. ML/I , namely to allow any existing progralnrnimtg Ian-

l)eliniiter structures can be designed to allow macros guage to be extended to suit a particular user ’s i-equirc-

with an indefinitely long list of am-gument s. Assume , for metits. This fot-m of extension could be carded to the level
examp le, that it- is desired to extend further the IF macro where the extended language could be considered as a
by al lowing between IF and THEN a whole series of rein- language in its own ri ght.
tions connected by, say, AND or OR. This could be The efficiency of code generated by ML/I depends how
achieved by defining the successors of each of the i-elational well the macros ate desigued . There are nma cr o-t inm e van-
oncrators to be AND , OR, or THEN. The successors of abics and conditional facilities to hel p eliminate the sort of
CR and AN I) would be the set of relationa l operators , thus inefficiencies that occur at boundaries between macros.
c~using the delimiter structure to ioop back on itself . As regards speed , ML/I would be considerably slower t lcu i
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a special purpo~e compiler for a language. Note, however, Inserts
that mt N not imi t er ide d to be .i general ~tIrpose compiler. Consider time replacement text of the MOVE macro
I i& ~.teud of ih~—.igt .iim g a i men- Lingtumg c and writing a eomnl)iler 

~-h ic ~h lets nlr emulv ))een used as atm examp le. (This exanip le
for it ; thit ’ idesi is for the u.er to slart at t ue  oilier end , as it anti som e suh-ai iueit t  OitCs ~vill mm- ..e Pl)P-7 Assem bly Lan—
u-crc , , tim i d eXt ( J P Ul an existing language to ~~~~ hiM require— gtiage. Jfowc ’vcr , it Is imo t tt~~uimietl that - t h e  icader is farnil .
meats. j ar ~-itlt the 1’i)1~-7 and each iitstri tc-t toit smill  be explained.)

‘rime usefulness of ML/ I is not confined to language -
~‘li~ replacement text of the MOVE macro consists of the

extension. It can also he used for .some applications in text tu’o following statements :
editing. For instance , it is now being used as an aid to
converting from FORTIt&N IV to a dialect of Foam.tx II. LAC arg umen t 1 /Load accumulator with firs t argument.

Here ML/I l)erforn~ the transformations of which it is DAC argument 2 /Deposit accum~mIator at second argume~mt .

capable , for instance recognizing declarations of logical It is tiecessarv to indicate to ML/I that it must insert
variables and converting ~tatements involving them into the al)1)ropriate argument at the appropriate point. ~ luis ts
correspondi ng ar ithmetic statements. Iii those cases where done by a construct-ion called an insert which has a name
it cannot perform the required transformation it places a and a closing delimiter. It will be assumed in the ~cst of
special marker beside the FORTRAN IV statement. this paper that the character “ :“ has been defined as an

insert name with a period as its closing delimiter. Between
Intro du ctory Detail s of ML!! the insert name and its delimiter a des ignation is written

to indicate what to insert . In particular , “A” stands for
ML /1 is fed some source text. It performs some tram- argument. The replacement text of MOVE would be

fom-mations on this text and generates some outpu t kxt, written:
u-helm is, in turn , normally fed to some compiler or as- LAC :Al.
sei~ib1er. These transformations are specified by con struc- DAC :A2.
h o t s , which a m-c usually defined at the start of the source
t est .  The most important type of construction is time Several other elements in addition to arguments may be

inserted and these a m-c described laternutcI.o. - 
-

Time cham -acter set of ML,-’! u-ill vary between inip lemen- Ski~~tation~ but it should contain the letters and numbers and It may be that the u-~er doe~ h o t  wish certain occurrences
sonic p unctuation characters. A punctua t ion character 

~ of macro names in lii- text to be tak eim to mean the mmume r o
an character that is not a letter or number. “Sj ace” or is to be called. This might app ly, for in— lance , wit hin coin-
“blank” is tm-rated as a punctuation character and it is muents or character string hit em-al s . In this ca—e skips are
u~uallv convenient to assume there is a character called
‘newline” at the end of each line of text. (This character

used to inhibit macro replacement wi thin the required
context. Thus if the base language were PL , I a ~kip ima me

physically exists if input is from paper tape. In the case of
“ ,

•
~~ “ wit-h closing delimite r “~~ “ mi ght be defi ned , since

ca rd input it would have to be specially inserted by the
- these characters are nsed to enclose PL I comment~ Each
1n1)ut routine ) Hon ever, in thi s paper , for reasons of skip has an associated set of oi~ti oii— which determine
layout, it ivi ll he assumed that lien hu e ~ not a cimamnc- whether the skip is to be copied to t ime output text or
ter. ML/ J t reat s tex t as a se(jlmefle e of atom s rather than deleted during macro exl)ansion . It i.- possible to copy the
a~ a ~.e(1uence of individual characters . An atom is defined delimiters and delete the intervening text- or vice : versa. In
as , a single punctuation character or a sequetmce of letters
and , or numbers surrotuided by pu nctuation characters, most applications the user will require a special ski p minnie

and closing delimiter called l i/ ri -a l brac lTts. The option s for
Thus -time piece of text which follows consists of the six litera l brackets are ~-et so that time brackets are deleted b it t
atont~: comma, DOG, space , 2.3, pltms , and CS~ the intervening tex t is copied literall y to the output tc\ ’

,000 23+~ 8 It u-ill be assumed in the rest of this paper that the char~ti’-
ters “(“ and “)“ have been defined as litera l brackets .

Any sequence of atom s nmay be defined as t h e  name of a \Vith this assumption , nut occurrence of (DOG) in the
constructio n am’ as the name of any of time other delimiters , source text would give rise to DOG in the output text
Jim general evemy time time imamo of a macro is encountered ir respective of u-hetimer DOG was a macro name.
thii’ iii~ the ~c~.umwng of text . it is take n as time start of a
h umacro call ami d a sea rch is made for the remaining delim- \Varning Markers

i tei - .. The same app lies to other constructions, Thus if In sOme app lications it is inconvenient to have evei-y
DOG were a macro with clo—i mig (lehumute l ’ p lus , then the occurrence of a macro lianme outside a skip taken as the
above text ntn&kl e oimtai m i a cal l of it However , if DO were beginning of a call. In these cases ML/I can be placed iii

the una cn~ umai.me . the above tc ’~t wo m m kl not contain a call of warn ing mo de  by defining sozmw atom as a warning ,na,-ker.
it since DO i~ : ut  a rm amoni of the text. - If Mb- I is in warning niod~ all macro calls must be pre-

‘l’},t- umni g iap hts which follow describe time other types of ceded by a warning m at -ken amid all macro names not pre-

cOn—I i’ucti uim tim addit ion to macros. ceded by a warning market ’ mmmc t reated htcrii ll y . If Mb/ I
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i~ not, in warning m ode, macro names arc essentially ic— Further Facilities for Inserts
ser~ed words anti ic tht’y are u—cd lot any other l)ulposc It has been seen that ar g l i tncuta and macro vanahlo~,they must be encto~-cd :tt ~~~~ It. will be isssuiued in exam-
ples in the rest of t his paper that ~\lL/I is not in warn ing m a y  be inserted int o text .  Thi s —eC t init  describe— t h e  c (,j it —

pletc faciliti es offered by iu~crts .
The general form of t h e  designation oI an i t i—er t  cutI ~t sts

Text Eva l imat ion of a flag followed by a subscri l .t  expre ssion. ‘fly’ s t i b s i t i pt,
TIme environment consists of all the cotistructions defined expression may Consist simpl y of a positive iii t ( gei~, Us III

by the user , together with the system maclos , which ~vill the previous examp les, or it may be the name of a macro
be described later. ‘flue l)1’0ce~~ of scanning a piece of text variable or an am ithi net ic  expression involving titacti ,
to expand macro calls and deal with skips and inserts is variables and/or constants. Thus if Ti had it s i t i t i a l
called evalu a ting the text. The tex t generated as a result of ~~~~~~ then ATI would reference the last aigulitetit. aud
this evaluation i~ called the value. The value of a piece of AT 1— 1 would reference the next to last argunie~ t The
text depends , of coui~e, on the environment, following are the possible flag’. that  can be used fom in— er ts ,

Constructions may be nested in any desired way. When together with a description of each:
ML!! encounters a macro call , it evaluates the rep lace- 

~ s~~t imcnt
meat text in the same way as it evaluates the source taxt. D. —delimiter.
The replacement text may itself cont ain macro calls and WA , WD. —arg u ment or delimiter in its wri t ten form. The ar gul .
recurs ion is permitted. The arguments of macros are melit Or delimiter is not evaluated butt  is in serted

evaluated when they are inserted mather than when the literally.
null. —the numerical value of the subscript expr ss~ IuIl iscall containing them is scanned. Thus they are “called by inserted.

name” rather than “called b3.- value.” This fact is useful if L. —macro label . This tYpe of insert “place s ’ a mac ru-
ML,!! is generating assembly code as it is possible to exam- time label which may be the subje c t of a Tu l u - t i f l i e

m e  the context in which the code is to be placed GO TO statement; it is a sj,ecial type of insert iii tha t
and generate optimal code accordingly. it does n ot cause any output text to be gener ated . i.e.,

i t s value i s null .
Macro Variables

Operation MacrosMI.,’! contains some “macro-time ” integer variables,
i.e., variables operative during macro generation. There M L I  contains a number of bui l t- u i mncm’os called up ri a-
are facilities for the user to perform arithmetic on these lion macros. Operation macio~ are u~ed for such l t I l l l ) ~ 5t ’S
variables and to insert their values into his text. There are as defining new construction ~, performing inacro-t ime
two types of macro variables as follow~. arithmetic and chang ing t h e  position of scan (using t h e

Perman ent variables. These are called P1, P2 , etc. They macro-time GO TO statement). The names of operat ion
are reserved at the .—taii of a progra m and remain in exist- macros all begin with the letters “MC” so that  they may
ence throug hout. They have global scope. readily be differ entiated fro m user-defined m acro — . Au

example of an operation macro is MCI)EF’, which is u-ed
Yemp orary variables. These are called Ti , T2, etc. fordefining macros. This has form :

Each time a user-defined macro is called , a number (de-
fined by the user) of temporary variables is allocated. MCDEF arg umen t 1 AS argument  2 ;
These are local to the current call. The first three tem-
pora ry variables are initialized by ML,1 in the following The fir st argument must be in the form of a structure

representation , which specifies the delimiter structure ofway :
the macro being defined . In the Siflh l)lCS t case , t h e n ’  all

Ti contains the number of arguments. the delimiters are fixed , a structure representation is
T2 contains the number of macro calls perforated so specified by writing the delimiters in the order in which

far. they are to occur. The macro name , which is regarded as
T3 contains the current depth of nesting of macro delimiter number zero , comes first. The second argument

calls. of MCI)EF specifies the replacement text of the macro
The initial value of T2 is a nu m ber unic 1ue to the current being (lefined . Tlitis if “TO” and —em icolon were

call and is useful for generating uni 1ue labels. If the re- to delimit the ends of the two arguments of ~\lOVE , its
placem ent text of a macro contains a label it is imperative definition would be written:
that a different name he generated for the label each time
the macro is called. This can be achieved by writing the MCI)EF MOVE TO ; AS

label as: ( L A C Al.
1)A C :A2.

LAB:T2.
(Remember that the colon is assumed to be an insert name d a call of for m :
in th is 811(1 nIl subsequent examples.) A later example
illustrate~ the use of th is feature. MOVE X TO T.UILE + 6;

~
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would expand into : following macro to convert ful l y parenthesized al gebraic

notat ion to Polish Prefix notation.
1)AC TABLE 4- ô MCDEF (OPT + Olt — Ofl • (,~~ ~ M L )  AS ( :D1. :A1 .:A2 .) ;

N ote t h at the replacement text of MOVE has been en- Here ’tl ie left parenthes is is the macro name. The replace-
dose I in litera l brackets in the above ilcfinit.ton. This is melit text con~kt s of the lir ,~t delimiter followed by the
beea z-e all arg iirncnt s to operation macros are evaluated fir~t arguinclit followed by the ~-econd argument.
before being processed. Assume that the literal brackets (c) If a delimiter is at the cud of a branch , it s successor
had I cen om itted . Then in evaluating the second argument is normally taken as the successor of the occurrence of ALL
of MCDEF , ML , I would have tried to perform the inserts, correspo nding to the hianch. Thus in the above Polish
Thi~ would have unfortunate results since the inserts Prefix example each of the nit ermui tive arithmetic opera-
~houht he performed when MOVE is called , not when it is tom has a ri ght parenthesis as ~t s sticeessor. Houever , a
defined. In it~ correct form , with the literal brackets delimiter at the end of a branch can be given a (litTerent
pie~ent , the evaluation of the argument leads to the literal successor hr writing the name of a node at the end of a
brack ets being deleted and the enclosed text being copied branch. A node is designated by the letter “N” followed
liter a ll y. This text then becomes the replacement text of by a positive integer. The successor of the delimiter i.~ then
the MOSt macro . The reader is Probably tempted to ask taken as the successor of the node, which is specified by
w h y  operation macro arguments are not treated literally writing the name of the node in front of some delimiter
by t he sv~-u ni in order to avoid the necessity of using specification in the structure representation. The following
liter al l r ackcts , but there are many examples where the example illustrates the use ci nodes. Assume a macro
dvn:ainc element is vital called MIX allows any number of arguments ~~psrated

by commas and terminated by a semicolon. It~ -tructure
Structure Representations for More Complicated representation would be Written: ME N Ni OP T , Ni OR ; ALL
Cases

This is interpreted thus . The succes~or of MIX is e ith er a
The exact details of how to write structure representa- comma or a semicolon. Node Xl is to he a’-.-ociated with

t ions in the general case are to be found in the Lser ’s these alternatives since Ni has been written befori- the
Manual and thi~ paper wil l  confine itself to a basic outline, specificatio n of the alternative -s . If a comma is found a-~ aThere are certain re-served words in ~tructttre representa- delimiter , its stiece~sots are the successors of Xl , na mely
tion~. .~mong these are : \\ ITH. OPI , OR , ALL and any either a comma or a semicolon. If a semicolon is foun d , its
atom consisting of the letter “N” followed by an integer. succe-ssor is the successor of ALL , namely “null”
(The Izames of reserved words can be changed dynariucafly
t v  t lie u~er , if he desires.) WITH is used to specify de- Use of Macro-Time Statem ents
limiter s that  consist of more than one atom. For example,
if a delimit er consists of the atoms Al , A2, . . ., Ak , then In simple macros such a~ MOVE , the rep lacement t ext

• . i t  - is a fixed skeleton ot code winch is to replace each cab .t~u~~i — -~1 ie,Ci iC y.
This is obviously not adequate -for more sop h i-t icated

•‘s \VI i’Il .t2 ~V1TiI ... WIT!! Ak cases. Consider the IF macro u-sed earlier as an example ,
The rcn taiit rig reserved words are used to specify which had alternat ive forms:

brand i s  aitil nodes of the delimiter structure. (a) IF ar g u m ent I argument 2 Th EN argum ent 3 END
.\~ hut s been seen, the purpose of a delimiter structure is or (b) IF arg ument 1 — argum ent 2 THEN argu ment 3 ELSE

t( ‘.h N itv a ~itccessor or set of alternative successors for argumnent 4 END
each ileh i mnit er .  In a —t ru ctur e representation each specifi- Clearly the replacement text of IF must be m ade to cc- --
c at mni .  of a delimiter i- mnuned iately followed by a specifica- crate different code in the two cases . This can be (lone by
t h or of its -‘mic ce—- or . flits successor may be defined in any using the niacro-tinle GO TO -t at ement , MCGO, in i t s
of the following ways: 

- foi•rn : ~EC GOargmimcmit I UNLESS argument 2 argumen t 3;
(a~ If there is a sing le possible successor , as in the case

of t Ime ,Icl in iiter s of the MOVE examp le, this is specified The definition of IF i,, written as follows:
shiii l ’lv by wri t in g its name. (It is convenien t to imagine a
special 5s-ntbol “null” occurs at the end of each stru cture MCDEF IF — Th EN OPT El_ SE END Ott END ALL AS

- ( L.% C :Al -L oad t ii~ t argument.ri ’pni . -. mmtal  inn . Any delimiter w ith null as its successor SAl) :A2. ,‘Skip ii it difTer ~ fro m t he 5econd
is a 1 Ic -mu g delimiter.) argu ment.

(b1 If there are alternative successors, this is specified 1Equal c e e :  skip one in ,tr ict i on
by wr iting ; JMI ’ XX:T2 . /Uneq ial czIs ,’ : jump over inserted

code .
mPT branch I OTt b unch 2 OTt bra rich ri ALL :A3. / Inmertc ’,l rode.

MCCO Li UNLESS :1)3. — ELSE; /Macr o-t inie jump if
A F r a u i c l i  may he a single delimiter specification or a strue. 

~1se elain e is abment
tur i In iL-c it. An cviuiiple of the u~e of thi .s facility is the J ~iTl~ YY:T2 . h ump over else clause.
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X X :T2., :A4. /Ins ert else clause. Scope of Dcfint t ionu ,
YY ;T2., MCGO L2; J Macr o .t ime jump to end of replace.

ment text. New constructio ns may be iieum.e d at any tii mme e lurzm g
:L1,XX:T2., ;L2. ) ; /Pl acing of macro -time labels text evaluation but , MLi1 bc-hug a ucme-pass sysn ’m, dc hu t-

tions only app ly to text that CO IIICa aft er them. It is

Note that the second ~‘rgument of MCGO, which is to redefine a construction and individual c o n s t r u e t i i , m e s
“ :D3 “, is evaluated before being compared with the may be deleted by redefining them to have a mm mdl  effect
character string “ELSE” . This evaluation causes the text Constructions m a y  he defined as local to a piece of rep lace-
of tae third delimiter to be inserted ar id to take part in ment text or even loca l to the evaluation of an a rg imin i le t
the .~omnparison. Note also the use of the initial value of T2 It is possible to USC a macro to set up the defini tion of
to generate uni que labels. The following two successive another macro, and this is useful in dealing with dc~lic i ; t•
calls of the JF macro: tive statements. Thus DECLAR E could be a mim u c ro 5uch

that if , for examp le , the statement:
IF A - B TH EN JMS SUB
END DECLARE X REALIF PIG DOG THEN LAC ~

DAC D were encountered , then the DECLARE macro would -et
ELSE LAC Y

DAC z up a definition of X as a macro , which might , for in~ t an ce .
END take the form :

would generate the code: M CDEFG X AS ( 100 MCSET 1’l — 6 ;);

LAC A /Fir st call. (MCD EFG is the same a~ MCDEF except ~h ; s t  the
SAD B definition is global rat h er than local to any c i cma i a i t zg
SKP macro.) This definit ion would cause each subs”qUl !it oc-
J MP XX1
JMS SUB currene e of X to be i-ep laced by 100 am id each cad of X

XX!, LAC PIG /Se ond call. would , as a side-effect , ~ot the permanent ~-arial,ie Pt t o
SAD DOG value six . The side-effect could be used to convey the
SKP information that X was of type “real”.
JMP XX2
LAC C I m p lementation
DAC D
J MP VY2 ML/I has been implemented on the PDP -7 and J C.T

XX?, LAC ‘t Atlas 2 computers. It occup ies about three tho u~aud words
DAC Z of storage. It is planned to write the logic of \ I L - ’I in a

YY2, macro language so that , by suitabl y coding th e basic

The two macro-t ime statements MCSET (the macro- macros and running the logical description throuR h M b - - I

time assignment statement ) and MCGO can be used to itself , it is possible to generate code for any machine I t  is

form macro-time loops, which are useful in processing hoped that this teelui ic 1ue will enable ML/I to be ti -u n - -

macros with a variab le number of arguments. The follow- ferred to a new machine in about one n1an-mn oiith , even

ing macro , which is useful in a number of applica tions , allowing for the multitude of unfo reseen di tl icu lti cs thi s

iUustmates the macro-tim e loop. The macro , which has the kind of operation always involves.

composite name “INDEX (“, successively compares its RECEIVED J AN U t RY , 1967; R EV1SCD Msy , 1967

~rst argument with each succeeding argument until a
match is found , and returns as its value the number of the REFERENCES
matching argument. 1. FAP : reference manual. Form C28-6235 , hU M Pro gr amming

Syri . Pubi. , Poughke epsie , N.Y. ,  SepL 1962.
MCDEF INDEX WITH (Ni OPT, Ni OR) ALL AS 2. lIAi.PE HX , M - I .  XPOP :a met a -Izing uag ewi t ho u t metaphysics
( MCSET T2 — 2; Proc. AFIPS 1964 Fa ll Joint Comput Conf., Vol . 26, pp 5 —
;L2 MCGO LI IF :AT2. — :AI .; 08.

MCSET T2 — T2 + 1; 3. Wiusxs , M. V. An experiment with a self-comp il i n g comnp ilci-
.~1CGO L2; for a simp le list -p i- ucessiuu g lang uage . t n u u a t  kevtie in Au to -

L1. :T2. ); /Ens ert value of T2. ,nati c Progr aunmi r ig, Vol.4 . P erg zmmoui Press , Oxfor d , Eng iau id ,
1964.

This macro can be used for switching. ASSUme it is 4. WAITE , ~V. M. A language-independ ent macro p rocessor.

desired to test t h e  second deint itero f a macrn and branch Count’s ,IC31 10, 7 ~Jul y, 1967), 433-440
.5. Sm se-i ixv , C. A general purpose macrogeimermuor. Comnp ul. J .

to macro-t ime label 1.2 ii the delimite r is a plus sign , to 8, 3 (Oct. 19Tt n , 22~ 241 .
L3 if it i5 a minus :- gm l , am id so on. Then thmc following state- o. MooEmes , C N.  TIIA C, a procedur edescr ibing language for th e
mnent achieves thi s : reactive typ e w r i t e r .  t’onm ,si . .4 CM 9 , 3 ~Mzmr . 19613), 215-21 ’) .

7. Bitows , 1’. J. M L/ 1 t I M E S  i l iSul l Iz i l .  Univer si ty  Math .  Lab . ,
~ICGO L IN I)LX ( :D2 , +, — , •, I) ;  Cambridge , E i ig land , Jul y 1J613.
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Programm ing Techni ques R. MORRIS, Editor

The Mobile Programming minimal. A generalized I/O package [21 provides the I/O
interface for both SIMCMP and STAGE2. It assum~s that

System: STAGE2 the following operations on sequential files are provided
by the operating system available on the target machine:

(1) read one line,
W. M. WAITu (2) detect end-of-file ,
~ ‘nic-ersity of C’olorado, Boulder , Colorado (3) write one line,

(4) write end-of-file ,
(5) rewind.

STAGE2 is the second level of a bootstrap sequence which is These operations need only be available on those devices
easily imp lemented on any computer . It is a f lexible , powerful for which they are meaningful. The generalized I/O
macro processor desi gned specifically as a tool for constructing package carries flags which specify the legal operation on
mach ine-independent softwa re. In this paper the features pro- each device and will intercept any illegal requests
v ided by STAGE2 are summarized , and the imp lementation In a minimal confi gurat ion, on ly three devi cc- are re-
techni ques which hove made it possible to have STAGE2 run- quired by STAGE2. Conceptually, t hey are a “car d
ning on a new machine with less than one man-week of effort reader ,” “card punch ,” and “pm-inter ,” but t h i y  f lay be
ore discussed. The approach has been successful on ove r 15 imp lemented by any physical devices. It must i~.i possib le
machines of widely vary ing chorocteristics. to perform operations (1) and (2) on th e “card reader ,”

and operation (3) on the “card punch” and print er. ”
KEY WORDS AND PHRASES. boot.trappinq, macto pr oc.uing, macbin .
indepen dence , pro gr am ming langua ges impm.m.ntotion t.chiiiques Operation (4) can be used to clear the last buffer ii the
CI CATEGORItS, 4. 12 . 4.22 output is blocked. As described in Section 2, STACE2 can

use secondary storage (tape or disk) to advantage. A total
of nine flies, including the three just mentioned , would be
the maximum The six additional files cats be used as
secondary stolyige devices, additional inputs , or additional
outputs. Genera lly all flu-c operations would be possible ott

1. Introduction each, although this is not strictl y necessary.
Implementation of STAGE2 on a new computer re-

in an earlier paper [11 R. J. Orgass and I presented a quires less than one man-week of effort. An existing version
trivial macro processor called -SIMCMP, which we pro- is unnecessary ; the bootstra p process is carried out from a
posed as a base for implementing a mobile programming source deck , tape, or listing. Th e system has been tested
system. The desi gn criterion for SIMCMP was simplicity in over 15 iml)lementations , severa l completed by in-
of implementation , and it was severely limited in the experienced personnel. The basic desi gn philosophy ci  t h e
source code us hich it could accept. Its sole function was tO system (3, 41 indicates a possible solution to the “software
translate a more complex processor. This paper describes crisis” which is plaguing the computer industry today.
STAGE2 , the second level of the bootstrap. The remainder of this paper gives a brief overview of

STAGE2 is a flexible , powerful macro processor written the facilities provided by STAGI 2, and the progi amus i r
in a language which eats be translated by SIMCMP. techniques used in its construction. -\. cosnprchcnsa
It is designed specificall y for the task of implementing user’s manual (5J is available for those interested in furt  he.
machine-independent software , although it can also serve details.
other purpo.sv~ Sonic features normally associated with a
generalized -macrn processor have been omitted ((or 2. User ’s View -

examp le , all mila crO definitions must be presented before In many ways, STAGE2 is similar to LIMP [6J. It c-m-
any source code is read). These omissions are required ploys a scanning mechanism to recognize macro calls and
because of reatrictious imposed by SIM C? [P on the isolate parameter strings , and the ability to perform
number of progiam labels. They do not affec t the primary different parameter conversions has been retained and
fEu cti on (a ~ .‘tGE2 , and hence I feel that . they do not extended, The code body does not include the “group ing ”
rcprescnt ck- .i~ ii fl ,iuS~ concept , nor LIMP ’S Sxonot. interpreter. Free tise of I/O

To be effect ive as a tool for creating machine-indo- devices is permitted.
petulent software , ST.\I E2 it self must be highly mobile. Each macro definitio n has two parts: a (cm p laic and a
For thi 5 ru -a—ni t , t h e  —m ipp ort which the syatem requires code body. The temp late is used as a pattern for recogni-
from e x e . t i i i ~~ ~a ,f t  ware on l i m e target computer should be tion of macro calls , and the code body directs the exp :mn-
• l)epar mm e nt of Elect r ic :mI Engin eering sion of the macro . Both the temp late and the code body

V o l u m e  13 / Nunuber 7 / July, 1970 C onmumm u ,m i eat ions of ( h o  .~CM 115
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~~m(~~i t t  ehar.i cter~, ~u u - h  : i r .  -1iee-i fwel on the first line I tIILJ ’ I.  CuuAui .~c-rt: it~ I )~a u  \ C O  i i i  TII~~ \~~ —• 1w dt-l iui ~t ioit~ ( t i l e  .1/nj 1i~e). Table I sunmntari zes these 
Ck,nelcr 

-— ____________________ ___________

Chj,, c:e,rliar.ie tVN .
~l t ~mplatc nua t elm iti g is carried out by a scanner which 1 End of sour ’-e language line -(-i)ill lSirt ’s the input line with ti m e temp lates . Characters in 2 I’ar an icue r f lag for tci np lai e

t i c  temp late which are not p arumi net er flags (Table I) 3 End of targ et  luungi i a g e line $
j imilat match the corresponding elma rumct ers of the input 4 Escape. character  for targe t language
h u t  exactly. A paranwtt ’r flag will match any substring of 5 Zero 0
t ime i i i 1mmm t line ulmiel i  is balanced with respect to the paren- 6 Fi lle.- for fixed fields in the targe t space

language
tI u-~ec specified by t h e  flag fine (a itull string is considered 7 ~~~ parenthesis (
to  he balanced). By requiring that a parameter flag match S Addition operator --
a balanced substring of the input line , STAGE2 allows 9 Subt ract ion operator -

grouping by p:u-entheses. This is a usefu l feature when 10 M ult ip licat I on operator
11 Div ision oper atorstr m ctures such as arithmetic expressions or lists of oper- 12 It ight parenthesis

and~ are being analyzed. 
-

ALPHA — (BETA + GAMMA) • DELTA (3) below) or else is resubnuitted to the scanner fur ri’cog-
nition. To construct the line , characters are copied fro m

(a) A typica l input line the code body line until the end-of-line (Table I) is 1-ecog-
nized . The line is then tet-minated and passed to the

ALPHA — (‘) • DELTA scanner. If an escape character (Table I) is recognized
ALPHA — ‘ • during thi s process, it is not copied , and the next character
ALPHA — of the line is examined to determine what action ‘-he)Iilel be

taken. There are three possibilities :I 
— (1) If the iiext character is an escape or an cu d - o f - h u e ,

(‘) • 
I then it is copied into the line being constructed.

(2) If the next character is a digit , then soni c tr ait s-(b) Several teni plaip s which could match the input line formation of t u e  corresponding actual parameter i~ copiedgiven in Figure 1(a)
into the line being constu -ucted The particul ar trai i~foi ina-

FIG 1 Template matching tion app lied is determined by the character following the
dig it (see Table II).  A transformation app lied to parameter
0 is interpreted as a request for an arbitrary symbol which
is uni que within the current macro Up to ten such syi tbols

Figures 1(a) and 1( b) show an input line and several can be generated in any one macro . The second character
templates which would match it. The flag characters are following the escape Sl)ecifleS which symbol sliot ile l be
those of Table I. Ambi guity in the template niatch is re- copied into the line being constructed.
solved by five rules (see Appendix). Together they have (3) If the next character is F, then a special processor
the effect of maxinuizing the number of litera l characters function is executed. The particular fttn etion is determined
matched . In Figure 1, for example, the rules force the by the character following the 1’ (see Table III).
input line to match the first template. STAGE2 provides three levels of storage : parameters ,

The actual parameters of a macro call are the substrings an associative memory , and up to six I/O files. The
which match the parameter flags of the temphtte. Within paranueters can be used for working storage within a
the code body, these actual parameters are referred to by single macro. Information can be made accessible to all
tiumber : the string matched to the leftmost flag is param- macros via the associative memory. Intermediate text
eter I , the one matched to the next flag is parameter 2, can be written on any of the I/O files and later recovered.
;tn (l so forth. ~& maximum of nine flags is allowed in a Each macro call has storage space for nine P :ur :mnieters
sing le temp late Time first template of Figure 1(b) has a associated ~ it l i it Tu e  tenup late match may establish
single parameter flag. If the input line of Figure 1(a) were initi a l values for some of these parameters. Parameter
matched to t h is temp late, actual parameter I would be values may also be estabh islme d by the code body, using
BETA + GAMMA. Actual parameters 2—9 would not be transformation fl (see Table II). The scope of the param-
ilef,iied by time template match. etcrs is the cod e body of the macro in which they ‘sere

Associated w i t h  each teinp hmte is a code body which established . They are h o t  accessible to macros called by
specifies the text to be constructed by the macro. Each the code body. ‘ihuci r ~- :mItmes are , hi owe~-er , preserved during
line of the code buds- is used to construct a line which is such calls On coitip ie ’ti .in of a call , till  parameters as-
then either output (by means of a processor function , see sociated with that  call disappear.

416 Commnunicuaij o,u s of iii. A~~~1 ~ ohi$rne 13 / Number 7 / J ul y ,  1970
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TAB I.l i i .  I’A R A M I . .  u , ( . sv l : I t s i oN  l) u tu i r s  text is written on ( l ime or mnom u -
~~. At t h e  next label , t h i s

— —  - -- ir ifom-rua tio n is exarn ii i t d :1110 a re~r i,~t r :tssi gi inme iut ni:ide.
The intermediate text is then icad back -and the finalI,,’,’

code is generated.
0 Copy t h e  parameter to t Im e con struct ed line STAGE2 can evaluate integer arithmetic expr essinum s

I , 2 Copy a St ring fron t nuemorv to t  he coast m eted line involving addition , subtr aetio uu , tutu It iphicution , at ud l iv u —

3 Copy the break cI-.utrui c t er to ti me constructed line sion. Parentheses may be used to any depth (subject to
4 Copy the value of a par ameter , treated as an ar ith-

inc ti c ex pressnilu , in t o  t he constructed line storage availabi l ity ).  ‘Flu e opeian(ls may be either t s p l a u t

5 Copy a para meier length to the constructed line integers or symbols. A symbol is looked up in t i u t  a— ocla-

6 Reset the value of a parameter tive memory, where it must hav e aim iuut eg er value.
Conditional operatioiu s arc available Ini- te~t u ng t i l t ’7 I n i t iS t ,  a context -coat rol led Iter ation

S Copy an integer eq t miv al en t to a sing le character into equality of two strings and time relative magnitude of two

the constructed line expressions. If the condition is satisfied , arm ( X ~)r ( -~ u ii tu  iS

— evaluated to det eu-miiue hmos ~- many lines should be skupj ) ( -d .
TAnI .E I I I .  l’uiocxssoa F CSC T ION D&Gt TS A skip is not restricted to time macro iii wh ich the condm-

40w. tioiial operation a~)peared .
____________________________ __________________________ It is possible to loop within a code body - TIu ç loop a-

(I Terminate processing controlled either by a counter or by a string an’ . :t -c l  1
I Output a lin e without rcscann ing delimiters. ‘Using the latter , known as Cuiilei ( - ontr u lle ’l
2 Change I/O channels a u-m d copy t ext iteration , it is possible to analyze comp lex l) tu r :u t net er s
3 Store information into memory such as lists of operands and ari thmetic ex;ur e~~uon s . T h u
4 Set skip counter unconditional l y context controlled iteration is , iii effec t , a token breakout
5 Set skip cot in ler cond itionally on str ingequ ahity routine similar to that found itt a compmler. No particular
6 Set skip count er conditiona lly on the relative values of delimiters arc assumed; they are pros-ided when th e itt ’rit -

two expressions tion i-s initiated.
7 Init i a te a cou nt -cor. t i -lled iteration Tables II and III  summarize the parameter tr a it s
S Advance an iterat ion formations and special processor funct ions available ti
v Escape fron t the current n-macro the user of STAOE2. The brief discussion pu esc iu ted iii
E Generate error t rs ceba ck this section is intended to emphasize tI le main features of

— the processor and sketch time broad outline s of it ~ opera-
tion. For full details , the intem-ested reader is remerred to
the user ’s manual ( il ,

The associative memory is addressed by character
stni u g s , and its contents are also character strings. No 3. Imp lementa t ion
restrictio n i~ p laced on the format of either addresses or
coimleut ta. Inf orn ma t i oum is entered into memory by a proces- The programming technique s used in writing ~1’AGE2
sor function , and accessed by para m eter tr-.utmsformations. n-ere chosen to make it easy to imp lement on vir tua l ly  any
Because it is global to all macro calls , the memory can be machine. It- is coded in the assembiy la imgu :mge oi a sp eu tzm l
used to pass informat ion betsveemm macros. Typical uses of purpose computer , called FLt-n , which was designed to

the memory tu r d - to hold a symbol table , a pushdown stack handle the data structures reles-ant to macro p rocessing:
for tran slat ing expressions, and information about the trees, strings, and ilutegers . FLUB does not exist ; i t  -‘ ‘ i

cur rent co imteli t a of venous registers for use in “peephole” abstract machine [31 conceived solely for the purpose
optimization ~71. coding STAGE2. (A comp lete description of 1- i t ’ ,

A fl maxilnul i i t  of nine l~O files c:mn be made accessible to giving details of the rationale behind the desi gt u , caim be
STAGE2. At least three (thc “reader,” “punch ,” and found in [10).i To imp lement STAGI’ 2 on a real computer ,
“printer ”) will always be available. By suitable processor thtc Ft.vn operations are realized as macro s whu c lu can be
functions , t h e  u ser can direct output generated by expanded by SIMCMI ’ [11. Fu n  has 2S mach ine opera-

S’l’AGE2 to tu mm y tile on wh ich writin g is allowed . The input tions and 2 pseudo operations , so that a total of 30 macros
may be switched to any file on wh elm reading is alluwcd . must be written.
Any file may be rewound if r ewii md ut u g is allowed by its Time genera l organization of the FLUB c ont h mu t i r  is
mnip len te tut t u l ion shown iu~ Figure 2, Each register is made sup 01 thurc e t i t ids ,

Tlut ~ n ia ium use of 1, 0 files is to hhe rmit mult i pass opera - as described in Table IV. Th e  it m stru ct ion set is given t i m
Un it For ex atup le , comp lex code optimization , sucim as Table V. Note th at  im mally uis trtucti ons sv hi i chm are e •t im nto tt-
register allocat ion lx , 9~, can be perforit wml using the place øt t comlmtt ’rs today are not included. Shift  na -I ru e-
as’ mi I t uh I e 1 ‘( ) Ii i t s  f i r  tent lstr :u r~- sIt  ‘r t u go of ifl t t ’rmfl ( ’t i~ t t e t ions and I loolt’; uim 

~ 
,erat lout s , for eX:ttmi t the , ~~~i ‘i ‘ia-i ) iCU ( l l I

text I tufor ina t I ~, iu ubt at t n ~ — I or ci ,, m t cut s can be n cei t rn tt - by (I u e r  absence, t i ie reason bun ug t h ua t  S’l’.~G 1-h! u i  i t s  111,1

L’ut vd in the memory b e t w i t u  lab e l— , while i,twr ineduat e require ~m mehm operat it ,tu s . f t  Is imp ot -tauu t to keep t in’ ~m tu i ’ p 0~ i

-~~ - 
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TABLE IV . 1ta~:Axo OW x or TilE F i u n  Wono

FW4 Rui~gc~ J Voiue*
MEM ORY

FLG 0, 3 Indicator bit s
\‘AL 0, To hol d a single chsra eter or the length

__________________________ 
max(C , L) + 1 of a s t r ing ,  C is t Iut ~ largest intege r

I which repre sents a character , L is
the m a x i m u m  string length

I PTR —A A To address Fua ui memor y , and act as a

..ii~ general register s I. L Line Buffer ~reneral integer aecunuul:utor. J i g  the
lar gest address of the targ t rims-

____________________________ chine ’s memory

TABLE V - FLV U M A C H I N E I N S T R UCT I O N S
I/O Ch amu nele

1 1. Data Transfer Oper at ions

r e (a) Reg ister to Reg ister (b) Register to Memory
roC s$or FLG ’ — ‘ GET ’

________________ — PTR ‘ - STO ’ ~~~~
‘.

- PTR ’ — VAL ’.
F un. 2 ()r ga mm uzati oii uf time Feus compu ter -

2. inl eger .4r i th rnet i c Opera t ions

- - . - . - . - (a) \‘AL field arithmetic (b) PTR Field :iri t hinetic
of this abstract machine firmly in mmnd when crmt ictzmng \~AL ’ = ‘ + ‘. PTR ‘ ‘ + ‘ -

omissions in the instruction set. FLU B makes no pretense \‘~ L ‘ = ‘ — ‘ , p’uR ‘ ‘ —
about being .-~ computer for general problems ; it is specifi- PTR ‘ = ‘ .

cally tailored to run STAGE2. PTR ’ ‘ 1 ’.

All FLUB opet-ands are register names, except target
locations for jump instructions and the first operand of 8 !flPld/Oi4tPiu( Ope ra (moims

MESSAGE “ TO ‘. Each of these consists of two digits. (a) Charact,e r l /O (b) Line I/i)

(GET and STO each specify a register which contatns CHAR = VAL
the desired memory address.) Each apostrophe in Table V RE ~V IN D ‘ ,

thus represents a single letter or digit. This conforms to MESSAGE “ TO
t h e  restriction on parameters which is imposed by
SIMCMP , and in fact the lines listed in Table V are 4 Control Operation .
exactly time templates for the SIMCMP macros used to (a) Unconditional (b) Cond itiona l
tran slate STAGE2. STOP , TO “ IF FLG

An advantage of performing all FLUB operations on 

~ I ~:: ~ ~-k?
registers is that it is possible to make a realization of RETURN BY ‘. TO “ IF VAL ‘ NE ’.
STAG E2 more efficient by using different storage tech- TO “ IF I’Tft ‘ —

niqucs for registers and memory . On one computer , the TO “ IF PTR ‘ NE
Titan at Cambridge , it was possible to assign fli p-flop -ro “ IF PTR ‘ GE ‘.

registers to all of the FLU B registers. Even if the FLUB
registers arc stored in core, their fields can be left unpacked
for rapid access. The fields of the memory words would in ISA FORTR AX , and an ISA FoRTRAN version of the
be p:ucked to conserve space. I/O package. SIMC~\IP is also described in .~SA Fou t Tu tAx

All l-tt-~ 1.. ‘0 is hattdied through a generalized I/O inter - [l J 1’Isus , if FORTIS&N is available on t h e  target computer ,
face (21 which provides access to a number of clianncls initial  imp h ’inentation of STAGE2 is trivial.
via a line buffer. Informatio n is transmitted otto character The initial imp lenu ’um t ati on of S1’AGE’2 is s-ia SIMCMI ’.

it a time betwecim the h u e  buffer and the genera l registers. Because of time inherent weakness of SIMC~\IP , th is
l-’uh l lines are tr :mn srn itt eul between t h e  line buffer and the inmp icn ietutat ion will generally not be extremely efficient - ,
chuanu ut is. This viess- of I/O is qu ite similar to that proposed To iniprove the efficiency, one would rewrite t h e  30 macros
for .~ LGo1. 60 (11 , 121 and being implemented for ALGOL to take advantage of the powerful faciliti e s whie h i S1’ACE2
fiS (131. provides for opti un iz t t t io tm . Then , us i mm g these macros and

‘l’hie code bodies of the macros ss-hose t eunp hrttes are the ini t ia l  imp lementation of ST.tGE2 , it is possible to
shmo w m u in Table V, time I,’O interface , and SIMCMI’ are retransl ate S’l’,~GE2.
meehit ic-dependent. They must be hm: itud -eu ded for each Still further inipi-ovenwnts in efficiency can be ObtttiiiCd
im lumentation , a task whi chu require s about S man-hours . by hamu l codit ig certain critic a l routi t ies , \Vh, t i STAGE2 is
We hiave a set of macros wh ose code bodies are written translated by either SIM C\IP or STAGE2 , time result

418 co,nnuia niea tio m.s of t h e  ACM ~oIume 13 / Number 7 / J ul y, 1970 
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is au assembly code program. It is possible to make incas- provided for nine channcl.s, using the m i immmu n m num ber of
urentctt t s on the performance of this progra m to determine words to allow double buffering with t Ime ( ICVI (C type
svheuc it is sp emidit ig most of its time, The critical routines assigned to time clu aum neh (129 words for disk files , 1025
c auu then hue recoded , takimug advantage of all available wom- hs for tape files). Note that wit h th is, envim’ onmerut ,
progra n miu i i n g t u i ck s . Th e  effort involved iii th is recoding STAGE2 itself represents less t lmaui  13 percent of time total
is mn in is,cu le compared with that involved in bau d-coding core requirement.
t i e  entire proc~ssou~ in the tunoptimized s-crsion , e:ic lm FLu B instruct ion was

- 
tramuslated to CoMPAss in the most straig hutfo i w ar d  way -

4. 5~OflC1itSiOflS No attempt was made to take adv ;utt :mge of sJ ecial
Th purpose of STAGE2 is to provide a tool for eon- operands or to minimize instruction length by ret: l im i ng

st r t uc t i mm g machine-independent softn-are, STAGE2 itself frequently used constants in registers. l o r  ex:iimip lc , t im e
machine-independent , and was designed in such a way FLU B statement

that it could be moved to a new machine with virtually
no effort and s ,t l im it rely ing on existing software. I believe PTR A = 0 4 0
tha~ these objectives have been met. As noted in the Intro - was translated into a fetch of ti m e PTR licki of reg k t c m  0,
duction , the mobility of STAGE2 has been proved in over fetch and add of time same field , iutd fina l ly a 5torc int o
15 imp lementations. In fact , in some eases we have found the PTR field of A. The optimizing macros took a ’lva nt- iz

of such operands. In the case noted above , a z r ,, ~a-
stored in l’TR A (the FLu-a register 0 comit auh : U iii ( f
its fields). They provide for eel-thin freq ieni ~v t i — s i t

- - - constants (such as 0 and 1) to bc held iii m s g  u- m -~ at all
I .tI3LE ~ I Iu p LE ~m E ~ T.~ -Io% ion CDC (1000 SERiES - -times, and recognize other nmac hm ne - dep cmmdcumt s i t ua t tu : ,~

1 Enriro ninent where 15-bit instructions can be used i m: ~tead of 30-b it
Gcnerall7ed L O package 49~ words instructions. No global opt i n miz at ion  per fornwii ; (Sh IV
I/O butlers 3010 informatiomt derived from a sing le ntacro call is exatnined,
Syst em routine 1622 Note that although time opt imi z atioim pros-ided a si~~. i l t :  -

Data space 12000 - - - - , - -
— cant 30 percent reduction in time size of ~~1A(~ i~_ , t i

Total : lil3o words - - - — -total lengt h of the optimized s-ems ,m on ssas ~t uI l  Om }uereei .t ~
it ST1I CE~ that of the unoptimized version. Optimization ake pie-

Fn xs s~i m t c c  code 977 statements vided somewhat faster code—time optim ized ver~son i t-
I. n o p is in ized ver sI on 2373 words - -

Op:muni7ed yem -sio n 1667 words quured only about 86 percent 01 t im e time used by l i i
- unoptmntized version. Both progranms wem e given t im e  “ante

Ill . t~’iffi7~~f l 9  tu,,e to translate ST4GE~ (C4OO~ - - -

- - task : translat ing ~TAGL2 to CoMPASS tt slim g t im e  Opti ini Z-
I. :, .‘; ni s i , : ~~i i I  v e r ’ n n  42 2 4  seconds CP - - .

7.781 seconds PP trig macros. Since time 1- i.vn souree code for ~‘ I ~‘- ‘1 .-
OptuT ’n ~ ed ver sion 36 360 seconds CP 977 statements long. STAGE2 t m a  nslates at rotug i ~y I ’ m  tO

7 233 seconds PP cards per minute  w it im these nmacios .
To date , STAGE2 has been Si tu  to t i a n — I : m u a c u u i m p r e -

hensive text processor kno w -mm a~ MI TEM j l - lj ,  ali t1  a SOma l i .
interactive editor called MICE . Both of t hii - s,e progt’auim ~
have been imp lemented on sevt -r : u l cumpmm t tm w al t

t h a t  i- - i uu m p leii u euita t io m i (toni scratch was simpler than than one man-week of effort. \~~t ar e emine nt l y wri t i ng
t r~ irm g to bring up aim existing vei-sion for t ime same machine page layout and print in g progu ’:un sirumia t -  to ‘l’,~~t ~SsJ
from a d uff er en ; imi s tahla t io t i!  [15] amid F0IISIAT [161, a m m d an i iut e i ’acI ive hI . s , i c  l7~ — v s t , tu )

One of the major questions which arises with a machine— I believe th at the t ech mmu i qt mes used iii i t upk ’mti e n t i i ig
ir idepemurie nt imp lementation such as th at  described itt this STAGE2 , and STAGE2 it se l f , can hel p to :thievta to time
paper is how mu nc h it costs. What. pcith u ltv is assessed in software crisis j u t which we timid ouu’~ehves today . 1)v f loW ,

tcrnm s of redtmc t tl ethiciency in hoth i time and space? Un . most people have learned time value of hi ghier level kin-
for tunat , lv , I cannot answer that qu estion conclusively. guages for mach ine ii mtle p euidermcu . Thue di llicult :ut ’e:u~ :t rs’
‘Ju do so would require ai m implementation of ST_~GE2 th ose itt which m m o h igh level la mu gtu :t ge is quite suit ed to t i l e
‘by  ht~ntl ” for comparison pturpo~m s  ~ an indicat ion , problem. There are two possible tacks to take: (1) t ’u v: — t
huowever , c on — idu r t h e  s,t u tist ic- ’ of Table VI. the problem to fit sem iu c existi n g hai ug tm:t g e : (2~ h~ m g m m

flmesc mmmbcr~ were obt a imm ed from ~i’AGl~2 , version another language. l’ime major objns ’t ion to (2 t  i i : , heeti  t ime
2, ss i u i m p !emen r .  1 on t ~ie CI)(’ 6100 at t h e  l., nis’crsitv of t liflicultv of immip lenset it un g a ni,-ss- h : t iug i u ag i , an t i  t h u ,
(‘olor .u’lo At I I , .- t na ’ the ruu~ ~s-ere nm :u ik .  we were operat- rea h iza tio mu that time I roccssor ss II be u~cIess t ’ iu :tliy 01 i c r
it ig h u t  hi ’i t i e  — I t!id Ird r~ -l e a sO 01’ Scor~: 3.1 .6. Ti ic ~ent ’r _ mh - machi no. STA(; 1-2 m ’ t ’m rn’es t h It ’ 1: i t t  s r  Cflflst r m i i m t  .

i, .d I t )  huac ~
.it l ss ,u ~ t iu lo rt - d t o ~eou’~: amid t ime 6100, at ud pi-oces~~r is s t i l l  dt t r t e u i t  to construct- , but once dune ml

0, ss ..tem r , ,s :i~ r , , , ssu - re m~ .i.iodilued . I0 huffcr~ were c a im be used t t lnt ’~t :mt ivwhc re .

~oIunmc 13 ,I Number ; July , 19~O Communications of the ACM 419



-298-

Appcndi~ . ie I t t I ) h tmte  M atching \~ h emm an imu pu i t  l ine is i I ’ i ’l , due s ’mul -o I -h ine flag us re-
TIme ternp lat e~ am - . or~ :ummized into a t ree , with eacit pat- iul .uc e d by a tt ’i-i~ i mma t ion element , If I h ere is m i t t  eutd- o f-

te ru u element (single c immu r ac ter or p:mr tt nmet ei- flag) cor- l imme Il:mg, t h en I lt ( ’ eam -mia g e ret mi n i  ~ te h l laCc’si. I’ intfl1C U’~
respt,uImiing to a bra nch. An exam ple of a template tree is flag chu ar tu -t er s an ’  iiot recognized whue i t  input hm t e~ are
shown j im Figures 3(a) am id 3(b). Uppercase letters and being read; thm ev ire only si gitific ami t in definitions , The

t’peviah cluariteters denote themselves. (.~ space appears 
input lu te is m:t t ch meui against tIme temi mp late tree according

iuo ch aracter itt &h.) A lowercase c demmott’s-the end-of- to time fohlowitig rules.

h u e  marker, and :m lowercase p the parmunetcr flag. The h e  1. lIttle 2 is applied to time root of the tree and the
mt ’:tSofl for using c and ~ is that tiuese bramiches are not first clmai’ u cter of time in put line.
ti si-mal chuaracters. As the templa tes are being read in,
c ic hu end-of-line flag (or carriage m’eturmu , if time end-of-line Ru le 2, If one of the br ami ch m e s hea v itug t ime current itode
fl a g i5 absent) is rephaced by a special marker. Each param- of time tree is identical to th t e cui’rent input ehi:mr aeter ,
v: er flag is likewise replaced by a marker of another type. th eui thmat br au mch m matches time ctirre iit input character.
If ai m imiput lu te has no emmd-of- l im me flag, then the carriage Otherwise . Rule 3 is app lied to due current mm dc and input
i - il ium is rep laced by the e marker. Th us there is no itmtern al chu aract er, If tI m e brzmm m c hm matched i5 an i ’t td -of- l inc m:i:s rker ,
di..t im mcti ou between an end-of-line flag and a carriage t lue input l irm e is m- ecoguuiz ed. Otherwise l i t t le  2 is app lied to
ret urn , t ime miode reac imed from time cur r emmt node by that branch

Dashed lines in Figure 3(b) represent nodes of the tree. and t ime next character of the input line.
E:uch m br tunch (character) has a direction associated with
it--le ft  to ri ght in Fi gure 3(b). A given node may have any Rule 3. If om me of t ime branches leavit mg time current n ode
n u mber of branches directed away from it , but not more of time tree is a par amt-ter flag, Omen Rule 2 I’. app licu l to

Llama one directed toward it. One node, known as the rool , time node reached fronm the currem it imode hv that branch ,

hu n— no branches dit-ected toward it. Several other nodes and the current input chiar :mcter. l’ime br ancit m atches a
have no branches directed away from them. These are the null strimmg. Otimerwise , Rule 4 is applied to the current
leaves of t ime tree, and are imumbered to correspond with node .

tIme temp lates. \Vl m eum aim input line matches the tree from Rule 4. If tIme cut-rent node is (lie root , the match fails.
t ime root to some leaf , it is recogfliZe(1 as an instance of the Ot h erwise , if the branch emmte ring the curremtt node ’is not a
template correspommding to that leaf. parameter flag, t ime mi  Uule 3 is app lied to time pu’evk U~ node

In Figure 3(b), the branches leavinug a node are am- and the imtput cimaracter whiclt matched time entering
r :mm mg e d vertically . Tha~ time root has two branches leaving branch. Otherwise Rule ö is app lied to time current itot le
it , an S amid a parameter flag. Time node toward which S and current input ch aracter.
is direc ted has omdy one br mu m mch leaving i t—the character
A. \Ve say that one node can be ,-eoch ed fro m another by a Rule 5. The substring nm atc hm ed by the branch enter-
br anch if the branch is directed finn s the firs t node to the immg time current node is Iet mgt hmen ed by app endi u ig time
seciimtd . Hemmec the node between S and A can be reached sh ortest balanced sub stritmg of the input h u e  w i mic i m begins
fro m time root by S. at the current input  ch aracter. Rt t le  2 is thet s app lied to

the cimi -rent mimi c amid t h e  input chma ra cter fo hl ow i mm g the
mie n’ substri m ig. I f no such substring can be found , Rule 4

(I) SAM — A. is app lied to the previous node and the first input ch aracter
(2) SAM — ‘. matelued bs- t ime panmn leter flag. If t i me p ar aumme ( cr flag
(3) ‘ — ‘ . 

-

(4)  — A. 
matched the null string, time current input chIaract( ’r is used.

(5) — , If the match fa ils , (lie in uput line is w ri t ten out , Other-(6) SAM — JOE. 
‘wise time sub stm ’iuu g which nintehued time leftmost l)ai’am uietcr

Fmo . 3(a). A tet of temp lates fla g is made parameter 1, the substring wh ich matched the
mmex t parameter flag becomes pari smeter 2, and so forth.

te mn p i:tte.) \\ ‘hmen time parameters have been set , interpreta-
p .. C — (2) tioms of time code body begins.

lC~~ ’t 

~~

. S ---  A —-- M — A - .—  c (1) (A mu aximun s of t u iui e parameter flags is allowed in one

As an examp le of time mn mtch i ium g process, consider t h e  set1. ~ --- 0 --- E - c — (0) of  temp lates of Figure 3 (a) amid the eou-resp ou m ( hir ug tree of
(3) 1’i gttrt ’ 3(b). The it ipt it . line S;~ M A will obviously- p — p r match temp late 1. It coum ld also match temp late 2, with A 

p - - - c —  (5) time value of l) :ur tlrne t er I , template 3 with SAM :immd .\ as
Par unteter s , or t t ’mn pln te -I with SA ~u l mna tch u i u i g  the

- A --.c--- O) pam’:uumm et e r flag. Let its ~ee h o w  time rules operate to deter-
Fi n 3(b). The t ree buiul u fr u,uu the te ii ,p la t~s of Fu giur e 3(a) m u t e  whuic ht of Om~ .c possib ilities wil l  ac tua l ly  uceum’ . Rule

-120 ~ o,nrnunic~ tions of the ACM Volume 33 / ~~i,niber 7 / J uly, 1970
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1 get.’. t hi’ n .~~~i. j m r uiu’ t’ s~ . , t t t , ’ I ~~ u ’ : d i i i i g  f or app li cation t h e  l i mp ut  ciatr acter ~\. Notice luc re t~~ it t iu ’i-e a b i a m u r h m
of i ( t i l e 2 tu  t i m ’  r miu i t  ~u m u m I  miii ’ i~m-~t cl ai m - ut ter  of thc u m m p u u i _  it’a v i m i g  due node wh i c h  i i i  a’~ u u ’ s . \ .  ‘~‘ a m i —  I~t d~ is i t i u I l l ’ i
~t i hug. TIn ’ ir. t  c l u am.uc - tcm’  of t i me  I m i l m i u t  ~t u’ m n g is S, al it !  : ug i t m mu t o the uuum ule  rm-:ucha ’d by t hat  bm ’a m i e u u  . l h I i  t i a -  t t ’ r r m m i m m : u l —
there h ai m S i , m . m m u c h m  uhure ct u-mI awa% from time  moo t of ( lie i u mg eleu u u ent umf the m u m l m u u t  m i t e .  \\‘c have a maim - l u  hi- i - - .
trcs- . Tb us h ( u i  Ic 2 m m in I m Im es S to th is b u n u  m ciu.  Tim e bra mmcii am i d  I ( t i l e 2 t l mert ’fu m n ’  state s t it the m m mat cii is si~~’cu ‘~~~ m i i i
i t ma t chm ed is mi n t  aim en d -o t -  m m m c  marker. Ht ’muce Rule 2 is Because of thi c ’ fact t h i i m t  a parameter flag mii~t. n u. t t  c l i  t

.upp hmcd to t ime  nod e rezu clm ed bs’ dint bi-anch , and time uuext b mml :mm u c ed s u m b st r i mmg of t i me iui ~)ui t  l ine . (B = (_ ‘ ) = is

charact er of t ime m u mp t i t  ~tr i mu g .  In our case the next input re cogmuized as n it  i i u s t i iu m c m ’ of tenip i zi t e -1 , iiu im l (H = ( - i i i
char acter h u n t  I CUS t he A , am I there is an A branch be ti m e value (If tim e h i i s  t act ti n I I ma i i i  i m it - I  t i ’ . Ii t im e  l i t  a’ i i ,  -

d i rected aim a fronm t i le  node im-a c im e d by S from the root. (B = C) = J) A, t he mc ~L5 muu i m ug of the prt ’v il iu ~ p a r :g - . u p lu
Since’ t li i~ bi’.utuchi  is not a im cu d-of- l ine  marker , Rule 2 shout s that  it would t rai t (‘ii t eun p l:mtm ’ .~~.

us p~ m i t ,  - 1  a i i  i i  - TI me i~ru ct s.s cci uti l i t ies , with lIttle 2 Time temp late- m imn t eh i m i  ug ‘cl a unt ’ u le~cr i l .mc ’d i i i  t I i i
i l u u d m i u g  i m at cii at e~tc Im imode , l ” i tmzuhl y, it matches time pemidix permits fl exibi l i ty in t ime  format  of :m i l l _ I c - i _ i l  c; u i I.
t e r u i mmmmat i mu g ek ’umm ent of the h u e  to time c branch , amid m-ccog— It, ac c oi um n m odz utc ’ .s vary ing lauu gu agc st ies i) ti t  d ~ — ret i t i i i t ’
lliZ Cs an i i I s ~ ailCC of temp late 1. that omul ~’ one st a te me mu t be w ri t t em u t ier h j i i ( ~, 

~~l l ~t ( l ~~ I re
At flu -st g liuuuce , omit -  mi ght assunic that time input line B = ~ignifl caiit . T h e  fact that  each p im r aumme t t ’r  f lag i i i : i i  ~l - ‘. a

C = A would mnit t c i u  temp late -1 with 13 = C as time value balatmet ’d substring of time i im p mm t l ine allows for gr t m ~
of t i e ’ actual h)~ui ’ameter ,  This is not true , however , as nil of text by pareumt iueses .
an alysis of th~ ~ C i I T I  will  show. Rule 1 starts US off as above ,

- - J .E CE iVEi )  l)Ec~~t nE mc , 1909but thus  t m ut e  h (u l e  2 does not produce a n i:utciu and we must
app ly Rule  3. There is a l ); mr ~tmt ’tt ’r marker. Rule 2 is
app lie d t o t im e node reached by this bmanch and time cur- 

It EF ~~RENC E~reiut im ip ut cha i- acter i l l ) .  Rule 2 fads to pm ’oduce a match -

here also , —a Rule 3 is tried. Unf om -tu uia t el y, there is no ~ Ouco.tss , H . J .,~~x mm WA iTh , W . M . A l~a-o for mu ili l l t l l t ’
- gramming sm-ste rn . ( main . .4CM 1 ~, , t ~et ) t  - a i , -l  

- t0, - a im
pam -ammwter umm arker leaving t l i i ~ node , sum that Rule 3 sends • 

~~~~~~~~ P.  C,, ,tso W A I T E , W . M. 1 0 for a r j i , l ( l i i ’ pr r
us out to Rule  -1. The curl-eat i - si t -  is not the root but the miming system . Tech. Rep.  69-I , Gradu at e ~cliooi €‘ IlI ~ l I ’~ I g
b u - a um c h m em m te u - m u g t i m ( ’ nil-i t - i t node i s a  parameter flag. Ceu ter , U, of Colorado , Boul der , Cola.
Ru It ’ ~ i~ therefore iu ~ed t i  extend time null string wh ich 3. Poon~ , P. C~, AND ~Vaim , \V . M. M i e h iiu e I i i t 1 c ~~)i ’i l l l ’ T i i

or _ ii i l l ’  in it enued tin ’ fi u.g B i b tl ’uucc d ~uh strimig so 7~~ 
1;~ iu up on 0~ r i t a  

1
1

r~~ u c~i l ~~it hat w e now’ app ly f i t u le  2 to time cur m - cimt node and the N. J . ,  Oct. 1969.
space ch aracter mu i u i c h  follow s B, ‘flu is t ime Rule 2 pro- 4. W.ttr~, W . M, Bm mi l ding a i’~ohih ’ pr ogrm m n i u u l i n g  svs tt ’ l l l
duces a matc h , and w e can proceed. Time = and time second Co mp uuf .  J .  18, (Feb. 107O~, ~ ‘ 31 -
spin ,re ii a in itch ti hi Rule 2 but then Rule 2 c tum not a V~ tITE Vi \1 The s i t  I uni ucr o p r I ii I

f ind nm. t c hu for C. Tluu ~ Rule  3 is tised to advan ce a long 69- 3, (‘.ra dt u ate Sch ool C o m m i p i i mm ti g  (‘e u l e r , 1, - am ( I I

- - - Boulder , Cob ,
a u ’  pa r ammue ’t -r h r :u iu c hu , nm~ut ch u t im g  t ime parameter to t,he 6. Wui’r E, W - M . A  lan g ct m~e ii idm ’ m w i u d m ’m i m m n - i c r  pro i — - - - -
nub st ri u mg. We mviii 1: 1w h ave time same situatiom i mvhmchi Comm. .4 CM 10, 7 (Jul y l t m f7 ) .  433 440.
occu rred at t I e  fir5t p :m m ’ m m m iic t t- m’ marker— Rules 2 amid 3 will 7. M CKE E MAN , ~V . M. Peephole , ip t  Imm m i -.~z ml n i t .  ( i i i , ,  .- u ( ’.ti 5 ,

be u m u ab k-  to cope mu t im t i m e  fo lk t wiumg miode , and eventually 7 (Jul y 1965), 443—4 1-I . 
-

mm ml i  hi. c uP ii  tm i mon to xtend tIme cub atrmng mit c lme d S H~ nmu 
l e A  rcgmster~~fl oesii 

\1~,u t I A~\ui  \\~~~~~~ t II

by t h e  p~m ranic ’ t i - r  f i . ,g. Ru le 2 will t h me i m hnd a m:mtch i hot ’ 61.
the space fo llo w i m u e  thut ~ C. and due whole process mviii 

~~, ~~~~~ E. S., ANt) MEuu.o ci~. C. Vt’ . Ot j et ’t code o t t
repe. mt m t ~eif. Time .t mviii f i m ma li v be n-matched to time last (ion. Comm. ACt !  U , i ( J 0 - 1. 19(19), t :i 2 .~.
parameter iiait , amid time matching of tIme term uimm ator will 10. ~~~~~~ ~V. M. Blul iding i i m l , I t i I e  pr oum r mul l m ln l u ig  sV s t i l i l  I

comp let e tIm e pi-ocess. Time li m e mviii thus be recognized as ~~~~~~~~~~~~~~~~~~~~~~~~ ( on m p u u mi i g ( t r i ter , t i (

an iiu ~ ma nce of temp la te ~ r a t h e r  th amu template 4. 
- 11 i i ~~vc~ 2 . 1. m ’imort out i m m j n u t . o u t p l m t  prt wm ’ - I m mres h r

I.et Us now consider time input line (B = C) = A. ibis ALGOL 60. Co nmm t t. .4CM 7 . 10 (Oct - uO6t r , 62s 4i I
is time same :u~ din t of tIme previous example , except that  12. DE\ ’oGE I.AEIt ~; , It .  A set of 1tii ~ m c i m upt ut  - o m m u p u i t  iwoeu ’t h tu , ’s

t~u r (-Tltiie, t - s have been added to group time characters B = Comm. ACM 11 , 8 ( - ‘tug.  191,S i , 5t i m — ~~m 3
- ‘ . - ‘ - . m - 13. MAI u.t .oex , 14 . J - l’ri vat ,- e niu u i u m u mutc i m t mi ii .C togeth er. I he s(’~m T u  of this imu me mmmh l b egmum m cxa ctm t u e  

14, 1’(t O L E , ~~ C , A N D  ~~~~~~~~~~ ~~ . ~~~~~~~same mm ;tv .u s t ime scan of B = C = A. i 1m m ., tunic , hots ever , progr am for th e nm: m it m i m mt ct inn of text  I i  si’r i l l  i T I I  - 
F i- ’  h i

whe um flu It- :, m a pp hieu I to extem d t hue st ibst rit tg (0 time Rep . 69.4 . G r adi u mt c Sehttol ‘ttu n p u m I i umg (‘( ‘ mm m m r . I ’  at ( ‘ ‘ I i  -

i flp i i t  mm ii mci m i t t  ‘ Z t  fls at time It r~t mum pu ll eiuam-ncter u~ (B = C) . r a(l tt , Ito m uid er Colt , -
We mu on ’ app 1’ hi uml e  2 to t u e  node l o l i w t ag  t i me  p:urmum eter 15. ml ~~: m , S L .  TEVI 3miO . 3601) -

~~ 5 ~~2. I1t~ b l ’ l i i r : t T  I h r -  i

am -r aiim i a sp i t ’’’  c h m ;m u ’aCt er fmo mu t lie in i I nm ( ~. t 110g. I i  ut ’m’C 
16. 

A U R -  Lm mt7 
,,~ i~~ 

,i i , ~m 1 Fm III  7u I .’tl’ , mu it’ m m ,rt . - ,- h e
u s :i i i  t t , ’ ) i  ~l l  I ( tm i i ’ 2 :up jilued to t i l e  next it o mi t ’  itlitI t im e  prog ra m (~, t , t ,  , 4 ( ’t I  I t , 3 ( \ l r m r  i t l , ~t ) , 1 4 1 — m u ;
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