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BACI(QROUND INFORMATION ON THE WORKSHOP

The International Purdue Workshop on Industrial Computer

Systems , in its present forma t , came about as the result of a

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

puter Control Workshop with the former Purdue Workshop on the

Standardization of Industrial Computer Languages , also co-

sponsored by the ISA . This mer ger brought together the former

workshops ’ separate emphases on hardware and software into a

stronger emphasis on engineering methods for computer projects .

Applications interest remains in the use of digital computers

to aid in the operation of ir~.ustrial processes of all types .

The ISA Computer Control Workshop had itself been a re-

naming in 1967 of the former Users Workshop on Direct Digital

Computer Control , established in 1963 under Instrument Society

of America sponsorship . This rkshop in its annual meetings

had been responsible for  much aF the early coordination work

in the field of direct ~igitai. áontrol and its application to

industrial process contrc’ . The Purdue Workshop on Standardi-

zation of Industrial Computer L~nguages had been established

in 1969 on a semiannual meetin g 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 combined international workshop provides a forum

for the exchange of experiences and for the development of

guidelines and proposed standards throughout the world ,

—
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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 imp~~mer1tation

guidelines and standards proposals on specLilized hardware

and software topics of common interest. Attendees represen t

many indus tries , both users and vendors of industrial compu-

ter systems and components , universities and ~2search insti-

tutions , with a wide range of experience in the industrial

appl ica tion of digital systems . Each workshop meeting fea-

tures tutorial presentations on systems engineering 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 participants , or as

more formal books and proposeG standards . Formal standardi-

zation is accomplished through recognized standards-issuing

organizations such as the ISA , trade associations , and

national standards bodies.

The International Purdue Workshop on Industrial Computer

Sys tems is jointly sponsored by the Automatic Control Sys tems -

Division the Chemical and Petrc- Leum Industries Division , and -

the Data Handling and Computations r)ivision of the Instrumen t

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 Electrical

and Electronic Engineering through the Data Acquisition and Con-

trol Committee of the Computer Society and the Industrial Control

Committee of the Industrial Applications Society , as well as the
- International Federation of Automatic Control through its Corn-

puter Committee.
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INTRODUCTION

The Office 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 Systems as carried out over the past

eight years . This work has involved twenty-five separate

workshop meetings p lus 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 origi-

nal minutes themselves and then again for these summary

collections .

A listing of all of the documentation developed as a

result of the U.S. Navy sponsored project is given in Table

I at the end of this Introduction . The workshop participants

are hopeful that it will be helpful to others as well as

themselves in the very important work of developing guidelines

and standards for the field of industrial computer systems in

their many applications .

By far the most prolific of the technical committees of

the workshop in the production of proposals , working papers ,

• position papers , etc., has been the Long Term Procedural

Languages Committee , usually abbreviated as LTPL-C , and in

particular its European branch committee , LTPL-E. This part

of the documentation series for the Workshop will be devoted

comp letely to LTPL documents . most of which originated with

LTPL-E.

- - - - - - ,_ ~~~~- - 5 .-~~~ ~~~~~~~~~ - 
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The Long Term Procedural Languages Committee (LTPL-C)

was es tabl ished at the same time as the FORTRAN Commi ttee to

investigate the possibility of the development of an indus-

trial computer sys tems language which might eventually re-

place FORTRAN as the most important procedural language for

such use.

The work of the committee was early direc ted to look

into the possibility of PL/l as the basis of the candidate

language . For this purpose an arrangement was worked out

with the ANSI X3J1 Committee responsible- for PL/l to organize

a Working Group , X3J1 .4 , to develop a process control version

of PL/l. However , this work lagged because of a lack of

sufficient personnel to maintain the pace of work established

by the parent X3JI Committee . As a result , interest in this

area lagged in America and was picked up by the LTPL-E group

in Europe .

Severa.l recent developments (as of 1976) have lent con-

siderable importance to the LTPL work . First , the Europ ean

Economic Community has encouraged LTPL-E to submit a proposal

f or funding by the Community to carry out the language spe ci-

fication work planned by LTPL-E. This is expected to be ap-

proved. Second , the Department of Defense of the United States

is in the process of develop ing a “common language” for U.S.

service use to be called DOD-i . The several LTPL groups have

been actively reviewing the preliminary specifications (TINMAN)

for this language as developed by the HOL Committee of the

Department of Defense. Third , the work of ISO/TC 97/ SC 5/W C 1

- ‘----.5-—- -. -S.- —u-- — — 
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TABLE I

A LIST OF ALL DOCUMENTS PRODUCED IN THIS

ST.fl4MARY OF THE WORK OF THE

INTERNATIONAL PURDUE WORKSHOP ON INDUSTP.IAL

COMPUTER SYSTEMS

1. The International Purdue Workshop on Industrial Computer
System and Its Work in Promoting Computer Control Guide-
lines and Standards, R~port Number 77 , Purdue Labora tory
for Applied Industrial Control , Purdue University, Wes t
Lafayette , Indiana, Originally Published May 1976 , Re-
vised November 1976.

2. An Index to the Minutes of the International Purdue
Workshop on Industrial Computer ~ystems and Its Prede-
cessor Workshops, Report Number 86 , Purdue Laboratory
for App lied Indus trial Control , Purdue University, Wes t
Lafayette , Indiana , January 1977.

3. A Language Comparison Develo~~~ ~~ the Long Term Pro-cedural Languag~~ Committee - Europe, Conr.mittee T~~Tof Purdue Europe, Originally Published January 1976 ,
Republished October 1976 .

4-9. ~jg~ificant Accomplishments and Documentation of the
International Purdue Workshop on Industrual Computer
Systems.

Part I - Extended FOP TRAN for Industrial Real-
Time ~pplications and Studies in Problem

- 
- 

Oriented ~~~~~~~~~~

Part II - The Loi~g Term Procedural Language .

Part III- Developments in Interfaces and Data Trans-
mission, in Man-Machine Communications and
in the Safety and Security of Industrial
Computer Systems .

Part IV - Some Re~ports on the State of the Art and— 
Functional Regui~~~ ent~~7o~~Future
Applications.

~ 
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TABLE I (Cont.)

Part V - Documents on Existing and Presently Proposed
Languages Related to t~~~ Studi~ s of ~he

- Workshop.

Part VI - Guidelines for the Design of Man/Machine
- Thterfaces T6~’ ~~~cess Control

All dated January 1977.

The latter seven documents are also published by the
Purdue Laboratory for App lied Industrial Control, Pur due
University, West Lafayette , Indiana .
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Committee will also be considering languages of the LTPL

type and active cooperation is anticipated here.

In working toward their eventual goal of the specifi-.

cation of the LTPL itself , the committee has produced two

different types of documents. First, was a set of functional

and other requirements which the finished language should

satisfy . Second, was a series of definitive discussions of

and preliminary specifications for specific aspects or features

of the language which the author was assigned to investigate

or felt were necessary capabilities for it. Examples of both

are included here. Because of space limitations, no attempt

has been made to be exhaustive of the work or even of any par-

ticular aspect of it. Much greater details will be found in

the Minutes of the Workshop or, even better , in the original

committee documents themselves.

1
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SECTION I

LONG TERN PROCEDURAL LANGUAGES COMMITTEE

WORKING PAPERS ON REQUIREMENTS FOR
- - THE LONG TERN PROCEDURAL LANGUAGE

The following documents on overall desired language features

and language requirements are derived from the several Minutes

of the Purdue Workshop on Standardization of Industrial g~ -
puter Languages as follows :

1. “Objectives and Environmental Definition” ,
Second Minutes, Chapter VI , pp.  64-73.

2. “Supp lemental Repor t on Requirements~’ ,
Second Minutes, Appendix III , pp.  91-109 .

3. “General Specif icat ions of the Language” ,
Third Minutes, Chapter VI , pp . 91-110 .

4. “Preliminary Description of Chosen Functions-” ,
Fourth Minutes, Chapter VI , pp.  103-139 .

5. “Summary of Preferable Features-” , Fif th
Minutes, pp. 207 , 218-222 , by H. Kuwahara
of Hitachi , Ltd.
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OBJE CTIVES AND ENVIRONMENT DEFINITION

LONG TERN PROCEDURAL LAN GUAGE

OBJEC TIVES

The Committee on Long Term Proce dura l Languages has defined

as its objectives :

1. To provide the User Community with a general purpose

procedural programming language for industrial computers.

2. To identify means of implementing this language and to -

promote its implementation.

In other words , this Committee is to identify or design a

Procedural Programming Language suited for use with industrial

computers . Our work will be successful only if the language ’s

use results in redu ced co st to the user and reduce d p rogramm ing

time. A prere quisite, moreover , is that the language which it

selects be implemented and used. For that reason , the Comm it t ee

recognizes its responsibility to promote implementation and accept-
— 

ance of’ the language as a standard. It also recognizes and states

explicitly that it cannot be an implementing group itself.

- 
- In doing its work , the Committee has accepted as a point of

departure for the report of’ the Procedural Language Committee of

the first Wor kshop , and the proposals and comments received by the

Workshop from attending companies.

- 
- ,- 

- S
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Development Phases

The Committee ’s ~-: r~ plan has 1:-een tr~ her~ dow n in t c f ou r

chases :

I. Definition of the environment in - - ; }~i o h  the  l~ o~s~~~~- - i l l

o used.

2. Funct ional  desc r ip t ion  ci t i e  l w - u n ~ e.

3. Defini t ion  of’ th e langua~- e .

~~ . Promoting implementa t ion  md a o c e n t - u n - e  of ’ t h o  l~-~~ ume

as a standard .

The Feneral schedule and work ou t 1i u : ’  fo r  es~ h ~Las e  are -~s ‘~ - l J - os

1. Environment De .n~ tfc:i

The def in i t ion  of the language ’ s env lr : umer i t t s  t~ ~-~i d

informat ion tha t  w i l l  in-e d to fu n c t i~ nal  de -~c - r i p Y

of the lanouara ’ s f eat u r e s .  This envir:nment def ii i t i —

m u s t  include such cons ide rat ions  as

a )  the na ture  of’ the rcnera l  p r c I - l e m  to eh i ch  the

language is addres sed

U )  the types of u ce r~ c- f’ the lango age

c )  the r e l a t i o n s h i p  of t h i s  lars-uaoe to languages so u l t i : i i

from other ~~-rkshop act’ ’ities

d )  the r e au i r emen ts  fo r  r L u p i l~ no the language .

A t t a c h e d  to t h i s  r epor t  is t i l e  p rm o s e d  d e fin i t i c n  of toe

envi ronment  t: shi  ch our 1 an u a e  spec ‘f loa t i o n  w i l l  he

add ressed.

- S.- -

______ ________ 
— 5-
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2. Functional Descr ipt ion of the Language

This effort will concern itself with th e  general lancuage

features which must be made available to the user for

programming his problems . Some examples of what should

be defined in this effort are :

a) the general typ e of data communication needed

b) various data types required

c) requirements for supporting run-time software packages.

Also to be considered are such topics as requirements for

interfaces with other languages and operating systems.

The functional description of the language should be

complete by the end of the first quarter of 1970.

3. Language Definition

With a functional description complete , the definition

of the language itself can then proceed. An existing

language may be taken as a departure point for the

language definition , but the Committee will not feel con-

strained to look only at existing languages and their

extensions. The Committee does , however , recognize the

mer it , from an implementation standpoint , of developino

a dialect of an existing, accepted language. The defini-

tions of the language and compiler features are to be

completed by the end of 1970.

~~~ Promoting Implementation and Acceptance of the Lanouai~e

a s a  Standard

Promotion of the language implementation and acceptance

as a standard will be begun as the language definition

- —~m
—_~~~ T SII _ _ _ _ _  -
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e f fo r t  en te r . - - tc- f in - al phase s . Thi s  p r ~ a i c s io ’i  11

consis t of ouc }  ac t iv i tie s  a s

a )  d L a a e m i n a t ~ ng , as uir lel :/ as p~~~s iL 1~~, !~~-u - - -~~~cr:

abou t the r~~ - ced 1an gue - ~c an-i ias  s~ - r it a

b )  encour a . : ng imp l emen t in g  groups

c) generally r u b l i c i a  Log cod p - : - m o t i n :  as. e n or : , t0

inside and ~uts  Ida the Comn~i t t ee  r:~emL -e rs ’ p -~ r - - - - t -

or oa i : iza t2  na

d )  p romct i -n ci ’ i ts  acc e p t a n c e  U 2: a rc1e -;ar~c a t ~ ~r d :

o rgan iza t ion .

ENVIROIiN ENT ITh: FTNIT Ic 1,

Na ture  of the Problem

The l~ og uage is to be designed 1-eci f i na l l y fo r rca l — t  :~~

a p p l i c a tL .  us of’ indu :-t r :~al c o m p u ter s . T h i :  imp 11 ~s

~a )  the basic  a b i li t y  to express  the r e a l — t i le s tr oc t- ’ r - -  . I

p t’o:rrom and

h ) achiev sent  of the corre ( t ad ai~ce il-ecn een f lex

run— time effi e~ ~c:/ and ar c 
- 
rum i n t o gr i  t ul ii -h I u-n

to the r e q u i r em e n t s  c-f the  r o a l -t i m e  a p p l i c a t i o n  of

r L - J u i t r ci  -~ mpo t e rn

F ir u r 1 i llustrates the  k e . : t i v e  in t erra - the ccrac - r - ’ l t ’

of sof tware  which  a r ’  r -qu i r e d  for  a t y p i c a l  c h l - l i -u t i  0.

The two inner circles rep m acn t  the  c- n-~f ’u t er  h n r d - a r - - an .  sea  t o

by a m in im a l  kernel  of  s o f t : a r c  n oda l to’ :uppc  r t  p r e or a m s  e n -  ‘
~~ ted

throuoh the l a n o o a r r  c~ -p~ b r ;  f-h h- ~o’ ‘pee ci to t :”  ma -h ~~n e .

—5-- -~~~~ — —-~~--—-- --5 — 
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tI °\J i flo ou twards  f r o m  the --en tre , tue  neat  area rco ~c. c1 0- 5

the a p p l i c a t i o n s  su p o o r t  s o f t w a r e  genera l ly  -.- r i t t  si by sys~ - -c. .

pro or i a L m e r s  an d is c~ mparab le  wi th  :-;hat i s  sr-e s e nt l y  r e : r ~- - :d

to as the  operaf- :i n s y s t e m . It s p r i m a r il y  ru na-a rnod :-: 2 t a

u r aan a z i r n  ti i~ in t e r n a l  resources  of the c~-m p u t e r .  The u t

b o u n d ar y  01’ this area repre—e r~t3 a sc1 1’t\-~cre ~n t e r : ’ c  a h i  - i  —

vides the support frame—wo r-~ resuise I by ant-i’ c a t on5 i ri s- :

Tue o u t e r  Cii - contains the software ~eedTh for the  u l a r  -

app li - -ation , which i - s  oeriersd 1- I L U  ou ica la - t of tin- -ce C cc  -

a) 3ceoiaily written assesii ig’ c ds: pr c or an :

b) specially c-~rit ten u r a T r a n s  i n  ti T~ n-:-l i a n - so c ; and

C )  csi st in~ packages , ac m e of whi a-c , to suandar i  ( ~~~~~~~~ 

-

those which implemen t “ f’ili- tn - t h e -i  looks ’ t yp e  ~ f

languace) .

The prime recuiremen t f’n fists- arcs is tc  o~’~ v L d c -  the  apç: cc —

t icr~s pro or -ammer wi th  s e c u ri t y  a g a in s t  endano er  - f-b ra ‘ ‘ a

a whole t - n i a -u h p r c sranmiin o er r or s ;  the  t a n  -no :c most  hen s a- st ~ u - —

ture  wh i ch al lows t h i s  s e c u r i ty  110 tse a-a~~ic ne-1 .

Types of U sers

There wil l  he haG general use r - Ri~’ ~ h in -i t -t - 
-
- Tan — eec: : -

intended : G y s t a m s  Pr oor -n ar e rs - 1 f’o-~ 1 - a t ions  r - r ’a 1 ’ rr . s ( r — e  
-

two or cups  require  some d i f ~’ e r no f e a t u re :  Lu t }:e am -:1:a e.

For  S ,as tems i- -s -ra ce - :  ~rs

a )  No u p e r a t i n -  s; st-am eOn b-c asc ’e.:ed to e:-: 1 at .

b) Tue l-eeo’ua-~c mu st  be s’ ~~d f: fb i  i rr :p l era t~~r i n  of

such a c - Cf - w a r e ; nor eli- . it  m u st  be a lei1C U C I ’ I l l :  ‘ - -0

inc nc -o ld  wr i t - s  an o p a r n  1n ° c y s - t x -  , -a i ’f le  a~- - - t - -~m .

or ot h or  - ‘ ,-n t ’~ so;~~~~~
- r - r 1 - ’

. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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c )  To th is  end it must  ma l - :- :  the  ful l  h ar dw a r e  c a p a bi l t t i e s

of t h e  -:~~ m pu t e r  avai lable  to the pr ogrammer.

For the App l ica t ions  P r o g r a mm e r :

a) The typical user will wish a language which has as

natural a form as poss ic l e .

b )  Such sys tems  so f t war e  fea tures  as are required in

general a p p l i c at i o n  pro ranminc ;ob m u st  he def in ed

within the language. For example , those operatina

system facilities required for the application soft-

ware in a multip rc-cramr inc environment must  be dia f’ia-: d

explicitly as part of the language .

c) Full knowledge of the target machine need no t be

necessary to the applications programmer ; in f a c t ,

the language must  reduce to a m i n i m u m  the need to r

specific knowledge of the computer hardware.

Relat- ic-r ishipa to O ther Lou -no se

Figure 1 also illustrate :hre - — major software interfaces :

Interface 1 — 2 h-~ i n t e rf a s- :  between the hi~ h level l:ni-e :a c

pr grams and the  oper at ie :c  sys t em r o u t - i :  as

ala ich  are neo-ea-awro to . ;upp o rt these p r - c r a m . :

I n t e r fa ce  2 — The i nt e r f a c e  b eta-s en the p r e — n r n ramr: t- - -i

OpL - 1100 t sos pnc1-: -aces and. h L w — l e v e l  l~ rc ’:a To

pr  r ’~rri-

Int -er f l -a °e  b — I f ’  i nt e  t ’5a c i n t i - c e a  the kr ro c~i s n - I  f

~ r-a a : ~ -~ f -c

— —‘ — -—--—---—-~~~ --~~~ -~~~~~ —.*------——---—----—-—-- -- -, ---------- —

~~~~~

-— —
- _~5-5_ - - 5 - :  __5 ___5i_ ~~ —
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In the f i r s  t coc a , thc~s e cp:~~~t~ ng :-~ s to~ n~ — - t i  i s -  r e - u  s-

to s up p o r t  the a p pl i s a t  Lons set  of t n i c  l ar :cuac r : scat 1 ~~- e f . i n

and this coi ic  t i t ut e s  the  d e f in i t i rs ~~
‘ h at in - r f-le - (uu~ n -  a -

the m e t h o d  of implemen ting  abc- -se f u i w - t i n. : ~~.

In the second case , t I e  abilit :.  ous t  b-a pr - - -n t  - - - r e e se

the i n t e r f a c e  by use of t h e  s y a t e m s — p r o e : r a e e c : i n g  ~et -s: t h e  l ee  : - ce .

In the th i rd  case , the natur -a  at ’ th e  110 roc-~ t eA toe  fun ~ t l L i :

which e x i s t  Li:  Lt  wi l l  de f ine  t h i s  ir i t c r v 5 ce a~s -i t : a s c f o c -  t l .  -

kernel m u s t  be de f in ed .

— 
C ompiler  Requirements

— 
Three c r i t e r i a  w h L - h  u~esr e toe u s o f n l ne : s  c -f  tb-s b an -or - a

and i ts  implementation -I re :

po w er of expression (
~ 

r flexils i l i ty ~
r on—time  in t e o r i t y

r u n — t i m e  e f f ic i e n cy .

These fac tors  wi l l  of ten con f l i c t and ccaepr m1c - e ~ i ii

necessary . Conside r ing  Figure 2 , all it cuage  f e a t u r e s  m o a t  1 a

-evaluated w i t h  r e T a r d  to the i r  l o cat i o n  i:  th e  t r i an g l e .  It

eviden t tha t  the na ture  of r e a l - t i me  computir  requires  th a t

:Tr eat er  weigh t be placed on the ~s pc r t of r u n — t  in- ’ in t o - r i  f- ; t n s n

in p rev .a :u s  langua : es .

A como l er i c r  Li i i -  J n n cu o  -a ~ic:ed not iso- : -es .~a r L l ~-: r~- : .  ~:

tar °st mash In c .  Hoi- :c’ -’er , the f u l l  s-at of’ uhf’ i an . u0. e s n o u T  1

c om p i l a d le in what  is cc— nsider ed -a m e d i u m — s c a l e  i nd u st r ~ ‘ 1  c - .

th - : -me hulA mean ry. (opeed of -‘ r i p i l a t  I - v - s i/ li i-c a

cons ide ra t i on  i n  e v a i w- t i c i :  of the e anp i 1cr. 

~~~~~~~~ 
-- 

-- ----- - i~~~ -
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: 1  ~~~ se n ot e s  t hat  ~~~ I scuss ic-n of tbi~ dacor -ceet bef ’  r--

‘ a t - a s- t h a t  f u r t h e r  ci a ci f i c a ti c :  ~~~~~
‘ t: c- —vh s- ~ r O n

2 e . — i e~~ul  l a n : o.w a i i n i : L : a t i c r l  or r a m - in 
-
- 

~~re r  - In -

s e t - :  -
~ I: r e - t e n a - a r  .

~ ::~~:~~~~~~~~
—- 
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SUPPLENENTAL REPORT Oh i~E QU I RE M EN T P

LONG TERM PROCEDURAL L A O G U A GE

INTRO DUC TIO I

This appendix to the -~orkshop minu tes  i s  p r - s L ied  l ecanse of

the general in terest  evoked when the Lung-Term hrccedura l  i s n a v o g e

- 
Committee discussed some of i t s-  p r e l i m i n a r y  t-hiiehi n :- in the s r- a :

-
~ of:

- 

- I Data

~ 

-

~ II Algorithmic Capabilities

III Job Mana gement

I 
IV Compiler Features

Please note that these are preliminary ideas and are , there-

4 fore , neither complete nor necessarily compatible. The” are

ins tead meant  as po in t s  for  d iscuss ion . (N o t e  that  other  ~: u h - T i c a —

t i m  of this  informat ion  is con t r a ry  to Work shop  rules , sin-s e it

was not voted on.

2- I. DA TA CHARA C TERI STIC S

A v a r i ety  of c i i a r t s t e r~ :-t ics of da ta , based or: the rec c-ivis -u~ a—

~ ti mc of f-hi prev ic-as Wo ro -n - p . end stud;.’ of the l. on cuace r e q u i r e —

men ts  , ha ve t een :i iscu sc -A.  Thi no to r - ap resen t s  th e  scn- -A~ a ic n s

if ftc euh~ - -mc f - t e e  to -d a t e .  It  is r :s ~hle tha t  o T h e r  iot a  Thr e s

- ‘a -i 1. ! - :~- I d - ’d us a result of furivuer s.ti: i~~. ‘iTh o i~~s-s i : s s  Ion

‘i~~~ I - 1 - 1  I : i V  t ! r - ’e  m a n  n~~ - : 5 : . :

- 1. hl - m s r t n r y  r l ’ sscs ( f l a t l i  p oh :t , i nt e cr , e tc .

2. fla~f - -n f - ; : - t n - - ’ :~ (su ch n - si -  r a y s )

- 3. m t  sr— in ’ an -- PaTh C - c -! - ani a t i n (e. - . f o r t r a n  f l : r - ss oa

_ _T~~~ TT_:~~~:: ~~~~~~~i-~i—~~~ .~~ITII .IJT _TIT_S.
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1~~~’ i i  - i : :  (‘lasse s

I - ur~ - - of :1 1. a s s-  Ion  we ic-s: -: P. - n i  - t us -mu I

r a l e :s-~~ - . P e~ or- - i t ’ s cc d a t a  hu m --  s i -  a: I , ho t :- • 
: ~ -

- a I -~~~ : - - ‘r-:1 V- - rI :b- los .

hum er i  al Dot-

Fa’ c-’- : a lao i se i -ace a i v - :p o i nt , f - h a ’ - - ‘ -
~~ -a - - 

~~~
- - _ 

-

nicroers :-:o - J ~~ mcmi ca ( ute-asr: - :0 a~~r~~- ’x h : : a r  2 :  a 
~~~

- ‘-

( f l o at l u - - n o i n t  and f i . :-e~ s l e t ) .  I s  -~~ I: ’ ~~~
-

~~~~
i -  a - - 

-

~~~

-te so: of i -:c~l p l ot  lo t  :-;os e a r i i - ’r c- k - n  I ear l . - o f  s -

h m ~~s - e  i t  -a -n -- i n ’ c u s i . - .na t  w i t h  i l l e  so - n 1 -s~~- -~~~ -

f h ’  ~ i -:ed ~ o n t .  I t  I .  ~s eno~. J i  ‘1: 0 5  ‘ s€: 1 r- Th

i nclu ded , p im. ’ - Aled th a t  -a cc- ic ~1 ‘ .- a . o Y  ii ~ans t e e s -  x i ’ - ’Y -
-

5 0 0 1. numbers-  is:

a:. b

where  m :  is the m c s i t l : s , a  P Tat l 1

b: base ( n : u - - : lT : 2 a TO

sham : ter :tic (s-n intm - stei- )

Flon t i n - point mo :hl::e repr- - ssntatb us cc r - sa L  n o s i e r .  ca

of a t w o — c - a r t  In t o , one tar t  repre son Lw m an d n - s f - I : -  i - -a s’:

represen t .i n. c , w i t h  fbi  ‘--sine o : ’ i  u su a l l-  n s s , a e - 1  t - - an 2 ,

:~l t h c u - l :  lb ’s a :— sum od  c-n - cure c c m p u L - r -~- . In the  r o s e  P f l - -n- I

poin t , tb :  v a l u e  of a- i - u  f t - a d  s--due . hot  v tr t e s  h; f i o T h

p i n t  1scr ~ - s r . .

hI at  a m p u t : r s  ~u t ee  rn n - 01 nter-:’ c r. do oc t  v e i~~l O : 1 .  - - m c -

j o i n t  i a r i - . -: a v- -s , or on ly cc an op f - i o n . - — - n p i - t~~-1 t i T h  T h 1

i- i ll  be va:  Oa p :-rt ant  c-or s i - l o c a l  i ;-i: ‘c r  es’~ r a T  - t e e  h~ ~~~ ev- ’’ u

~~~~~~~~ --- J~~~~I :;11 I: —
~
:::-- ::T:T - 

~~~~~~~~~~~~~~~~~~~ - -
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t i n u  ds the ‘ iv a l l t e  Iii , ct  : ioa tc : i  pou t h a r i ’.:are w ill inc  r~ - ave .

In or:;.- -s - c e .  c ’ ed p 1 n ’. ‘- r i  f -h oof - i - :  u su a l ly  a s - a  a s- i  : i . f’ icant

s - p e o m l — c f’ —e :- :-ecut .i e c i  - -an t -~~e over f loa t- La po in t , c~~ the a s s - e m i ly

I u i  ‘uctee le-’el , r r an— i :11mg the m oire f values c-f non -ables -l s

-und O and does not var- by mm -re  than two or three p -acm :- of  t s I ! .

The a s s o c i a t e d  al con ahm i  ~ cap -al ill  t i e s -  are : imp-le e n :  c : 5 : -  t c

r: - e ra:it c -m i i l a t ian  into  simple i n s t r u c t i o n  senuenc :es comparab l e

to th c-ee n ormal ly  u sed today in ass emi l;,- l anouace .  P r e l i m i nar y

i::v e :t i -a t i o n  sh ows -  t h i s  is feas ib le , using the r e p r e s e n t a t ion

. 1-ascrib ed ab o v e .  In that  r ep resen ta t ion , the value of c 13

anranionly t e rmed the “ scale  f a c t  r ” .

I t  is recommended tha t  the p - m s - p o s e d  language inc lude  t h a n - c

numerical  da ta  types :

Intecer

Float .iri s

F i : - v e i ~

Complex  da ta  has been cons  i d e r~~5 , tu t  there  dce: act s - n r c - a r  to  l- -e a

s i an i f  l eant  need for  f -hi - :: 1g.- p c  in in - i n s - t r i a l  c c m pu T h r  1 1 5  S t e.

Set Data

Datum in t h i s  c lass  a re  values c-it - -h r-pre::ent el-team f- s cC

set .~:. The m os t  famil I am e.mmple: are 1 :ci -al  or c-clean is- to

and c h a rs - c  f-ar s-~~1:: . The -c u f- omm i t t a e  - -a c-ten ds-  ~L c~~ t y p e s  o - i o t a

Ii: Lb a cl-a:.:: 
- 

-

C h a r a - ~- t er

St at U S

f - i t  St r L s

_________________________ - — - - - — - —

— ~~
— 5 

—
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It  is cu rtis :iotin - ’ Li st the main prLlclom si f t  char -as ter  d a t a  -

not the ar i s a r a - st e r  se t  l e tSe r , ncm:1 .er s , et c.  , ut  tee ‘as -r i -t ; .  a ’

b l u a r  - - -: -ic:- used  tu cej : :- - sc~: t t i l e cha c~s-c t e rs  , - :- ::d t he  I I:: a- I .s-t i

a- s -LI an- . - of c an  pul  a t  i.ng t:he van-i cu e  :n - -los.

S t a t u s  a’an:LcL lerc -
~ an: “ , . smran-:er i ” fr o m  the Jon I a l  cr 5::

I ans - ucces , but acre n:: el I a  the in - P u s  tr  l o T  cc r i p -u  r em a~’::a. b -a. i r

us -a  can be s t  ~e I llu . f -r a t - I by on e:- . - :icitla :

A v i c n i a r l e  Alarm ~l ta iso : can he Jecl-. red to be c s - t o  tus- a s -  r it e

isaviog tii~ s tat e s  H I ,  T. , 2: - hVlf . Then in the s tet e a c-e ta  c c  f - : -

I an-~uace , t - e  Pallor- inc. would Is tap 1. 01 U s-C S

a. Alas’:: Statu0 -
~~ L I

b . If Ala rm S t a t u s  = NORI-LI L then .

Ohvi. u u ’-l y ,  the same c o m p u t a t ion : -  c’s:: he -sr i t ten with isure r i --il

or logical da ta , b u t  the :.-: vs - au. i.r . - i s  ma r- h  c le a n e r  us-inc a tet: -s

var iab les .

The p o ss ib i lit~- of t r e a t i n g  1. - ‘ic-al  da t a  as a s p e c i a l  cane

of s t a tus  ‘-aniables  i s -  under  -sons id-ara t ico .

Bit ;; t ;ring.s hav e  been am n osed  , a l tb o u -i : oct c- i n cl e t el s

aceepte d , because of the f-en len :-;: to ms - I - c e p r o  gr a m s  too a c - -h i  :1
— 

dependent . A bit etri: - -
- a a— u -t a b l e  -- -- n ’ :~ir: - a d e c l i r a d

-: : ‘amber a- 1’ b i t s  , ordered -a .s a c-ri -a — - I’  I 01cr ’ 1 cns-l  a -c ot - -: m • 1 : 0  w I L l C

str.i mc , sac cstr :n ~ : -  of a n t  - s i te: it . :  , or -s - i r- -l e bit - s rca . 1 ’ -

J~rc cram Pun is — 1

Pr ‘r am -c on t r a - i 1sf - a  o r - - u.ced to of tL - -t  the scu 1:-sn :- e of - a te—

in s-u t r x e eu t ’ c..n . l ie  an st an ‘ace e - s - - ro l e  of’ such  datr: are si s-t e~-:’od

-- -~~~~~~~~ S ~~~~~~~ -~~~~~~~~~~~~~~ 
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l-ab-~l.:. IT - - r u t ’s nat i’ ’ ’ - :  rro u:d’: i i - n  i s a  ch a t  l~~L-r l s - r I  1 lea- a - ’-

pr w I i ’ : d , r e  a epe c La l - - a - s e  of s v a t u s  v ar i a nl e s , i . e . , t h e

c - - t i - a l la 1 -vs -.-:n i ~h r ep r -’-sent f h  value: - t thc label v-s ri ’~ble

m a t  fe en is ttiy : F c o - n in t h e  I e c l a r a c t i c n .

I L-- ‘-1 t ll f-’,’ t~~~n s s  a - a i ’ s t e  n - a r e : :  w i t h  in t e r r u~- t a  is re aui :- - - i

‘:1 4 J : - u ’ T: I I I . ;  ~‘.a r - t I S  r sc - :- - --n I c c i  in only a fe:-~ cf ~~ no c - a r m ies

c P I~ c Tu . - f - r i  ‘ri con t r o l  lan uaces . lIr~t e rr u ç  f- Pa mos L d e nt i f y  a set

of s t a f ’ - s - : - ’ : : t :  ‘St ¶ Th a cr i s t i t u t e  the  in t e r r u p t resp c-n se .  A c l a s s

of In t c r r u p t  l/ ar ’al les are also requi red , to p er m i t  the de~~ir 1l -

t i n  of r~an r o than a s- in  J o  re.a p c-nse ( b u t  not  s i m c l t s - n e o - u : l y )

to a specific interrupt. The renuirement Per intarmurt variable:

1.: ari a logous to the requiremen t for label variables .

(The tapir of a class of address  va r iab les , requi red  in the

s y s t em s  subset , has also been discussed . This :-l~sges 1; ton can s

r e P e at e d  in favo r s-f a:: operator technisue , e. rr . , i~ h- a

v a r i a b l e , then ADDR ( X )  pr o-Puce . :  the addr ess .  at  wh i m- h X i s  :tL r c d . )

Per iphera l Variables

These a re  a s p c n i s 1  ap p -a  of d a t a  u sed  in the sy s tem s ~u a n e t

of tn - a  l a run sage .  P e r  i pl - ’-a l  v a r i a b l e:  ar e  names fo r  h a rd -ac -re

• r-s - sf-e r :  , m i l e - at om s  , a- ri -c ~/o channe l s  • etc. , cs re c-i l red t

I n t - ’r f a - ne  betwe-ala ard :-~s- re - - ‘ 0  r -r rs - - :5 in a h igher  level l s - i s  - .~-s .- e .

Oa t -  ‘
~ f-rca - f-us- - - -

A - - a - e l  h - r b , a d at a  .- s L r c - n t i : r  is -  S n o t - i  set  of -c i e s : ’r . t a r y  
-

T~~f : s - .  P e r t - u - l a n  a rr a ’ .- s  ai - :~ f - h - c  m o s t  :‘-cmilin r -~ :- . a m p - l e s  c-f dat -c

3t ~~ l a - f - : r 1 n . 1’ ,- : - -  -: ha-d .s a r - a  t ’a a c m a : m - n d o i  a rr c vs  and :-f-r -- fur :- .:.

‘n

I

_ _ _ _  - ___
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All t .h r ele:ac-r:t a-  ~ a ’ au :  a r r ay  c r -  - f’ th e  s- - ca- - n l - s - 1 : - n t - : u i-

a s p - r  ( l : a r c c e : : e o u c : c ) ,  an-i cr r r -n ge ’i  a : .  a f er : r . -an - - a l -  S f -  r:-.- - - t , : 0

a -n- :-’ , t a n , c-i -  t h ree  d i r : i - u i s i c r : . ;  ( a u t  ee : ’ i  I f-c- ).

A - c - i  - - : t ru c t u r e  s-nc - . ’ c o n t a i n  ci a ’ e r - -n t  f - v p - e s  _ f  c lement . - - r -

Jo in  , or - mrcr :.s . J r  as -  -~-l e , a s f-ru ’s  a-u ma i;h f - T o  a - rae BA : !\ 1 
-

rna~’ i- o f - a l : :  twa. - J : : tece:’  v:- :- i ab l e s  TB c c i  -IL , f -s ; u ~~~hco

a ’ar t a i lcs , P c m l  Y , s-rH s - u -c - ar r -  ca’ Ci s - I  r c - H t  v - - c l - h  lee

(10 , 2 ) .  S m-:: -t omes  ‘ ~‘ . a - : ia t - a I u  I~- s: c st r u c t u re s . h o s t . - ’:-

l: a v a s t t - -- a t  i n  u t  st - i a n - s u r e  • e s - r e ’ -  ISTT as  2111  l e ’aeu:t c i hi  ~ i~~ I •

Is ° c t u t 5 : - u n - ~ .

1 Rn- 1R~J-I TO bib - hRAI-i C’ aPt ib~ YP. - -I: -

The u : u r r - ose  of pr o s - u -  to I~~ - F~ - - vS a- m a ur h c : t i c ri  I . : i

‘Iota  sac- h as- set p o i n t s , 11:-h f- . t u: T r u - e s - s  va lues -  be au - c- -n 1 ~
s-ni to r-~~l as- i - i  ci - i n f o - i - ‘-- t i cn  ru : -h a: “ c-ct -op - s emen- - c  1:, P

• • ‘ -C si- ‘ - ~tia— aLe i ’- ’ - -s -a - 

There - r - - b a n i ca l l  
~
.- t h r - - :e O s - S  an- I  t i- c m e d i a  a v a i l :  I le Pc

a:c - m rr l .:hin tI: I :  t r ’ - u : : - :: i .s s I - n a  u s -  a . s i n :- l e  r r-: c-e .s :an n s- - is -L a - : - .

m e d i a  c c - ’ - , our I - u: ;: -• O u r - ’- ~‘id i ts-s ares -sr ;. • : in ae  • ~
- pre sent •

t b - cr : -: - c r  - r u  o f - h - c r  :- . . d a  s-va l a h le  l i t :  l u W  =:rc -: : -P a r - - s : .s t h a n

to isa t i : -: ‘ v s vs t.~~”-L s - - u  I mm - - e n  t~.s .

Tr - - - c ’ : - - r ’s c ” d a t a  c-: 1 h h n  C c ‘as-i: t a k e  p l a c e  t : r ca -c l~ 

r e r a i n - a  or -  s t r i a n - c ;  or h r - i a - - I -  g I - u ’ -  1 0- 0 s - L 1 1  or c si~ccl s- n-nc

s-v s-i is-bibs to s- l i  c r - - s - -an .

J a : e ~~nc; I i — -: t . h r :hs- 1 u I -  - - -ni n - . i s n O f r O ’  s : - n i n s s  ‘ - . : tJ a d ’ aa  °. ‘‘ n — -

a ’ -  - - 
~~~~~

‘ } 1 o l j i ~~:
- t I C: ~t e- - s - ’ ’~~ 

-~~~~-v - -h - - h i - - th e -~~r I 1 - - i n  c-c an t ’ ]  i l -ic

r - a u c s t i o c  o r - Jr  - h - c . : ‘ L I s T s  -- -1 p r  -:: ‘- . ‘ . h n c  d l - -  data . - ne \-u :

to as’ : td t b - i . -; p r - b l c - s - :  1: s- ~
i’ :0 ; : r - r - t ~~r s-- t .Sin- s-. h-c -:. - - ‘ - - - n  

-

- -  

-~~~~~~ — —



- ar - s  - :r ’-- -: ; us -ut  f-hI.; is e1’f ~c r - t . iv o1 -/  f- - a c- s-m o as ~ l c :- s - l  -:- c s - - vr ’r :a .

A u m f L - -n ap i ’ s - . a ’-h ‘soul d he ta- . ‘~~~ . - r  t b -  p i ’ mgram ni I -I uses t o c

-l a t a  f - s ar a  er the p o r : ’- : e ter  s f -n  h g  I r.m ~c i i at e l ~ t 1 f-s a-- -::: la - - - 1

lu ‘ c a r ’ are-n , thus free bas t: .e trrrisrnitt is- i :: pr . . c m  I s o  o r - - - .

The ‘r clvantc. -a of ’  :~ass La da ta i i .  u - - a macre t- c r s t r i:c :  h-v that t

a l l  -so. : p r c : rs -r: in i t i s -  L i  :at.i a n r e ::ucsa. :  f- , sl -cs-e l~.’ r e - s am P l e

• I - ORTB A L CALL s t a t e m e n t .; . fb i.: ~~ a i u U i  a -u -- c-I ’ s: - t a .:e.

A u1. sf.- .a 1 c- .-ao:cc: co re - re ’~ I -
- bc-tb 0 : - c- es  - :ar ; - -- n i P in - i 1

L r e . -: u m a bly  , --sari anles ‘.-:Lul-i i.e place-I Ic: this au -en a:: the result

of i ’ain° c a a r n u - I  in a IIP AL C -10-h P do- . - l a n a t i c - n .  There or ’s- t oo

a c T o r p r . t e a -  t i - -us sc-h-a-sc -s araunci such  an : : n p r c— t c -  t a l  a rea  i n s - l a u d —

::1 ’- t i i c  ~ r ncr  s e ou e n - a in n  of tb ’  a e:- :es.  i - c r  in s  t - o r a n e , i f

h r o r om A deposit. . - Va] ue X the an a .m- - uc poe1 c- n d  arc ram 9

f e t c h e s  It , wh- ~t i s  ta-v p rom-nt  e i th er  or- : -r a m  F f r - rn Pet - ’- :in- - I c .

b eT’ - c’ s it 1.; s to red , or p ro -cr - -.rc ~ c’s - rn c-na - - i n c  t in tb - a ‘c ci —

- - ch i l e . This- problem ‘a u - v - - a l l y  I e i ’i: as s-r —n-:er ’-- ~se f- r f- la o

lou: :. r -r oJr arar r r: c’ . A - sc -i l  — t I  usi  — :h -n ~~-san-- n t  ran :. ;t ’ s - t u a

fl a s ana l c-heck:  w i t h  I a f l  - c up - c -  c-s t ‘ n - a;. ‘ tea  can  cc lv-  - f-i’ I -
-

p u - - f - l a : : : .  A n o t h e r  f - h P  -~~ :a.::iIer t: ~ar f - bn I - s-f ~ i o i a l

-man - - lO t .  . suhan-t s . - s - r h - P  aid - --- !: ‘ s-a ’.a I i a : . i e  t a

.;ei c- p r  or - - ’-- : a nd t no r~.1ier. It :.: a t  sur- -- ~T :: sn t c. -a c’s -

los- ui 1 - ’- h~~ n i t ! : - c ’ r~ I . .

ccc or  l~’: , - st e  s--ace p r cr hI -as - a au- - : . . : . S r - s -  i c-a r :.nc s- c - -- sos-a —

1 ’ !  ‘ ‘: fl h1 ’:- at  t hu  e - -p -n . ~~ of s n - - H . Tic i .  - n-c ~ r i  -- 10 

1’ t a , - s - y ,  t o  ~s-r- ’sa r I ~~e r ,  o f-. - v t  - : cu l J  dr- f-

I C :  s - - - : sm~a t - t~~r fh r a i - l o P  s-pee-i ‘l o t - - l ’ : :i - : . 01 111 , i~’cm r d I s c

i r a  a - h-s ti le me: a - - m i -  on rn-s - - i  t u rn  :5 r ps -an-i - ’ t c -- c - I’ -s 50 S. .0 P

_ _ _  _ _ _ _  _ _
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ie ne :’a i ly,  the dat -s- :; m r c - d  on the d i S c  1 :  ci the i r - : ’ r .  CL tc ’i ~ i s - i - - C

f i  icc , c c - n : -j E ’ I~~~~ I t I s a -o ar -c ]  v s - d c t h a n  so is-ras t  i - u s t u c” c d  a 0 a -

- ‘cc c- Lice 0101- -s-I arc::’ or. ts- :-:le s-oh s - U - s-Ill c - a r c r - s- -cs - icr sO cc PP - •

A .s -:-a:shau of ear: ac:crcs d a t - c  (:5 CL cc has-- th c-  s - r e  c - - s a c : . l u . - a- ’-. CL s--c:

th a t  c-a. - fc~ nd in C lobs-]  L emma.:. Tb I - 
- - - i- ce ’s cc i’- o cu t C s- or .-:-

e:-:t-cnt b~ the a c i d I t ~ o:-: of l 1,.a .r. c
~~~~~

i’ ‘ma d Tt 5 50~ - -s-t~ :-‘ - f - c - c -

t o  ea c h  : i J c c , 1 osur Pa - - 
, n s-i i u s- s-- oi- :c-c c- sec , I -vas t  t - - - an ‘ C- :

crc- - an s-ms a-itt - h s-’c - ees o -  to  - - c*vc:r 1 ‘1 1€- ‘ s i I o i  c - - I .  C - a c - c - ’ -

a-y ate s .  c--i ’ f H s - s--s- read c-h-a-H-u . ~~ 1
~~çs- bu s- p ’ ‘ C, - h Iys f l 

,

etc . )  w o u l d  be :~sp i ’c .pi ’] a t c  here as in  tb-a -c-re  a: c c - c :: :c: :  ‘ cc - - ’- . T h I s .

a c a i r ., i - a a fu oc -t  Ion  cc ’ a: Lt h er -  t -se ale-nor  c-cc conIc - :- C S

Opera t I ng sys t em .

b’a -s - ’u s c -  of the I nt i s-c - - s -a ’ of cr0- a::::- in cc p rO- - :- C 01 iSa-

system a :s-a? the fan ’ - r n - a - c - - v p  s-f cc-v :.::-:ac-s i ‘- -at : o:-ss bet :cco:’s :1- -u - I a c

not th ink it i s -  :m’na s :- : s;; or coca ib ]  -a to e a t s -P h  s-h c - labcr - t

}s e : sds -h - ck ’  ncr ni tua ls  • Icc -v ::ic- ac t - as -  see , s -t s r ]  ‘a t - -:t s s -Pc- ’,.:] b - -  ~‘~~I e

a v C L l ab l e  for  d c-t e  s-mi ::I :s- abs s - t - tn .a- -
- . 1 -~~

-,r s - ]  I hi lity  Os- ’ s -c

P-s-ta.

Coma :uoi c - s -t i  c -n c- cu ] P ~:-~-a r:n- r ’ ’ T I - a c -  f - P r -  , s -, -p  5.EAI./f-.:5-v’T .u c-c -’ ~~L ?PT /

(OJTFTJP st-ctnnrcr :ts. Tb’’ ‘ i’ ] d - : - r a n  ea ’s - - co l a]  be u c e d  : c- s-se-H

‘r a r e  tha :  our comas or i l - v - - ‘ - - - - - - :  ~- r : ’ - 5 ,a: - : severs-] disc::. a’’

s - ’ i ; - H l l - r r ;  so r-rs - . TI :a- m i - : H : oc w cu l : i  he ciui ’c r ra - . s-t~~d.  0 - i - -

oP p Cr . d u ’ ,  tCi 10  0 1 ’  ‘ - ( . -- ‘ m o ’ s- ’’ ~0 :5 ra - - m n -  dot s ’  i r c i ia -va a. b - - t a c - : - 5 0 :

pro - s-nd -
. t 1 - - s  the  U L e a d  - c  t an - - of u- . t h~ 

The us’s- o f ’  r n  ‘ - - r f - i va ct ct -- ~~ t su-c i - :  Lh’~1 a-  C:JT Th 1- - -  - - 1 ’

t h a n  c O r n y c ’ c P - : - c - l o r - f - c-  c O S C U s - ’ i - ~~~~~~~~~ - i ~~~~~~~~ Ia. -a st--c o- - - .4

‘llca—i - rc - - : tr -a - l o° ‘-oi- - - .u I c s - - i-y C : : e  cc - ‘ r -- -:t i u : - s- .:.~ ecra . s-i 0~~~~~~

p sc - : hi-:.:: an -a-: c-p - . - ‘f-hau l - ‘
~~~~ - f I ] -  Sr s-’a - I. - (~- : i  I - - s - -  t P

P -s-i s I ‘- - a: - I s - .



1r . ALl F~fTPl- I lc - ;A P A H I L I 1 ’ I F P

A. ‘P - c or a l

J~. The f’ o l Jc - a in c  a r i t h m e t i c  o p e r a t i o n s should be L m p l c c m e i c t e d

in  the F r -  c - e d ur a l  Lan~uace :

Addit  i - : I i
Suh a sc — f - i an
M u l t a~ li :atioc ,
Dlvi:: ]-
F1cp~cn :n f -Ia  Lion

Par- a n t; h ers~ s c - m i l d  - ie f i r r- I - r i o  ml  t~j  c-f cn e r a t i c n  as Icc

- .

2.  The Pa ij  :-:Ji - f- nan. of nn it . Iame t ic  o p e r s - t ] a - r a . -. she-old he

s up f l c -r f - e  I

Fixc-d PoInt
Fl o a t  in . : F cA n t
I n f - o c - a r
lino 1’s-arc
I-I is--cod C - :c l e

F] :-o-a d po ri t amj i ; i r c s e t l s  - ‘  .u]— ~ be imp l emented  Pp P -cu Ps ‘ a

the b i c - ur ;: p o i n t  of s - a s i c  v n r c a : - l e  and s-i so  of ever:. su b—

rc-.— u i t , i . cc .

= -~~~~~ -a ( c-fP~ - / j 5~ - V~C
or ~ (~~~~i ~ 

( -~~ 3/ r ~~ :~~~~~~~~

Thi.s Cis -Cu s- -~i r r- . P-co - s a r cs-nit I n  A — a t  a 1--Th s-r s-  -c-cot  of

i- I ]  :-: -‘d 1-i c - Ic : u n i  : : a - c- TH - - ou r 1: : 0  ac - : I l I  :1 -r

K Fh A : ’ ( (FT P (P a i~ :-: ) ) - s -  I

P 1. n . s . : u i a - ]  f--s - -a s- f l a - a t i n c  p c i : s t  - ‘ m i - er  s - r a d  ~ -

a u l  j  Lt .- - r :r: . I- 4- TTFI ‘:.c ’u lui be f i r s t  - a l c i ] s - i , - - U a : . ]

- , - a-er t I  ta- a f i s - -P n o-j o t  n ’s - ace r  1 ~v’ dr U i~ ’ J - s -ar .  t

-c . - ul a- u-cc: I Pd I a s - c - nv -  - r - P to - - - , a 4-v a.; c c :  - t da is. - - S a -~

I : .  I-I .

— —~~~~~- —

--- - . - .  ‘-— -—— — ---- - —---—-- -~~ -~~--
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P . l ice 1 - c1 ] c- .-:iac In: - va t l c-crc :chcnld be c~ pa r t  cc ’ ti c-

- c o c ~.du ~~~c lancu ’:

S - s - c m - c i s -  hoc t

li tr e

Cc- s- m e

i- i s -> :ia ’s r: :/’- I I n l n : m c m  T :- t a c - ;:: I : . - c t i c :a

Ab s olut ’s-- 1 C r  0cc

A r - c r t -
~
n 

: ~‘ - i t I C d ~ C c-cs -t a- c ]

A d d u c e s -  Fu’~- : t ion
LIUP a~~d E’ .r r e :  Test-
R e m - v c~ nde:-- Pros. d i ’~’i i on

s - is -øul a ‘no 1 rca --] . ecr cnt -: - ci . Thac c a n e s - -n i  on lI-I + 1 - c-sc - vs - i d 1- ic’

a:tor- - -d in both I. a- ca d B.

- Yh - s -  fo l ios -c ia- i  sPool P a l l  be a s t a nd a r d  p - co - i - of f - i :

P r o c e d u r ’- s -  L’ -c icc: - nc-c - :

oca - a l  C:nor -~i-c-s-~r~

L as - a c  ~~~~
I -s - nc r ‘1- las-is or P rima l To

F T - n ’ s - c l  To’
Lot  F~ lU ’d i T~
‘In -m t - n  ‘s -b a r :

I s -  f-es- i’:as-co cm F O r c e ]  To

T , c - ’P - - r: .l :. :ons f - - n n n l .-s-

ru
:- , -s- I s

c-al  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4-
9 (_ ) - ..

F 

—----- — - -  p..- -- — 

~~~~~~~~~~~~~
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F. Ti t ’~~~~2 ~nd s-- art Pu:

For e f i ’ I c i - a i c t  i c ~- -Hn g and repor t  Lii f - l ie  f’cl lc- ,-i tncr f e a t u r e s-

:5 }O - u l d  Pc- include-I :

1. The abi lit :; to send f o r m a t t e d  ou t p u t  to- ac’. :  device cr

m en - F  1-- a -m a t t e d  c a t g u t  from any device .

2. The c - a r a b  flit;i of wr i f - i r i c  “ END OF F I LE ” or: c r s  file:: crc

an’.’ d e v i c e .

3. Err - : -r  r e t u r n  f-c cal l inc p r o gr am  in s-as- c a d e v i c e  f a i l s ,

i . e .  Wh I TE (5, 200 , ER 1 ) where :

5 Icc the device  number ,
200 a F orma t  Number and
EEl an error return if device 5 f a i l s .

0 . Contro l Iltaternients

The following control statements or f-heir equivalent- should

be a- art a - f  the Era cedural Lanc.uasce :

1. -Ic TO- 1 (transfer)

2. CC: TO (1 , 2, 3 , -‘1 ), I ( - - : c a p u t e l  t r e c a s f e r l

3- . DC for 1cc- p c- caLm - . 1

IF ( e xp r c :a s i c . : : )  1, 2 , 3

5. CALL and PFTTFT IJ J far .;ubccutino::

0 • CALL ‘.-rA ]RQ

7. C o m b i n a t i o n s  of t he  above.

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~~~~~ _ _ _ _
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III. JOL- I—bLLA .JLT-ILLT

A.  INL ~- ::I -H I.ESFCNSP PR ~-CF ’ L-iJhi C

1. c~- ~-~5r ’~

1 1 — i n t e r r u p t  m c::. - ’

FL - r - u t i n e  r~a-. ’a : -c

Ill 1-C L-CIIFC I (P l ’I

El ~~
- i nt a s -r r u ct  n ame

Al l-co -c:: f-he r cr - : r~ - c : : : . e n  ta oct- s- c lisP a l i - i - c c e t e a - c .  C- -u :

l u t e s --s-opt  ( g l a s s - I a - a l )  an . ]  h i :  a- - :r - ’a- .

I T o t e  : A m o s u f -  a : Ls- :— p r ~ ee.s s i a .- P - cue  Is-s CC : :a:t - c s-~~~: ci

.a~ - -c ’lled ou t- .

s- : ans-iie , t -a l1~ s—:c: a c— r- cc s but I s ’s-c rca: cond 1 t I  coca .

2. 1 E P

A l l ow s -  a n: Oat-a a-r . ,p t  (har ’dc- a s-’e c-s 1 e es tabli s-Led .

DTI LIART.i (Fi)

An i r t - : a - r i c r t  ( h ar P s - re ) c - n n . c t

Iota- : cs-ne :s-Ia i c t - ’r r - . .p t  i s -  c e ’ s - - i - ] I - , ‘cci , It m a-c- -n h:.

est .aP l Ic :hed  u n t I l  “ c-a cr . s~ - -d .

3. TOT A l - i .E  ( E l ”

.~ lF-o: c the r c a - c - c - s - s - c l :  - - of s - us ‘ s - s t - b i T - I c e - F  i n t e : - c - n a n

0 l)

- :a] . lc-nc , t n l r - ~ce e s -I r a n  - c f  an cc: ta~ l i hed Oute r :- - f- .

- ;  . . lt s -t s - t i~ a - t  to the  r - c s - c - i  ].2 c ’ f- c:- :nea I Lv t l . ’c t  i - he f’oi ]cac d O

s- a s - cm scc 7:nefl t 1.-s s-n is- - f-er 55 1: t 5-  - . c_ i a n - c :- - -- - no i - I t cc’ I

e a r T h s - a  n- . f-n c - t O  n. r r us - t : u - r c  r am:- ( rca: ’- r~~s I - n  f - - l i e  - a n —

crn- : r c L to a m I - ca l: ) .

—-.---— - - — _—
-——-.--—- —-—-———-—.- —.-‘.— -
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The irs -rels f-c be connected .o ic-Ho is f - - - rr : r. f-s may Is-c

s p e c if i ed  as parc -ac ’s-tens f-c- : ice s f - c f - e m s - n t  s- I - n i f t j] nc an

in t e r r u p t response  a ’out iri e ( th i s -  allca-i :: c s - m u l l - a r  f-c

cc-aera te  specia l  code for  i n t e r rup t ~an dle r :m at t h i s

lev e l ) .

IIIc- :ample : In ter rup t Block (El , Pa T I : )
El FlU l abe l s

B. ABILITY TO CALL SUBPRCCPJ TMS IT-I OTHER LAN GUAGES

A s ta t e m e n t  at the b eg i nn in T of the p r o gr a m  to c-n ec ]  ~:;

the compiler  what  subprograms is-a th is  gr as -cram are re fa-r e : ed

by o tcaer i -an cr u ac r e s-  and what  these  lrs- rc ceu s -cr es a re .  The c-tn. -ar

lan~ u aces to be r r c v i d e d  wi th  l I c 1 i c a .- s-e a - r e  at t h e  d i s c r e c— ’ :15

of f-h e verol - a- .

F:-: ac mr c le  : F c - r - :r s - c ,  ( s o r t , Sin )
Als-- - l (pr c :-sm 1, orc-g 2 )

Cc- h -c- i (ed I t , 1 1 T h )

A s s - - m i  i-a r (~~r cc  1, p r o  2 )
PL 1~ (ar-a c 1, pm cc 2)

RTL (p r .~ 
- 1, proc 2)

C. l- :hH oE DETECTION

h0~ - R _ I’ cPES

Hard- -car e Softa-:are

OF ’] . . . pa cc l tsp , pu ’.:er 1-a:1 Tun a - , E r a s- a - cc a - r a t-c t
pr tac - - t ] -- v ru v i c l a t i a - s - :

Prc- - -a:a s per~ I c - h ’r : c n i a  . . - c - e r —  I - cm os - c e  ter era’- a-: s--c-ft - c ’ :

i- - s - - I s -  , f u net i  - - 
a ‘ I  - - i v ’ s’: Ic-ic:’ : a- - -: : -:0,- c - ‘oil  I

fau n a--a s- , Puffer
f n i l u s - -a

DF 1 c a r i p i - :ral . . f c : n n t  I s-n a s - i ’ s - n c - - cr c- , r , Ill c cal
f aT lur’s-s . -off - - n -i- -ui - - cs- a- • , i l l - . ’ a I
lnii rc re - c-er’ t I - cc , i- -s- h r, -c - a c a t s

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



-32-

D. R: I L I — ~ ’ UP FAC ILITIET3 Alit’ P R O P  t h E  A S P  b E F O I L f  I s - I .

1. r ’ -h c ]u l ’ s-  — .L s - : i t i a t - ri c-f n a n — c - a - L I v e  a - a s h :  C a - s  mu
boa : I is: c I: -

2 .  P-a la :  — i n h I b i t  c - c - c c - - m u L l  - O T  - -tI ~~’ task I ::
t i n t : : secoent

3. f- ca -a ecchedu ] .e — sc h e d u l e  t~ :1: ~~ . t .i ’- s-- - -s- f

-a- . s: :p e c a H — t eng~ c r s-~r ly i s - i l l ]  ‘- is c - s c - c o i L  - s-c c:l

a-- . u:a . ;u.a h acncl — r e a c f - i s - -.atc.- : cc ua.V-:-, I c - P  t a - s - c

a - - . n- ru — .s-cic -c ’c Iu l aLl e  — per~ ~~~~~~~~ inhil  i- t i n g  c-f a - c s  c soi :-a si o iTs - .  -

- - -a s f - cr  ia te r :e n  f- i_ c - cs - r - f a S  re -I

7. turn a- ic ’ — sets ta-si-c to raoc a — n- -~~Ive (ex it )

S . al - - s - ok  csta tu :- . — amsas-arhot -:- f c t - h er is - a - s -k s - a - a t e

0~~ f m - ’:~~~’lt y  — e c a t s -b l i s h  p r i oi ’ i t v  l ev e l  of c e - c . —

t i  - a of a t ask

10. - cha cs : k a--oint — l-~ v’: t an  Is - to entess- sashedui-a r ( t a O :
s f - T O T - c t l o s - e )

a-ff~A T . - 5 ’ L~~~c FAh ILT :Y I :TFT S:-ACTII :ILS ( F  T III i  A EIYc-it

Int e :-s-r i :c  f- Level E:-cecutin- Task l t -h e c ~- las I-a-a Ec-cec-uti sac Ic-s-I:
(cal l  f r - sm ) ( c a l l  .fr cc :a )  ( e f f e c t )  ( e l Le n . )  g

1. c; e :s :,- e c  ~,‘e-s no I
2. s ac — es cs~ i-c-:

3. : ies - :zec
no pc - a a-. e.

5. a- c ::  :,es p -s - -s no
- 

• 
- a- f l  sn’s-, ‘:-a s a C:-

7. no :e:s or von

8. :/0:; :;es- a- I n c

I_ -es - y’s- p ar

U- . rs~- - c c - j ’ : /0 5

~~~~~~~~~~~~~~~~~~~~~~ i~~~~ — ~~~ I
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• Is- -i l- i n -R’ y A LLOCA [ 10.

T I n - ’ a: l i l t . t r e m - s-sc - an-i •‘-~- Ic -u - ’:- c c- .j . r e m s-1cc ,~ . :e a t e:-:- . 

f- t O - ri t I ’ :- : as s-cell - i- ; - - - I T - -  ‘ im r -s-- 2cr s - t i  a-- r a rc  cad ‘l~- :a

should be p r ~:-~J T i l e d .  l a - I  - .n la-es ti:~ s-t -c t--raent.s- - -r-: us-c-c - - i-s --i -

In the lan. u a - - cs- a - - - - L o r a l ,  s r - :- -~o:! st  r a . -~~ s-~ 
- ‘r i l e

i s - c u t  s t a t e n - c t :  f - o u t  -‘:c - - - o x - a - m u n c h  I s -  a s -  s’n:s- t i n - c a - i f - h  s - a r i a s - - i c

a l locat i o n  c a - I l ]  t a - a n . : .

Examples-  : FL/I s f - a a - - ’ c s c a n t - .c

S t at i c  s tar s-a - sc  ] .  ras - ::i cn —s- d c-ice s: a t a - c a P :1: l o s - b - I ,
aiud r-u ns a~~c . s  cs- :~~~: c- -s - --j u n t i l  end of a i c - c m , : .
A u t om a t i - -  s - t o m - s - c e is s - c n s - -~ - -as-a d on -s -n . t r ’s  f-i f -h-c ’
e :-:temn: : l s: bca r , c : -m a m in a- ch in k: ~ a- a dccl  a- r ed -
i s  m~n I - a a.s -s- -U s rc  - a - - i - f- fs’ - n a  f - i s - a t  s O  u-nc - ms-ca .
Con icr - ll . ed ans i  i--cs- s-c d s - t c - r s -~~e a m- a  a s s  ic -aced a-c l- c -an
dun i r u c -  e~T~ - .m c m t i  a a c-f a a -a s -k  it r ecues ts  a-he  -

al locat ion of st e r n -n e . I t  i:: desi rab le  to nc c: e
these s t a t e m e n t s  a s - m a ’ s  C c-si-: I m: c a l s-

Re a son :

heed .fc. r a d d i t i o n a l  S t ea -ac -c- n cualy a p p a r c u s a -  m-ch en i s - n u t  d a t a . . —

h a .~; been suppl ied . -

F.  P1-i Os-PU-I Sl IR an c  Ta-n it - l . a

S ul ’r c - o t in e s  — c o l a s - c f - h  -‘ s ic- - c O a l  i c e  ab l e  f-c- 1:0cc’: nca ~ : , m
c c  naa- s-ncs-s -a --’ rs ~~~~~~~~~~~~~~~~~~~~~~~~ r - a s s - e - i  r~ cc 1 -~Functions - - -

~

Suh pr -  -c-ram — or -lou - 1 0  1 - c - - ’ r n U e n t  n n a - r a c - - ’ls- s ’ l i s t :
m ’i S r- tc f - - i
Cue n a  ~~‘5 

-

In a - c c - c c [ - r - :  Cr a m  — icc- k: f- :cs- si- i -a ns -~ a — n s - c - ’oi
c s - t i c  n

( 5  - ‘ :5cc r~ is- c i ’s-cr c- f-ca r:

I 
~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ __ _ _ _  _ _ _ _
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i-it a- i l- a s -  i l l - P h

~] c ~ t : . L  a s- I c  - s - I t s - ac ’ ’ : : c l , J  ~h f - c s -  d c - s - ’ c ~- i s - i I ’ -  1 . - s-c - -:. . - c a -  -

f tab - :- sc-cm. n . 1. let ’ s-ic - : in  I P a t tr .s-cp t i - v- ~c a- ] nO ‘ u- -a

1. fl a’- - - cc  I ‘c-a ce  “s .  I u ’- I ill f- ,- f’~c r t h u ’  - r r ~- s - .’- - c ’ .

2 . F- ’c’ - - . l e t a - , - m c i  a . 5: r ca - c i - c a - .

1- - I I  c i  -.-u n- - --: s~ hap - - -a- - a - ; .

I.. is-asic A.: . ccc l : : :  a - I s - - : i  ‘ m n-i F - a c - f - c c - - a

P e r : : : ’ :  s - i :  c s - c-c a t b - a - - i - - - c - s c u n c p t i . c-r~ i a - c f-h ’s- lan . :n ’s-, : dc --c n ,- 1 ccc i

~
- c - r O l e s -  :s-ialeua- rs o-. t a -  a: s -h o c - I d  l ’ s  the e .- p l ’ :ilt der-~~--c s’r ic ] -

as-cd “c ’sasirs - 1. .:. i s -  f - a -  - -s-f s - 1. ._ vasi ab le :  s-a-cl I-c- ::: I f - I - s - s - s. Ih I a r - -~~- -~ 
-

I P t ~11 1
~~~n~ 1 1 1 f-i 1 1 

~~~~~~~~~~~~~~~ c 1 — -
~ r t a

l a t - ’  a - a p e s - - s - aid f . i s - e .; , - s - s - a - . ,  n a - st  be ec-:n l .i . n I i l s -  cic - ’l - - r -  -1 b - ~’- - - - -

c ; 5 e .  a - n i l  f -h e  t c : c n c , u -a o 5-011 a l ica c a  ccc  ]~s- c j - H c - c U  t r ~~-s c- a-

i - v  i,:~ a • Irs-i:. : - : - - t , : c -  c- . a u l a  ‘- ilc:.- t i c i n  c~~n s-p i l c - r  s-c- - I ~- : - ~: s - b ’  h .-

f-c- T h u s -- f - c c c i  - - - ‘ ~~- s - ’ f -  r - a -- - a - a - i O -s - Y’  e r a - a r c .

- f L _
~~ c: - : . 1- l,:n n c - .pl . c ’m :an - - L a : —  ~c-oL: as- is-a -lude  a c - c a - c  I - ’ to-  .~

-s- ’ :5:- n t  or f-c!”- cc . r: 1.- r , l  or 1 a f l s- . i t] . at c c ’  I Pp

s - c u -  tm  I s - I s -  t :a c -~ :- , ’ -; .s-nii/ - ~~
- na -n i :  a L c - } a - r n ’ -  tc c-r : . Tic 1 a- n c  i u-ac- u

~: ‘ a - i . i c i c  s c u- cus -  c -cs- s - n - I s  a: -: - -  it- .-: (A-a - Fl, - TO - f -T I s - c c - U , PA ‘: IL’

T I c  U ‘ s - ’s - ls - !”  “cc’ cc . ta-he l s -n : scu 1r- ~~: c c  1 1:-c ‘s-s- Ui a - n i ~ t a ’ - -- :- 1 -

a u f -  - a n ; -- ~‘l c s - r i  coi.c ua - us - no.n~- l a :  11an0 .:.s s c- c ’ : f - ’ c c -  : i c s - l. d re~~ s-t .s- - - —

s i-a--a . ‘ i cca l a r c s , - .c - :-c’j ia-,nts-. n c c u s 1c “ i_ s - c -  a-c e u c t : a ’ e l p  a rea- r : 

ys-.cs . . 1 - :
~~~~~~ [ ~

‘ s - r- - s -Tcs -e -i :1 :J -c ’l:i a ’cate-: i a- _v ‘ a s - ) .

- ~~~~~~~~~~~~~~~~~ ~~T -~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _
~~~~~~~~ 

. . I.I~~ 
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ha . Format  I - c s - a - o r - a s -

T l c cs -  l i :t i c , ,  c en c a c - a t e d  t n : e  ~- s - r s - }c c I 1 - a -  must Is-ace ccrrc ~a i I - ’r

:-enera ted  s-s- cruel ~ - e nurnj s-. - -s-r s  a t la s-as- ace d to ca- - a , lin e of s-cu c’-ce

code icc order ta assist in p r e se n ti . np  a p h asI c  a i f s -  ram- —

t 1 -~a.  n~ p Uis -nall~
; , I — s -  control statement , t h o r a t e d  s-:cs-a~- i t s -sC

cod’s s - r c c .:U U is -c- ava i . l c u n l e  c-s in t e r s p e r s e d  r m i c t : u t  i-eta-ceen

the l T c e s  of s c ;u m n e  car-U ima cc- s - .

Tum or s-ic a~’es must occur in the p-ri r a f - o u t  c u t  f-he  flu - c i a - s -  ‘a S .

s -chi c -us the err-s r ca - a de tec ted  and should be of F l n c l T  s - ic cc - rd

t i-p c ’  ( i . e .  , no numeric-  e r rc r  c o d e s ) .  The det r - :- 1: i c c a  f

c-m om in a source a-ard should ~c-ri . cn er on tie p r i n  t c r c t .  f - cs - c

erro r mess-ace alonp ‘-Jith one ~s-- r ’ a-ac re a s t e ri sk s  over C s - p  c a r i

c o lu m n ( s )  in wh i c h  the cc-mp iler  detected f -n e  s i -cs - f - c -a -t i c— al

e r ro r ( s ) .  This  feature w ou l d  m i n i m ise  f-he pa’cc acms -asc s-er ’ ; 115 0

Th deducinc  the n a t u r e  of a- c-i ’s-en a-nc -c r c -ns a - s - inc  error. a- a r t  ic -n c-

larl1- in the es-rip sta ’es of rc r . -cr ’s- nama n c:  in a--he 1-s-n , ’ucc ca .

A comple te  n :~c1ibc 1 table  of al l  i d e n t i f i e r s  us -ed  shculd 1 cc

p r i n t e d,  out at  the end of f-he l i s t  i_nc , c a l f - h  cull nar ceca c l c .i ac t i a

‘a ’s- to t 1p e  , u s-ac- ’ an-i - r i , :cu ua a t - anc  s t a t- -s-c s-c-nt cs-u s- s-is- c a r .  I ns-i : - - a—

an c a .a h a u s t  a-y e -ca ns s,s r e fc ra :sr ~-s- t a i l  cc :‘ls - c - ’~ T s-i be a u r a ] :  I r s - P i e

s-cs an op tics - c-i pr~ n t o at .  In s-iOT f - I - - ci to f - f r , i~ r - ’s ious- i _ i s - f cc ’ -  s--

I: T o u t , f-his  n - r u  s - s refcarena-e t a i - l e  a-c o ld  i r a - i t- i -. - t b a c . : - n s- c . c cs - na , s ’

‘sara-i cr : of n i l  c : f - s - c t c a i : . scai . s  u - ;h - - r -  - - ‘I s - r ’ c r f - l c c i l . ra i’ r a r i  a - P l c -  or

is -  m e c i t i o n e — l , alonr a-c l f-a -c t I  - -  T a I L - - I  r a l u ~ 1: ’ 

- —-~~~~- —~~~~~- 

~~~~
- — T ~~~~~~I _ ~~~~~~~~ ~~ _ _ _ _ _  - _ _
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‘c c r . m van s-b - ic  - - a -  i . 1 - s - c f - i c ]  - am .  lit: t h i n  ::a -nr :ccar l ‘~n : - l e

I i - s - in  a- - - f I  -c-r: :. sh ou l d  use c a - o u r s - e d  ac -ac- - - m d i  a - c e ’ a- :  ar -sc :  a- - , - us-cs-

( a- . ;. , na p s s n i - m - - c n t i a 1 e  anal  su in p nac . r n  s - I c - a - k, 1- 1-1 - l a - a . : . s - i l  ‘ - .

C .  Lan . ~~ . cc Re l s -- f - ed  T- - e a t u r - ’s

An c c : t lca - r cca ,- Oas - -  i s-nc -once  f - s - a - f - e s - c -  - c  I s- I :ra - s c r - s - m Y ’ i n:u cc-~ -~ - m  - -

t ’~:r the c - ccc I s - i l e r  m : : n a i , , ;,y f-s - f -j u n  in f -h : : t  -c -:- oc: n’ I L - - - 
- - - 

~
,—

ns- -s - u c t c m . Ta-li ;: faa a- c cu r e  -- :s-~~d, - - ‘h ow a.he us-- c of n a - s -.~:- c ac t i cc’ - - -

th e  a s - c a p T - a t -c’ I s- :s- , r c saca a-:: c- . ca r, I le tc i ss c- ‘or :-cicacnci :- : 
- - cc. - - s -  — -

the d c ’ s - c i a - e d  R a t ’: a n n J  ‘c - ,’ C p - a r a - t i.c-n .c in sr -u s -a - -c ’  l a r s - ” l c e c s -  ( -
~

- .

- 
- [ . . . ] ) .  This  f - a - f - i s - r - :  a- a l l  a l ias - :  such i s - n c - u - ’  an  - - c c s - J ’ t ’ - :- -

camp iT  i _ c a - and the use a- s - c- -n : :p- i l n  t ime ‘s-a r i a s -  les can -
~ : -- u s - a - - - :

or (e c s -u i v s - l e n t l .p ) run  I - i ’:ic- c~c :acsta n ts . . Iou-s , a ass - . : - c c- - -

‘,-ss - s - .s- -s-ca d /c - a -  a r s- ap s  -~ i~ id be c-cs - c a-led w i t h  d i f ’fec ’ - ’- : .t  n - :

chan :r i cs -p one c - s - s -np i_ The  t is - u s -  v — ca’  l . a - h i — c  (a-:I - :ics-h er -ac t .  ‘ a c r .i I : ,  a a-

- - f  the d e cla r a tc i na rc s f -a  f - - s -n c- c u t s ) .

The iac-c -- u,a aa e acid the  c- s - p u -s r :i ’u cu l : I  “- l l c - a -n  n. y s- :f - e as - s- - U - c - -- T  -: a -- - 

(i.e. , have s - u :  IIIIi CLUDE s-r c a- ma - : c n - u e n c t ) .  I r i s  c ’s-a t are  s-co-old n r - ~ p a r ’ s-

s -us -mi u s : n c e an s -deT .i nO- no a s - a c t  of s::c s - t a L n ; s - s - s i,~ls f-cr t h a n  I ~~- •

a - a -  s kel e ton  exe - u t c i  cc -s-a l l :  , as--cd c ia . - - - I s- -cl l : ’:c’ t he se  is - . - a l l  —

cs- c ’ s - c t  r - r c -  r s -r n . s -  5 : 1 : 1  a- c- f- re: L 5 - s -  t 1~e c. c~as- : - u : ’ i v ’  I - - v  toe  in .’- ’— cC

11cc , 1 ( 1  cp a  m,t . c
: t~~cn r . cc’a t . Is ’. a - :-j -] ] t - i _ - ’as t s ::-u - I - : s-n e c r c c : I ”- s- -s - i s --

r~’bie , tO n - c ’  s f - a c ’. s - a c t  - c- old  n 7 , s~. :- i . e c ’ ’ - s - - l c - p e - i  tc i s - i s -  - - 1 - s -  - a -- c ’ .

r - a c ’ a - r a t~~-oii i s .  r ’ :o t l s - i’a- ’ n c-I’s- a -  : n c a i c c ’- - - Ia - f - c s -  i s - c nn , c- ccc aç - - _ l  -
,

cia~nc - - - l  c- rca- nc , c s - n - c ’c i i : i c ’ ’ i l n n t  c -nc: -? t a - s . A.: a- i a c c - c - a r  i s -  P ‘sI ne

use of t t1is cc-n - ca - i a- • a l a r c e  a s - - cl c - a -  — :~~ r s- mr - as - :- ’ cc-a i d  c - ‘ Y e - -  a- ’-’

~ 

~~~
., ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~



_— —___~~~~~ _.-

-37-

ens -I c r a - - n i p u l at e  + : nc -  a-c a r s - - rd .  - - - s- st a-si tting a rra ,lor DDC data

h s- s-s -, with f-he n-s- :c-cs-si t ’j uf  us-as -vi a-u f-c define a-al l-de;’l:-ur’nc:

t~~n ’s -s-C -icc- laratic i- u cards in one rI-c -. rc -n 1 on] a .

D. Imp lementation

A comp~ ler should be i rap lerruent ed I s - -  sons -s-c- e s - s - i l ’,- t r a n s - c c  rtah’-le

form , so t h a t  a wide a-c-cape of users will 1’s-ave access-  to th e

compiler on whatever ms-c-hines are available f-nm t .ha -ras - . Tia ’is ~s

ruot to say that the cc-s-s-p 11cr must run -an a i~~~~ core mci-as -a-- :

m in i—compu te r , hu t  r a ther  on a wide ran -ne of Tars--er , c-- i dc - i : ;

avai lable mac-hines such as the typ i c a l l y  u b s - u ltous  DP m s - - ’ - h s - i n c s .

This implementa t ion  may po c . sib l y take the f-a ma-n c - f  a c c -mr- i l ’s ’ -

compi le r  -‘ a c an e r a t o r  or imp iemen ta t iun  in a: c n ’:cc ’ t. a I s - a s - c a t s - c e.

Two m a j o r  questions a r i se  in any d iscuss ion of ir ’i p l c s s - s e a s - t m . ti cu . n ,

a -chi c -h m u s t  be defi.nitci.vely answered before ‘
~ 

:; p l a n . - are ‘ - a - - h e .

The ?.i , m n t  of these asks the rues t i -c us ch e f - c a r  I f - . is dec - i  a - s - U f-c

l ’c s -ve  a un iqu e  rc.acF- cils-r a’c-r c a - r h  des i red  t a r - c - f -  a s-ac-d ine , or

s h o ul d  one compi le r  Ice c a p a b l e  cf  c cm p ih ir a  - c a n a r d - c p r c - c c - - s - s

fr - a- a number of t ea-cot  mac - i m ps-. .

The second quest ion -- - . n c - -’ e rl ::: w h e th e r  or cs-a- f- it is d e n l r - ci a- -

i s-v a - -  d e f i n i t e  s -u i ’ s - e t c  -f f-he ].ancu ace  s-v a ]  1’s-s-I s- i n  cas e 1- . : 1cc—

‘aen f - a t  I nus - . For exampi” -  , a-ni_ li t heme  a-a a da -Cin i f-c n i-s  f - u-a  a

nr-n n -r s - -  s -cs - i’  subse t  m s - c s - - I  , u : , e r  app i i  ‘a- t i _ c a  s u b - s - a t -avs-. i r s - ’: I- ’ Un h - ”a-

one c- r : : r — i l e r .  in . , :i , c r : c a s - c y  s-re  sac t a l k i n g  a i r — u t  an-c ’ c -”:u

c 5 , ,  ‘a cc l i e r r m  , s’s- r s-is a: c m o s - up  i _ i c - m n , -s - cs - - I  c - i’ a .:cs -t , n a - t ai ’- I l -

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~
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GENERAL SPECIFICATION OF THE LANGUAGE

(Working Paper - Not approved as yet by the Worksho p )

A. Bar-i c fc-e :- i - ~n As .s-’amrcti c-i--ac-

f-h i , .: c :oc au :s- :---nt c ’ : :- s- c i : - l e c - - Sd’: “- -s- ns-~ I n’- a- .- t:: I - - a- -a 1’ i’:—

u s-c s -  f o r -  the n ’s-- n y’-: in - - c-f i u ~c h u u n t r i a - i  r : : s -, t r n T  — ‘c r s - r - c ; s - - - - s - .

This  1 — J n p u ’n- i - ’  is in t e n d e d  f o r  u s - c s - h -  t h e  s - c - c - ]  i - a s - t i_ cu ss - mac :

nyc - f - ’ - - s - ’ s a ‘- ‘ -c - c lr s- - cs - ca - a - c:  u s a s - - , :ci th the n - r ’ i : ’ccs -c n -y erc :’— h a - n i  cc

b ’s - i n c  - ‘ci f -s - crc to the  form e a . A u : : - ]  i ’ s - t i a r a - n  - r a , c - s - ns - as a c - -cs- f - d c : -  -

‘ -ci : i  cii aucanly to specific a-p c-i ]- : ms-tic-as s-nd a n - -a n ome’a-is-rs-t

s-nrc 1: i nc  I n uh- ’pc-nder it . dy ~Y - - - -  :- :‘~- n ’ -a -a- - -: - h a -c -’- ta  do s-s -i t ic  f-I s--

np-c ’r : n t l on  cc ’ ti’ s- - - u n c u t  i n d e n c - r u d a - u c t  of t I n  s - c - s c  if - i - ‘c —

- l i_ c a t i o n  “nd a c- nc’ 1, -c r - - -’ly cm .ca s - lci r i - - — d c -c c - n c -  sac

The-n- -a dual obj ec-t ivc-: - s - :~~ ta ho - - ‘- i s I  -c-ed i~-s- dt - -- C n ’ n-

ta-ic- v ’ s - n  i cc -i -sn c-I ’ tho I s - n c ” s - -- - ’ - ( dc cc s-is- cs - -.ay .h a -~ s - c ’ - n c~~jc ,s-~~ Ps- cm- ’

la- n f r u - n p c  :-c i th ta -co s r - R n -- t a  I ’ the i n tn c - n o c - t i c. s-. c-c f - i - ’ -

i s  :;u ff  I r r i e n tly  ~s - ir s --- ) r-~it1- u :r cm ’cmcaicul]t’~ ~~ s-c’ - a : c - - ,~ oh—

,~:a-ct i’e.

‘f-ha- i s-p] , e m- a n t a t I  r u  of a ccc - -- : l e a -  fo r  t ~s - .  1 - - a - c - ’ i - - - -  -

n ot. n cr c’: s - s - r i . i y  ha-s n o s c i l s - l — ’  c-cu-a au - - .h v - ’-n ~~-- s - n 1 cs -~ ’ -~ h i - n  s-C f-

Ic- - a ’ s - f -  ms - . I n i _ n c .  h o c - a -v - - a - .  th-ca  c u n - m i l u c -  m a -u : - 1-  -n b l - s -  a - - - —

d na- -c crc : , . rc ;: ‘Ps- i s - t in  c-c] 11 ex c- -a u Ic . n In -sc ay vi a-b - las - - - ss- ’ cu r -s- t i s - u s

ii f-he I. t. - s - - s - - U s - i _ i s - - :. The in m caci  --nt- s-tics-c, - .  
- a -a -  ‘s - - as-i’ - s- ’- - - ‘ . - ‘

I - h - - c m l i  I - c s - - s - a s - c o  s-ct sh ou l d  I ce  -n ’ s - s - I d l e  a ‘i s - -u -. i s -  c : u r c ~~- - n  ‘ ,

c c r m s - i -  cr-s d t o  ic c- a medium scale conf] a - u r n f - l o n  of ar. hsdac: :~ -
. 

-

t r ] a i  c r rnc r n t e r .  Typica 1l~,- t h is  c -’ c- ru ld  i n c l u d e  i s-k  c-f ‘-s - i - -c

mc : c : rTdOr ’ y  , d i  as -c or -drum l ulk r’ccc-r:ory and s-sea -cc. Ca - a - s-s - - f  h a l  ~ i c  sr c-

1~ r a i n  s- i  s s t n~ m r  ~~t /O U ’s - r s - t  -
• r-

9KECEDI !G P~LJ ~ n,’ILM~D 
ilL

~~~~~~~~~~~~~~~~ -~~~ Ti Ii~~~~~~~-T.~~~~~
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mh - -c-s-~ i s -  the L s - n i - u s - n’aa

1. c ; j c a - . - a mt e i ’  set

- ‘ i s - cc  - s - i t s - n c ’s- ‘f-er’ m et ,s-ls-c~ ].d is-c :1 ar-l .~ -aa- - u. t ’u’ I ” - s - c c

to- c :co- . t  h -ct ’s- s - - s - ’s - c c c - e ’ s in p  h-s-vices s-nd I-nc-IL -s - c  to- - a - a :  n - -(-

p r - mci ’ . - - !‘a- . Th- c- a-’:cc ’ : act- -’fld ed ’ n- s-ct s - I n c - i ~ld be c- --c n a’ - - : ’ s i b ]  “- l i t -

6 Lit  s - c - s - I c .

2 , ident  I “lea- cua: i i , n s - l. tj C - i a

i_ d c - n a t ],:’] c - - s-c c c c-c n a - i - rn ’s - :-  c - f ’  s - , c - o c a - s - c . s -  c a d  c - u s - t  I s-s- -I -- t i  : L i - ,

c s - --ogra’ s - .  Td- , :s - cc ci dc-n c ;] ‘-i-s-a-s s ay bu m : c s - c n ]  s - u ]  at~ d -c - : “ t ’  —
- I ” . - .-

-
- - ‘ c om p i l e — f - c a r  - -

, c-c- a c-e r  c-or  I a t e .

a .  h o n - s - s - t i_ ca Pu b -c

Tic ’ fo rm at i o n  rules sh ou l d  1:-c- a s -  ra cia l ms -i i - p - ~i-s-~

s - t a - c  i_ r i- cl In n s -] s-s cs-osscib le . A i l s - c i l i a, s-an ci nde P ri - f - s - ce  cs - ca - — ,

of -s-ha a - .-cters in s-cs d en t i f i - a s - -  1, . : icc s - c a r - - d l  c- - a - - s - s  I c - u s  ~ - 
- -

gm - - s - t e a -  f ls- :- :lb i l ity,  s-lth -cc - . n :h  -~~ n ix -c- h ns -ir ’c ], - c - r  c .’ H a -  c - ’

-s-nc- C cc’ i-a t. r -  is- 1 a

is- . c-f a- cs - ;’e n ’sr c-n i If-a: a:

- ‘ - ‘- - t H u  r a- ’ s- c - h a ’  -c i i , ]  Ice - : r - c j a i - ’ ’ c i  -s- s. a , . t s -n~~~\,.~c~, c c

~\ n - c - s - c  r u- c - c l  ‘sos--c : as - s - n y riot be used -ms - s s-r n’. i s-a ’s  ~t. 1 cs- i - •

C. l a- f- -c is- ”:ctl - s- for A~cc ’r s-g - s -tcr s 
-

n l i n c - s - s - r - s -  n - I . I r i c  - - cl  i l.- s -  U : ~~h C o n s -  s - u s - i n  d - . I a- - - cs - S i ‘ l- -c.

~:S c ’ s - c u r l s - c -i ( s - t a - i c ; :, ‘ c r ! s - c~~:~~ . f l -~ n ’ : . - t i - - c’c: c i  : U : —

[‘i - -h n s - : , s - ’c~ 5 , 111 h - c - :n a - ’ - j - -d c ’  i n s- St V U :c , U s - s -~~. k

I a TI Ci is -- u - b e -  , ‘ s - m r-  a - f  - c set na- ~as-l ~s- - c i , : s - a s -

of’ it - c - : : s - n a - i  , 1I:~Ti ’ C, hT Ic tI c- ”- am a - nc - C a : - . c ’ i c, 1 c - i i - ] - n n -  a

d a t - n  I t  I a r f-I  nn t  i; a- , t i -  - cc I - c3fl ha’ a-s--. ’ - : -~~s- - -cm

T I O l  i- }-TI-o [l iT .

— ---—-~--- ——‘ ---—--.- ,---- -----_--—- —
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cci Inf ’]ri~ t Is - n an and IJ ,.:m-i rs-e of- i-s -~:i-’ L a -  ca -a nt s

‘ . Operator . :

At least the f a l ls  ac ing a - l a s - s - e s -  c - c ’ c- a  - s -n a - t on ’ -

in c l u d e d :  ‘t r i t hns - c ’ t Ic , a- n c ’s - s - f - ions - s - -I ‘cc i  - -a l

(Boolean~~; and s t r ing era-c ’s - - i t e m ,- . TI: - ‘ -c s - : l c l  a- s- m c

be some c.. b il it y  to acr e s -r a t ” -  n-n .a -Ud -c ’s-- s- . ’ v-c c - I  a -h i - - --

b .  De l imi te r s

The d e l i s - i_ t e r n ,  s - - s f - s- sa l ly  s-- m .s-:l C- ~~J ’  - n :  Ic 5s-s-.— s - n r s - - L s - -

and t e r m i n a t e  s y n t act i c a l  s-rit]tir’- c - -‘- - -a d - ’ s - I l s  of

t in-a  cactu s-c l I ‘cns- ’uapa - d c - c ;  ign . h - a- V- ’ v~
- -r ,  ‘ -  r ib - C ]  s- c - c 5 ’

c--l aces-s-a-nt cc l i i  not b -a u s - -  - ci ‘s -s a dc ’ ci

C .  I] I p n i l ’i - as -n c’:e c-f Pb s- ca l- c c’

Blanks ‘a-n c s - i - -u s- ] uj ’ -I - s - - s -ncs - d s - - L s - i ] r - r : . b :s-it - n a- —

s - i a s - a - r i m e  of ’ bl .-cnl : s is - cs -S f - s - c s -  s-arc -? : ysal . - - ‘ a s -  ‘1 n i - -as-h I—

C ’ c f l C~ c — i t ’ ‘s-c s i n n ” ’ -a h ‘a . : .

d . u o-c’s-a-1nn t s

The a l - I l l a c y t -  i n s - c --f- c- cn :s :n- ’ -s -st t - -- : - ’ a ‘ n -n- a b e - c ’  I :

‘s- c ’ :t ,n - c c m s- cT-ly c-c ’ s - s - - i l  C- - ’ - H- .~r : , ,r t . , f- s - .

cciii be p ‘- ‘c a-cl -al s - c , cb j’s- 7 ]  c c ’ c - - -c l  b’y cc nt- - s - H C ---c S-I ’ -~ -s - :

-c ah a a-s-c-ta-s-c’, Os - ’  :h s- an ’ s - ac to rs , s-ti - id t I c - , - cat . - a-cs- - ‘ - ‘- ‘i-u-a n - - .

--P 11 h- - s - c r - - if-ia-c: s- -a- . ’ s u u f , ’a-cn m e - s - a s -  1, 1 -c-al-: .

s- • r.:t - - -r s - s - l s

L I t - n a - l a ’ a- f-Il as - a - -  pr ’cs-vld eci i s - s-is- c- n ’s-I - ‘ ‘ ‘ s -  -s- s - c

c c - f - -  rcys -- - 5 ’ -. f l c n  :‘ - n - - ’-sP s-- I~~n c - f  is-- - i s - n a - I , c - s - I s - n , I ‘ ‘ ‘ , n t ’ cs- . , t s - s-- i d

au- al b i n a r y  cc- i - s - s i  ;,mr s - t s  w i l l  I vs-- i s - c s - l a - i c  .

-~~~~~~~~ ~~~~~~~~~~~~~~~~~~
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I .  Tyr - a - - - c’ i_ a: 1’c_j t  I-h c -

T i n - ’ - c s - I n c a - c  I n n s - I l  Inn - -a t f c .  c-s- li s-cs- I ‘ ‘ -c -I i_ Su n s - S “ ‘ c., .

(i. e . s t -a - t ’ am- -nc t s~ -c c:~.t 1aI~ s-:’ c’s- lc-~H - s - ’ a 1 , c - ’ ’ - d c  s : t c s - ] i  b’ s -  ‘ s - i -- —

- a - - i n c a -  n i - r i .  c t ’ I: - - i n s  1 - .s - s - c l u a n  at  s - c - c - : : .  - ‘-I ’ n mc- ’d ci

12 . ,~t c -u:a’ ’ : . n c - r~ 0 1’  b a - n c .  “ n ’ ’ -  s-i-

l. ~~~~~ s- s - a -  ~- s-’ I - ! , ,: f I;n ’:r,~ a - n c ’ c-

‘i— - d l s t l s ’ipm . s - I : ’ i -  55 ’s-c ’ ta-s-t ’ - , c C - ;
’ : c - - s - Ia -  s- t i ’ us - - t uc -- - . -ns -- c

s- s - l u  I s-ad I, : r - c : l r s - t i - c s -  Is-c- t I c - ’ sc - c c’] f-c - t I ns - c ’  oc’  - s - n i  s - c c - i o n  c - c ” a - c  :H

cs- s - a d- :c t .c ’s a - f - m u  m ’ -,: ’-’H cl. - m i a  1 - r-s- ‘- ‘a C f - h a -  - “ c n — t  1 : - c ’  o~’. -’ s -n ]. ” c s - I . a  s - s -c -_ ,I ’

s-s-c-cs-c’

2 . alas - c ’s - a l  ins - n -  Ct ,c ’sc m ’ , :’

a. T yn  -t a c-,’ - n~~ts

f-h a - - s :- c s - 1] - : -st  -a :-s-”nms-cf ’ - -b ] e  un i t -  i n  s - a l a-cm -‘-a ’ s- cj ’- ‘s-c I t s -  is- i ’ -

s- I - p ie s-.c --s-t~ m 

A b - c a : -: ‘ s- a - ’ ’  - .. c- ’
~ -c- of s-ta-c-’c’n :neni;as- - - If -h 3 s- ca 5 - s -- C: ” a-~~’ - : ’r , —

t - ’ I . t3 .

- ‘ - - s-n a-a - - ‘ - - ‘ - - n:a aci s-- .i ic- l a -c l - s . A pi’s - .  ma c m c - s - U ’I e  , s s-c

c-I lcs- ;:I’ P u -  a ; ” c f- s -s - I: - 5 . - t n ‘- f r ’ c-h c - s - us 1: ’’ - - c - a - s - r i lcd a s -  c s - H f -

h . C ’s- cu e c - m  na -as ’ s- rn

( 1 )  T d c ’ ’ i-t  a-’ .

.1 CI  ‘ is-s t h ”i s- s- - - a — c  c-f I- ce h i  c- a k ha - u i-s - i c .’ - - n

- I ’ . - a; d -  - i s -  - ‘ -c ci c_i s - - i - s - - c c s - t i’ d e s -  I n  “ s - - c’1 c - I n _ b c ]  I n

, ‘ s - s - s -  I f - ,” s - s - Cpa-  s - s  t n .  ia tcI ‘ ‘- c ’:

( 2 )  P c ’s- - - ‘ - h - - - : :

T i c - -  s - c - c - n - c-- c- f’ p a - c - ’ - r c 1 1 ” -  f l - n s - s a - - S I s - :  lIk e s - i - ct  cc - C : —

t i , f - l - - c - ’- in - c c - n d ;  H f -  : - : ‘s - r s - - : d u c ’’ ’ s- d c : C ~1- s - y~’ cl Is , f- -h :

- m a t ~ ’ a - - c- c- S i - i  - a - - al - s - - - a c - a ’ s - -  ~r a - n ;  -acc duia ’  a a” c s - m u m - -h - -

ice c’s-c-s- -v :s - l  -s- -s- I h a -v-:  a-] La - h u i  a- - a c -u’ s- . 

- 

— 
~~~~~~~~~~ ——~~~~~~~~~~~~~~
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1

(3  Cs-m acc e c F L.a-ba- ] a-

To m a in t a i n  I - a - c - n r a - r n  H . ta- j ;r i t y ,  t c ’- s - ri : c en- .: s-h-cc-la-

be s - s - a - a -  i t t -a d only to :-s- : ’- l ’ L a i t ly  l’c t - €n l 1, -cd o cs - c - :

s-j ith ir i  f-h-c’ n: a c’-cs.-caedure - ‘hi  - m h  con ts-  in s  f - i a -  - t n ’ s - s - c, : ’ . - ’ ‘a .

T h I s  f o r b i d s  t a s - a c a m f e c ’ -: out of n - c s - t a - -al r’rcs-s-m - s- -dric -’- .

a-n d t a ’ s- n s f - es - - c c  to l abels c ’ - c i t h in  rc a- c ’ - s - - -. ’ - t c ’- r i l l s - c - s.

The s a n m e e f fe sm t ca-n bcs’ a s-h i e v e d  by - s - ] t -  -ri -c t

procedure es -s-its.

3. Run-Time C truc tune

a.  Types of’ units

A m aj o r ’ pr os -~c - a n a:  is a bod y of coded I n st r m i. -ct i  s - -n ’ s-s s - : - I c  v s - t e d

by or th rough  the -s-- nsr irc-nu ni eaa t .  The env]a— -c ’c -- ‘ - ‘ -nt i s  h e lm. - d

as the process , c o aana -u t c-- c- , s-~scd the s f - s - na - i s - s - c l  c - : - ecs -t i : - ’a r  ny - c t -”- , .

A suh i -r o  ]s- ’aas- ’n is a bod y of m o d c s  ents-ra- ns- f -na - s - a c a s-c,c , m cs-r r a n  —

n - s - a m  or other  suh: a-o I r s - : a . s - T h i s -h  c’cts-i n ’ns - : : cont”’cl f m s - s -  ‘ ‘ s- s-f

t i a c s -  invc- 5-s-’i rm n- m a j o r  c- a - c  p ’ s - a ’. - s - r sc ab :  c - c-  i s-n ’ . A t -  s - s -~c 5 a

s-r ’cc ’a - i f ’j c ~r i i r : — s - i n - - ’  ccx i -  ‘ a n u I - -c~ of a nvs - , c’ ’c ’ Pr c-n- m ’s - ’ :: ‘~n~- i t s -

s-’s-hr. c - cn- -’ : ’ - S r a , s - . I rcs-a , c c - p r o , n a - n or s- s -uh -m -~ ’ cs- ’~- s - c m :~~ h-
’ c’- - --

n~it ’c ”j ns- t f-Is- h ~ not  a 7 s - r i . ’ n a  ‘ - ‘ - s-- a ’ i s - H r - - s - n t , icc - sc -- v

Ic- . T n f c c ’r -c -I c i cs-n I ‘ct -a -s- - c s -  ‘- ls - , ’~ c- L- - ’c- . ’ c - am , c s - c O d  ‘ c - h - n - ’ -  - ‘~ s- t ac , - -‘c- a r -n- au-H —

ca t  ( cri - 5 1 - “- H-us-- - is- I a n :  C I n s - r- ’ - ’ m ’ ’ r r ’  s- ( s - i t s -c - - a - ”  - ‘ I c r  m ’ c ” C 1a’s - acs -  cs-’

‘- n i : :  c~- - - ‘ ‘ ‘ - - 5 )  ‘-rid  f - l a -  c’,s-ok ” -~ a - ‘s- -n - - n - a .  ( s - c - i c c ’ ” n - s - a - , ’ ‘ s -a  C - - s - a r ’

ft I -  -
- . ‘ - ‘-If ~~~~~. 

i 1) ‘ -
~~

- ,‘ : :h a -c’ . nn  - i s - f ”  - s - a’ s- ac ( c - a s - I ,- ‘ C  i s - c f - t m  ‘a: —

s - c - - I s - c s- fl 1 S 
: n c V C lc~”- - ’nn n - s - u  - I •‘- i i  f - c  r’ -~~, i s - -c a ins -  s - s i  n . -He  I “ n - s - a ’

c - c ’ :b n i ’ ) , ( 2  ‘: Ia’ m ’ s - ’  s-s-’ c- -” - 55 - i c - c ’ p u  s -b -s - c ] J r  a- -c ’ .” * i-s-s-c ( a--

by c n a . u l c ’ i t  s - s -a ’ . ’ s - - ’s-’ a - I  a - s - c - - s - n - - f - c c ’ : ’; ’ ih’ c ’- ama - I n s - v o k ’ :nc  a s - - ’ . —

- c ’ s - : : .  ~~~- ‘ the  s - c i b a  a - cp a - - a --as - . T in-c ’  s - u i - a  n - - “ a - c - a  ‘ a - ,’ “- ‘i c- ‘i’m v -  i - n ’ :

n c -  I he : c - h c : , c ’c ” r ’~’ amn :u . Ths-- ‘r i b- a - ‘ s-s-n’. na - s -v  t H u  ~
- - “- ~r r ~ s - c s -  -

- tc-

I a c-~ Inv o~ ias -- :n-c, , -- s - ’ s - ~~~~i - , i  y~~~
-
~ - ‘C” :s- 1 p H i s - u ‘~

-i -~ha-~ ‘s-a .-’ ~-nr ’;. , 
-

- —-— —

-

~ 
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c- . I u i t e c - a ct i on s  b-a t~- c s - m en t m n - c c , cm ms - n- :  th ea -  c - a - s - i ”, it la - t p, , c , r , :t ca .

l - s-ru -s - s- ’ - ’u l J y  :s - 7 --s --a ft s-b ’, fs-i _t i l l  t , ’j~~ , - c- a s--n - f- ,i i ’ s- ‘ I .  - cpa- -c s- —.

t Ic - t n- ;s-y st -s-’a a ; - h c - r s - 1. d ‘-p a  cc c- - ‘  t o  f-ice ta -s c-; t he  c s - : -  a.

s c -n - an ’- s - t e ly  -.: omh l i e d  nubr - :’n- 1’]s - ” c : a n s- .

d . ‘fu atec’- ’.an- .at I onn b c t c - a a ’ - s ’ u Ta SL:s-

(i) Ta - am i ss sh’hf I ~n - ns - r C f-lie -s- ’ ’I I i t y  is-’ ’ : . ’t I” .’t a’ t : a - :’

tasks - :- , t o t — ’~ - a - , .l , c s - - a t e  t hs - a : e1. - ,r - G , s-mi -s-s-t f - c  a - s - s - s r  ccc

thn ’:a ’ c s- - e ] , u n s -  m s - c - t I  1 ‘s-i :cs - - n - c - a m, rc’ai’vcc e C— C an c-v-s-na

cc -- : tccrna l  t - c  ~-;- -o task.

(2) in s c - l a - - d n a ] .  h ’n s - s- t a - s - irs for ‘ :a’ti-i’nt i c u ~n , d a t ’  ‘-s- : ‘c  —

pc- Ha t s -’- lu, H-a- - t i ’ s - - c t - s - h  m s - s -s t-c s-- s-n-ny be a~- c c ;n - : d  s ’ s - ’

f- i’ - ’ . ta-sf-; ‘s- ’lh - l!s-j,s-Lc t h e  ‘ c c t ’ l a a ~ I c’s- Ira a -~ ‘- -s-s

si : : n cL I cs-n to t ics- ’ ca:cn ’:s, cI’ni’ c ’ -c -f - I -s--ri b-ct- -: - - -  s-~ a’ a ’ a s-c a

and subp - ’ c I~, ’s-n s - c , s - .

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~
—
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CI a-A T: s- rj a- La -cO d CAl-I STI- ’f T cIa Tc W a-E

declaration h

procedure A
d e a ls -r a t i o n s  IT

end
Program proc edure B

- declara t ions  P
1-lod ule

procedur’s-
de s-a i a n- -t I  a-a s-s-n a- R

end

a-u -c-c l

I - a s - I s - c ’s-ta l c-u . ’ I: a -c s-’ s - i v a - i i a i l e  in A , 11, 2 .

I cs - c - i s - a - s - t i c - i - c i a -  II L. a :cv ’ cs lai , ] e l u ;  A .

i s - n - l a  n - - c f - I c - s - a s- P a s  ‘ s - v - H I s - L i e  iii B , C .

D c - -cs -i s- n ‘-s- lu - ‘ar - - n F i c c  ‘nv ’ s- I . ‘nb ,lo l i - -a

-
‘ i~ro’: ‘d ana - -a In , P a- ‘a- p ]  b’ s-

~~~~ ‘ a - c - - (‘ i s -  ‘na - - n I l--i - lu c r - cm- a  i- ma .

—~--~ ~~~~~~~ - -“ ‘- ‘— .—,‘~—~~——-—‘ “-~~—-—--~~~~ -— —‘-—- ‘ ~
— ‘ - --,- - —--‘-‘-‘~~~“-—.——-~ ——-“-‘---—--.c’ ‘—
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Data  Tyu -m - ”-s -  -s-n ri d t J r i i t :’m s-nd 0 0 c c - c f - s - t i  ca - un  a- s- i th Ti cs - - rn

11’s- ta  tye - ’ a- a c c : c v  n u s - c v e  the ~- tc - ’c ’ I  t : .n f. - - o:’ b - ’;’-, s- - a l - , ’ . - - ‘a ‘ I  I

c-a - a - a :  s-i -s--a :i , c ::-s-IL , bcf r i c c-- c ’ ,— , c-- .’ f - - n i  - ‘ h-a - _ c c s - a - -  In ’ :’: 1

- ‘- c - l i e :  I s - i s - c s -h . c ’~ c’-’ n i ,

: - - . i d o l s - : Ha-s-n a s - l i - i l : - : : : .  n c,c C c - s - s - -  of-’ d- , I s- i - 
- n - I f - - :

l s - s -  ~:,a-i s - , t - . I c - c - d  c-s-s-b ‘i s - s - c l _ c -  ‘ a ”- - f - c r .

L a - f - s - n  t~r ace , s - c a - c ’ - he-a: ] a - ’ - -’ ci’ c f-t h ea -  as u ’ s - t n : - - .i v ’ ,s- ’ I a s -b l o t ’ t n - - n -  - i - a ’ —

cs- lSc i ’s- luQfiS C c ’ -a - c ; cs- f-:: .,-a - :n s-t’ ccs -t s  ‘i. a c u r s - cc ~~‘~s- - -: c s - c - .  -ct C
’-

a t ’ : c - n - s -” s - m .

In r s -L t ,b a ’r  - c - a t’-e th-~- ‘ - ‘ - a s - n e ss -ar t i l l  a , narc -n - s -  i--a ; c - s - .H’ l  : I s--c : f- -c - - —

f - i a- ’ - a - I l  th-: atta-i lca-,f-a’:: ne: :s- ss-a’c ’y f-o r t hat  h a - s - c r  c-Hr - -a: i

:- s - r~ i -- s - -cl be],cn--r .

1, l p ~c c c ,c’ s-. -- a ’ Dat -i  s- .’a--c’- i - , cb ] a - :s- a- iid ~2cnn’ i-a - s - , s - m n f - ,’

a - .  A’ a -cLticu ’a-, - ’- f- cL -a (t s - f- ’s -

(1) Fc Lx s- -s -d as-c - chat — A I’I a-s-c c] po Int  c i a - t n - a ,  is- s- ”s-’rr -’-: ss--In -s- - -
-

s-s- a- s -cu’ s - ’- or ~ c cc: d s - s - ’l’s-caIL di ‘ t . a  c s - I t - b ’  an  c-s- tn- -a - c s - -  I

(t C:ts- ‘.,m-a- l, ]‘ O.c ~t , l’s-’] l os-ned by the ]s-tt-’ --’ n ,- . d l  - 5 - ’

by - a - na  cs -c- f-- I cnai] ~: -s- pm.- n-i s-- c’ s - u ]  s- f - s - - s - t a  a , i- cs- i .c- - . - -c 1

- ‘ c :. - n i a c i n  - s - a - a - C  I a- I cs-c ‘ f t  - - - 
b u i ’  - .

a~ ’ t his-- c ’ h - ’C a l ’  s- i l  s-s- cc’ s-nt - , t h e  I -a ft - - as - ’ -
- 
. s - as- . : t ’ ’ :s- -

i ’ s- n etc - a- - - c ’ - ’ a s- as-ta C a ‘ S C - s - n c - t i c - c - ’i the con, ’ta n u!t  - :-a --

if l t c c ] ”  - ‘ - m s - n - s - ,  f - s - c a- s-f . .

Tnt - a’ ’- ’ , - s-i c -c  a ’ s - - c ’  - s - a - p ’s - a - s - - c l  . ‘ ‘ l L n - a s c a la -c  I’s-s- c f - c ’ ’ a s -’- ,,ro

~ 2 ) Fl_ o n  di n n ” a s - c  I,nt cci ‘f - ma — s- s-’] cs-a s - -  ‘i , n ~~, 1 c- nj- I ns - - ci s-f-ui :; ‘ c .

‘~s - c - ’ ”  ‘. ‘5 ’t c ’ti by s--ne cr aa: cc’ s - a- c Ha s-al d i  - l t . . ‘ - :1 s-c - - a ’

c’ s - c f - I  i ’ t c ’a-] U - - - i p c ’c ,I a - c  1,~c ’,. - a- - ‘ n T  1 - -  ~ ‘ - 
I s-c-a-en ’ - -U I y c- na-

I - —U 
- 

- -~~~ - --~~~~~~~~~~~~~~ -- -‘. -
_k_~~~
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c c -  more d c - m i - - s - n ] h I s - i t s -  s I t I c  a d - - ’ ’hr: -cl a ’ .a i s - a n

fol lowed by the ].- - t t r - r F , :“ 0 1] , c” c - ci  by a op-

t ional ly  .:ipr s-ed e :-crac-rc -c-it f o l low-  cc by - c - , - I r s - i, s -u a c

p r e c i s i o n  atts--ibul ;a-s- . The ex ’1cc c n’i - -na t -is s - - u ’s -- c 0”

n- c s - s - nc - d e e ina ~a-l d in -~1ts sc- -as-n - i - f l  m a n  irit -s -n - r ’,- l p ow-a s-’

of ten .

b.  Boc- l~ an ( i- c t -a

I - s - t a  possesses  only two s t a t e s ;  tru e1’c ” c l c c e

c. Stninc- data

(1) BIt string cons- 1sf-s of a strlrc n- c-f- s- s -nc  cc’ r :cc ’ n ’ e

b It s.

(2) Charac te r  s f - a - i n s - I ca n- ens - i  cc t cc cc ’ a s t r in a - ; of s - es - - c -

or more charact -c s-a i , n the dat :-  chac -’-- s- .c t e a ’  s - s - f .

d. Los -s-tar -/anis-blo

( 1)  A decla red var i ab l e  whose va lue  in- s-c enc l u s - ’ - ‘ ‘:‘ n o

one of the v s -a - iacu s -  decl ac ’-ed d a t a  r i - s- as - c- - nt . , ’- a m s - ace s - —

sible to the r a- c ae d u rn .

e. n l i C L ” ”c Y a - ’.m b ” i e ’ n ’L

l ’s-
( i t  A ! ’r ccyus — an s-n ’’ ’- ’ y I s -  -a cc :u lt — d i c : a - ”n’ i - ’’I. cccs -l.  cs-rd’ s- a- ui

fl’ :arc ~ c b c o i l s - - s  L i ’ - I ’u c c . ’ r ] - - aa cs--nt s- , ‘ il l  a c ’ a d s - I  ‘c c ’ Is- a— a-- -”

I c t ’ - n t l c ’ m ’ s - ]  -,n s - t a -  - c f - t a  i l .- n i i ’ ~~s .

(~ ) L- ’ t c a -  c’i t i s - c c a t s - c r - -  — a- c s ’ s - ac - s - - h  :: I e r ’ s - s - -si’P ‘ ‘c i c c ” ] ] -, ” c c . h a s

a - i - ’ a - - s - cc i -s -nra - , s- a’s - - n y : : , ‘ n i - r d  .ct u’c n - ‘ n c - c - . .  I a h cn’ - s- n c - s - - s -U

f l c  t i s - c .  a - C t i c - ’  s - - cm” h - c t - ’ - tys - ’- ’ c : Oc’  c- -cs ’ s- t i - a a -  ‘- - c a ’ s-

a - ,  f-nibu t - s- s- .

- _ , .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I
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1- 1cc - c ‘ a- ’ C - - c a r n a l  I . Is - ’ ’ ,I t ’n ”s-- :t m : f s - c

1 A ,

‘II I

I :  e s - -~- ’p ~~ 
- f- s -v -a c -n -a IT/I . T l s - -~ b aa --: s - S m ’s- s-- s- c - n - :’-

s-s- - a ’- - - - A ” i -~ s’ : : c , ’-’t ” c l u : l ”- U I n s - t o  t i s- t -o o c - f - - c - a -  c ia - -f-s.

— ‘  — ‘  I’ ‘ ‘‘ ‘ ‘ - ‘ ‘  — —  - i i ct ’s - i - r , ( . s- c -U r - 

~~
. , U:  .,c-s--c- ‘ tn -n c -  a ,  , ,: ; c - c ’ ,-h~ - ‘

sc - i c - s t .  s- ” i ’s - is-c-a ‘ - ‘-U I I’,t c I ‘ / : 1  ‘t , ,• s- ‘c - i c . s - ” c ’c’T) s - a i r - -  - ‘

s-~~
s- - c ’  Pa - -s - c- to  -- 

\ ‘ - . , ‘ a , ’ - s-~ -s- ’ f -h -c  s - -n : tI-- ’ :tr s- :cc -s-,.uy’r’ .

~ ei’- - - ,- - - - ’~s- s-’ to I ] aes -e ,,:ma.es I- c - d y ,  ‘ a-ca a-- c ’ e - ’ - - u - e  to-

- . . a :s-’~ :a-a n “ LI- ” ‘ - c a l  c ’ - ‘  
s-s-~ c c-

s- . -;t ’cf-s-cn--

2 - c t  Os -’ s-ro - - , c - -’ccai b - s - c s - l a s - s - - c c - n i  s - i c -ac  f-s-a c. . P - s - - i st - c l  -‘a It

‘ f - h - ’ cot h - -s - s  ‘ i .  - a - a - - s - s - c i a - c - c - c a  1 U ’ - c , i - I n - ’i - - ‘ s-c n- ” ’ n - as-

Hue n - s - - c - -  ‘ c c - a - .  T u e  v s - I c - s -  of - t cs- i s a - f - u s  -,ns- ’c ’ ’ - h ’ --

- u,~e n ’, f - l a - ac - st ’s - f - cc ’ s -  La t ’an e n e - c - .  ‘n a - c  f - l i - I c - I c - -

a - - ny  h - ’  -a:~ - ; i c ’c-:d - a a-’ ‘ L ’s] ‘ us- tie : - - , ‘r ’s - n c r .

L I -~‘n s - c - i r

A s - s - ’ ’’ - n i:- ] s-: . ‘s-s- :s-C E’ vs -n ’. ’ : - - I - : -nc s - - c-a ’ f - h a s -  la - n-i’]: ~c’;

s - I  ‘ - t , ’ , 1 - L C a . ’~ , t U , c ’Hr ’~i i In ‘ -l n - -  j ’- ’’c ‘-s - d c - s - a - - ’.

‘ - c ’  - a- ‘ 
- 

~
- 

~“ - 
~
- - -

A , - 1  l ’ b ~~~- c ’- f -  
- - -  s-n c - - “ ‘ c ~~~c~

(
~ ) .s- dci - 

I I , ‘ n . s c c c ’a-, i - .-’n , c t I c--na , s -s - a t I a- : 1 ‘ - 1  - ‘ , s-, I a- : - , - ,

e:-:n- - aa ~~n - 
- - n ’ ’  i n - :

( - ) I’ , — - - ‘
~~~] 

- : ‘ ‘  ccc i1 a c -i :  f- - a - ’ . - - . . - - - ‘ - n - cs - - ~;l 
- - ‘ 

-

,, ~~~~~~~~~~~~~~~~~~
- - -  

—
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b . . l u lt l ’s -- i - c ’  a ‘ - - : 1 3 1 , - s - i - i

I’n’s - 3  s - S  c i  i c  ~‘ a ~ c_ ,  a- ’t c r C ’ t , V  - f m

n-rE ’ --;tsIon ‘ c- - ’ t a ’s- c s -  d c -t - s-: tyc er a s - a ’ -a- ; f- I a- s - i c :rc - ’,s - I  u - s - s - a s- y .

cc,. h oc-lean  o :cc-r at i  - as (n-n 1.- c  as- “- “cs- : “. y m : c s - r c  ac - c l  l i t  n s a - -i

tI-a-’: -a s )

(1) Ca-p-ation, and . c- c’ , and e c-: c s - ] us - i ve or

d . l I t i - : n i ; s- cc : s - e r a t i o a s -

( 1)  a ’n omp a - cn’-i, -cn ‘, - s - s s - s - a : s - ] s - i i en - ;  an-’ad . I n i  c’t i nn -

e. I in- ‘I s-er I ‘s-nyc -i  operat I n -nsa - c’s-u s -h  a: a as -t  s-i -c cacu ] t las - I I - ‘

et a-- . , involvi , ncu , ’ a r r a y s  - n d  c i a - a - a -  s - t a ’ s - a - c f - u  ‘ -s- ta -s-n c’ - i l _ i c - -

gal ’ s--a 11cc] : ] 1. : i.t onc e nations . bc-cc] Es-s-nc cr--’ t ’ ’ s - I , I  c-as- a- on -a

bit- strcLns-’ is- a re  s- a e s - -n a c i t t ed .
a 3 : c - ]a -~ c c -  Cr c - - s -f- L c -n -a-nd Evaluation cf Ar i t i ::, -cnt ic  f - c - - I i c - u s c-s

a. Tn I e n s - s - l i - s - n - ]  inn-  or ’ d a - s - s . s -  types is- nc- f -  p s- -s - - : ’c i t t c d  I r a - ” ] ”  —

cit ly .

h .  C oravec’ s- icr s-a’a as -’ s-ci a - t a -  ic y r c ’cs is cp ’ , ’c - ” :j Is - i s - - s - h t i s s - ” n a-:-: —

p U s - i t :  s-c s - s - c - c - - n t  s- cc -t a - .

C .  P a - c - n - c - d e a n-n o ‘-n - l a s - a- n - i l l  be s- nm ’ ] l e d  i n  f- 1 n ” es-.-- 3 7 U a - ’ I mars

of a-ri t .l-,n: ’- - a t , ,L a -c ’y, r c c’s- c-c-’, i n -u s - c’ .

E . E ’-:’s - c - c s - t ”c ’l s - i a- f-n-: s- I; ‘:sneis-t :’m

II . s-f - s - c a - ’ ]  n s-Iflfls - U f l t  f - - t a - ” - a - a - i- s- c - Ii’5

T I c i n s -  tyc - o n ’ s t - c t c . a ’a as-rh’- is- - ca ’  f - i s - c ’  c m - s - c - - s - h’ I l i t - y c :  a - s - c a -i ‘n’ i cs- , can

va]s-.s-” f-c a d- i c ’ c a - I n n s - n i - s I ;. ‘f l ; -  l : a c i .- ’c u- :n - - s - - s - - s - i ]  c I n ’ s - v-s - c s-n ‘ s - sI rn—

:‘ - “ s - n I , st t- ’an - ’n t .

2 . A l a c c h a - s - n s - c a c ’ ” - r ’ i , ’s- l , ’ c I . s -  I c u u’ n c i l i n - ’

cs-a ‘c r at i  c--n ’ , , ’ ‘j ’ s v - ’ l v s - -  tb’:- a a ’ s - n n. i ] ’a-’ ” cs-- a ’ ‘ i I s - ’ i ’ c s - a — ’ c a : c . - a- ’

L 

_  

_ _
_ _

h - a t ’ - ‘cc -  c - t a ’ -  h - c  f-h i n c a  s-P - - n i - s - al  c c -u l c s - - I c i a -  i s - c ’ - ‘ - ‘ a: r aj l  - “ s-i

- ‘ d i i . - 
i-’ - ’ - Pc ’ :  r- oruv-’- r - s- 1~ r, , a - i n - i  : c u ’ t l . c c , ’ ‘ i ‘ :1 - “ , - ‘n - i , : . I t  l O t ’

s - f - - s -t a-: ’, ’ ‘i - i s -  s- cr d - u ’ u- a c ’c i a c s- c” s- c n n - a  - n c - c -  n 1 . ’ t ~~ a- f - s - - t’ u s - -’ c c s - s - n i’ is-ia-

~ l a ( -  ‘(‘- I ’s-i c- I’ ’

~~~. ~~~~~~~~~~ .,.- . 

- 
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a n  s- ’~~- e a  I a - s - - c  i - i - i a- - a - - c c - :-  ‘ ‘ a ’  m s - ’ c - s -  o u t s l a - m - s - s -  ta, , ,

I I - a , s . ’- - c - s - ’ I ur; r s - t ’ c i c P a ’ , c a ’s-T,s p ’ s - a -~’- ’ cs- t a -  t a - - I n - a - c - - u . s- i  u s” . 1*-

l as - s - m s - a- ’- - -s - a - I l l p - - c - l a - a -  r - . : n I ’ r ’ a ’ ‘ s - u s - U  ‘ c i - a n ’ n - a - s - i , cn ’ : , a - s - c s- , : l . : t I, .

- l  ~ t ’t ’ a ‘
- : ‘cIsm:r ,r ,:ra ’~s-: “ c - -  - - s -  a s - c c-c ’s - c  - c i - s - a ’e d  ar~-,i s - c l ~1 i-n ’ s- , 1, - ‘- In - —

c,a c- ’ s- _ c - n c i f  t n - c,’ 1 : - i , ‘ n’ s-I-” .

I r a  ‘~~s- n: n C s - a t n ’Ci , , - t , c . . s- :- ’ ’ -s - ts-

a- . a ’ n ;n ’ nt a ’ c .- i s- s - a - c s - - s - c -a’ s-;: .s - :a a ’” ~s- c a , s -  is ; , , ‘ . : s - - n~ci, n a  ~
- s- c- - a

( s -  Il -I , a , 10 ) I, e “‘u 1 a- i s -  1 I

ju n - n  s - a - .

b. D-s--cc ’ .- i - .n’c ta -hi s- ’- ,’ i - s - - sc, - b-s-es-s c- -s-as ‘~
, i-s- m ’ed c- u ’s- ca s - I I, ’ s- cs -i c-~

in s - s- ic -U - s-U ‘ ic - s  f-i nc. I - s -n ’ i ’,i”nn -O -

-‘-a ~a s-.’n-C - l - c c E a t — c  i i : c a c - ,i l  I ca

i h i l. : f - s - s - - n  cat i” -,’ - - - ’Lli tv p - ’ -a ’ . - c l d ” :  f-c- n s- -i -- a- i ’~~
f- ic s-s - ’n-c c-n’ s- s t’’ ’ n a  us-

a-i’ , ‘ s-c-:ci, - c  i i ’ : c i s - -’o’ -s- . ,s- l’, - - ‘ .,; — c’ s--c ‘s-t i ’s-s-u s i s - .s- I c  s - a - c c  ‘s - - n’ s - - as- I c - -es - s-f - c - ,

s- s - p ] - - ’:n:t , an -- a - t i c - a s -’ i ’ s - s - n - s - f -I a- cc ;; . u s - c - s - a -  .aI - : -c ’i l i c -~ , e s ‘s - c’ . f- Is-s-c s - I o n
- a I ‘si’ c . ” m ,s- ’a p~~n. c s - n -’- : - , s- s  Is - I - — 

I s-- s-c c- S I i O f - , L .

‘ilc-c: i’n-s-
I

c c ’  “ b r inc-  it - ’- L ’ J a’ s- -s - ,,n s--: a,] .l s-’s - c i, h is - y e ‘ a - s - i l ” s-’ i s -

o f ’  f - h a l  a- ‘ rid , ‘as-iso sc-c : , 2 a s - i s -  a- . , ,  s- s- c ’ a-u s-, an t - - b

I a’ s - c - n - -a-ca t Ion  - -i ‘ - . ‘ s- n ’’ - t cL ra--’ ,s - :,r :t em n a - c - f - r o n ’  c s- iui pmc: r

L m ’” c ”:’ s - -.a r i c c l t h - s - : ’a :  “ - - c i i  ‘f- -as-- “. rc- ~ h e  a-s - c ’ s - a i d e d  ‘-u t i : s - : ’~
-s -  l r c r s - a l ] . - I n ’ ; f- a-i ’ e s - - n - - n - -a - cs- - s .  s - -s- ‘r n ” c - ’.c an c ’ - -d in the i s-s -n . ’ , :’n n ’~c a ‘a-

H a ”  1 a-rs - - - n - r n  , : l n ~s - : s - l H  lc ,, , : , c - ci c , s- , s- O -a’ ll’ani,u ’Lta- i~
’ e:-:pJ,ic - ,l - t n - - a -  - -

I ’ l c - .’r u , i l - ’ as , - 1, ; : n - u n - s -f - . ‘ s- ’ n - ’t ] U a l s - n i  I a n  s - - h - -- rn ’c n - ’” . a a -  -

• /0 nl t ; c ’. c - s - : -~~cs- ’t’ s

‘i’i : . rc 1amn~~a ’ n -  -
‘ -c ’ ii s - -s - i s - s- -c : ‘j , I/ O  , m f -~c t c m ’ s -n f - s -  “ c s - - a  s-” a- ’ c - s - ’ I ’ c ” -s-

m ’ s - ’  n - I c - c - - i ~~~~~~~ , d s - - c ’ ic- I ’ s- i “ii- ’ ’ i b . s . a~
1 - i l c s - ; .  -s-c a- - m c _ i - -. ‘ ‘r ha- - - ‘

~
- -

~ 
c r ’s - u  Is- a- ‘in - n ‘yc- l ’ s -  .1 - s-s-- - lie

---- -- -- -- - - - - ~~~~~~~~--..-.- -~~- -—~~-~~~~~ .-— --- - - — —~~~~~ -
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[/0 states -ac ’ -i-ct : a d s - -’ c-lu is-s- c I s - s - c s -c- c ; f - - : ic s - ar : s- ’ - i - n -’ s

‘t o- ‘s- f - t a - s -h O s - - U s - - f - - s -c- i s -  a- unc I/ n m .I c’s-s - l  d e v i s e  ta s-h-c s- a - ’ , : - :

‘ a s - i c -  s - c t-,nt-c’a:cer,ts f -U as-1 en’s- car cb s- a -  a 1-n Ic -al c’i], a- -

,‘l t a t , ca m an - ’ n t t ’, va c t h i  1’ : s - ’ a :c’ ,i, - a ’ s - ’  s - i c -m a  s-iS ‘- ‘a-i l

a;; fcc ’r c : s - m - t  f ’s-ce 1/0 will be aaup c-n -s- t.a-’d .

b. Libra ry }-.eJ,’un ’nra ”- e S ta t—s - c - c a r s -br’-

s-f- if-b ra s- ny -a- ca’ r - cs - m,s-t l,nc ’r c- s-c l 11 1 e ~, a ’ -s- c- is - le d . A

rc tand-ard - ‘s-ct n -s - i l l  be defined. T h e a - c  n aaa :;t is-- a- s-cs -p-i—

b i l i t y  f o r  us c-cr’ add i t i ons  to f -Is - c - a - t a - n b a ’ - ’:: c - a t ,

c - i f -h a - - a -  thi’cs-l:]l’u a d d i , is-ics-’s- c ; to the :s-t’cn.cl .s-a ’c’ s - t 111 ’ s - a - “/

cs - a ’ t i a s-on; ‘, b n  c.’Oc- I d ing  an d i  f f e  n - nsf - laser if-br-c cc ’Ics-

s- ac -’ i i i t y .

a . Debuc ,- I en, I t a t - a a c c - n r s - t s

f- a- - u’s- Section 7 — l it  c c -  c’ ture of’ 1 s - nc ’ , - ’i s - - ,s-”c- -an al  s-s- c s - c -nsf - I a -a

i, nt-s- s - - a c - t i  0 - u n .

d . Data cs - n , ’s-I i ;a- A l ] as-i ‘ s -n - f - on  l i t : c t n n ,’ a ’ n -t  as--

f - icc - cs- a- a - i c -  ‘ t a - s - - s - a s - c c - n a - :  a- i ,  ‘ I c s - ’ f -n g  as- a’s-inc’s- In ’; - ’; c - an ’- —

s - s -a- s-I s- a s- t a  n - -a- -s--a - c- : alloc -s- t cL s-, cs s -n’s - U h a s - ]  i c c  ‘ i f - c  ca -a a

s-o ’s-- ,s- or bc-i c c  - ‘a1 ,s- ‘a - i s- nan t i  “ - . T ic -  1- -n c - 

a ’s - i l l, - ; c-i’ ct a-i i n s -  r t c ’n f - c - - a : -n a ’c t , ,; c-f t h i s -  tI --s -’- ’ cc’ . :~‘nU’ a~~” . IC

‘ m s - r c a - a n - -mi: i s -an orm -’a-’-c i i n c - l  yr ’t a:. s-ha - n ’ ’ ’  - c  ‘ , a-s -h i s - a l ;  s - c ans ’

in s - f -  c - s - i s - i -.

-s- . n -a s - s - a - - s -f- c f - n - ’ f - -s- r , ;t , ’~aa. ‘i , i s - I  ‘ s - ’c c a i c i la - s- F-  ‘c f - n - c-cs - I t s - s - ’u ’—a’ , - - cn -  5

Tic’ ; ‘ c - 1 l c - - s--;~ n g r a t a t - ”- a i , -” i a t t s -  ,s n 1 S a : s -~~ ‘c . ’ s - ’ t J — s - ’ c , ’ —

, ‘ r a n a - n un s - ,i f l F ’ , ‘ ni - s-d s- “ . a ,Il s- ; .i ~ l ’ ’v~”l. I n s - s - c- c ’ ” n - ”  at  ‘c- I s - c s - ” ’.

( 1 1  ,\ ‘. ‘t i ,vs-te  — l n i t ] s - i c : c c s -  s - I ’ -c en’ s -—a -~ t is--a- c’ . s- , cc’ ‘ s-

as- ‘s - ~~ , s - 1 c~~ f-n ’ en f- i s - - -  ] s - ,a ,~ i s - ’,j ~~ ‘ a-: I t 1: c n ’ “s - I t i, c s - s -s -  -.

c s - - n  ‘ , s - a , , a - i , - ’ - n ’  m ’ - ’c , ’ . s - l r -  -

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ -.



rI OTE : js- c c a -j j ’r t ’ s -  s - - a .  c c ’ s - i nc - c-l ea -  a :a ’; , “~- ‘ 1 ~ - ’s -’  ‘ s- s-i c-

s-n n - - cnn a - ’ -~ I i i ’ s - a -  s-’ n - m ; b r c c u s -, ch n - , I . “ ‘ f - d c ’ tO  ‘

c a -c u m u’ ; ’ c--i”s - ”.’a - c s -. a - I t s - - n I - -t i o n -  c s - c ’ ic a l a  -

l a na  i c ’s-i’ f - c ’ s- - ‘ ‘ -a n : : , - ‘ c s - i - is -a - s-c’ a’ s - n -st - - U  f - bc ‘cu ‘s-s-

f -h- .’- ‘ : - c m ’c; cb sr ’s - t  --d T a-a’s-Fr ’s-en f-c “- - c a n - - c-s-s- f, s- I - ‘ ‘ c a - - s - f - - s - c ’

‘ s - a - s - n  , t l - - s -  i a ’a - ’ ’aa ic ’I f i  s - s - c f - s -cs - i  cs - s - f - i a ” a l l i s - c ’ c - n ’ s -

it  s - s - I l l., a’s-- ”. ‘ t ic -a - f- -” the s - c s - I l ia d ‘ I ” ”- c -- ;a’ --- . -a- : - a. - a-,—

a-- i ‘ f - i on .  h -s -  ‘ s - i n -  s-” -c ’ a ’c-s - ’ - ’ rca -a-a: ’ ::. - n - s - h  ‘Hj ~~. ‘ f -a - :1 li,:

c oa l -  be s-cs --n-v-I ca - c s - n-es- ~t h s - -’ - i s -n a - u -n -f - - - - .

(2) D a - l, ’ n-cs- - 
‘ I c c i a l b i t  e s- -ce- s- is -t i c-n ’; a f- t b ’;” c ’ i~s - - -:t i a s  ‘ c - a - . - -

pro cUr anal 1s-s-; t ’ is - - s -,s- lent-a a- is- 
-

( 3 )  , f - a n i c r a c iu ’i e — “cia- las -ic ‘aa c i :hs - -’- n- ‘ r n . ( s - c ’ 1a ’c ’ - - ,- ’ c ’ n u a ,  i ‘

‘i s - s - mY s -a - t - ’-d ‘-t  a t c i ; : ’ c ’  - - - ‘ U s-u s-’ cc- a - i f - n a n - -c . ; s - c ’c  s -i a ,’ a- .’

f-i a - - Ins-a s - - c s - - -’ ‘n -f -

— nc - c- n’s - n  I Ii 1s- c nic i b l t r ’ e a-: ”- - ’u ’;i c’u’j cat  ‘c t - n  -

m s - f l t i i  -‘c-s- a-nbc ’s- -n “I -as-vent. s - a -c -

(5  Fc - ss - s-me — Un- ioa-s- . - a - sc s - ,’- :a ,n-s-ss-i .

( 6 1  Locls_ - ”ut — ‘ c - s - l’: ihits :ais - s - s -dus- c i a - I  ‘Ic Is-nm c .io ’- rn - - a- ‘ i’ s- ’

( On n . ’s - a s - c o - - I ’s - t e ”-:’s - - c , i , . i on ‘c- - s - s-~~ ra-h A s -  u nt i l .

(7 ) Turn ‘ ‘
i

’ — s - -a 1; c’’c ilInu ic ’s- s- h-s f-c an s - n , — a - - t I - a -- - (ro ’ ” - ’ I.

a- c-ala - ).

(8 1  ‘ ‘i- ’ - - . k  c s - l - m c i a s - - — “-c” ’l~~~’- s -  a i - a- H-c f-c- Ins - A — ’” ~‘( , ‘s-c a- ’ -’- t a - f - - ; ’

- ‘ a  -‘ s - n ’  s - s - t h i s -ca ’ lc ’ i s -k .

(9 ) F n - I - - - f-I,’ - w il l  - c ~ I~”s- t i n - ”  ta-a -k f - c -  a - - t a - i s -] i d a

Ii i’  I c - - I  f -I , ,; I s - - v - s - 1  “ c-c I f -n - C-c- ‘ in h i ’ - s- t a m —,; t 
S ~~- n - ’ -- t l  a-s-c ’s- -
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f .  T n t - - s - - s - - c o - f- a- - ’ n’ o y a-s -e c - c s -- l i l t  I c - s  c - c s- -’- s - a - m m : - -  o ’ ~‘ ‘ :1 s- l a -”,t i ’ c 5t A

those i’c-1i --n ’ : i s-cr a - l u a U  b-cc r s - c ’ a - - V l a .
~~- i .

(1) : ‘Oi\J a ’5CT (P1 , i- r )

P1 fntei ’c’-s -a-,-t ia-ocr ’ - (lo l l cal

P2 - i n t e r n - - s - c  a r - n ’ - ’- s- ’ a - - s s - I ’c’a 
~
‘
, ‘ ‘ s-Ut I c - a -

All- s-a- s the s - a r o in ” n s - , s - a ’ . c c ’ I: - - s- nc  ‘nh  I Si an ‘1 1 tci ~ ’ c ,

h-s-n t ‘a -s-cc-fl the m t  - n ’ - ’s - t n - f -  ‘ic-U s-an U - ’- ‘c-Is- ‘ ‘  : I ‘ - - ‘ - - -

:s-- r’!di c ,~.ng, a - : ‘ - ,n I i ’ ’ n a : , .

F s- ’s - ’  
l s - l 1  

1 , 1 IT ( i i )

Di I act-- a- ‘:0 f- , a - s - ns -’ - ‘i a -il ‘a

s - f - I  l~ s-’s-.t ‘i a s - r c s - c c E s - a - _’. i n . ’ ‘ ‘ n c-a - ‘ - . - - : -

s - n c -anrm/- s - s - a s - :  ‘I -“ ‘ ‘  a- i s - s -  ~t ‘ - .

~~~~~~~ s-s-c icc’s-c’ ‘ ‘ ~-rvi 
- - - , n-I - - - ’ ’ —

rn - i- - s - l i  fl~ I - - - r -s.- i  ‘ c r ’ - -

c - a -n ’ I, c , ’ l  r - - ‘ ‘a- a

(2) Alc Il ( l _ 1 )  j s - i , ’  - - ‘ - : - —

s - s - I  c - - c o ‘ - a i d  i - -s - c ’ . -s -cs - i - - ‘ - -

L I d s - s - l i-h (p i ) ‘ ‘ c c - - - - , ,  ‘ n ~ c I n -n - s - o s - i c  —

s - - i - s - s - e l y  I , rc c- t ’s - - d

11011 -I : On -a- ‘c c c -  I n c ’ ‘ ‘ - I - ‘ -
~ 

n - -

a un - c,t i d 1 , ’ s - n - - - s - r s - s - :.

(3 is -f -iA UI (P1 ) — c c s- c - - a -~ - - ‘a- , - - -  - -

is - a t -” - ’ -  ‘ ‘i - . a s - a - a - b ] - ’  i s-” ’ ’ — a a - - - - - ‘ s- -

a-i,’ cc- - , ,l,flt- ’ c ”t ’ c s - t  n .  T i :  - c - ’ I s - - n , ‘r - - -

s-j - c s - s- - 
~~
j ’ ‘ c c - n c :  

~~
‘ ~ a c s - “ a - , - 

~a- c ’ a - s - s-a s- - c- c ‘ - : - ‘ - s - - , 
- ‘

0”- .’ i f .
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in - - s - a - c’s-ni , nsa ’ I r s - ’- , : ‘~ s-s- ’ E .

s-f-Il - - c - a - - c ’s -s -c - s- i a - n - - s - a c s--a-ill be ‘i’or i - h i a a c ’ i . ‘ c a- c i, ” -: t - s - i, j c s- s- ‘c” —

I c -  “s - n , -[ a-t-hen -2s- ’s - i , ls- o s- c - f - - cs - f - .

n’s - I ] ,  on - - - n ’’ ,n t i c ,n’ a ; a  - - a - f - i f -  I - ’ - - cc h ---- a - :s -’ U h’r f - r n - a -  n - c  eac ” ccu ’s- ’ Ii c - ‘‘p-a ’s-- - ac

‘a C - tIf- -

F.  F a - s - ’ s -  a- r a t s - cn n- -a-nd f--h n’ s- -’cT y,ns - ” a f ’ s - h l  a- I’-~~’s - t - -c c s - r i t s - ’

I . [a s tat ’  - - - n t  ( n - - U  is - s - a 1~, i- c -: DE a ’LA s-.F a b s - L I )  s-ic-’aul c’t Us-- ‘ - a - I . —

a b l e  t a - c ’ des - inn - i~ tn- ‘i f-a-’ ‘:r s - s - ’s- ’ar s- i, s- ,s - ” ’ I  a - c - i  -a s- , cs - f-f c l b i s - i s -  ‘ , cm a - - ’ “ai ms-,-

s-h’ c i a - a n ’  i - -h i ’s-:’ - Pal l  ,‘c - a- ’ s - b ]  i’s-. as-s-st Us-c c-as -r h a - i tlv ci a - s -s - c ] s - c- ’- - ]

: ‘ ‘ - , c’ s - c - I t - i , i’ i~~~~s - 1 : U a -~~IP s - - i s - s - as - la - :  s-a s -c- s - a a11s-n ’,’ I s - : , : il- s -s - i  As’ s-

c s - ’  c~~aa f - ’ , ” at I :n  l ay  u s- c- . Tis- I s-- d c - a t ’ s - a - - c  c - c - s - l U  a i ls - - s-c t i c ’ ,- 

pu ’s-’ ’ tic’s- :‘as-”,’b’ar:m ’, , -i- il l s - c ’; t,c- s - i - a  ‘ a L e  ans - - ,c ‘- ‘ - - i - c c n” c s - a - s -’s-’ ; ”c ’ ’cc , , —

- I  c-. ’ “ - -a -c ’ ,’- -

Att,:’Ihi ,as-t.’:as f-I’ H; -‘c’ s-n i— i ’  a s - n I  - ‘as - - a] f - - a - a v’s- n - I - s - u  in  s - a - I l l

de s - a - ’ -c -U i s - i c c - f l  d s -n i : - ’ : t ’-,r a ’ -c S lab .s-c 1 aa - ;”i ’~ucc a ’s- ’ ‘ - ‘ .1 1]. have .

2, s-’]e F-- ’a - s-na r.i i)f-n-iIi

f - i s - I .”: Las  as-i c- ’!’ la - n’ s - :- ’-e ’s-- ‘ s- o ] l ” - - : s -t ’ c - na c- ’: - ‘ ‘ s - -n’ aa ’, ms -t ’ic ’a : . ‘ii- , l ’ s - —

.~~u ” s - - ” s- ’ - s - I l l  ‘r s - ’ c ’- s - ’ i c c c  f - i a ’- cnUlI ‘t 1/ to d ’s - i i a .e  a d s- c- s-h i’- m ’ ’ ’ s - f -~~ s- s - n - c’

m a  c s - a - - ’ p ro c -e s - -i i n s -  — u’ - -a - s -ni ,s-,’ a ’ -’ ’ - ‘ s-a ls - , : . f- a-me of ’ b a s s --s e — c f - t a - l i - u t -  - a -  a n - --

cc . t : s - s-,s - c - a’s - s -  a- s - l s - - a a - .t, f- cs- ns-

( 1)  Dcs--vi-s -s-,n c’ s - c a-’ ( s - a’ s - - S . l a s - n a - c - , c-e d  ‘n’ ’~s - j s -.i-: s-’ , -i’ .,

(P ’b ‘h i s -  s-a c- cs- c- ( n ’i ’ I s - - , a s - s - - ’r ’ c c ’ ‘nc nc— ’ ’ , i s - s - . ~
-, - -- - s-- :- ,a - , ‘ -,‘ Y - d - ”- ” ’ . ‘-a . )

is - .  T”I ’l c- I c - s - : ’ ( - c ’ s- ’ :s - - ’n ’ ’ s- l  - s -n s- a d , s - - ; . -‘- b ’ s- . )

- a . ~a-” 'o r d is- 0 c ’ s - - I - ( : ‘ I \ s - ,”rj r s - c - r c~~ b ]~~s - )  .;

d ci ‘rird c

r— . i’s - i c -  - - ‘ i n ’ - - ’  ,t ’ ’ n - ’ ’taa c ’

1” . s -s -,c- - ’ s - a - s -
~~

- s - -  - a s - a  I r’ - m a-h a

F ‘a in-c c’ - ’ ’; a s - -c t  .1~ ii

---“~~~~~~~~~~~~ -
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3, Fon’rc ’cs - n t lea - ca a ’ i i d s - tl  cs-c-

A fo a -n -c ’ a t s - t n - I  a- s - a l ,  -r n f ,  c’ s - 1 1 b’ s- 5 n’c’ v cl - s- ed t~ -a a a-s -c-- c t I s-atc- s - -s - a’~ I

va r i ab les  int o ‘ i s - a c’ s-c s - c ’s-s -i’ r at , c - ia ’c , ai c s-a-c- c’ s - m a t s -  ut , C r  s - s - a s - n - as -- ’ f- i a s- , ’

s-I nput - ‘ :h-ar-a ccter  s t r ings  irs-Icc i s - n t ’ s - s - - c - - c l  var -l a b I a :  t O :  

The Sta-t ,”a s - aia - c - t  s- - J i l l  a lso cc c:-hcroi f - i s - c -  ‘ar c- ca l  s ,Lor~ c-f f - i r i s -  c -s -n v- - ’-

sion - ‘n tc s-a-eli as the type .

A f e a t u r e  to a-es-cd in f’a - a -raaat  act s-s-ia-- ms-s-cent s- s-ct c’s - s-nc - - : i s-as- a- a s- i -’ c-i a

not be par t  of the i a-s-s-c-ua,a-- s- , to allow c’s-- a - e f s -’cis-c,aiec-t :rs - t a ----

pre ta t ion  of’ fo rmat  c - n e s - - a nt i o n s. a

U Storage A l l o c a t i o n

The a b i l i t y  to r c a - a - a - s - - c -  and n ’s -a -h e - c s- s-- c c ompuis”s-’ :tc~~’s-n n - a -  at c ’ - ’-

cuf-lon t ime as n --eli  cns -  cos - :s-p iie t i n -ar c - fcc’ U s - - t i c  p ro - ” s - s - c ac a s -nc

dat -c  should U ’,- p r s - -v ic in d . T h i s  c l am s - n - l ie s  t ha t  . : i . a t — ’ a r , - ’  n t s -  s-c s-a-

needed  in f - i ce  l.-a- ngua-;e to a-ct  only ss -s -e-.- i  fy  s -t a - r a c e  at  s - c ’ ’ , -

T ile t ime but nba - f - em s - -n t - : :  t hat  s-ar ’ executable  at c - i s - a .  t i n , ”

c-:i.tl: v-:.n r i a -b l e  al . ia- a s - n t I s - - c -  s - c l  ‘11, 1 f -j r ,~m D e c - l a n a - a -t i c-ens-, s-’c- c- s - a - -:- —

c i f i c a t i o n  of over ’u —ar ’-s s-ta - c s- - I’ -, ,c ’a ’- c a ,n a-a-ill be r- s-’a ’- ’,’-n-I.c,ic-d . a

b a-a c -cs - s-o le: S t at i -  ‘ s- -t on’s -s-a -c ’ is - ’  a s - c s - l a c e d  na - is - s - s -is- a t a s - a n  -f- a-a ]s- ’ n U ’~d

and s -e r a -a - Ins -  as s-- in -n ’s- i  u n t i l  end c-c ’ t a r s - l a .

s- s-a s - a i res-r n -a f - i s -c : ‘ tora~~- -  s- ‘c- s - ms - i f-c-C O cs-c a- c -an t - “, s- to s-i s-c -“ - —

f -c s -us -’] s - u s - c  a- -‘ s - i  1 s - s - 1 a-

c ’s-Y r- - a ’ s - U  on ex it  f-rn--s-ar the s - - i s - i - i

s- ’a-nt , c ’ l ie d “c s-c s-c s - s - - , a - ’- a- i U -  - n - a - a  ‘ t a - -  - ‘c s - a s - 1
~ s - : d  ‘ - ab s-s-n

ci c s - r j f l -  - 
~ :-aa-c’ :mj t i  Cs-n- s- U m an t - n s - s-, i t  a - - c - s - s - ’ n t s -  1:1 nE a- 1,1 a’—

- “- a - f -” oi-u a - ?  c ’’ u - , --- ’”i - ’e. ‘t. I , s- d - ’s - c s - ’ ’ - ’ a s - ] - ’ ti -- u .  

s i . a -t - ’cc m ’s -s- st , s ‘ : “ n ’C, s-5 , ic ’s - s - K i - s - v a - i s - -.
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:u l s - n n -’s - m ’ c - . ’ - ’ ‘c1a-.d - ‘ as-” - a - l l - -” l f l f - -  - a - - c - s - t I c s - .

c’i a i, l cc- i f -  I c ’ s - a - -  t I’. a-t. l I e  c c - c s - f - k  - a ’ f-I ’s- s - i - t a i l s  a - s - -n - -s - s - - n i’s-

t ics - c -  a- , n - a l  l c-i’ ] - a n c ’ i , n - s - a  ‘ i - s - n i  ‘ c’ , : l ia s - a c ’ :’:. isl’- c c t ,i,C-fl “ a ” n’ s- cs- t i ’  a-s- s--c ’u s - - c - ’ C l

- s - is -n r a “ s - u s - c a - c - ‘ s - c - c - a c - li ‘ i — c ’ .n ’ U i - ’s - a -- , f - h a n ” ’- s - - c ’ s- ’ - : - r n i u ’ , c ’ -- -r  s-n- ’ n- a - s - a ’ ” l e a ~~ c ’ -s-a ” c—

A s - u ’ s -  s-s- i ’ s - - s- nh a c -c r- ” f - i s - s - s - -’r f - n - a c - i f - s - nd 1 - ’s - tI n e I a a n s - ’u a - - ’r’ C I  ~oac e c s - s - s - - l u —

S’1s-~- i d  - ‘ -Ic - e n i -hc - u~:-a c t ’ t i  s- s -~ l.a- ns a - s - a ’ s- n -c- n u - ’-f -n c -ac m I -“ r- .

I - - b - s - ic ’ s- - Is - cc - 1, - a l i c a t ” .  n-en a-;’ P n- s -~, -r -as - , .s-

c-s l s - n - n ’ a -~~~~’a- is-cc- ’i’ l ,s - ’  - . ‘, ‘~~~ m ,  b a ’s-s- r 1 a , n - i~c 1 : n - n i , i c: s - : t l s -_a_ L:  ‘ ‘ s-c c--

the o n - c a - i i - - s- ac’ s-i -s- a- I a-c- is-; f-is’s -: s- - i, ’ cc - c - c ’ s - s - i  is-a t I , ra r~ rs--t’c t ea s - s ’-n , is- : -

Tb I -a s- ’ c-c f - u s - - c c  s-- a -a ’ s- i U -a-i l c-s - ’ , ti-a u- s --cc ccc ’ c s - - : . - ‘ sn -is - .:  c-f- c ‘ s- n ,

1 m s - c - - u-a ‘ - “ a - a ’ ’ ’ -  a i I.e t i s - c ’  , :- “c: ’;c: . - a c . c da s by c - r n - - l a m- c ’ nan

‘a; a d e a - ., c”s-’ ci s - H f - a n  ‘ca ’s - c / - c c - ”  C” i s -. s - s -’ ’ s - t m c ’ n s -ai ri a - ’ :s-j - , cs -e i s - r a - ,. d s- ,2 4 ’ a” ( a ’ - ’ a--

a - s - s - s - as - i a - l a - ) .  This I’n’ctuc- -” - 
- c - I d  a l i a s - c  a3Us -~ic - s - s r - a ’s- n - - ’- a - s

t l c n a l ,  s - s - a -s- a aa ’ h ] a :f-~~:s- n - s - n a - i  the ‘ s -- s - a of s - - s - a r c s - s - i i ’ s -  f - i c r ” s-s -cr ’ i - i a ’

as s - in n  f - i a - se  c - c u i s t a n n , t .s- -

I’ , b c - i r” —E xt enac- ’I on -a ,” t ine  L~ ; s -  ‘cs - ca - “s-a

s-s- s- ’s - s - s -s- ’her c a-n ’ c- .a enh ’ - i’;la ’I -s-h I - - c c  b-s- ’-,-ns-~ c a m a-c ussed , hu t  i n t

lus-’J- : - d i ’ s- f-I a s - ’  l a - c -n -us - ,  a- -- -‘-n-c ,-i :’l ”’n ti on , I s tics-t s-i ’ i s - n - - c  -

~ a< l’ - - ‘n c ]akcj i i  by .  This a - s - - s-s-us - it s f-c’ s- a -v  c~ en ‘ s - c bs - a -  -ibc i I I a- :,s- I en a

i s - n a - n ’  n a - n - s --n- an us-c to da- ”i n a-c ‘a s - a s - i  v. a- an r an - s - c a - c s - :  t a - a -  the a-c - s- ic-n -H ” —

a-f — a r- ,.c ’ -- .c: .a - I ced ly us -a - cs -a - - c - d c  “- c ’- a c -cs ’’ e In h is- s- - a.

A b i l ’ t y  t c ’  i-I n - - a s - f -  - f - b a a -  C’ omcs- ’ I l e s - ’  in f-h --  I s - n - ’ ,

T b ” cc ~ a f e s -n t u m ’s -  l a m  i r a - I , sc ’ , - a ; , c i d -,- - - -aa d ta is --c s-n da - si i - s -- -s -i d e a l , ’,

s-c s - - a - a -  ‘i s- “ s- ‘s-  f-I on

i L”c ’~~ U ,a - gs-n  ]‘- -- -c’ ic”cn a - nc -- nmp ,s- , ercc’- s - i t - a nt i c s - a -  U t ’
i’ - -yen my

a- . C- ” . a ‘l ie tm ,, V ’ s - a - s - dc - ‘s-S — t a : ’ ’
¼, 

-

I t  cl am ‘ - ‘ m s - s - c : ” U Ain ’t “a c —fl ac- ’  s-cs- ‘; ‘
:
‘
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I c :f . Or t ’ a -rc - t  f - b a a - n a n  c- a-s-s-n - cl i s -.’: f - -’- ,e i .y a c-c ’ s - - f-c- s-c ’s-i ’ - ’,, . c- f

s - ac - a s - i  , ai tuda: .

b.  r ,~’ - rs- ec -r’ ,~iity  versus- c - - c a - f - c - I a s - t i c - :

P c - -i c-s- p s-; s-alan is-os-f- i a :  : -a- s - cs - s - s - u -f-a-, Is -en s-n f-ha - la ’s-c—

cl ’ s - c - an - s -  s-i s - s - i c’s-’, ‘c s - s - U  - - : : . i c l  h a - n -  I r::s-s l s-”r , cc- - n s - tn a - ,” Cs-n a-l ’r c - i s - l  is- is--’,-

f-ha- cs-a a-a-s-ci’L -ccit dc-c la re t  I -  ,-c ’. s-c s-s-U ms-as-s-al a-c u ll a4; I s -  s-as - s- f  a-il

v- a s - i  s-c ’ i c - a c  and ldenl ., i  1- 1 - - ’- - ’ . T I c s - i s -  ra c e - n ’s- ’, :’, t ic s-s-f- ‘ :11],

va-ri-jULes, control lab-s-is , pa- n’a-s- ’,- ”c c -s- a ’ typ - ’c s- , s- s- : —

rout i nes , da ta  typ ’s and (‘lies-- s- i s- -n ., a:;ust ic e ‘- a-:—

n-il -as-itly declared ha-for”- cs - r’-;- s- , ‘s-no the 1a-c-’ a , ”n ’c ,s- f--s-

s - cs - 11 s-s - h a-a-: Is-C imp ], I ed in-s-ps- 5- c’ s- ’ s - i s - c-] s-n n -s -t i a— i’s - Lv ‘c i a ’ e -

a- ’n’i S fcs-ature  wccai ,a - ]. d a -h a - s - - a - f-h- - s- s-as - s-a’: s - i  lea- ms- a- a-: I n s - :

s-ability to -cl -ca t s - - ct  a-nd ‘n ’s-n- c i ’t p c - s-as- ’ i’-n a a , m , - ’r s-s-’ c - ’ n ’ ,,,c-’ , s - .

~5 L- -s-hug 1c~inc- Aid -a and a’ s- cs-cs- Ci’: -- .m k i n n -

Ta-n -an l i . s t c i  cs - c’ :‘]s-:rs- c’ s -f -- s-a d is-~-~ th-- -c c-acs-pilrs-a - s-s-u s-a t ha -v a -  ca-cr , —

~ f- 1c-a- d I s - - ’s-u -s s - ’an t -cs -d c-a- equen- e : s - can - h - cn s- ’: -a-ttas -h-s--i f-cs - c -c s -h  h f - a s - - -  of

a c-s-i c -ce cc -U ’- i,n c:’n ’d - c’ to a- as-- a- i - c t  i s - a  aca-a -scnas c jn~: ca - -c a-- i l a t a l  c-us-

in format i c-i ’s - .  Opti a-as-n a l l y  hi1’ -s- on - ‘s-c- i st ” s - t - ’ - ’ .: - s - rs -l f-h” p~c-r. c’s-’ n t ’ c a

a: s - a -. a b nc i , u s - - - cod e s-ha-u] ‘1 he a - c - a s -I c s - i c - I ’s- as p r i n f - a - m s - I -  sb  f--h f - s - s- I i

cs-f a- oi 4 s - s s - : e  s t r an t s-r s-ec-i, s- -

E s - ’ s- ’or s-a ;-s- r ’ r s -- a s-’a - c ’ :: .vs -st OS-an-a- fu , ti- ac- ra ~i a s - c c: ;s-t , s -n t tic -cs-’ i - s - I n - f -

-Ira whi ‘ is - s-has-a en’ s - - a r ’ a-a-a s-c d s -, t e- ’-t r s - ci s- cs - cd , a i c c - s - j ] n i  I, - , ‘c ’ E s - n a - I  I a - is-

i’s - - a - i  A ’s - n - - - - ( ci. . -c .  c-c- s - l in ac : ‘s -h ’ ‘s - a ’ s- - c - - ’ ‘ a - d ’ s - n ) .  I ln e  dr - t n - s - - In , en ci’

s - n f l  a - a - c ’ s - - c ’ a-fl “a a c -u s - - c a  ‘c ’ s - - U ‘ i s - c a m s - l a -  t- ’’ a , a , n -’ s - ?’ cc - ’, t ic -” a ’ - s -’ I n a , s - , c . ’t

-i n-a C c ’ “ C- I ’  ‘c a ’s-- cs-~c - a ’ s- - ‘c l i ’-rn , - ‘ -s - i l  Ic a-ic c~n ’ a n ; - . rc 3: i s - a’  c c-c i’s- s s - n -  ‘

I l i” c - c s - - i  ‘ ‘ c s - l an ’ ’: ,  ( a ) .  i c - i -  f - c - n c - m a - c ” - s’s-ca’s -id s-i: I s - -f-,::- - Ii - a ’ - - —

s- ’ - t mc ~~: ’ s - ’~ a t a - s - ca in d ’cd a ~ - - l  n ’s- :; LU-ca h ’ n ” n i , a  s - c - ’ - ’ oi’ - s- ~ v-an P a -c -s - l a - c - a - c - -:
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s-’ c ” a ’ s - - n ’ , a - a - s - t I  n - l I ly  u s -  j r , early ,, ‘ ‘, a , 1c : , ’ ‘n-

irs- f - b r - a -  ‘f- -v i n c ’u’,a a - a- .

As - c - lica- - a r c  f - a ’; c - c -  a - n - c ’ .i -n a i l s - ’  c ’ ’ s - ’ ’ , ” C s - ’ t C aa ’ ], E ‘ n ’ s - c  l ’ s -  s - c. IL - li ”- . 

a - s - I s - u s - s - I d  n s - ’ f -  U ’  t ’ ’ , n y s - r ]  - 
. • - ,c n -n s - i ’ s ” - n . , -i - ‘ a ]

s- t a s- s- ad ‘ a s- : l a n a - s - i s -, : s - cua s -’ s-,a i s -  - a - . - 1 -a a s-n’ ’ s - c - ” ,n t c - ’ c  -s-s a’ - - IL ],

- - e n s - I c  -, - ,‘ -a- - - s- :a a- c- al’ - a  a s - r - c — a , s - - n -’ ’f- s, ’:s -a s- c a s -c - s-’s-c a - c- - c ’ ’ c - t ’  a j’- a - ~~:n , - s - f

ions- -c nt ,I a - c - s - a )

A s-cc ’c;p~ .a-a is- c, n- s - c U t s - ] ,  - ‘ab le s-f ‘cs-il ,Ld - - - ’ n n.tif c- a-rn . s - cs - as -i s-i

be- s-~~ nt - - (i cas t ac ts- la-ice -a- a’s- as- s-c- f Is- la - c s - hl tcn ,, c , “c f - t i : ‘ a l l  a , ’

i s - - c s-f- I _ “ ‘ I ‘aad s - a s -  f - c  tya- -
‘ - s- s - as - ‘a- , ’: a’- s- c s - s -s-i us - - I, - i s - c  ms- f- cf- a an al n’s- s-A- -‘s - ac - -a’

a-s-c-s-s-Us-”’. Add cI~~,i ,c,’ra -c’ ], l,v, cs-s-c s-a r- ,has-s,s-- cti ’-s-’- c c - c s - s - a  n ’ -ns - ’ a- ’c ’eis- ’ -c c - - s - a  c 
-

s-- ic s - a cs - 1s - i ’oe a-s-j m c l i a  cc Jo s-c.: a --n s-cc-f- I - ‘n- 1 p s -  n a t e ’ s - f - .  a-. s-a s-i c: c f - I  I

to the nc - a-ev’I ous-; I ’s-s- c ’ a ’ s - ’ a ’ ,s - ; t i c ’ a a ,  I’ ’ l -:a - -o :-” ’ ’ s - c ” s- a - -a - , s- a- ‘s - s - a l a ]-

r-, ’]ude ‘1,-ace S’s- ’aU-,”ci ”’- ‘rs- :aa: c-’ts -en ’s- : s -s- s -a’ s-nil a - t c - u c ’ c - r a ” s - s -n a , ‘ a ’-~ - -

c - - n - ‘ a :  a.’ ’ cs-tic-ui’s-s-n ’ vi s-
-

a l ‘ , ‘i ,:is-c cc’ irs-s-s-tI s - a - n a s-sc-s-ct l ic c :a-d . ‘ s - I ’  a-.

n’s-I i;h the i s - a ’ s - f - I s - n] v s - c l u e  ( c i  s ’ c : i s -y )  s- al ’ ‘f- is-c l. ,” vs-s - - i -  bla-- - s- ’ I s- a - c - c -

ti cia-c- . in f-lu ,: -;‘,r,”rb s--l f--a l 1’, -s-li I i- s - as - f - i f - c f - c - ac ’ ’ :i ,cs-’.ah ci  I -

r a m s - c - a -U “ n - c - r i b - c -” f-c- s- - ” ’a - c - .’ - s - e  s - s - s - s -a - ’ 1 s -  .:‘s- .. t’s- a- as - las - ’- - . 1  i ri s- - a s - c - -, :

cs - - n - - — :  c - ’s -~~ ’c ’ a-n- bi : c~ by U s - s -c ,, - ’ j
~jll ,a- . a - s - -a .)

l
~ns-,~~~s - a ac i . , ( l i n n i l;”  I. s -n’c - ’ -

~m c c c - a - e  a - c - s - s - i It ,c lia:oi.- c :u ’c- s-ans - tr ’ s - t l s - s - ’. s- - I- a a ’ s- s- - ,

b -an as-v -s-a ” f- able s-a- c s - s - s - c ’ s - is -lv ’ ll a rs - i s -, ’ ‘ ‘a- i s - - ’ n ,”’a - , n, is - s - ci arasc l ci a- Ic- an acs - ,acl ,. c - - c ” —

t a - - f- t n - n a  me , ‘,- ,s- I f -~ a-h al l,Itv f-c- -
- s - - i f - I ’ s - f -  - , cs - as - i d , a s - s - n -s - t i  s- a n na-

- H s - a - - m i  s - n J  Is-’ i n ’s- f- i s -an - -
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a s - L I  l’ s--’ 5’al 1 f-U ’ C’ f-l ’i’PT-: ” - : s- s-i - ‘ ‘a ’

‘s-s- c-c : Ti -I s- ’ ~ l I Hli’ T, 1 l ic I- ’i-’(P s- ’f-,EII c PE a TT TC’ AT ’I cf-P

OF L Is-i T is -IFb- 11 n - a - s - ”  I s - c  s- s -

TIlT P ODU ”TT a-:

‘f-s-n- la s - s - s - ak cI’ the I s - c i s - I ’ T e a - c - s - c - ‘ a- ‘ ‘ - ‘‘d n - - - ’ s-s-c- Il T,,s - s - a cn - ’- ’,a-s- a -r” - , m c’ :’ , ’itf--’-a-

c-a- a-- a’ - to cc’ - , - ha-  cc- a - cc -na’ ! p r - c r - d u n - ca l I - s - a  “ s - c  - 
,

- - a ’ I f-i s-. rc- a’ s - i a - a - a -  s - i s -:: c-f ps-c’ - - s- -sc ’s - - a c t i ’ - 1, a - s - a d c a -c i s -s -al  cs- s-s-a- ~ a .  s-c r’s-

f’ s-- s -c f - s - i  s-’ n s - ,  ~ . s- ‘ s - a - d : a i- s - 1, la -fin - la -s -s -i ces - s - c r 
~~a ” l  a s- ’a ’- ’- a s - a s -. - - cf - I ’ s - c,n n f-s -c f - i s - c -

~~~~~ 
c c ’ ; ’, s - c s - b -- n -  1 a- f-k . A c  the s - s - a- s - c - a s - s -U f-tee ‘ s- ’aa a’ - s - ’ -. - c c - c l  the t ac k

s-I ’ a-v es -n i c ’ v s r s - n -  an ( n e a ’ lnccte i, :a - aa n - s -js-s-. , ‘~a- , it Ia -H s-eva- ~a l l . cc - a - c ) c ’ , ’o S

a- ‘ a  t c- ii’ . Is-, - s - c Ud ‘a s - - a - i - a ’ ans - en- i n-cs-- i s-’ s-s-a-s-a 1 ’ s - s - s- - c ’ s - n - - ’  a’ it

c c i ]  U c-h-- - - -c-s- cs- f - s -
’ ” il ’ s -’ s-n c c-c l sf- - i s-s-a- 1’s-non- n ’ s-- l ’s - ’ s-a~s- r n -s-- cs- ac ’ a —

,s-s - ’ uc - s - SO - a ’ a la s - ’ a - i a-s - c -,,’ “as - a - m s - n t -  a s - ’ a-: - a’s-. ‘la rval’s -a-i in Ia - n ’ ac’~’s-’an’ s-i c-c- a ’

cc ru es-’; lens- s-a-a -c-, cs -nc a-f it , ,: s - cs - ’ C :a - - s - a -C s -’ s - f -  ‘ - “ c - - c -  - ‘ nc- - c- . c c ,-

as - as - a m a ’s- tt ea s-s-In -a-a -a- Is - l a - s - s -  1.-s- t Ic , — ‘ ‘n - c - c ’. a ’ t I c - c  c- c-c l .ns- ic cl ’n ,nal t a n s - n - I ’ s - s - a  
~

- - -‘
~

- a v ac- i ll s-- l a l e  f’ s - c ’  a c - c - cm al ’ ’ i - s - ’ a t i . ’’c . the n- ’: . i I ,, s - - ’-- cs- - m ’ s - - :  ‘-s-a P]I ,/T. FOE’,l”c’b”iI

a-; s - ; 7 , ri Us-c - ‘ ill-c’-]— - s - - .s - s - s - d cn- - n ’ , ’ - ‘  “ c-c- - p t  ‘ s - s - n t i l - a ’ c - s -n -n b - - a-a f - a s -  f-cs - ’

ci Ia- a - n-  -c - a’s ~~~ 
a - u- s - s - a  n - a -  c ’ s - s - a ’ : ‘ - a s - l a  s-as- a s-s - s - c -  ‘ s - a - c I t y ,  ‘ c s - U  ‘ s-_ ha -  a’s- -s- c- —

s - , ’. ’ a u i ,r l a s - s - c r c - c - In s- no  ,“ ‘ U ’ , i ’n s - t “
j ’ n -t ’ a i n d ’ n ’d I ‘s - s- s - - b  n .  , ‘a i , c l’l ’ i, s - - n - m s -c - c l

a ’ -  -an I1, ’I c- a . s - ’ - ’s- L - s -n a n c i c i d - ,n-s- ’.a -c ca c-c - ’ ” — s - t l b s - i s -  ‘ cs - I as - s- ‘‘ c U ’s - i ’ -“I i n ’ s-
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- -  a - I  ‘ ‘ ‘ ‘ c i  ,‘ i a s-s- ’l’ . ,‘,, T ,  ‘s - i r s - -  ‘
~~~,‘ - t  n - - nc - s - l a i” s-’ ’” , ~~:c - - ’ - ’ ’s t ’ ’a-’ ’s - i ’ , ‘ I s - ‘I

- I ~ 1 v s - a - ’ i n  - s- U ’ , - s 1’ 1 ic- ‘ 1 t n  - ‘ a- ’ . ‘c-n- n - - - s- - - :‘s- ’c I - - c  a-a a-

- a ’ , ’ ‘ s - a ’ s - t  a - s - - i s -’ 
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To~~ ‘ ‘ a s - s- n - -a - - ”  su ’ ’ c, ’ ’~~’ - ’ n c t . , ’ s - f - ’ s - a l e  i i a s - t  a- a-~ d ’. - ’ u a s - . ’ ’ a ’ ’s - H . n .

‘ a ’ ’ ’ n ’l ’ - n ] - ] - ’ , ‘ - a - s - s-a ‘ - ca , s - ” i e ” ,’s - n r c c t - a r ” s - s - n -  - a - : I c t ‘~~~~~~s - r . , a-a a a - n r _

“t i s - -s- s- ’ ’ i c ” c a ’a s- c c-c ‘ i : ’I~ s- a- . ‘s - c ’  t a - c  c f - s - a - c - ’ I c - s - c a - , “ u’ 1’s-r ‘c -n ’s-- l ’s-
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f - i c - ’  f - us - r i-:” s- a ’ -a c - c -  s - in - - ”  ~ ‘a- s- - a’ ls - i s -  ‘ s- - s - a  s- ‘ a’ . ‘ I :  -
- cs --al ‘ I -n

tiac - a - s -’s - c - Li’ - - l ie s - s-.- s - ’ a ” - , ’ s-  i s - c  s-s-i c’s - i a t e - c - s - as- ’ ‘ s-r i d s - e s - ’- -ca-s c- ’,s-’- - c ’ - - ‘ s - s - u —  c ,

( c - i -c l. i n n  h ( s - i ’ i ’ - r ”a l , -‘a- - -i I/c a - n i  p c - r - c ” i ’ s - c - a’ s - c a : a -  - ‘ r i : a- - ’c-,’ ’rs- f- a s- s -v (, n
s - a ,~~ c -c a - al a’-”

s - a  ms- c - - a s - f - c -c ‘ a t  a _ I
s d i . ’a ’ - ’ a - l ;  be ‘i s-c s-c a- a - - s -nc ;- tt  -s - b A l i  ~‘ t : ’ , s - s - s-:b a ’ s’s-’s-

t as - : :’, s - c - l a - c  i ’s- s-aVe ‘s-ertc i al n ‘ - - - s p a - n a ’ s” ‘ ‘ s - s - s - s - I ns-a ’ -s- ’ a a a - - r i t c ’  . In a s - a - s -a-I ’ ,
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‘c s - ,’ s- a-

The c s - ’n - e c ” c l t ”  s - s - a -  s - c ’ f - Inc  7 n n s - a- s -ns - ’’s- r s -’- s-,;s- ]j  s-- c c - - s - c - - s - s - cl ’s- H
C :

’ it s  P1’c l / s - I ” s - ’- s - l  i - ps-c-c a : a a -’ s - I ’ i ’ i c - , .  :s- p a-- s-s- s - s - -~~
. - s-t - - ’ ’ -- s- -- s -- - ’ , c n ’ , - ,’ i l  ~~ -
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SECTHF 2 :  LI’s-TA E LIF ’JIUTP

Infc,’r a’s-’ca-t ion f-hat is a - p s - s - a - a - f - e d  ca-i in’s- a-n cb ,l ect a-rca-ron
during executico is ca l led  d ats -n .

DATA ORGAII TZA TION

Data - may be organized as sc -a- la -a - items (i.e., single da t a-
items) or aggregates of data items (i.e., ‘s-a-a-as -a -s and structures).

SCALAR ITFI--LI’

A dat-as item may be either a constant or the va-lue of
a scalar s-j”s-, a-aj a-ls-le . Constants and scalar variables are cs-lied
sc -a2, an r its -c ’s-na - . Scalar variables and scalar da -t a - ite amc s may
alac - ans- he coiled element var iab les  and c- ic -s -s -en -f- i ’s-ta - items
respect ively.

Cc- s - c s  t s-n t s

A constant is a dat -an item that denotes itself , i. e.
its representation is both its name and its value ; thus ,
it ca-n-n-ct ohs-n-ge during the execution cs-f a program.

Sc alar ljs-s-r’i ables

A sea - la - a - v ’ s - a - i s -U s -c, i f- la-c- s-can c on - sf -as - s - f -, denotes a data item.
This d r n t - c -  if-ens - , is c a l l e d  t i n e  value of f-he sc s- s-s -T a i ’ ’as-as - ’i a b l e .
T i c - F  i l’s-c- a s-c onstant , h s -s - ’c ’re s -,”n s - :n- , a n - cc an -f -able  s - cay  t a - is -c - on s - arc  a-c than
one Va-IUc- during the exe c s-a-t± c :n- a:- , ’ ‘cc s - s - s - a - s - -c s - a - - c - a n.

Refe rence is as - a- dc - f -c s- a s s - s - a - iaa -  s- s-s-a -ia -ic - ic - by -s-a name , which
s-rn-ny be a simple name , a a-u’s- s c rip t e d  name , a aus-alified n-na”-:,
ca- s-c subscripted qualified aces -s-cs-.

DATA AGGREGATES

All cia-a-sc-s of vac ac’,i, - n H e  da ta  items may be a-a-- as-p-ed ins-to
‘nn cs-’an”c-ys ca- s t ruc tures .  Ru les  F - a- f-i s-i, -: s- ;r --uping s-s-re a-in-c-as- be—

a ‘i n ’s-C .

A s - - a - - s-n

As - c ‘ , s- ’iai ’:s-s-’ is an n-—dalas- .s-c n- rs- ’i s- ’a s - a - l, ordered  s- a ol iec t i- : r,  s- s-f ’

& s - s - r aa n s - a s - t s , a-~ s - f ’  which i c ’nc - an-’c i d e n f - i c a - i  dc-t a d e c l a s c s - c - t i (, as-s .

s - i s - c - a c -  : ,us-aFs-ccr s - - f  d imen -s i-’c-a’s- s cs-f a - a s -  ‘cs--ray . s-s-nd the upper
a-rid 1- s- i s- na y - s - a c - un ’ s -s-I s -‘ s-f each dis-asensal on, are specified by the use
s - s - I’ the d ic - ’ s - c - n - s i c r s -  ‘at tr ibute .

— c : c ,a a - s - ,
1

l a :
DE CLAs -’s-s- A (~~, k ) ;

F-
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Th is st ate s- s- s-cc -ct d c - f l ’ s -  as -s - ac- A as an array s- s - It s - , 2 d i s - a s - c - s - ,s-nc i .ncs :
s-I- a- cs-wa- cs- s-s-i s-~ coin-a-s-s-s-ac-.

The c-I eacen ,ts a- s-’ as-s-c array nosy be structu ra ’a-c (see Thrra-n-cc’
of’ fltructurcca-” ) .

S t,~~’s -s - ( ’ 1 ; UreS

A a - t a - s - s - - s - t a -u - c  s - a -  as- hie~’c-i ’cis-i-aal ccilectics-s-s-  c f  s - s - a - l a ir
n-aria-LI es , ars-’s-yc, as - c s - ] s t r uc tu re s .  These a- ac - ed a-, s-f- he of
the ~ -ns -aaa s - - is-s-ta A- a-c-c a-as -s- a- have the s c-s-a’s- s-n attu-aL In,-utes- .

The outer -s - c s -ac t  s t ruc ture  is a as - s-s.jor  s t r uct ur e , an-cs- s - l i
conta ined s t ru s- ’t -u r s - .-s s-are m i r c a -  s t ruc tures. S c - a l a - a -  ‘s-- s-s- a- .L s- s- i.- I r - a a
or a r rays-  a- ’ s- .-s-’a: . i a ’ . s- the c- ’ a: a - , , s-.’ , ,t s  ci’ s-a s-aj ci’  s - a -  n ’a -j a - s - - as-’ stc’-s --s -t ’s-s-’c-s-
are ‘c-ans- s- -s--rn as base  c-ia -s-as -es-s-cs . ~

stas - ’un atu s - ’rs -  is sc-s-es-ala-lied by dc-Cls -c,a- is- .a- Is - l ’s-~ s - cs - s - j C-i ’ s Ca” - ‘ ‘ s - a - -,’
s-s-as -s-,e s-a n-cd f~

c
n J T ’ s-.~s - f - -n , , m it s--s-its-c- ‘Is-s-he ac- s- s-a-a c-a - c—f s-all c s - n - n -’ “n ’Ls-,c’d c aL -s- c c-’

st s- ’a,s - s - c t us -’cs c’s-c d c- i s - s- a ’s- s -en -f -s . Each n -s- cs- s-s- c- is ‘ores-c-i ’d by s-c I ’ s-s-c l
a’ s-n-s-s-as -s -er, s-s-, :i.oh f-cc - a n-cs-ac —c s - crc -  a l e c - s - s - cs - a l  i c s - t an - e s -~ c- a - s - -t a - cs- la. A,
m a - i cr  s f - s - -n - - i t -s - a rc  is a .s-: ,, ’,s-s-cc at ic--s-el c-Is -n a-n-i a-l i  as-ic- .’ a-c s s - t ”c  ‘ n - - s - c - - s -
s -n - c -I c - l e ns - a s - s - n - A s  c e n t s - a L a s - e d  is -a a-a s’s-c’a:,c ture  ( ct  leve l a- )  is - c— n -’ a
I s-c-/ c ’s- i  s-s-s-as a”.ia s-s-r ta-cat is s-s-cas s- s- s-e: ’is - aiF y a-a- - c t e a -  t i c ’s - a - ,  s -c - , Us-a ’, ts- s-c-p
need not nc-ce ssna -Al a- L e a -  ls -s -vn -l -cs-H-i , a-, , a- nec -n i  they a’s - I  Is-c :c~s -’s-c-
f-is-c- s- -c-an - s- -s-s-v a ’ a s-cas -mc.ber.

Ex - ’a,p le a c :

DLa-L.s-’, s - a -  1 AL: l~~f ,
2 Ca’s- ,-r s-s- LUTE ,
2 LIi’-IIT S

-s- s--I TT~c-a -
— ‘- ‘- ‘-‘., ‘ -

s- LU -c- TI-I ,
2 A L’s-LI—La-C ;

In the c - i a- s - rn - c -  ex s - s - : s - a - l e  ALKl ( I~~ i,s defined c- s-c t h e a - - c s - ’ a
struc ture s-c ontain-ic-s-a- the S -c - s- s- a vc s-~ - i s - - bl  cs-s s-’s-a-s- ‘s -aI R -s-a d :-, L-\P ’.’I :-l

I. e sc- c’s-c H ¶J ’ s-’ 
~ b ~~ is -  a- s - a -  r~~s- t~ “a - f - s-c-

sca la -a- vs-s-a ’s - i  cab les Ei IL,F I- a - m c i  L a -L a - Is - .

Arrays of Stric-’s- tis-res

An - c ’ cs-,.- ,- s - .r -. U c . a ’c :-n- - ’ ’ . :n- - s-- -“ As - f s - -~’::ed La - p i n - s - s - c s -  t ic - as -  d a i s - a ’- , .c I  a ,
a nt t rc”i bute s-s-c s-a stc: ’s - c ’ . ’ ,,‘, , - ‘ - 

- ‘

, ‘a t r i b u t c s - s-: - c S  ‘Ic ,n, - cc - am ’c’:s - c -’ ’, ’ar

U t s -’s-s-c tc- :n-es an-s-i “ i r a - s - v a -  c-f c’ s-~s - s - ’ . I . s - s - c - s -  c s - c - ,  a s - s -  t as - i ’ s - s - a - a ,  dc - I - a
‘s-tta-jl,cn-’s-c-S . ‘ s - ’a-c-~~c- c an . : - be ‘in-c-a-c ‘, s-a- i’: a- as- si ’ s-u - c Ui ’s- a t i ’s - a - c -  cs- i - - s - a - s - -  I cc- .

a - ’ c-a -a - a -t ,c s - v c - a t c s - r s -’- is ’s- a - s - c - c s - s - - a-v be dec - I ’s - red s-.’i th t - : a ca  CI-IT1IPSAT
‘c - f - ta - aIb’s-1se. ,Ei c- ’s-:; a- a-it s- ’~ -- P f - c’s- a - I n -u a ’ tu r cc s- as - , - s- ’,’ i , s - ’t  be declared
‘--s- ia-s-in Ia-c s-s-c Es->CTE }IFAL T~E T’T~’c , Ts-c- d na y s - c-a a la ’ Ii . ’lP’IIi’ ‘1 ,11, is s -s - a , s - s -s-,c , c f - a - ” ed ,
they “ s - a - a -  s - a s - a - us - s - cs - al  to i’s-n TI,TP I” - . - , . ,.  I’s- he-n’. L a - c s -  a-- a- s - a s - n.s- a ’ s - - ’ s- s- . a- s t ruc tu re

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~ 
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name is declared with the EXTRELIAL at t r i hu t s - :  Is -” s- s-c -r e thin ’. ‘c - nc -
block , the attributes of the structure i, c-mbers s-s-cc-st be the same
in each case , although the a-as-cs-es c-f ta--as- s t ruc tu re  s-asea’ s-bers as- c - ed
not be the same . A reference f-c a member ia-, s- s-cs-c such 11cc-I-a
is effectively a reference -so that mets-ca-er is-c c s - T a -  ‘c- I- ca-s ins-
which the external name is I-s-s-a-as-- s--ra-c , reF—i rd les a-- s - f  f - i ce  a c ’s-nc -s of
the members .

This section describes the rules f a r  re ca” ea’rin -g tc a
particular data time~ groups of items , a-rr -a-ys, an d structures.
The permit ted  types of data names are s imple , cu-c l if ied , su’s - -—
scripted , and subscripted qualified.

S IMPLE Is-Al-Os-S

A simple name is an identifier that refers f-c a sc-a-la-a-, :~an array , or a structure .

SUBSCRIPTED NAMES

A subscripted name is used to refer tcs- as-, c - I c- s - ace s - s - A ci ’  s-
an -array.  It is a s imple name that ha-s been dc -c l ’s-red  Ac be
the name of an array followed by a list cf subscripts. The
subscripts are separated by commas and are enclcsed  i n  p a - r e a - —
theses.

Examples:

A (7 )
FIE LD (B ,c)
PRODUCT (SCoPE * UNIT ± VALISE, PERIOD )
AIDHA (l ,2,3,d. )

Q,TIALT F IED IIAI SES

A simple name usually refers uniquely to scalar ysriable ,
an a r ra y,  ‘r a s t ructure. Ilowever , it is possible for  a n-a-me
to refer t o more than one v s- s -r i a -h l e, array, or st ructure if the
i d e rr t i c s- i ly  n amed items a-re themselves parts of different
struc tures.  In order to avoid any amb ia-s-u ity in a-c -ferr i s -ag t
these si mi l a r l y  names items , it is necessary  to crea te  a -a
s- , i s - , i  s-me n’s- -as-ace ; th is  is done by forming a qualified fl -a-s- c - ac-.

Ex -cs-”cp s - e s :

A program may contain-. the structures:

lilI’s--LAPE 1 ANALOGIN , 2 DESCRII’ITa-a- , 2 UNTT S , 2 L T I,s-TMT T ,
2 LOLL-ITT ;

DECLARE 1 DIGrTALI :- : , 2 DESCRIPT I CU s- , 2 UNI T S , 2 LTI- I TT ; ‘I

_
~~~~~~~~~~~~~~~~~~~~~~~~~ T

T”T 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~. , ____________
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El et aa a -s - n’s-ts are ta-es-c a-ea rls-ira-ed t c. c - a - :

A ’is- 1T~-”C h T s - l .  UI- s- ITS
‘-I C~iI’2 .s-,is-IJ.L’i. ITU s--
A N A L O G s - N .  I-Pci’ s-I i~I ’s- ’:TC TH

I a - TA  TY~~LCa

The types of d a t - i  a-t ics -s- s-s-ed c a-a r. be a ” s - A c - s -’s- - - i s - e d  c - a - a -  r an ’ - 1 -

I c-s-Ta da-t -a-n ann -i proplac c-s-r-—contro l__d c - f- c - .

“a- Is- ’a-TEI-~ I s -m s- T A

Pr cbi ea :a  date ,  i - ; - s - a - ny dc-ta t b -an t cs- -as -ac be c-lc -asif is-’a ‘ -s - c
i’T’ a ‘ c a - i  t a’s-s-c-tic or t~-m s-n- s-c L a - i : .  ‘s - .

s - i s - i c s- s - m s - a c - n-I- c- D s-  c -cc-,

As - a s -  - ‘ s - a ’ 1 th -a~s- ’ - t c L c da-, ‘ a- ,Lt  - ‘s - s - s - i s-- c-n-n -a- 1n-, ‘ - ‘a ‘s-as - :: ’, nun s-a- a-i ‘s- c-” -
s’i th  s-s- s- c - s - c ’ ’: it s -u  I a-i I - - s - a-c a ’ 1, - c-c e - a-c ‘s-is-a , -‘ s-i p a - a , c - i c.- - a . .

Ba- se (dec : s - s - s - c - i  a’ b’I,s-s-acry’ s - s - c s - a s -  ( ‘ s - : ’ : a - c . — s - - , ch a t  Ca - ’ c - h H ‘ ‘ —

pa: I - c c )  , en- c] par c- c s-, a -to r i  I: ,a - 1,te are s-” c-i” c a - s -~ s-’ tc cL s- ’s - t as - r- s- cc- I. s- - s-c - - s - s -e s - c - s - c f - m s - I s -  s-n as-
c c ” s-he dm ,c - t a n  d c ’ s - a ”  I U s -a d  , s - s - ’ r s - l ‘- c- the I s - f - c- a --c s-f- anrir ’.aa c-t i s- t a n a t  H

a ~c - -s - -s-: s- s - j s - c - d .

.I- ar th m ir t ’ic i 7 a - a - - i ’ns - ’bies

s-’s - s - ’’s- f-~~ s-s- s-s- ’s- s- -‘.a s - T a ’ ” -cable:- cc- - ‘cc- n - - s -s-s-s-s-s- a-a of ‘a s - r A t h a r c - t ’ i  s- dat” ‘i s- a- as-- .
These nc - ’cs-a~a- s t’u s - v .a ba-a c- n-. a~~-a’- s - s - a  the cc s - c a s - a-- as- c c-- s- s- a . - s - . s- s -t i c s  (c - . e . , -

ics-t es i  of’ b a - n a - c -, s-c- c- m i l e .  -a-ni r cc ,’ect sic ,ra - .

St r i s - s -  I- s-ntac

S t y - i s - a c -  d a t - n  can s - -n is-- - ’ c I a - s - s - - s - f a N - c ]  a-s H- ’ -r- -c. s- ‘- ‘, ‘ -— sc .’ s-’i, - - en ’ : I’ —

t r i a -  cc- a-c s-ct I a ~tx U c-ta teir s- 1 f - n
c- or c i ~cte —st r c - .  the c- 01

ca-inc as- a -a - ri -I i f- a - ( .‘s - - a . ’ a- ‘ a’-j t — s t r i s - ’.a- ’~ A c -a the it-cs -a s-. s-’s- a - t a - I n - n :  d a n A -
i t s - as - a ci’ lea c - .-s-t ’ c r c e r a -  is ‘ as - s - a - s-s -n c n a - c  ann - l i  s - t a - t i c - a - .

s- ’s - s - a - c - a - — cI- e s -- ”n-’ ’s-r s -a -- s- c- I- -ct-c

Cs - S- a- a - -  ( s - I . n : a - — a -’c ’ n - , a T  Us -n ’s- a’ cc - ns - a c s-, ’:t s- - s - f a- s f - i’s - n - a s - c-f s- as - er a- (‘r

‘ - c - i’s-- c ’ - -  - a - - a - cc ’ - as-n’ s-c- a - c ’ - 
‘
a-s-s-’a-”n-a-a t ,, clca-ra’ctns-’ set .

OEAL , -’- -’I -T s- I a ~ -~‘Y’i’”a-’a-s-’ C s- ia - Ta - Ta - s- s -N : s-I- c s - U s -’ - r ’ : : t a ’ a t ’ - -st a” i a - a - c s -a ’cri sts - s -s - ’ s- c s- ‘I s-a
s - s - c a - a  or a ’ s - s - u - na  “I” ‘s - c ’’s- ct e~~TJ’~’I Abe cl ’s- s- - s-a c b s - . - s - c t ’s - ’ s-e t  c - nc - f - ac - aced  s - ac

“ ‘ j (’a-’ rn’s - c - -c - a c ’

171 :-c ’s- aa : s- i-s .c

~ I2~C s-~~c- :

~
‘ s- ”H , : J A s - T I , s - l

B It  a - t i ’ s- n-cs- l a - f - s - a

- ~~~~~~~~~~~~~~~~~ ,. . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ __
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Bi t -st r ing  data  consis ts  of a s t r ing  of zero or ma-.rc-
binary digits (Oand 1).

BIT -STRING CONSTANT S: A b i t - s t r ing  cons tan t  is zerc or 1T:Ca -c-
b i n a r y  d igi ts  enc losed in quotation marks , fo l lowed by t a-s - c

let ter  B .

Examples:

‘O100’B
~ 1O1’B

PROGRAM -CONTROL DAT A

Program-control data is any data that can be classi-
f i ed  as type label, entry , task, event , pc-inter , s-.affset ,
or are a .

Label Data

Statement-label data is used only in connection witis-
statement labels , and has values which permit  references to
be made to the statements of a program . Statement label dat a-
may be cons t an t s  cr  va r iab les .

Sta-tern ent -Label  Constants

A s t a t emen t - l abe l  c o n s t a n t  is an i d e n t i f i er  that  appears
in the program as a statement label. It permits references
t o be m a - d c -  to s ta tements .

Example :

ONCEOITER : IF LENGTH > MINI THEN GO TO BUST ;

GO TO ONCE OVER ;

BUST : RETURN ;

ONCEC-s-JTlfa- and BUST are statement-label constants.

Stmitement-T ’ibel V-aria-hf-es

A s-c-t -antement-l-anbel s-janrjable is a- va ’s-rianis -le that has as
values sis- ’ctemenf- -i -a-hel c- s - n~

’tbnt s . T’-aese  variables may be
grouped into arrays , or tb -a -a -  may u s -. .s- l ements  of s t ructures .

E x a n s - a p l e :

h1.,~ ~~~~~~~~~~ i i i ~~~~~~_ , I_~~~~~~~~~~~~~~~~~~~ i _. _~~~~~~~~~~_ ~~~- --— -- —~~-~~~~
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N T,s-’ciia - ’ I T T s - ;

s - — c s -  P-s - N T I s - N ;

‘.-T17 I 1’ P-s -
a-C . TO IC ;

‘a - i ‘s- ’ s-’ s-”1 ’c-~~

Tbc.s- l am e]. ‘i- c s - s - - i- i a - c -  Is-I s - s - s - cc- h - a v e  t N -  s - T ” l s - s - c - -  s-c --f ’
‘j ’s- T a -  c~ 

s- s-’Ia c ‘
~~‘ s- a ’s- s- la- ” , s -  1) 1 u -‘a- r a n ,

lii he -s- Ic- - ‘ s-s-s-i s-- s-a- ’ s - s -r .p i e , S C TIl T ta -a -a s-’ f’ e r c ’ , ,s- c - c c  U. a-.-]. ‘.
‘ o lEOPL 1.r’ T T1I ~~

Es-c l - ‘ r  I cs - t a

Ea- ,t -s -’s-s- ( i -a -t a- ia-a u s-ed  a s - s - c s - ’  s - s - n  c s-cca ’. s - - -a s - tcI - s - c’. s- -m a i 1~L as - n t ’ ” ; Pa- c’ s-U’-
- i  a- man n’; c - c - i ’ s - s - a s -c- a - m i n i s - -h  p a - a - ac f - ic i ’. a ’ s -c ’ s - : s -’ n s - c - s ,  la s-c ‘c-s- ac- ma ’s -dc - t’s- s-s -a -a ’s- ac-v

p ~acta- c s- , p a -’ ’ “ n a n - .  Fnt n ’s-r d c- f--- ’- a: an ’j I - -na e cc-I’n-a i n - ’ s- s - , i c a s -  c.c ’ ’j ’ ’,’ f - s- 1H-~’’ ’ .

Es -c-try I onsH-s-ts

s - s - s -  ens -ta-a- c - c s -n - st -s-act a’ s c s - c r  aLd - . ’-c .t’if ’ ” .1’ s-s- s-~ - ’s - t  c s - a -c s --- -  s - c  s - a - ,
tn-a-- - - s-ca- - fpn ’ - ’n; s-’- c - s -  c-s -c~~~P7T ’- , s- as- ”s - s - - cac - . ~t P s- c s - s - s - n I - f - S  c - aP’-s -’ s- s-- s - , s- e s-- A

a s - , ’ -i - f - s - car- , ens -las--Il a.- - a s - f n~ a pc’ c’ - s - s -s-- s - i ’  s - i c c -  .

is - n - ’ s-a-,- Na . ‘ c ’b i s - n - n ’

An - - - ‘ c c , - ’ s-~
’’  .a ’ ’I s-a b le i c - a  s-n -:~~ s - i  mi ’s-c l_ C f-ha-a t 1c c - a - 

s-c-n’s-try cs-irs -sI : a H .  I a -  ‘ c -  - r a -  s - - i  ‘s- a-c ’ s - s - a s--a- c m - - a - be ‘- ‘ uc -a - ’~ s - a - n ‘ s - a - a ’ s - ’ ’
or f - I a - , s-a- a s - s -ca - be elementr - s- C s l c -’us-,r t u s - ’ s -. : s- .

T a  - ‘s-’ ,~~’ a-

A ta- a- ic ‘~‘ -i ’a i mi ’s-Ne i s-n ’- s - Is - c - n c ’ s - s - s - c -  of -a f - s - c s - a -s--a . Is- I ’  s - a k s - ’ - - s - - ’s- s -d - i --

s - m a y  I,”: a - ’ ’, u j a n a ; - s - n s- ’ a I’ a
d - a s -  ‘ s - a ’ ‘ ‘ - ‘p na -a- : s- n ’ ‘a a-’ f-c-,’c, ’s- c -s - .s- ,cs-’’ ’- . -The ars-’H r~ f-v

a S, cc .C: ’ ” n C - . -d s-- s- i ~h s - n  c’ s - - ;k cr ’ s- s - - s - a - h I - -  s - a - - a -  s- -a -’ a - s -- a s - c -, ‘ - s - r  in - A n n a ,’ ‘ALL
s-- f- -a b ’ s - s -as- a- -s -i l, . c c ’ ‘ • s - j  s - s - i  a - -~’s- I c ’s - s - a- -c’s- I s - c - t a  a _ s - _ n - s - ala , l,y’~ n-’’ H f-h , -  PT- I -OP FT’s-I
s- -c - - s- a-s-dc —v -’cs- i’’i -c a- Is - :-.

‘ s - ’ v s -t a’s - -s - -ns - - c-

An ”i ’a-va’ ni ’ n ’L, v- c a ’ s - a - i a - Na- i a-a t a ’  “,“n e Os-’ ‘ c c -  c- c a - - a t  ‘a - ‘ a d  ‘ as - - s - c—
a - s - c - : 4. i C n  -s-a I- s- - - s - n r - - ,’-; s- cha’ ’:s- ~~ia s - a - - ’ cc - a s - s - I i i ’, s - ’:N- t s - t-- s- s-’
W I t s -  s-’s-’a- -’ a ’s-— U— c ’ ‘ ‘s - c - n ’ j , ,  ‘ s - I  T/ s-_ s- s - js - ’_s- I’~ t I  ‘ a - c  . As-c- na ’ - .r cas -c t, a - s - s - I  ‘c- l s - I
I - a , ’ c- n - i c - s - a c - a - n t  1’ s-a s - ,  - . rc - ’ ’ -y ,n-a ’ s- ‘- a- ta - - i - s - f-s-ire.

P- n’ s- ‘
~~

- s - a t  -_ -‘‘ ‘n - aY ’ ’a - Ti s- i ’s - a - S  ‘ s - s - s - a-  ‘ 1 - 1 , -a s - I  - ‘ s - s - ’ p- ” ’ ’ s - f ’ -i nc ‘ s- a - ad s -a la - - A s - i s -
v u l s - a s — I  - ~ 

a - ,  ‘~‘ 1a- - 1 a s - I
i s - a a c i , l t — i , a i  f’s - is - , s - a  .1 c s - n - a c  .

i’s- - c c , a- la -A ’s-

,

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - . - - -.  - .Ts - -. - - - - - . . 

~~~~~~~ 
“TT

~~~~~~~~~ . ~~~~~~~~~~~~~~~



I, ‘ s - ’ a- ‘ I a - f - - c  s - o n - st a t s  - 1’ c-a- a- cs- s- s- a s - e s -- “ s - a - i ’s - i - f - c - ,  - n s - , d ‘a ”J ’ ,as- e 4’
v ’ - a - ’ ‘ a ’s-a-lea- . A ~ - i,n,te -n’ var 4 a-lc-le is-as-s s - a v a l u e  t- s- s- - -s -s- ~~c s - s -:’ es-i ta
i d e ~- , f - a: s- ’ s-,r the la - s -- - a t i a  - of an s - ’ c i n s -, - 7 c s -  a - e r s - e c ’ -, t f s - r~ eN’ a s-s- -s- a- - i a - c - J o .
An ’s- s-”f’set v a - r i  s-ab le s- - s- as - c -s- s- i’ s -s - ], s -ac -  th at is - ’ s - a - - as- f -u  s - d a~’n t s-  c ’s-’
~U a r : 1- Cs- a t - s - a  s - c  cc ’ ’ a b’s- c - ed v -u s- - i -able a’ s- - l a - 4 ‘I-v-c f--c a - i c c -  i a - s - s - ’i - ‘c - i s - c a’
‘ n s -  ‘ s- rca - .

Ls- ’m ’ - t cc r u s - s - l i f I - c a - f - i c  s-c-

L - c - a t -  a- a - iumrs - I ] I fi-s-’ ’ s-t ion is used f-cs- a - s - s c - c - l a t e  es -s-c s- - an’ 1: :c .i’,cs-
p ia-s-tea- or s- Cr ’ s-ct v’ In-es s m i t h  a- b a s e d  ‘Ta - r i  ‘ -la-ic- to is - i --s - c -”,
-a- p ’ -i ’~ ic u I I a - r  genera t ion  c-f d a t a .

E x - s- s - ,p les:

A =

A =

A = ADDR (K)—>B ;

The C -I - c - s t  s - s - a -s -- - c , s - p lc -  c s - - u s - s - e s  a s s a s -  ‘a -a a aa c .’s- s - t tc A cc ’ A T s - a s -  ‘ca - I ’s----
- C B i n s -  t he cs-on . -rats - -a- p a  in-ted to by ‘F . TIc-c- s c - c s -  a-id cs- s-’ s - ca :r i,e
mac p c ,a i c ’ies t a - a n t  the s-n ’ s-s-c lue - ‘a ’ P s-a Ic- - he us -c--U s- o 1cc-ante a-ic c-
s-”'e’ eu-’a -ticn ’s- - ‘a

’ 
~ s - - s - is - ic - mb 1 - c - c - As- .c the as-p ,- c i f  : gen -or ’s-t i  a-c- s - f  1s-

t _ a u s -  a s s - i a - - s - cod  to A .  In A-I ce t c ,i , rd ‘s- a-a ’s-s -a s-pie , the genera l s- cn s -.
a- ’ a- s - a derived f’rs --s-a ‘s - a s - c s- loca t i s -  a- cs-f t ine  s - a - - r f- ‘ -Me X .

Ac - - c -  a ”s- ” :”n

a-a-a a- re ’s- ‘ f a a - ’1 ‘--b ’s- c a--c r a - c-a - as - a c - s - cs-a- ‘a- s- - s- a s - ’c ’s -  - C s - t a -  s-”- a’-- - is-
,y s-s- ’j, s - - I i  ic ’ s - es-i v s- ’: - s -h ’s- € 3  s- c m ’s- c- 7 - .- aIls - -‘a ’ s- s -s s - d and c-’ s-’ - a s - s -- ic .

•1~ 

-~~~~ - - -~~~~~~
— -~~~~~~~~~ .. ,:~~~‘~~: :j ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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-73- -

Ca-a-TIP s--I ~- :  DAT:- s - I - C  
- m s - f ’ s - a -- pc-

EXINFI s-a - Ia -Is - S

a-ac - -xpresc-- ’ion is -an- aigorithns-s- s - s - a - ed  for  ‘a -a-s - s - s - s - c -n -tin -n -, a-a, ~r a l ~s-n-s-s- .
,Thac’, ca an ,s-t ica c ’ m a-, an expressics-n -  c a - a - i s i s - c - A s  of a s - a a c : s - s - t s - s -a-s- t , a
s c a n l ar  c-a-as-n a - a - Ic -, ‘as-c expression-c -c -n c - It s- s- a- cd i,nc- p s - - a - e s - a - t i c s - o s - e s - a c, as-c
“ s-s’s-cs- s-’eac- ; ’I on- : preceded  by a pref ’s- mc op eas - - ’ a t a a s - ’ , ta--c- - expressi  s - as - s - s
c-cnn -c s -ic-ted by a-n a-c- is-N ix ope rator , c a -  a functics-n re fe rence
A s - c a t  - -ets - ’as - - a s a scalar  va lue . As-c expre ss - - i ca -n - s-’c-pr esc~ s-ts a
sc-s-Tar value. Only the c -s-c-ca-etc-a-s = ‘ c s - s - a l  —

~~ = s-s-say appear with
ic-be ] ., pc.- is - a - t e r , as-cd off set dat a .  i-I c-- c p c -i - - c f - s - a - a - s - s - a  nay ‘s-pp ca -ar
s-’ith entry, s-rea , eve’s-ct , and t a - s - a - k  data. If’ A ‘s- c-s-i a-’ -ca-re
express  ic-n ’ a- , A - cc -n’ , the opera tors  + a s - a d  — used is-c ea-apr essi cs - ’s-s-
c-f f-ice ‘s-’s- s - i -a m , +A c-a- ~ It , are s-a i led  p r e f i x  - a - e r - a - t a - a ’ s .
I-Thea: f-bc -se c -pc -r a t s -  - an’s a re  used i a exp as -’es--c s is - s - n - s - s  of “abe :N’raa,
A+P or A — U  they are c a- l i e d  ins - f- s -a s-: c - p s - s - r a n t s - - a - a - a. There a-re
f’ s- s - c - , ’ c la s s e s  -c -f e x p r e s s- i -- s - a - :

1) 2)
Ar i t a I s- m et - i :c  e s - - a - c p a - r i s c’ a-as - ics- ’It a - t a - i s - s -p  -a - s -nd

s-ic . )
c-c - - a s - s - s - a - t e a - s - a - A  as- on .

It ’ n- a-’. s- ’ p e rat c i ’  1, 5 pre a-er a- , ‘I, i~ d en -e s - s - c s - a s - s - is  the -c- lass . If
as- r,cn opera s - is-or , f - a s - -, - a - t n - c -  ,c- c acs-’ :’s - s- , as-d l- s-t,a-- s- ’s-cs -i s-a-os the

s- a s-, a-na - a as- .

a-ri n i , cs-cs-tiC Cs-pc-rations

is - n c - a r i thme t i c  express-  ion - , - s-nan-:-,’ ‘cs- s-cs - c - ,lea-ait:n’ ia’s- - c s -  s- a .i s - a - i d  ~n-’ an
s-m et of e’!ea .es- :t’,a ry  s - s - r i t a - a s - ,- ti.,s- - a-- s - - c - - A T  , s - , S .
A s-’ s s- s - i  c - as - : c ’ s - s - s - t a - s - a - a -  a- .a-it .T c s - ’r s -e t ’i  s- . s - a s - e r -- t-tccs-c h - s - s  ta-a-a f e l l s -  ‘-m is - p s- ’€ s -s- ’, a” c ” - I
C t :

H s-a - — va -- i - - a

- -p c - i --a s -ad + c r  — or ‘ ‘a / -ar - ‘  ] - , a - c - i ’ s - c d

tn i , T a - i c c - a -  ‘n-s-i a - i s - u .  ‘ -s-cay 1-c u s - c - s - ic ‘as ~:r-
_a s - ’ i7-. a- 

-

:

- - c s - s -  b a - s e , - ‘ m s - a s - s - i c -, ‘ c a - dc , and pr e - s - i ,I , a- ,i a - a  s - C  t i c s - c  a - c - c s - - m J a -’ ’iopa ’s - ’ d
(‘s- c- ~~ 0 — t - ( ’  a ’a - a - ,d a - s - “a cs- the - - - ~ ‘‘,‘a t -  a- I -

‘ t h e  C o i l s -  -a- - cs - as -p s-s- ’~ ,s- ,’-a-

1,. s- ’ - - 1 -a n - a - a- : - s - c : T ie prefix - p s - s - a - i  s - s - s - i s -,’ a s-
s - a l s - n s - c -  - a , c] as - i n-u s , - s -~ ’ a j  ‘ s- rccs -cs- ’ai ,t ‘ , ‘ n - ’c , a , ’s- c- l a n ”  a- a
ss- ’ ’ c Tl ’:s- ‘-s - s - s - s - a] p a - c c - i s - c i a  - of i- s - s - P - - e s - - s - s - i .

— --__-‘— - - _-  
.- ‘

- ‘- - ‘— _ .  “— - _ - .  _____________________ ~~CEDIti~ ~4~ E ICI~~~ K _ I n ~s-T ! L~s-~D~~~~~_~~~ 
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I - s - t b , — s- is - IC i s -  a s - ‘c - e c ’ - ’ a s - -’ia a ’
( “ a 1 n —

‘“ a- s-a-s-f- is - s-cc c-’ l c ,- s ’ts-i, .. - — a - s- -,,’ s - - s - c - l a -  ‘s - a d  s - c -
f-a-a - ‘- - a s - t - -~ - n- s-’ -s-c- s-s- ar- - - - a c c : ; ’ - s - , :  c-’ s - I . -

‘a’ ’ s- a - n - C U ’

C .  a- n b ’ s - U — s - s - a t :  “ , ‘ f - I s - a s -  s - a - -’- s - ’ - - c  Us -a - ,s- ’a’ s-s- a-,
‘a s - c ’ s - - , s- - U f - a c -  s - a - s - s - a l t  “

a’: a ’~~m- ’c- s-i .
Tb ’ - Ts-I~Ca- c - I 3 ]  a- s - i ’  a’ c ’ aI- c- s - c d — c  al -s- n- a ’ s - s - u - n -  ic--
s-s- nc U s - c s - c s -  c--he - s-s- c- a-- s - t i-s - n, a l  s - a a , s- s- a -a-a ’ s- a - f - s - a

A’ a- icc - : ~ pe ’ ” c r c d ’c

is - a~~s -A r - a c - c ’s-n- a- a- ’s-- c’-s-i c- c:, -, s- -c

P i t — : t x - a - cs - s - s - a s - a -- c t ’ s-a-a c: - - ‘a- - - ti s-cs-s- Cc a l l - , s-:j ’- ,n - ’ a ’-  a ’, en - - s -- - i  i’ s - a s -- a ’ s- :

- I C 1”ian s -C -
-a c a - s - a s - s -cl -

‘ s-s-cd
c ’s - e a a ’ c a ’ I c ,i

s- a - s -s - c -  s - a n ’s-a- na ’ s - a  L i c  e
,,

- , ’ s - - Y a -  “ c , o A ’ - c s - U the • : , a p , . n a s - aa s - s - N ’~~i c a s - s -  “ “a ’s-U ’
a - a s - c’s- “ c-an” s-’ -~~ ’~ a- ,s - ’a a - a c o l t ’ e s-T’ - - a - - -c- . Ts- n -.a a s-s- ~~

‘ s- s- s-c l . s- s-u s c -be i - i t —
a ’ s - c - c s - s - c- c -  + ‘ c ~ s- s- ’ s-~ - ’ a - ’ - a s - u ’~, t s - -.- f l  s-c- cs-c-’ “ b — - i ,  I s - c a -  ‘:, s - vc ”~ .

~ L a s - s - i s - -as - a- as - - ‘ ca- u a s-ma s-as- ’ ’’’ - A s - s- s- a - a-

a- h s - - ’ n-a-’ s-c : cc- “a- a - s - i  c - c- -a- ac . — - - - ‘ - s - s - U
s- :‘~~~~ < t a - ”- - C s - ’  ~~ s- ’~~~ - c -an’ > 0: ’ > s - a -  ~~ c- ’; - - a ’ a - - s - s -  U

f - - s - s - s - s - cs-’ - - - is-n-i’s - s - a - a A ’ ,’r-:- a cs - ‘ ‘ a’-c - a’ ’c - - ’’ia ’n-.s - ’ ,a,s-

1 . L’t ’c- a ’s - c -t -a , ‘,- c is - tei n 1: va - i  ‘c ’s - - c -  S I , :POaJ s- j l ”

a s - i - - a as - ‘ is- ‘a - - ’ t I ’a c a - ’ _-t l e ‘ -c - c ’ s - , .

- ‘ ‘a ’  - “s- ‘ a - a c -’ , “ s - c s - c  “ cn--aol,v ’ - s -  “ s - s - - ’ t — ’ s- , — -i
s- ’ c s - a , ’a- - s - s - ’ ’ s ua ,’ c,l S i an - a s - ’ ’  - as- 4 ’ - an ’ a- 4 a--ia ‘a- .

I .  

s - s -,~~~~~~~ 

s- ,s- 
~ s- s-~~~s - S,~~ . ’ ‘ ‘ a- a- - ‘

L i c e  s-La - s - a - U i  ~ I - s - c- n-c- a c - I . - - - 
a’ L~ “~ ,.. ‘ a-_s -ho cs - - s - s - i s-- i - - c_ a ’ s- i s - s - a  i s - ’ A c- -’ ’T a - I  -

~~ i - ’ c - - s - a - a - -.

_ _ _ _ _ _ _ _ _  - 

-

-‘a cs -n- ’ a - f - s -s - s - ,’ iN’ a c rc c ’ a- ”s - s -~i ca - c  h - - c - ’ - ’ - f- a s-k c- - ‘:b’, p cs-c -c a-~s-’s- J - ‘- “ :

- s- a- -- - s- - s - s - s- i - a - a - s - - a - -a r-.

U-s - t i ’s- “ - s - s - a - i ’ s- a I s- a s- i , ia -t , I ’ -- ,- s- a ’ t i ’ s - -  s -s -~ , s - - ’  u ’s- a ’s- . Ti’s - - I,’’ , ‘A- h f- s - s-c-
a-n - s -n - a - ‘ s-~I s - a  f- s-’s- s- ‘l i— s- s-s-- i s- 

-

L ~~~~~~~~~
‘
~~~~

“ ‘
~~
“ “ - ‘ ‘-

~~~~~~~~~~~~~~
“-

~~~~~~~~
‘-‘ 
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pc s -y r ’ RT m y — -F OPI C - AUJIS

s - s - i s - s -  cs-at: ‘i , s-” , prefix a-- , s-a r c - f i x  —

la -s-fix + , ir i ’ix —

> = , ~~~~~~~~~~~~~~~

1,-c - s - - s - cs -sf- :



~~~ppPJu!r~~~~~l_S__r_ .. ‘s- ’ -----.,- ,-,s--,--- -~~~~~~~~~ , “—‘--‘s- -,’. ,—, —-,,,, - ,,‘- ‘—-‘ “-“- s-, ~~~~~~~~~~~
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— 7 7—

- ‘ ‘a - C a - I a - I  ‘ a - :  1 -I-TA Ia - a - U s- a -h a - IC’s-i-i

s - a - I’ l1’.T I-  ‘[1

A a s - c - m e  in’ s- a p an - - pa -a -rn s-ra cy s- s -c f - cs - ’- f--a - -- s- n -c- s - s - A ’  ,:a - a - acy cl-s-s--se am . c-f
U n - t a .  a- c.’s -an’ s - ax - a s - s - s -cs-s-ic , it- a s - cay  an -ep a ac - ca-ses-ct -s- v- r ie- )le  as--c -Cc - a - a - is - s -cs-
tc : a-c ch a - s - - ’c - : t e r  s t r i n g .  :1c c s-na y c’a - s -p a -’ - c s - -s-ct -s- s t -n - c -  as - s - a- ’,t label
cs-n s - - a c t ’  s-cr  f-c - a p. inter s - -s - s - ‘a: ’a-’ca ’ a , cs- A C .

The rec -c -ps - .i t i c  s-a-~ s--f U -at ’s- a s - a -  p a - s - - t i  - a n - I  s-a- as- s- s -ace i s  est cas -a - l, i s i s - emai
tic s - a s -’ ’ -s- ,’a c-’ic d c-as -ca icai’ cn-,tj on  s - - ’C f-ho a’s - c - s- s - a c’ .

T i c s - -’ c-m s-a- p a - a - - u s - a - a - c - cia-- s f - l a s - c t - - I s - n a - a c - t e a - - i  ze the Ob , i s - : s -, c s -- n c - s-cres s - s -cf -cad
by the s-c’s- s-ma e , and the S- ,a s -  s- ce cc--’ f-Ic e nc -a - ace f -t a -e l  -

. A s - ccet iccer
- 

- s - c s - a s - ce up tic -c- set of- s-attributes- that are tc be ass -c s- - ,, ‘i , -- c f - e d
s--a -al th ta-cs- a ’s- as - ac - cs -.

T a - - i a - n- is c-s t - a -b i i s I a - s -,’-d n - cs - a a , c - m - s - s -, s--Us-f-s - is - bc-In-is ts- s-a-c—s-cpa-ca-ut a
( c c  s- ’tainc s o —  p s-a’s- i s - n  the p a ’ s - -p r ’ s - as - ,  n -nd cc set cs-C at’ ria-utes- s-n -any be
n - s a - c s -s-aa iated ‘ -c f-tb the s - s - a - s - a , e  is- s-’ace n -a- .s-- - A’ a-a- decalaa - ’a s -s -t ic -n -. I -es-i  a - an ’ s--
n - I - - c s - s  must be ‘aa mcp lic-it . . i c l x p i a s - c i t  d e c - I c - a -i” c - i s -  a - “ -a-re c:a’n-ie
t i c  a s -m s - a s - c - ps - c use - .1’ t i c s - c a  I le cam ’l -s-a a-c- st ’s - s - ac -n-cs-ac-t , lai-s-el s-- s - - s - i xes and
s’s-as- s - s - -s - i  , i’ ai s- s-at i c’,ac ia-n s-an p s - s - a n - - s - a’s- c’s - f - e s - ’  a i s -A . ‘ a - a s - s  s-ne-a-n-s s - h’ s --f- dat -a Ca-n ’:
be eana ’s-sabias- a s- s-ed as- a-’, a--, n’ s - a - s - c , e n -n -d - c an s - :  a--c- c’cives-a, s-as- c - c - a - t a - i  is- set s-f
‘a “c -t r a I -hu t ,s-s- s

Ta-rE TaFs--lI’LAFTi STAT,S~-~
’ I T-T

T i s - e  1’,lICLs-I-T.:,I stn-f-eaccc-r s-t as - s- a ‘s- n c- s - c— c’- a-: s-c nc s,s-t a-ble s t - b - s - a a s - c c . t  f - i s - a t  cx—
a- ah ’a m ’ I-t ly  sp e c s -  “ic-s - c f - t a -- s - h i s - t e a -  ,ai s- -h s-s -a -c - to- I c - a c  ‘ a S S — c - C f - c - t a - a -U
s-s-as- tics - a- s - , s- as-cc .

I - ’ lila-I-. - - ‘ s- a-

DE-”LAI- .IC [ s - e n - el ] as - s - i s - s - c e at  c-- s-’aI- l’,- sa -t e  ] . . . . [ ic-veil a s -n - s - s -a c [ s - at ‘a-a - f -bus -ne 1

DI -C’I.s -AEE 1, X FIs-CAT , p a-IC-a-s-U ; 2 Y a- Is-n- A’s-i , C FTI - i ’C~

1. As - err as- s- s-ma -er of sc - s - a s -  c- - a, ’ d’ s - t - - . s - ms - -a n - las-c dec-I as - c -ed -s - a’s- n - s - n - s - - o s -  is - ,
c ’s - c - c - I - C ’s- FA a-S s tat  na-s-c-t -.

2’ . a - f - f - c a -s -u . n -Ac - S  s-as-n-si- l ’ s- 1, 15 -i’; ‘- I s - a ’ a- ’ a s - na aas - cs -: f- ‘ -s- a , , s- s-c t, s- c - e s -- r ref -c- n.
7 

• 
‘ Liccs-’fIiT ’s- i,a- ‘as- a a — a c e  a-c -- U s - a  , c i a s - ’a  I i n’s- age s-’ cc n - s - ; t . ans - ’:t. If it

ic - a  s - c - a - I ;  s - s - c c ’ s - c f - c’s - ed . ‘I c —as - c l s- 
~~~~

s- f - cc  a - a - as - c - c a. s - c d .  a a - ’l - s- - l a - s - V a’s - I ,

~, s - s - s - s - -s -a - bs-~-~ a~P s- cci - led a r c- a - s- ta-as- c s- tic-- ct  ‘s- a- c s- s -c -f s- l, s- s - a ’ .eas- cs- s cc-’
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- s - i a , ’ is as - t- - in ’s- in a- s - i a - - s - - a d

s - a -  a- - 
- 

a-,] ’ ‘s - v I fl~~, ,

- ‘ s - a - - - A i c c  c - c c ‘ c - c ’ s - - e s - ’ ” ’  s- s-c’ a’ ‘ - s - s-- s -n s - a - - ‘ ‘ - - s-- a- ‘ - — n- ’ ’ - e~ c “ ‘ ‘ A ” n -

c a n -  I N ’  A — ’ - ‘ - a -  ta ’ ‘ a  ‘ ‘ s - s -  ‘ ‘ ‘a ~ 
s - - s - s- ‘•s - ~~‘a- ’’ ‘ b’s- t a -  n - s- - i c ’ ’ ) .  

—
-
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s-s- ’TCl In -Tl a - : INV a- aP-cul n - I  I -F - IE1 - s-~~-- ,EP

A pa - ac - ga - a - s - a  s - s - s - s -- ac sis ts  of c s-ne s- , a - s-nc - a -cc s-c an ’ s- ,aedure ,’ , each cC i - s -n - ic - la
s-c_ a -i a- s-a- cs-rctai ri other prs - s -a s - -c3ures. Its-c -general, con’n-s-’ ’ ’I is t a - s - s - a. s - —

s- erred to a- p rocedure  t ias -’ c .ugh a refes - -ca -r.ce tc- tIc-c s-c -n - s - s - se ( c r
s - a - n e  of the s-c -a s-n -es) of t ic s - c -  p r c-cca-dure , a as- ’ t ’c cs-s-c- s - I  its c-tr !c ’s- ’
es-s-t ry  p s- ia l cc-as-aces.

An en t ry  point  is a p f-nt ii. a- p rocedure  a-at wa-i ’s-h a a- s-t a -c F as - ‘a-a -
be givers- to the procedure . Every p an ’ s - -aedure has a- a - i s - as --s- s- -n -
es-c s- - a-a -p -ir ,t whicra is def i s-c -cd by the PROCEDURE s f - a - f - c- s - s -ca -c t .  A
:s-’c ’ c s - s - d u a ne s-s-cay also have one s - a -  a’s-c c a-c- s econdary  c c - a - t r y  p. is -mats
an-ah ich are defined by E s - s- TRY states-nc -ra ts. E s-c s- a crafTy p
is id ent if ied by ‘a r ca - s - a s -a - a known -cs- s the es-cs-try a-came , wicicic- f-ac
the label p re f ix  of the PROCEDURE or En-Tn-TI - N ’a - a - t c - s - s - a c - s - a - t .  A
procedure can be executed at any piece in a pa-cc a-rn -cs - . where
a - s - a  entry name fa a- t l s -n -t  p rocedure  is known ; this  is d no
by using the entry name in a prs -  cedure  refe rence.

a-ca-; ‘s-CEDURE REFEa-FAICES

- a - a cc- procedure is-s-n-eked by the pa-c cedure rca-Pea-s--a- -cs- cs- s-n- a- Ti be as-c
- - c-”'ce a-a-c-~ 1 c- a - n-a’, i a - s - t e a - a c - a l  prc.-cedure .

T s - ’ it is a-s-c f-ac-ts--a-s-cal procedure , the 7-Toci-: to which n--Ic e i nca - c  —

ca - e dure  is intea--a -nn -l must be active s-ct the t i a c , e  c- I’ i s-s-s-as- s - n - t i c s - m a
cs- s-I t i c s - c -  a - a - a  cedure . See “ P a - r an - c s - i c  Pa -cgi ’a-ac .  Structure”

A procedure reference ic-as the form :

es - s-t ry—express ion  [ (as - an ’ ;us-ra-c- s- ,t—s- 1s t )]

n- s-s-ore tl en~~rs-r_ ccxp res si( s- s-~ s- as -c s- ,’ a - as -a - :

1. An entry c s-s -H ‘as-’ (‘a-c ec try  na - s - a-c - which i.s-a- a’a s--n- -ac’r
changed).

IT . A scalar ea try va -rin-b’ls- ( n - n  en t ry  s-v’s-ice which c -s-s-a-a
be r ed es-’is - s- s- a s - ic , see Sect ion 2 ) .

~~~
. A pa’ ceduan ’s-  r e f e r en c e  s--al — - ‘icc returs-.- ’ n-s-c-c-f-ic-er es-s-ta-a-

s-is s - h a - a  vs-c lue ( a- -mn -] s- is - results--  in  th ” s- r r ocedur e  - c-

tha t  name b c - I s - s -as -  is-c-is-’s-’ a - ne d c s-c -s - s - s - a’s - .)

s - I s - C t ’s-a- ‘‘ a - a - s - Tu n e s -a ;  — l i n t ’’ i s - c :

-car gume s- s-t  [ , as- c’s - is - as - s - s - s - f - ]

I’s- s - - s - n c - -c n - r g ’s - s -a s - ’ a  s - s - , ’ is a s - a .  c ‘ a- s-p a-c ’- , s - a - i c s - s - -a ,

s--s-c n - c . ‘cc’s-a -a - s- ca ’ s- 1 i s-cs- t r a - c s - s l’e rr  - s - I  f cc -  aa ’s- i s - c - v a - -c s - ad pa’ s- -cc-dare , dai s- ‘a- is - .
ta - s - c  i ’ s -  -n ’s- ri g p a - c  - a c - U ’ s - s - - s - a -  c ’ s - a ,  7 - a c -  s - s - , - s - dc ’  l a s -  a-s-as- , s - s -  s-s -c fl’s- s- s--s-ed pi’- —

c - - s - c l - c - r e  s-my spe s-  - a s-
a - i r s -’: f- s- c- d a - t ’c s- , ‘s- a . c - s  -s - a ’s - ci s-’a’s-s-s-a a-’ac-s- s-c is- ’. ta-c-

n r a - s - s -car s- s - t  1 f-st of the pa -c - a ‘ s - a - d u r n s -  ra s - i .’er c  ‘ a cs -’e. F ’s-c s -’  a- ran-c s - s - s - es- as - a’ s-a

-- -~~ - ‘ — -
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A C an s- s - t i - c r .  a-el -crence ta - a ’s - -  , , a-m, Cc - an’s con s- ‘ a- c 1 tu  as-i c - a - -n - c”I- P s - ia-s-:~ cc-’
a s -u s - a c t i o n  n-a ’s-d a-a s -a- f-i s-r at e s  n-icc’ :Ias-,c- s-c-i a , .  Ac t ima r~~tj c-s - s -  c f ti’s-c-
fuas-ctica -a- s-nay he t e a - a r i a -  n -ted s-is- a’s-a’s-s-a- la  -La -execufi u-n of a ENVs-i-cTs-
statement , a ‘ala -na-s-a-a’s-a-i s- a -by c-c ’s-c-cut I a-”, of a Is -T a- P or EX IT
statement . The F’TETTJ R ’T-i Sf-. s-c- ’a - - e : c c - a’,t - s- as-us t -as- c-a -s-tn - in a s c ’ s - l a - a -  - a x —
p res s- si c -as -. The s-j. ’alue c-f t h is seal ’s - a- exprec as - s ic- rs -  is  t i c s - a - s - c  u sc-a -i
in t iac - ev-’a’uat ion of ti-ce express i s- ’-s-c cs - a- s -ts -a - ia - s- ing f- ice f an s - - t ic - a s -
r e fe rence .

h ’s - TR Y EXP a’ , I I T ’;Sl’ laCl

-
‘ 

An ent ry  expression is ‘an es-s-t ry  c -c-nsf - an t , a s c a la -r  en t ry
s-rn -r iab le, s-cr a procedus - ’e i ’a-s-I ’erence w a - c f - s - h  re t - c s - s - - s - c s -  an es-c-cs - an - c - a -
value . An entry expressf -cn - ’a ’ s value is a lways ‘as -a - entry
p als-it . Tn -cs - contexts  in which n - c’s- entry expa - cas s- i cs - c  s-s- as- a - a -p p - - s-a-
cre :

1. In a procedure reference .
- 

‘ 
2 . On the right— }s- a-- ic d s ide of an assi gs-’~s-cs - cs-a-s- f sys-’a-lc-ccl

( win-en ass i~aa,s - s - i i . s -’ -s- a value to s-a -s-c en t ry  --,“c s -a -a- i .ab le ) .

3.  As n-a’s- ar gu s - s - es - c t  to a p a r - s - s - c - t ea -  ( when one c-f t ics -u
pars - s-a ’s- caters is expected t an - be the name s-c f a s-c-
entry p,nint).

~~~. In the states-as-es-s-f--s FETCH and RE LE A S E .

A n - s -’s-JI ’Fin-T ia - i s -n -  I a - s - Cl

a i s - :  c s - a  ,, ‘ i - s -.a -~~~

s--Th e ’s- an argu s-aces-at is passed t a -  a p a- - s- -ce dure , the pa - a. -cedure s-c s-a -s- sf
ic--ave a- p -”crameter to ‘accep t ts- ’, a-s- argument . A a - c s - a - s - ir s - e t c - a -  is -a-
na-s-as-c in an invoked r a n - a ’ - ae ducr cs-a s-

s - i s - a t  is used f--a - rca -p- a-e s-- s-s- i ’- ‘as -’ ,
argu s-c ent passed to t s - ,a a - t p rocedur e ;  i t  may be a s a n - l I a r ,
a r ray ,  or s tructure s - c ar ’ s - u that  is s - s - s - s - a s - s - ’ a l~~fj e d  and us -c -s-s-’-u bsc s- a n ’i pt e d .
An ides - s - a -m i f f - e r  is e x p l i s - - it ly  a-a ca -r clar s-cs -d s-cs- a p a - a - s - a s - a s - cs - s - e r  by f-tam
ap pearance ia-c s-a- pars - s - as - co t -c -an ’  l i s t .

E s - s -s-c s- c e ra s -n r ’,s- s-u ’s-nt  mac- c-’ ha ve a list of p ’ s - a - a s - s - a c e s - c - a - s. The p a - r a t s - -cs - f e c --
lis ts f c c-a’ d i f f c c a - s - : a s - a t  en s-c r c-- s- c s- i:, t s - a  as-s- f a ps -- - ’ced a - s - c ’a - -  s- -s-c-ed as-c s-c- be
the S s - s - a a c a  , ‘s-s-ut only the p s -n a- cs - a s -s -c a -t e a - s  -at t n - c -  i s-s-a-ac s - s - ed es -s-t i’s-’ p .1
s - s - n - s -c’ be used dui’aI , a ’s - s -’-’ t i c s - a t  execul-]  os-c .

:.:A T c a - ] s -  ia-Cl A CTi ~~TI3UTES OF s- ’s - I ’  ‘ a - I T- TI a-~ I , ’ A l iT  PA ’I s -’s-AIP a-c

4 Irs- pan- - s- ” cadure i r a v c c c a t i s -, c , s  , t a - s - c -  s-a t t r ibuc - es- a  c - c f  a - a - - s - a s - s - c - cs - f -s muss -
s-ac ’s- f - c - i s -  tn -c se of the ( ‘c a a - a - eS’s-- s- ’ s - , d ’s- s - s - s -s- pas - an’ ’ s - a  s - n s -, ’s- - al’ S ‘ s - a - a s - I  E IT R ’C a- ’ ‘c a - i  —

Irs - r aC es - a c i a- ’ 
~ a - - s - c s -n s - a - s - s - , s - ;

n - b ITT- I l l s - I  C s- s - I n - i s - l a -s-n- S

la -es I des 1’s - a - c s - s - s - s - - i  on a - as - Cs - s - c rc -nec - s  to p a ’ - -c edu r ( - s-.c s- - i r is -t e a’s- by f - I c e  a - a r - - —

g a ’s - a n - a - c a r , a t a - s- c s- atiac s-ic re s - ’c -’ renCe a - s - - a -a  - i s - s - a- a - - s - c - one s - f ‘a C’ a cprc - l~ c - ’ a s - s - I  a- ’cs-

________ _____-

‘ 
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a ’ s - cf  -,s- l ’ ic ’s- ’ s - i l I t — i , s - a -  a ’s-a - s - s - f - -, s - , s - ,

‘a an - c- c ’ ean’es - .c s- la’ s - s - s - s - d c -  to  a bui 1’, — i a ’. i ’i s - s - ,~s- t s -  a~~, any arc- ’ ., a - a’, ,t s

~,-
, ,s- se s - s - f - s - a  - ‘i s -. ut e s-  ccc -  s-c-c- C ac as - s - t s - i c s -  the  ant a - i  is- - s - Ca - a -s reauia-ed lacy a - i , ’s- cc

a - a , as - - c-a , ‘a s - c -  fl agged as-s e s -, ’ a- - - an’s- . The cic’s- a’’ - -ac ~’e s-i s - a t ]  es of’ s-c -
s-:~~ Tue c a ’ 4 a - ) ar c ! s - a - s - j  -s-re a I s - a -~~’ a - s - s - s - i s- s - u  L’s- ‘is-I s-c- l u s - ,a : I c - s -

~~~~~~T - ~~~~T~~~~~~
’ 

_______



-‘ “ ‘~~~‘ ‘ -a-~~~~~~ ” —‘- “~~ - -_. - “_ ~~--- _ - - -‘ --~~~ --

-85-

- 
s - I C’ s - ,s- Tic , ’ 1: 6 ‘s-

~~~
’ AM IC s- PEa-aG’ s-- a - T I  ~‘ s - s - :a i u ( s - s - a -’s-s-

2 ’s - s - c - s -- c a - s - s - ic  pr c ’: s - n - an’ -, s - l s -s- s-’a- r u c t s - s -, ,a- Es -  ‘cs- cs-fec -c s- to ti ’s- c ’ - ‘ -“ I s - a - a- f-a ’s- wI -a- - h ’s-

f- s- u ‘a’as-’ious cs - - s - a s - p u n s - a -s - s - tam ( - C  as- p a’ - ’ s - - ”i ” a c :, ‘ a t ma- ’a-- e c s - :c - cu f -n c d . Tics -c-  fin -a da--

a r c s - a  , t n - l  pa - a  -- l a - am a -s-a , eles-cs-es-’s-t a’s - eec - cm -s-s- -s - s- a - s-,’ for -a oi’,sidn ‘an ’’- ~ ‘ ,s- - s - a s -  i s - ’, ‘s-is - i s

s--ec s--c-rd is the procedure b l u r s - ic-: . A p a -  - ‘ c s - U s - s - r e  b lock is- “a- b IT s - s - c c ’s -- a

of ’ c s - - d c -  ‘u s- s - l u -h  a s- s-a- s- os-ic or s-s-s-ore e n t ry  p of -a- s-sc s n r a - U  c s - s - c  a s - c - -r e

t -c -r a ani ’,n - t i, on p s - - i s - s - f - s  n-s-cd ove r a - - s - i T s - a l ’- a-a- as-ea-t’ s - i s - a  set - C ‘,r ’ am i n -h l I, a-s-

s - c - - s - s - s - s -es -a-re U s - a - f i n e d .  T h e  r’rc- as-edure is ~- - a - t d  ‘as - he a c t iva t e d

wa - s - s - a -n it h as-a- s bees - ,  Invoke d at c- s -a -c - of i’s - a s -  e s - s -t r i e s .  ‘n- ic a - e par - —

cedure is tea-as -al s-,-cte,d wa -es-c a ~ s- a:~m ’ i . a  I~ st - - a - f - es - -a c-s- s-f is a - i a - a - cu t s - ad

or when os-c c ’s - t Ic - er  bloc-k f- s-cc a - C s - i s - h  f-b-ic ’: is--l- C s- a- f -a ’ “s - f - ta- s- - i cc - ed  is--

te a -a’s - m a t ed .  The prc ’-caedu r e hi  a — c a - k co s - ’as - c - es p cs - s - ds  ts-a- the - ‘li —

ROUT IN’E fr s -c i li t y  is - ,  F s -CR T IIA i , ex -a - -ep t s - m a - s - s - at it i a ’ s - as-a c a ’ s - cs - i s -  a’s- c rc-

ger , ean”ca lc lty .  ‘a - cf - l I e  ‘a a-l iven r a -c ,’--c - edua-e b lI  c-C s--c -is- ‘a - -n - t i  ‘s-’aa-, ’caed , it-

f-s p c - s s i l ’ ale th at  it as-os-a --‘a -s-use ‘ac t f - ’j aa tj c - s - ’ a  of as -a- - a- a c e s -  rr - - —

(c c -a l a s - r c a -  n - lI s-:’,-c c a la- • In Su-a-ic -a- c-s-se , icc-tic bloc-I-c-s as-re s- -a] d to be

‘a ct ive - a - s - a -s-I the secc- s- , s - l ’r -,,iocl’: is s- - id  C s - , Is-- c- a dy ’ , s- s - i s -  des—

s- a - c - s - , d - c s - : t  of s - ; i c s - e  first. - i s - s - a - a -  a - s - e n - s - v a - t i c - n  of suT - c - s - ’dj s - ,s -a - taa- h is -  a ’ s -

s - cs - -a -a -pa-- c-c-ed f - c- any ic-s-ac- 1 ( 1 a-c ,] f - s - ad - c’ s - i s - c -  ia - s-c- c s -- cs -s-ps -s -tea’ i’s-a - a ’ -  -ar - - e s)

If s-- s- ca -hl c-s -’ i -’ c’ s-u s - c - -S ‘ a - c f - t v - a - f - i s - a, cc ’ i t se l f  - -a ’ cs-f ‘s - s - - a  -a s-as -I s - c -a -

b i a s - a - a - c s - - ] ’ wi -cs - c-ia it is- - ‘ dv’ : , ’ - a a , i s - c  d c a - s - c - a’a- s - , cj ais-i’ , t i c s - c  s-c y s t s -- s- ’ . is sn - c i a-i

s - a c  be re-cc -s-s--’siva- s - . R c a - - s - s - - s - c i a - re ‘a ’s-ti ‘s-rn-ti c-c , - a ’ I s - - l a - - s -cs - la s is- ’ ic ’s- Is - f - s - a - s - a -U

I s - c s- ic , C 1’s- s - I ’ s- s- , - - (un Ti l-s- ca PTs-/I ) -

T ’ -s - , s - r a ,s - s - - s -  t ic s-c s- c c - a - i r s - ac - - a ” s- s - - s - c ’ s - a - --] f - c a - c c1 ‘- a-ac ’s- - s - c - c s-s- a’ s- a - c ’ c - d -~~s - - s --

b l o ck , a l l  the ‘-s-a- a-’s- -‘a - i I s - a s -  d e c - l a s - s - - n d  a - - s - s - t n - i c ,  ] - , c a - 
a-

s - ’  s - a ’ s - h a s - - c -  b locI -:

•s -~- - s - a c  n’s-r ’a - I m n - i a - i e  ‘‘ - - a -  c- a - a - c - s - s - f - s - h  i c - s - i -a-c s s-s-eli ‘ s - s - a -  i n s -  ‘,‘n - a ’ i ’ ab ] a - s - s  a - s - s - l u - I s -

- ‘a - r e  C c - c ’ s - ’, a n - s - s e ,d to  f-he s-s- i’ s- - ‘ed ~~re -s-s p a r ’ s- a - e l - c -  a-cs- I n s - h e  n - c f - i s - r n - t i  - a
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Sf- a - c s - a - a - c - c ’s - e s -f ( 
s-’a-a - I I L  s f-c-aters -c c - n t )  . T ic s - c - l a t t e r , h a we ’,-c -s - ’ - be lc -c g ‘s-c o

a- - ace b1 - ,‘ e n - s-Cs-- - , - a - c-’s-s - i s - i a -  t i c s - c -  p t’s- , a ae dus -e bs-i cccl’s - des s-caa-s-c-ded . lil a-a

‘ a c i d s - t i c s - c -, a s- s-c-’ s-,-” -r’s - a n - i s - s - s -s a - - s - s - c f - c -h have i - c - a s -a’ s- d c - ac - d c’s- a- ed to ice s- - , —

s-’ s-ii ’S l :A I s -  s -a - f - I s - c s -  - c - ca - a -s-cl T’a a- s- ’Ton of f-Is-c pa - c cedure i-ic ck s-re - - as -s- aC ’- —

‘c’s- s-a cTs - c C- _ an’ a- ,‘ np u t atci ca-is - .

l a - s - a - s -as -g e t ’cc-i” ’,r ”s - s - ’ f - :b ies  des-l .a - c -ca d a-s-s-it c , i n  ‘a r a-ccedure

s - s - 1a. ’Cia -  as- s-a s-a -be -c f -t a - c -a -  c-f STP-,TTC T s t-  a- ’,a - s -~ca c lass c-a- cC the S-AS—I’

s-tos-s- -age c l a s s .  , TA’a1TiTI s - Cu rs -ga - cl a s s- is-as-pl ies s- is-n ’t s-t a . - r ’agc a

f o r  the v-car ies -s--- a - c-s as - s -s - TL TL-,c c-s--ted a-- s-’aTs-.th the s-s-s-,i i cc ’ s- tc i- s-cr. c-
’

s- a- t i c s -c

-a-ca-ic- -s--f f- ac-e s-jr-,- s - a e duan ’c,a i,t-seif , as- . e. a-cc - a a tiacce . s-IT I I  —

cn-t i ,u ’s-s- ]a , :cr ‘n-,T i’ED -‘ - -, c s - - c l , ables f-a - cac -s - ’a p- l aa-t c ’s- y as-s- ’- d ’s-s-a- f--ice cc s -a t - s-’ c I

- - I T ’  the  s-cs- s- , u - s - a - -as- ,as - s-aa ’cer .  Tic s - a-s-I a s - a l’ s - -, as- I.:; p-c-a-fL’ar a ’ , - - ah as-s- c’ s-’ tics - mis - ” l a - a - a ’ s

of’ s- s-”a’c ”i, s-a-bles unt i l  las-c- exe-c- r , ,,t ic  s-a- s-f s-a s-c T A L l ’s-s- - n - f l ’7 s t-c a - t e a s - c  

a-’, , ’acmi as - c - t ics-a- s - a - a - a - f  f-c’s-TL -rs- r IT-s-s-c-s-li s- a s - ’ i ,, v,? an ’] , a - a b l s - s -, a - s - a - s a c s - s - i ’ s - t e d  a- , s- it a , es--cs-is-

a-- A I ‘IT- van - sable s- s- c -au -f - be a pots -a-s-c ’s-’ ‘a ’ s - a ] c i ’ i e .  Tics-c- a l l,  c - s-t i , s-

l’ s- a’ t ics -u cc- s- , ,n Cei- V -n -a - f - s -an - ic - il C - se T f c a y  ic-c- a - s - ,s ”r r, c-a -it c c ’, n - s -,r be

STATI Cs- . a

Ia -c a c d d f - t i  - a - to or d a , - ’ - c a-s-a s-s-La--,- -,ant ir.es. t i c s - c -  n ca -a ~~s-i - -ge

s s-aps-fl ‘s- c-s t ics - c a - a-a-i,-i,ii f-a -to speci fy  fic’ia - t as- a-s-u - _ a - - a-l ure sh’ s-cul d

l ’a-e cs- --”cs- - ,m s - ,iced i - s - d op e -  dec ’ s - f l y  of’ tic -c- ca -s-Cl i s - a s - a -  c’ s- a-s-t a- s-c . Tb’s- s

s - i t s - c -  i c - a - s - I f - -a s -s s- s -ic -a - t I f - s - - f -  p a -a  cc- s-a s a- - s - a  - a-re a s - a n - i l ’s - n - I . e  foci ’

exeau.t~ a - s - - ,  s - s - s -C ~— r~ s - C a ’ s -  s - ) ’f ara ’a :c- l ’ s- , ’ , f ’ a a  eXeC’, i s- -: c , g a u- c- n- i ’ s- L’edu a’ca-

a-’iic ’s - a L IT s -a -  C i a - c -  c a - l as - c -a- s- c-an’ - c - c - a -a-cr cs-oiat c a s- s-CS exe s- s-s-r s- ins-ac C s - s - u cal l is-cs-:

s - - a - c s- rn - s - a -. a-he uc: s- ’t’ia - lne, ’-s c-f tb ’ s-’ c c - s - c s - i - ’ c s - a - s - c a - - a ’  s - c - - s- i s - c  it - s

s - c p p l ] - ’ a s - C. mi - “ s - a  i -cr s-
s-~~

s-
~~ p ’s-. - ‘ s - s - s - s - s c - a -  s a , — c , , s- ,” - ’ , , , s- . hu t  f -c  : c s - i i t - i, — t ’ s - k

s a - c ’ s - f - e s - s -s - a ;  ;~c a - e c . c a -  a ‘ ‘ s- -a- a - c l  j ’U a ’s-c- ‘- i ca’s-s a a , - ’ -: ’ac ‘a-c- s-a- s-a- s-’s-’- - s - - s -as-ed s - l a - —

t - n - s - ’eousls-s- ‘ c s - ‘is-h s - i  f t ’ er es- , s-s- t~ a ,, cc - s- s - e s-c s -’ s - , a -’ea:’,e ,’ts . ,‘s-u’ic- as -’. i s - c d  s - - s - - s - a -—

d es - ’,t ly  - ‘s - s - n a -s - i a - t e d  I - r ( c c c ’j ’-a ’a - a - s - s- - c~ i a  - i a- p-i’s -nil e 1. f-ask ‘as-ad if

s- c’- ‘i ’ s- U s -  - n - t a - a d  i - - s - s -a Ia - h s - c a ‘s - s - s - s - c -  as -i ’ tn - ac — T TA SK ’ - a s-, ] - . . s - . - ti-s- u - c’-l l i

— — 
, ,‘_“. ‘-‘- a- 

-

— — ~~ ~~ , _s-,,s-,, ,,, , —~~ 
.
~~

,s- ‘-..-‘
~
‘ 

~~~~~~
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Sequence for the procedure. hicach such independent ta-sic : c-s -ac-

i tself create  other f--asks to -any level. The fa a - s ’s-a- so ca -cs -n -ted

is said to be ‘T att ached ” to the t n - s - i cc  - c reat ing  it n - ithc a s-ug icc

in general no return of control Cross- the created ta-s-h f-o

f-he c reat ing task ever occurs . The concept cs-f ’ attn -chai s-es-c-t

is- necessary for  the purposes of determining ownership cat ’

allocated storage .

In order  to accommodate the concepts necessa ry  f u r  a

process control c omputer system , we view the entire operat-

ing system a-s the ‘MAIN ’ program of the language be ing  ex-

ecuted by the system. T a-s-te that this concept is c cas-cp lete ’i s - -,a-

d i f f e r en t  from that of FL/I wherein the operating s-c a-stes-s- is

a- set of support faci l i t ies  which enable cer ta in fea tures

of the language to be implemented.  In the view cC P1/I ,

icC a proper computer were to be constructed , ca-s-c- which had

as its hardware iac-struct i, - s - c - s the pr imit ive elements of P1/I ,

no operat ing system would be necessary —— the mach ine wccs-s-Iid

execute FL/I pr c!-gra-as-s d i r ec t l y .  -la--ur view of the to tal

s-c-’s-teas -a is scs-ca,ewhat d i ffe r e n t .  We accept the c a cas -p u te r

a - i s - built , ‘and d emand of f-icc- langua ge tic-a t it he ‘able t as-

p r - s- - s-s-i, dca t i c s - s - a  features necessary to crc-ate ‘an cp s- s -r ’a t i s - ’J g  syst ca-a ’cc .

Ia-c f - s - a - i s -  w a - - a -we cas -a - describe all the fa-cilities a-va -il an - IT- c s-cia -is--

f - a s -  the - ‘ pea - s- iC ing system i a - c  the language itself -‘as well ‘s- s-c

s-s-he ac t i ons -ac  c-f “a-il the s - ’ - aa ” i s - s -s- s - s - c r s -- ls . a ’s - a - c - h ‘s- a-pii, , ’ s - ’s - t  i s -  c .  pa r ’ s- —

c-a-- c - s - s - a f - ac - th is  view b a - c - a-  cs-- ac ’s-es a s u b o r d i nat e  f_ as - i - s  a--il l, ic is - s - f t  ‘ a s - s - h —

cs- s-cl to the - p ea - -’ s- , t ir s-g s-y st c ans - .
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Is-s-e u- ca -s -a s - as - s - s - c ’  i -s- a c-s- [s- al cs -bs - s- “ ;,‘s- - a s -n a s - a s - s - ic -c-c s - U ] s- ’ c - a t c -  pr~ cc- ds- ,a a!, ’c- a-cs - u-i

-n-c-c- a-a ’- -, - a-- s - i s - a ’a- ’n -,: s- s-al a C a - i s - u - a S  ‘ i t  f-s a’s-c- ac e -s-s- s-a - s cc-: a ’ 1, - a - e d  T’- a -a~ s-s- s - ’ s - -, s - s - .

a - f - -’ ‘n -n -c- . - - is ‘- s- s - a s- - ed s- s-- c- a - - c -s - s -- s - - s - - s - c -’ ,‘a ’  i s - -a- ‘- s - a - ‘a s - ’s- ’a c - a’u - as - s - , t  l ’hs- ’s-,

p a - s u n s -i to t i cc ,a- cc- c-s-lIT ca - s -,ic a-c s - a -Ic ’ s - c s-s-a - , s- s - : a I ’ - ’ - ’s-s-’s-h El’s-Tin-s-Is-AL s - s - c a - ’ ,  as -us - is-n- cc ,

cs-a- ‘a-’ s - a - c - a a -  ‘s-r - a s - ’ l - - i ,c’ Ti e de c i s -a -s-” a tj s -  an - S - a s -  - ‘ s - c .  a .  s-c ’ , t a - s -c  a-s-a-c s-- - s - s - f i n e s - c.

‘a- i s-c - last- l ’ na -u of ’ S}a- -”s- ‘s - c- i st -“ - ge - - - s - ca ‘ s - a - s - s - a -  s - c .’ c ’s-ce a- cuts-c-c- ’ - is-

a - - a s - s - f- - I s - s - e d  , - , ]  th i s- ,  a - s - s - C  th e, ’ —a - f -  s- a  c ”p l l~~s-c s-Ln-’a-s-. Pd , s , ’ of ca--ic 4’ ,- - 1

pr~ -a e c -ci s-: l a-s-- ’ a: os-a-c ., ‘ -:a , a -ts -La ce a- c s - s - s - s - s - f - l a n a - s - a  -‘s-- v s - a - e n - s -s - s  ccl ’ ~s - ’ .\I~~ c-ar U

I _ _ s - i s -
, 

- 
- c s - t - rs- ’s s - as - s -s-ac-a ’c’-Cs . ~— ‘ ,‘ n - s - s - a -  a s -  s-s- pc-::’ llel t a - s- ic c-, h c-weve s- ’,

f-s a- ac cac ’cs- ’Lurs-a- ac-I ’ a - c - s -n- s-s- ca- s-s -Tic s--u -c- t s-c -c- c s - l I L a - c a - n -  t a - s i - a . E l - a - s -i a- p a - c  11-s- s-

f-ask cs-a-s-c--as -sb -a-n - aic a s- Ia, pa ’ s - c - a’ , ‘s - I T  c-’ ia - s- s- o il . - as -s-’ s- a - a- c - cs - f - cs - ’ . ‘P s-L as- a-- c c- f ’ s-c- - a

tc a ’ s - s - Tic, e s - s - L e a n - s  s-c -i cc - s - s - as - c’s -  lId f -a -  si-a h-a -as - ea - cs-s- s s - - s -, a-- ‘CALL T S I - f-c ’ s-c- a ,a-

s- a s - s - e s - ore -s - a -a u - -, c-c-I ; t i - a - f  i s - i s  dcs-es n- cat aa n - a - - s - a - , s-aii f- s-cs - ec-aec ut ic -a s- cc- i’

f-Ta-cc- cc ’s ‘i s- - s -  f s - - a - a- s - ’ , C c-s-as-s-s-c -ac -s- ic s - s - t i u s - ’a I s s - f - s - s - a - f - i ’ s -a - to  t c-s-t Ccc ’ r ”l ’a s-I Th,-

U s - - a c - s - a - os - a - .  a- si cs-b rc ’s-’a-i” - ‘ a- e:’- c ’n - c, s-s- as- s-- ca t a-a ’s-c- — a-s-Ia -‘ca-s-a -a -a cab les s--as -s-cs- -‘

n-b li ,c to t ics - c - p ar -cUe  t a - s c-c -‘s-a ’s- ta-c-se c-f tis-,e f-ash to a - s - s - a , ]  11 - ‘ a-

is-  st L a s -ca-ed . s - I s -  c a ’ c a - s - s -  J ,ly f - i a ’s- ~s - s - a -~~ as-s- s-i ‘i s’s - c a - ic ’. s-Cs ‘as- f--f’- - c - Is -ed tc- f - s - ca

t s - a s - a :  s- f I -‘c - is -  ca-l ied  I t , ic -a t 1 t a ’s - s  ‘ s-s-Ca--i ‘c-c al f-ca-c--i by s - as - a -,’ -c-s-c-c ac s-IT

the f /a-s-a- A d s--f - ‘-s - ct- ” cc’- Ia’s- ‘C- s - s - c -  c -cr I - cT, a - s- ,s- S s - s - s-c-’ s - a - s - s -a - c s -ce. . Tn -c- spec dlif:s -’i , ca-n-

s - s - i ’s- a - f -  ‘cc r u - a -w Ily c ’s - o s - s - f - ca - U s-s- s-s- c ’s - ’: c a - i s - a - s - a I d  s-a- s-c s- c s - t n - - s - c a i n - U  to the T s-” ‘as--a s- - ’ I

— Is - c s - r a ,7 l s -  c a - ’cs -”it e — -a- s- c - csp , et aa - I1 , ,-’ a. s - , U ’s - s - s -’ c - s - s - c s - en t Ic ’s- s-a ’ -:.

‘I s-he as - a-s-d i n T  a-C t i c s - na - -a- a-- s- s - s - s - s - a - c - c s -a- c s - c c i  t l a a i l a s -  t ic -n -  os-- :edutc- ], c- c’a- s-,

s - s - is - s -’f’s-’j s-a s - a a - l 7, a , s - a ’U he s-’s - cs - - c ’c l . ‘
~~~

- , s- ’s - s- . ’ I T I s-i t h e  aa - ’ n - a : - - a - a - c t s  bc - i s - s - s - s -li Os-

ti ’s - s - a -  - - s - ’ as- s -a - n - f - -a - ri-: ; t’ a-c - a  “ I  s-s- s-i -I- - ac - ‘ s - - s - a s -  a s - a n - i n s - s -s-a” s - c s -
a f-Taos-c: as-

s-s-ecs- a a- s - a s - aa -a i’;s-’. Ts- i ,s- s-a s- c c c f - c - s - i  - ,‘o f a - s - s - ’, ”c ,-d to ‘as - a c s-a -l i  I ’  s- s -c - as - cc. ‘~‘s- s-es -- i

s- s - n - a c n - s - s - s - l a- s- ’a ~ r - a - s --s- s - n  
I a s - n-c- , c c l ”  -ad - - s - - s - a -

~
c - s -  t , cc -c  •s-~ n-s-cc’: c c ’ ts - s - c- a-

” I
a-c- -c -a - n ’ s - - ,: . ‘- s- id t a - s - a - s-.’ s- p,’c- of LI ce  ‘a-” s - s - a - a’ s- s - a - a- f t c - s -u - a

~~~

c-U to f i r e  ‘ a s - a , s - c - l u -  s - s - i -~~ , ‘n-a-Ac-s-l p I s - ,  Ca,:’ -ache c~~] - - U t a - a n - c .
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is-n a d d i s - - i -  s - s -tc’ f - i ces - a  a’s - as - cr c - a c  ds c-C’ d a t ’ s -  c c - s - s - , s - s - , u s - , i s - s - t i s - -n,

a f ac i  i as- s-y is pa’ - s - s oc - ed  s - a -, - f - s - c - f .  tas ks s - ca - n -a  -is--c sync’s-s-s-’c”cf- s-ed.

Ta s- ’j, s f s-auc-ii ity  is based on sin event Sf- -a - s - s - c s - cure  s - s -s - i s - i- a - h t ic s - c

language assume s . An event is a data  type subject  to al l

the rules c oncerning data names . Each single event va-rf-ca-i,n-c-

is c oncerned with the occurrence of s -s--s -a s-c ~ l s-n-pc -enj s- ’s- - ’s- s-’ s-f-a -i’!Is-

the computer.  Assoc ia ted  s- i f- f-i l c-ac-ic c-/es-ct vaa-aCable is a-.

IT s - n - s - f - ca l  value , true or fa l se , which s- s -oa sures  a--s-is-c-Is--her or a-s-cf --

the event has occurred , and an integer value a--s-in-is-h s-s-s-easua -es

the nature  of the occurrence.  The precise ics- f-ea-pre ta t f -on

of ti’s-is in teger  is undefined within the language and is at- a

the optics-cs- c-c.’ -‘a given impiementaticas- . If the event v ’s-riable a

is denoted E , then the 1—a- n - ic - a - i  value can be c s - -’c-cessed by the

r s e u d o — v a r i a ble  and built—irs-- functicc a- Cl’Ts-IPLETTcc-Ti (E), ‘ca-a-s-U

the integer value can be ascessed by the p s e u d s --- -s-a a- a--- i a ble n-c’s-U

h an - s - i t -j r  Is-unction STATUS ( E ) .  An eves-ct as-c-ay be associa t ed

with the c ompletion as-a C a t a s k  by spec i fy is-c -g  -:aas- event a-, -a s - aa - ca

in the I ’s - as- ,J’s - II s-’T ~ opts-  c-s-n- in the ca - i l l s - ag  sequence Cs- s- the ta-s- I: .

The a-s- s-n-n’s-es event b c - C s - - s - i’ s-c- S ‘s-c-cs--f-ye n-a-s-d the -‘s- s - s - s - as - p s - ct - i c -n  n-a-ad stc’c ts-cs-

values descr ibed abc-ac. are Us --s- C f -ac - a - a d. The cs - al lis - a -n - t n - s k  s - s - s - c - I,,’

m t - c s - e r a  c-s -c ’s-cs- these values to asce r ta in  the c s-ua -r en t  st- s-an te s - c -”

f-Ice subordinate  t a - s i c .  In ad-l i s- sf - s - s -a’s- , the c-a llis -s-c -c, ra , ut f - a-a -e s-s-a-c-a-

s- a rc .s p e a - s -U i f s- e l f  u n t i l  the c s - n - i  led t a - s -k  s- .  c a ,r , i e tes .  If d- c-s

th is by s - ac ca - - n, acs ccc ’s- ’ the s - ’11s-IT st a t e s -n -cac t  s p e ci fy i a n- f-h e eves-s-t

‘a- s - s c s - s - ’ i  a -t ed with the c’s- i a-bc s - ’U f - s - s -’a-te t’s - s - icc -s-I S as-n- a a- . a - s - s - - c -ca - f- . TIc-I S

s t a t emen t  a - m s - S e a -  t i c-a- p a - c -n -c- as -s -c excc s-cut ing is - , t T a n s -  suspended

s - i s - s - t i ] .  f-s - c a ’s- c s - a c - s - a t  a - a - s - ia a- s- S s- s - -is - s-a- s - cs - s-c-un ’s-ad. As - tha t  ps-~ f-s-ct t h e  pa - s-’ —

s - a s - c -  a - e s -Us - na- a’ at the a t - s - s - u - s - s - a c - na-s Col l , a wcL s-’i~ I the i’I~~TT s t ’ a t eac , s - - s -, t .

-- “ - - ‘ ~‘
- ‘ ‘ -s-” ’ ’  ~~~~~~~~~~~~~~~~~ ~~‘ ~~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ s-.~~~~~~ -,s-s- ,s-s-_,s-
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Events-n ar cs-y al a- - c be a- s-s-- a . s - s-aia t- -Is- ccc s-- i f -t i ’s- f-i’s-c- s - s - s - as - ps- cs- t i - a -

c’s-’ is-s-n-s-,c. t— - . ‘at-s-cut open ’s-ti  ‘ c’ s- ’- ; Sc-c- th e  sc -c f -a l a-an - s - cs- I/ s-I s- Cc!-

s- c s - re deta i ls .

ITs- cc- n-es-ca- s - ac-s - s -i, cc-yes-ct as -c -- c -l”  ic-lea- Il’ s- - IT is-  a--i ‘all s-s-he i’s-i l  es-c- cs-c- c -

d c - f i r s - a - i f - a - arc- s-.-f a s-as-s--s-es- c-s-s - s do s - t i c s - es- ’ a-” s--al a-as-ales. n-he n-c-a-c-s-a-a’] a

procedures  ‘appi’s- - c-s-’r cs- . s-cs-s- ’ic e to Ss-TAT1T - ’ ‘s-- a- s - i l a s -c-n-T n-s-I s - c - I s -  a--s -ge ac’p Tly

IIs-V’EI]T a n - r i c a’s-i a - a - a ’ a-a-s s- -s - cs - i l, , I s - a c -  ldu’ s- n-n - ta -c- i” ,c- as-s-’f-rea - ’,es - ’,a-s a- as-

s-a- - , - i s - c ts - s - a - ’ ’ a arj c - cb I e s  icc s-s- is- La - i t  is - c - I -in-ED sI’oi’-ccn-s-- .

c s - i s - s - s - f - ri is- s-s - s- -T A I l p a - - - c s-s- s-n ( f - .  e • cs-Ice -
‘ ac era t os -an -  sn - as -tea’ , )

there in- a - s - s - c- a - Cs - CT dan -” f-s-s- c-- a-” a - -~ ’a- j  in-c- s - s - a -, the JIE ’IICE a - s - s - r i  ‘ci ,

One d es-a ]  s-s-c c’- a- ’s-’ ’L ’ s - b IT , e s-s-s-u : t- I’ ’ -  -‘ i s - - ac Is-i a-ed C-. a - s - as - -c-h s - a c T c - S  a -s-c -a-- i U-’ —

‘- c - c a - - c - c a -va i l a -b IT - e  ca-a- ‘I s i s - cs - ca ,a s -,s-a-ir s-”- . As - c - s - a  a - c - s -_ a -t ed  a--c s- tic -es -an ’ s - i a -  d s-cvi - ‘ c

v a - s - - f - ab l e  is ~~
- s- - c t s - ca ’ s-’- ’s- 1 ,s - o - c ’ ‘ - s-a-rs-’ s- a ’- a ” i n -t e  f-c- the ds - a ’,’ f - c c- .  Ela s-a-

c-f” f-Is -c - se val ’,i cas ira-s-any 1’ce -a-a-cc-es ,s--’c-a i s - a c - c s -s-cs-ups-’ c-s-a- cs-s - s - a - i table  i c c - a - s - f - i .  — ‘ as-
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c-s-s-is -cs-’ -values s-s-s-c-ay s f - s - cc i s - ’ aa - ITv  ‘s-a-c- a - s ss -.-c- as - ,ated c-s- a- tic- can s - i s -s - a l a - c - s-s-s-s

a-rnsrs-’-a-c-a-al -ate. n -es - ides t i- c a - :ata- ’i ‘icc vs-i s-L an -c -S a-as - s-I ‘s- a s-as -a-c -be

assoc ia ted  a--s-ith a pi ’s-n - s ic-c -Y dc ‘ 1 - - c - . n- a i s - c s - J ’ Pc - ac ’  s - t a - c e  as -cay s - s - la - s - c - -

s-cs -a ’ s - i c - a -n - -’ f - n a - a - s i t s - a -s- -s-c s Wi .] , a a i  a , , ’ be a- 1, ’ al . I - a s - s - s -I s - .  [‘ u s-h -an t i - s - s - s - c ’  —

it ion may be Cs - a- i - e s - s - a n - s - a p T  e , c - s - I a - c -  ne c -cf -p s ’- ‘s-a- s- ’ i a -’s- a - a ’s-c-i ’ ia-’ s- s-c .
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s - - s -s - n -  s- ca- d e s - - a a-ibes the as-a tis-,’-ics to be ta-a s- -c-c-a-a s--s-a-s-s-a ’ t i’ a- s- U s -a -v ice  I

s-- n - in - sc - s  ‘s - a - ’! n - s -y a’a- s - c h rons -’;s-. c ’ . i n te s-  s- a - r a t .  The C a-c - ( s - f  f-ic c- s - t a - i c e —

s- a - a- , -4” C’
-~~~

-I’ s- I (dc--rice s - s - s - s - c s - c -) s f - a - n - a - -a ’c~a a - t

W a a- s-n - s- ( s- ] evcs - c - c -  a-s--c-s -s-cia - .) s-n - s -c -be s - r s -’j ‘in- a-]. Pie s - - s - i _ i s -c - i c  -is- s-a s- i s -c -cr  s-I-

a- l .a-r ed  to  ic-c - a- dec’s-l. a - c -  ‘a-s- a-ni -I -a -able . Tn-c s t a - t e c s - a - a - a c s - t  is a-n, la s- s- s-p s-s- . rc-

st-s-tea -a-c-act a-s-a-i -s - I ’s- f-c . t o  h-c - ‘s-as-s-cc-outed a-s-~i s-s-s-s-’a- n -he s-c- c- s -ac - ed device  a

- c - n -uses n-s-c ia-c-s-s-eas --c a-c-a -c-:. TIs-is- s f - - c f - s - - a s - a s -c-nt  a - - a - be c s- ..cs --ps - ua-s-d , n- h a - n t 
-

‘
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SECTION 7: IJTUT - OTJTFtJT

The general area of input/output operations is one of
the largest unresolved problem areas of this language design
effort. The I/o operations provided for in PL/l are monumen-
tally complex when considered in their totality, and unsuited
for our requirements . Specifically, the approach to file
systems is much too complicated and the concept of process
I/o is totally absent.

Our work on I/o has been divided into three topics:

1. Use of bulk memory devices.

2. Device Dependent I/O (e .g. Process i/o )
15. Device Independent i/o

The emphasis of the work which has been done is to
provide a lucid , simple set of facilities to accomplish
I/O operations in as efficient a manner as possible. For
example, the operation of format conversion has been pur-
posely separated from I/o operations to eliminate unnecess’~ry
repetitive operations .

The material to follow is in the nature of proposals
rather than final specifications . Development cf a concrete
syntax and use of that syntax will probably lead to signi-
ficant changes.

Use of Bullç Memory

A typical f ac i l i t y  for  the use of bulk ir.enory is a f u l l
f i le  system. Such a system may be found in PL/J . If we
consider  a collection of data  external  to a prcgr~ m to be
a data  set , a file systen provides ~i mech anism fnr insuring,
the life of a data  set i~ dependent of the l ife  of any pro-
cess which creates or u t i l izes  it. The parameters describ-
ing the data set are ~nr w~ throughout the systen ~ unti l  the
existence of the data set is expl ic it ly  terminated by some
process .

Associa ted with such a system are a significant number
cf data structures describing the files known to the system,
their current state , conditions for using them , etc. File
syste:rs such az this require a large package of supportino
s~’SThw9re and incur significant overhead penalties during
execution .

Nore appropriate to computer cont ro l  is a system which
pr~ ~ides for  dynamic a l loca t ion  of bulk store and easy m ar t i—

• pulation of data and program found there . (Th iz  Is consis tent
with the elimination of AUTOMATIC dynamic memory al locat ion

-~~~~~~~~~~~~~~~~~~ -- -~~~~~~~~~~ —~~~~~~~~~ -- -~~~~~~~~
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and the subsequent use of only based sterage for dynamic
storage allocation).

Proposed are:

1. The attribute BULK BASED which refers to dynam-
ically allocated bulk storage .

2. The ALLOCATE statement used to cause allocation of
the bulk store.

• 3.  a) FETCH and RELEASE statements for program files.

b) A presently undetermined statement which will]
effect copying of data files between bulk and
core •

This approach provides a simple, consistent means for
handling dynamic allocation of bulk memory devices , and could
easily be used to implement a complete file system. Its
usage conventions will correspond to those for BASED variables.

PROCESS I/o

The information required to be passed in a process I/o
call may be categorized as follows : -

1. Information which designates the physical device
from which the data is to be obtained. (e.g.
Analog Input Scanner or Digital Output Module).

2. The source within the physical device of the pro-
cess variable (on input) or specific output path
for output. (e. g. analog input point (group)
number or digital output point designation).

3. The destination (source) of the input (output)
data .

~~~ . Conversion parameters for I/o device.

• 5. Information relating to the flow of control desired
for the operation (i. e.)should program be road— •

blocked until ti-c operation is complete or continue
c mputaticn) .

All prcoess i/o information falls into these categories.
It will be handled as follows:

1. A re~ er-;ed wor d <device name> , designating the
de-riee.

2.  A structure n ame <device descriptor structure>
to be parsed indicating the required data path ; or

________________________ _ _ _ _  ~~~~~~~~~~~
_•_•~~~~.
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a variable name pointing to the data required .

~~~~
. Data structure or variable names as appropriate

as arguments.

5. (Optional) An event variable. If present all
processes attached to this event variable will be
activated upon completion of the I/O activity. In

• addition, any code following the I/u operatic-n will
be examined immediately. A syntax for process I/O
statements is:

{~~~~~T} 
<device name> (device descriptor structure)

<argument structure name> EVENT (event name )7

EXAMPLE

INPUT SCANNE R (5 ,70 ,2 0 ) ,  A ( 1) , TEMP 2

External  I/O

External  I/o opera t ions  wil l  be handled as spec i f ic
character—string t ransoiss icir • s .  An ou tput oper-~t io  
ment would have the syn t ax :

F NEITE <Logical Device h uce> , <Tharacter  St-ring fxpressl ~ >

The number of charac te r s  t ransmit ted in the Sf ring will
be determined by the lengfli C the Character  St~~in g  Express ion .

Format conversions e tc .  may be handled l y  b u i l t — t n
functions . The string man ipula t ion  fea tures  C the ]anguage
will make this a na tura l  way to handle  this.

p 
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SECTION 8: STATEMENTS

This section includes an alphabetical list of all the state-
ments in the language with a brief description of the function
of each.

ALLOCATE : Causes storage to be allocated for specified
based variables.

ARM: Allows a hardware interrupt to occur so that
it may be recognized and remembered .

Assignment: Evaluates an expression and assigns its value
to one or more target variables. The target
variables must be scalar, and may . be indicated
by pseudo-variables. No implicit conversions
between data types are allowed.

CALL: Invokes a procedure and causes control to be
transferred to a specified entry point of the
procedure. May inc”ide an argument list and
TASK, EVENT , 1~~IOl~ Y, and ATTACH options.

COPY: Assigns the data frcm one data structure to the
elements of anoth~r data structure, where the
types of the data e ~ments and their arrange-ments in the structurd have been explicitly
specified in previous declaration statements.
Transformations from one data type to another
will be permissible where this is meaningful.

DECLARE : A non—executable statement that explicitly
specifies attributes which are to be asaoc—
lated with a name.

PELAY: Causes execution of the controlling task to
be suspended for a specified period of time.

DISABlE : Prevents the processing of an interrupt.  This
is the inverse of the ENABLE statement.

DISARM : Causes an interrupt signal to be completely
ignored . This is the inverse of the A]C1
statement.

DC : Delimits the start of a DO group and may
specify repetitive execution of the state-
ments within the group. May include a sped-
fication of a set of values t be taken on
by a variable or pseudo—variable during success— •

ive executions of the group , and may include
a WHILE clause specifying the condition fur -•

continued repetition .
• •‘~~~~ .- -— 

- 

• •- .

I

. 

E C I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _



SECTION 8: STATEMENTS

This section includes an alphabetical list of all the state-
ments in the language with a brief description of the function
of each.

ALLOCATE : Causes storage to be allocated for  specified
0 1 based variables.

ARM: Allows a hardware interrupt to occur so that
it may be recognized and remembered.

Assignment : Evaluates an expression and assigns its va lue
to one or more target variables. The target• variables must be scalar , and may. be indicated
by pseudo—variables. No implicit conversions
between data types are allowed .

CALL: Invokes a procedure and causes control to be
transferred to a specified entry point of the
procedure. May include an argument list and
TASK, EVENT, PRIORITY, and ATTACH options.

COPY: Assigns the data from one data structure to the
elements of another data structure , where the
types of the data elements and their arrange-
ments in the structure have been explicitly
specified in previous declaration statements.
Transformations from one data type to another
will be permissible where this is meaningful.

DECLARE: A non—executable statement that explicitly
specifies attributes which are to be assoc-
iated with a name.

DELAY: Causes execution of the controlling task to
be suspended for a specified period of time.

DISABLE: Prevents the processing of an interrupt. This
is the inverse of the ENABLE statement .

DISARM : Causes an interrupt signal to be completely
ignored. This is the inverse of the AR~statement .

DO: Delimits the start  of a DO group and may
specify repetitive execution of the s ta te—
ments within the group. May inc lude a sped-
fication of a set of values to be taken on
by a variable or pseudo—variable during success—
lye executions of the group, and may include
a WHILE clause specifying the condition for
continued repetition.
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ENABL~: Allows the processing of an established
interrupt.

END: Terminates blocks and DO groups.

EXIT: Causes immediate terminat ion of the task
that contains the s tatement  and all tasks
attached to this task.

FETCH: Causes the procedures specified to be fetched
into internal storage for subsequent exe-
cution, unless suitable copies of the pro-
cedures already exist in internal storage .
May include an EVENT option .

FREE: Causes the storage allocated for specified
based variables to be freed.

GOTO: Causes control for a task to be transferred
to the specified statement within the same
block.

IF: Specifies evaluation of a bit string expression
and a consequent flow of contro l dependent
upo~”. the value of the bit string.

INPUT: Causes data to be read in from the specified
device to the specified variables.

gULL: I-Ic operation.

ON Specifies the action to be taken when an
interrupt occurs for the named device.

OUTPUT: Transmits data from the specified variables to
the specified device.

PROCEDURE: Identifies a portion of the program text as
a procedure, defines the primary entry point
to the procedure, and specifies the parameters
for the primary entry point.

RElEASE: Specifies that internal storage containing
specified procedures may be freed for other
purposes.

RETUR N : Terminates  execution of the procedure tha~
contains the RETURN statement. If the pro—
cedure has not been invoked as a task , the
RETURN st atement returns control to the
invoking pr cedure . It may a]so  return
a value. :.
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SIGNAL: Causes the occurrence of the named event.

STOP: Causes immediate termination of the major task
and all subta sks.

WAIT: Retains control within the WAIT statement until
the specified events have occurred.

I
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SUMMARY OF PREFERABLE FEATURES OF

PROCED URAL LANGUAGE FOR INDUSTR IAL USAGE

H. Kuwahara

Omika Works of Hitachi Ltd .

It is very importan t , we believe , to mak e clear the
preferable or necessary features required in process
langu age in the course of development of its specifi-
cation.

Attached table shows the preliminary results of our
efforts . In order to make the work easy and based on the
prospect tha t the preferable language will be of higher
level language than FORTRAN , we described necessary
features desirable to be added to standard FORTRAN .

Some of these features are well covered in PL/l or
ALGOL and some others are not .

We think we should mak e our efforts to establish
mutually acceptable preferable features of process lan-
guag e , which will be useful and indispensable when we
want to make standards of several levels or when we need
to give up syntax or semantics which are fancy but make
object programs longer.

• - ——— - - ~~~~~~~~~~~~~~~~~~ ~~~~~~ 
.—— ~4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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SECTION II

WORKING AND POSITION PAPERS

TASKIN G PROPOSALS FOR THE

LONG TERM PROCED ’J~ AL LANGUAGE

Tasking,or the management of parallel processes , is one

of the most Important areas of consideration in the design of

the Long Term Procedural Language because of the importance

of these features to operation in the industrial environment .

As such it has been a very popular topic of discussion and

writing in the LTPL Committee and its branches. The following

documents are a nonexhaustive sampling of some of the most im—

portant  of these f indings . They are contained in the Minutes

of the International Purdue Workshop on Industrial Computer

Systems and its predecessor , The Purdue Workshop for Staridard i—

zation of Industrial Computer Languages as follows :

1. “Pos i t ion  Paper-Tasking , In ter rupt  Handling ,
and the Synchronization of’ Parallel Compu-
tational Processe st5 , Minutes, Fifth Purdue
Workshop on Standardization of Industrial
Computer Languages, pp. 225—231 , by H. Pike.

2. “Task Interactions ’t , Ibid, pp. 235—2~46 ,
by P. Lindes,

3, “Tasking ’5 , Minutes , Sixth Workshop on Standardi-
zation of Industrial Computer Langu’~~es,
pp. 196- 202, by P. Rieder ; pp. 20’~—231 by J.G.P .
Barnes, R~. J. Long , and D. N. Shorter.

14 “Joint Tasking Proposals for an LTPL” ,
Minutes, 19714 Spring Regional Meetings,
L~~ernationa1 Purdue Workshop on Indus t r i a l
Computer  Languages, Document IV—II-VI ,
pp. 371—390 , by D. N. Shorter and K. H.
Timmersfeld .
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The reader is also urged to review Document 3 of Table I

of the Introduction of this Part for the comparison of the

tasking features of each of the languages considered there.
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-LT P LC -

- 
POSITION PAI’ER

TASKING , INTERRUPT HANDLING , AND

= THE SYNCHRONIZATION OF PARALLEL

COMPUTATION PROCESSES

U . PIKE

APR IL 1971

TN’I’ROD UCTION

l’crh ap s  the most  unique programming requ irements  associ-
aLed with the implementa t ion  of so f tware  for  r e a l - t i m e  i n d u s t r i a l
s’.’stcms are reflected in the need for facilities in the program-
i n i n g  language  for i n t e r rup t  h a n d l i n g ,  s y n c h r o n i z a t i o n  of pa ra l le l
comnutational processes , and tasking. Although there exist in
P1,/i features addressed to these problem areas , they are not
adequate for  our requirements , as we wil l  see below . The purpose
of t h i s  paper  is to uni f y our t h i n k i n g  on these top ics b y develop-
in~ a clear  de f in i t i on  of the  problems which  we are  address ing ,
e x a m i n i n g  curren t work to date , and proposing a solut ion.  The
s o l u t i o n  is an a t t empt  to f u r t he r  def ine  the approach proposed by
Nea l Laurance. Credit for the idea should be given to Nea l , blame
for “what has been done to it ” can be attributed to the author!

DEFINITIONS

Segment: A sequence of executable statemen ts

Computation al Process: A flow of contro l executing a segment

Task: A v i r tua l  processor or flow of contro l capable of
executing statements or segments.

Para ilc i Computational Proces ses: Computationa l processes
which take place s imultaneously.

E~’ent: An asychronous occurrence external to a computation-
al process , but of in te res t  to the computationa l process.

L.. ~~~~~~~~~~~~~~~~

-- —-- 

~~~~

- - - -

~~~~~ ~~~~~~~~~~~~~~~~~~~ 
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Y 1 i i i  T.i~~k : In an ilidustriai computer  sy s t em , the t a sk
‘-~~~1Co :~~~~

, 2 ’~~~~j )OL1 S i i ) ! l i t> ’  lflC Ludes supe rvI sion  of the execu—
L i  m o . au . oth e r  t a sk s . ( e . g .  an “o p e ra t i n g  sys tem ”) -

St ~~oz ~d 1.~~it O  Task:  A task  which is not a main  t a sk .

~~~~~~1 t :  An event ex te rna l  to a main t a sk  and i ts
s un o r d in at e  t a s k s  -

S~’nchronizn t i on  of P ar a l l e l  C o m p u t a t i o n  Processes :
C o n t r o l l i n g  the execut ion of p a r a l l e l  computa t iona l  pro-
cesses so as to m a i nt a i r .  some des i red  s e q u e n t i a l  re- -

l at i o n sh i p  between events  caused b y the processes .

S t a t u s  V a r i a b L e  (or s t a t e  v a r i a b l e ):  A var iab le  which
assumes a s t a t e  from a se~ of possible s ta tes , and whose
s t a t e  may charge upon the occurrence of an event.

P~ C)1 T~E~-~ SL\Ti’~1 ENT

It is des ired to develop a set of facilities for the lang-
ua~ e, including basic data types , opera tions , sys tem primitives ,
etc. to fulfill the  func t iona l requirements  for  indus t r ia l
computer systems as out l ined  below . This is to be done in a
manner which maximizes conformity with PL/I.

FUNCTIONAL REQ~~IRE MEN TS

In ord er to define the functional requirements (or, more
properly, func tions which must be direct ly implementable in the
langu~ ge) ,  we must f i r s t  take a system overview of what is to
be accompl i shed .

The approach  taken to this  prob lem in PL/I  is to de f ine  a
“P L / L  machine”; th a t  is a computer  whose hardware  executes  FL/I
progr:~ms d i r e c t l y .  Thus con3idera t ions of an operat ing system
d i sap p ea r .

It  is our view tha t  we must be somewhat more precise than
this. ~ c take as our sys tem model a simp l i f ied  version of the ’
~~i./r machine execut ing  a main task  and poss ib ly  subordinate
La~ ks. The cap ab i l i t i e s  of this  processor wil l  be required to
be such t h at  a modern convent ional  processor with  some minimum 

--~~~~~~~ — - -  —--- -‘~~~~~~~~~~~~~~~~~~ 
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I \ -- i~
’(’ (~~~I I!Ll pr()v;du Lii : ~; re~;t r i c  Lc d version oC our i~L / i

- ~~~
• . di :; ire , as i a r as p s s ib l c , to keep this to a pr oper

~ -~~ : & I ~) I L I I C  i’Ll I i ;ia c l i inc  for  Ob V I OUS reasons -

~ubordinate t a sks  wi l l  view th~± i r  envi ronment  as a v i r t u a l
t ’~’ - : ‘ ~~~~~~~~~ ‘,- i h i ch  is an ex tens ion  of the PL/I machine seen by the

- - 
-
~ L ; I S k , because f u n ct i o n s  in the  ma in task  w i l l  be a v a il a b l e

~~ LIU i~~. Let us cal l  these two machines ( f o r  the  want  of b e t t e r
~e s ) :  the PL/ i  Subset  Mach ine , and the  LTPL mach ine .

We a r e  now ready to d iscuss  the f u n c t i o n a l requi rements  for
L : i c  l anguage .  It  wi l l  be clear  tha t  some f a c i l i t i e s  wi l l  not be
;v aL i ab l e  to the  implementer of the main t ask  because they  do not

e x i s t  on his “PL/I Subset Machine ” ; they will , from his point of
v i e w , be system funct ion s he must provide for the subordina te
t a sks .

From a l inguist ic  point of view it is not necessary to re-
str ic t :  language f ac i l i t i es  available to the main task from sub-
ordinate tasks . In practice , two factors will cause this to be
done:

1) System securi ty - the scope of capability of subordin-
ate tasks will be restricted from operations which could
impair  sys tem secu r i t y .

- 

2)  Real time performance  - certain operations will imply
or requ i re  rea l - t ime performance.  This can only be
assured  to the main task , so these facilities will he re-
str icted to the main t a sk .

With the above in mind , we will specif y desired functional
~~1pa1 ) ~~L i t i c S  in  term s of requirements on the FL/I Subset Machine
and ~ he LTPL Machine.

FUN C ’l’ I ONAt,  REQUIREMENTS: FL/I SUBSET MACHINE

INTERRUPTS :

A h i l i cy  to i nit i at a  a computa t iona l process immediately
upon the occurrence of an interrupt .

flu - - - -  ~~~~~~~~~~~~~~~~~~~~~ -“ --- ‘ — — 
“----——-------- -~ ---- -~~m*~~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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‘ H:  : ~~~~- t~~ iii ;u~: 1~- -~c a com~~t i1:~ L a n a L  p rocess  i s  e o a I p lcL c d
a t ’  1 O ~~

’t ’ ~1 I~~,’ O L ~~~ Cn  CO~ 1~)U~~fl tj OflJ 1 ;~r occss  is l n i L j , a C e u .  —

l it’-’ to C i C L C r ~~LIiC if some i nt er r u p t  has  occur red  d u r i n g
sa~ u P~~Ei~~ t ir e  in t er v a l .

:-~~ — ‘i~
’
~St~ ~N i . 1 i ATl ON —

~~ c:’:plicit  a t  this level

~‘:;Ci ,i : :’: i/~X1 i ON -

~~ ;~ap hores  or e q u i v a l e n t

:~ ~CTi ON.Y, ifl~QUIREN z~NTS: LTPL ~1AC~ T~ E

A:~~ l i -cy to cause  the i n i t i a t i o n  of a computa t iona l  process
on the occurrence of an i nt e r r u p t  by i n d i c a t i n g  a segrr~urn
‘~-.‘~ ich is to be executed ii the  i n t e r rupt  occurs .

- Ability to insure the “prompt execution ” of such a p roc ess .

i \b i l i t y  to mask  the  connect ion  between a seginent and an
i n t e r r u p t  with L’~-:o poss ib le  ac t ions  on unmasking:

a)  ignore  an y  i n t e r r u p t s  which occurred while masked

b) execu te  upon unmasking if any interrupts occurred
w h l l e  mask ed

TAS:-JNC

- estahliEh an external procedurc as a subordinate task with
p o s si al e  p a r a m e t e r s :

a )  p r i o r i t y

b)  L i~~e

c) t ime -i n t e rva l

d) proccdu ’c nai~~ -
~~‘

LA. - - 

— - -  - .  _ _ _ _ _ _ _ _ _ _ _
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~~ 1 , 1 :~ 
a L~. - -

- W j ) L I L ,  a

U fl SUS~)~~IiJ a Cask

exLcrm i n i C e  a t a sk

• check s t a t u s  of a t a sk

- r e -as s i gn p r i o r i t y

- sema phores for  s y n c h ro n i z a t i o n

~ilOk -:o~-~K

Work of d i rec t  in te res t  to th i s  proposal  comes from three
sources: the current version of PL/I , the propos ed PL/I s tandard ,
and Laurance ’ s LTPL work.

Since Laurance ’s work is readily available to the committ ee ,
I w i l l  only attempt to describe the current trend of the FL/I
standard. The best i nd ica t ion  of cu r ren t  X3JI t h ink ing  is dc-
v c L o pm e nt  proposal  X3J I .2 /8O b y Freiburghouse “A Proposed Tasking
F~:e i u i ty  for  PL/I ” . Th~ s proposa l  is to completely replace the
c ur r e n t  t a s k i n g  f ac i l i t i e s  in P L / I .

Frc ibur ghouse  has  proposed tasks  and subta sks  as in the
c u r r e nt  language , with  a m a j o r  task  being created wi th  the
in v o c at i o n  of the f i r s t  procedure of the PL/I program , and sub-
cask c rea t ion  b y execution of a call s ta tement  w i th  the task
opt ion . Task t e rmina t ion  occurs upon execution of a re turn
st a t e m e n t  in the major  task , or a stop-statement anywhere .

~ync iro iuzaLion  is to be accomplished through a two st at e
1.oe~ v a r i a b l e , which  resides in cons tan t  s torage and cannot  re-
CO VC new values through ass ignment  or input  opera t ions . The
u su a l semaphore  s ta t e m e n ts  are def ined on lock v a r i a b l e s .  Also
i n c lu d e d  i n  t h e  p roposa l  is the wai t  s ta tement , a lthou~;n i t s
i~ ac t  ~on can be p cL’ i o rmc d  w it h  lock statemen t , .e.

~-~‘ATT (x )  i _ s equivalon t  to LOCK (x); UNLOCK ( x ) ,  a s s u m i ng
x i s  in L L~ a lly locked and the  t r a n s i t io n  from locked to unlocked
s tat e  is the event of i n t e r e s t .

- ~~~~~~~~~~~~~~~~~~~~~~~ 
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The propo’~a I in c l u d e s  t h e  use  of I cek  v ar i ~~h le s  L r  nyr. -nru.i.

i~~t :o ’i 0f t - i~~~s a nd e ven t s b y a s s o c i a t i o n  ~, f LL.~ l u a k  vj t i~~n i c  ‘.-.

un e’~~.~t . bvent. v ar i ~ b 1e~: ar e  e l i~ni~~a te d .

PRO POS ~L

‘the h a s  ~c as~~ t m p t i o n n  of t h i s  p :oposa 1 i 1 c l u~~c L h c  fu n c  L i  n - ~l
re quire m ents above and  tha t ~ 1,ock v a r L a b i c  such  r n  t h a i : p ro~:-oScG
b y F r e i h u r gh o u s e  w i l l  bc iuieiu c 1c~J in PL/I . i t  is al so  n s ,-: amca t h a t
we cannot use even t  Va rL 1) Ie~ ~:S L ,~cy a r e  now fou r ~l in i’L/ .

1) El i~-iinatc ev e n t  v a r i ; b l e n .  The confusion b~~L t ~’eCO t e
o c c u r ren c e  ot  an event  and th~ v a l u e  ( ? )  of an event
v a r i a o t e  is i m m e n s e .

2)  T r i ’oc i uc~ t in : s t a t u s  v a r ia b l e  (or s ta t e  v ar i a b l e )  as a
genera  i z it  ion o . the  lock v~ r i ab l e .  ( r e t a i n  lock v a r ia b l e s
as a ~p c c~~a 1 r~ o-s t a te  st a t u s  v a r i ab l e ) .

~
,) 1~i ’~ v i d c  s L : a~~aore  o p e r a t i on s  on lock va r i ab l e s  as per

P~ JP O~ al :cfI.2/ s O .

.Y) j’t O v i  da t h e  ‘ - ‘ ni t  s t a t e m en t , d ef i ned  to cause  e:~:ccuciori
of  a sc-a ~ aa c n pun a ny  s t a t e  t r a n s i t i o n  of th e  s t a tu s
vn~’ i.~~n lc  which iS i t s  a r gu m e n t .

5) ~cs t r L c a  t u e  u s e  of the  w a i t  s t a tem ent  to su b o r d fn a L e
La ~~~

H) Pr~~’i ~L the na—s t C c c m e n t  fo r  d i r ec t  linkage  o~ a
cu. Inn:ati~ nal hracess to an event external to the 

m aj o r
L ( A .  . c .  a ~i a c u w n re  i nt e r r u p t ) .

1, Restr et use of the on - s t at e me n t  to tl~e majo r t a s k .

~,) 1h’r~-’idc a set  of t a s~~ing p r im i t i v e s  as b u i l t — i n
Iu n c t  ta n s ~procedurcs) to satisty the tasnin d tunctlonaL
: . L l i r e u c a Ls .

‘ -~~~ R e a ~ :‘~ ct  ta c L a s~~it ig  peL i L LVC S to su a o r d in a t e  L J S~~S -

~~ PL \’~~d~ •t set 01 cvc :t 1,ar1al)~ e ) r J a : L t L v C s  to ~u i t t l 1
C l i ’ i t s  L’i ’ u p t  h an d  11 n~ f un et  u r n  I. requi remen t s on ~~ Li i’L

i n e .  (c ’ . ~~~~. NA~;:~, U.~ -1~ S~ ~tc.)

_ _   - -—--- 
-

~~~~~~~
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11) Restrict these to subordinate tasks .

SYNTAX AND S E1IANTICS ( INCGMP L E ’fU! )

The syntax and semantics will be divided into t h a t  for the
PL /l subset machine and tha t for thc LTPL m a c h i n e .  This  s y n t a x
prop osal should be viewed as preli m inary , particularly with re-
spect to the LTPL machine primitives.

PL/L MACHINE

The on-state men t will be used to associate a segmen t w i t h
the poten t ial occu rrence of an externa l event (interrupt ) : on-
s tatemen t :: ON (interrupt-identifier ) , j~~RIV ILEGED j

Seman tics :

Upon occurrence of the interrupt the procedure headed by
the  o n - s t a t em e n t  is entered. Upon comple t ion  of the procedure ,
con tro l returns to the  i n t errupt ed  procedure . Switching on-blocks
for  on~ in t e r rup t  is accomplished b y us ing  dummy in te r rup t  identi-
f i e r s  and ass ignment  s t a t emen t s .  Inc lusion of the privileged
option will prevent the recognition of o ther  in ter rupts  unt i l  the
current on-block is complete.

The s tatus va riable is a variable which assumes a value
from a set of possible values declared for  i t .  Assignment
state m ents can be used to change i ts va lues. Indivisible sema-
phore opera tions will be provided.

LTPL MACHINE

The suntax for ehe LTPL machine will include :

1) The wa it  s t a t emen t  caus ing  block act ivat ion upon the
change of state of a status variable.

.~) T a sk i n g  primit ives as defined above .

3) In terrupt ma sking  p r imi t ives  as discussed above .

~ 

—

~~~~~~~~~~~~~~~
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TASK INTERACTIONS

LONG TERN PROCEDU RA L LANGUAGE COMMITTEE

WORKING PAPER

P. LINDES
APRIL 2 9 , 19 71

INTRODUCTION

The purpose of this working paper is to summarize a number
of proposals on tasking that have come to the attention of
the LTPLC . This summary will be used by the Committee as
a basis from which to develop a complete position paper on
the subject. First , the funct ional  requirements for tasking
operations wil l  be stated as presented in Herb Pike ’ s D r a f t
Position Paper (Reference 1) .  Then the tasking operations
included in each proposal will  be compared with these
functional requirements .

FUNCTIONAL REQUIRENENTS

The functional requirements for tasking operations available
to the applications programmer are (Ref. 1):

1. Establish an external procedure as a subordinate task
with possible parameters:

a. priority

b. time

c. time interval

d. procedure name

2. Delay execution of a task for a specified time period .

3. Suspend the execution of a task .

4. unsuspond (re-activate) a task.

5. Exterminate a task —

6. Check status .

7. Reassign prior ity.

8. Semaphores for synchronization . ~~~~~~~~~ 

_ _ _ _ _ _ _ _ _  — —-— - -—

‘-‘ --- ~~~~~~~~~ ~~~~~
— - .------- •- -

~~ 
-
~~~~~~

-
~~~~~~~~~~ 

- - — — —- —
~ 

- -—-
~~~~~ 

-



-118-

The fo l lowing pa ragraphs summariz e how each of several
p roposed languages meets these func t iona l  requi rements .

PL/I (Refs. 2 and 3)

1. A task is created by the execution of a CALL statement
containing one or more of: TASK option , EVENT option ,
or PIUORITY option . A task is a “dynamic descendant ”
of and depends for its existence on the task that
created i t .  The TASK option can g ive a na me to the
task.

a. The p r io r i ty  of a task can be specified by the
PRIORITY option in the CALL statement that
created it or by assigning  a value to the
PRIORITY pseudo-variable for  the task name
before  the task is created. If not specified ,
the p r io r i ty  is the same as that of the creat-
ing task .

b ,c .N o  time or time in terva l  can be assigned to a
task .

d. When a task is created , it executes the
procedure named in the CALL statement that
created i t .

2 .  D E L A Y ( n )  suspends the task which executes it for  n
mi l l i seconds .

3. A task can be suspended by execut ion of a WAIT statement ,
which specifies an event variable. This event variable
can be associated with a subord ina te  t ask if i t was
specif ied in the EVENT option of the CALL s ta tement  t h a t
created the task , or it can be associated wi th  an I/O
operation by us ing  the EVENT option on an I/O statement.

4.  A task tha t  is wa i t i ng  for  an event is unsuspended by
the “ comp le tion ” of tha t  event .  This can onl y occur if
the task or I/O operation associated wi th  the event
var iable  is comp leted ( i . e . ,  the associated task is
t e r m i n a t e d ) .

5. A task is te rmina ted  if: the task executes a RETURN or , 
-

END s t a t emen t  in the procedure invoked by the creation
of t h e  t a sk ;  the task executes an EXIT statement; any
task executes  a STOP s t a t emen t ;  or the task which created
th i s  one is terminated.

“C

___ __________ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~~~~~~~~~~~~~~ - - ~~~~~ --~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,~~~~ 
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6. The “completion ” of an event can be tested with the
comp letion b u i l t- in  func t ion  for  the associated event
variable . Af t e r  an event has been completed , the
manner in which it completed can be tested with the
STATUS bui l t- in func t ion . The p r ior i ty  of a task can
be examined wi th  the PRIORITY b u i l t - i n  f u n c t i o n .

7.  The p r io r i ty  of a task can be assigned before  i ts
creation with the PRIORITY pseudo-variable, or at  its
creation wi th  the PRIORITY option . The priority can
not be reass igned whi le  the task ex i s t s .

8. There is no means for  synchron iz ing  tasks other than
the WAIT s tatement, which wai ts  for  the completion of
the corresponding task .  Prevent ing  unpredictable or
undef ined  resul ts  caused by simultaneous access to
shared data  or f i l e s  is l e f t  ent i re ly to the ingenu i ty
of the programmer , except for the special case of
locked records in EXCLUSIVE DIRECT UPDATE files.

This PL/I approach has several d i s t inc t  de f i c i enc ie s :

i. There is no way to create a task that will
exist permanently independent of the task
which created it.

ii. There is no way to specify the time at which
a task is to be created .

iii. A suspended task cannot be unsuspended except
by the te rmin3t ion  of the task i t  is w a i t i n g
for . Thus no in te rmedia te  synch ron i za t i on  is
possible.

iv. A STOP statement terminates all tasks.

v. The only status information that can be
checked while a task is executing is the
PRIORITY and COMPLETION built-in functions .

vi. The priority of a task cannot be changed
while it is executing .

vii. One task cannot terminate another (except by
terminating itself)

vi i i.  There is no semaphore mechanism for  synch ron i z ing
access to shared resources.

~-~~~~
--- ‘—

~~~
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Proposed New T a s k i n g  Fac i l i ty for  PL /I by R. F r e ib ur qh ~~u~~~* ( E e f .

1. A task is created with a TA SK op t ion  on a CALL s t a t em e n t
as in PL/ I .  Ins tead of a;i LV~~~T opt ion , a lock can La
specified on the TASK option . The lock is locked ‘~-.‘her~the task is created and unlocked when the task t e r m i n a t e s .

a. There is no provision fo r p r i o r i t y .

b , c. Time or time interval cannot be specified.

d. A proced ure name is given by the CALL state-
ment as i~’. PL/I.

2. The same DELAY s t a t emen t  as described above for  PL/I ,
except thaL the units of time in which the delay is
specified are imp l ementation defined.

3 , 4. Suspension and unsuspensior of tasks can be done wit~
LOCK , UNLOCK , ani LUIT s ta tements . See 8 below .

5. Tasks are termi na ted  in the s ame way as in PL/I .

6. There is no status checking except for  tha t  provided by
LOCK and WAIT statements .

7. P r io r i ty  canno t be reassigned since no priority exists.

8. Freib urghouse ’ s paper proposes a “lock , ” wh i ch has t’-:c
states: “locked” or “unlocked. ” A lock ~an be associatedwith a task when the task is created . The LOCK statu~~~ntspecif ies  a lock and an optional LL~ E group . When this
sta tement is executed the fol lowing  h a p p e n s :

If the la-ok was not already locked , it is locked
and the task continues to execute . This operation
is indivisible.

If the lock wa:~ locked, and there is an ELSE grou p,
t lh - ELSE qroup is ~u •:c ’cuted .

Otherwise the task execut ing  the LOCK s t a tement  is
put in a que ue to wai t  for  the lock to beco;tie
unlocked.

*The paper discussed here is a proposal  made to X3J 12 for
modifications to PL/I. The p~ rt of the lanquage notspec if i cu lly  di~~u~iss ’1 in this p aper  is the sante as PL ,’ I .

~~~ 
_ _  

_ _ _ _ _ _ _ _ _ _ _
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The UNLOCK s ta tement  un locks  the lock . If one or more
tasks are waiting in the queue , one is take n out of the
que ue and al lowed to con tinue  execut ion , and the lock is
immedia t e ly  locked a g a i n .  This e n t i r e  ope ra t ion  is
ind iv i s ib l e .  The l anguage  does not de f ine  which  task is
taken f rom the queue .

The WAIT statement is equivalent to a LOCK statement
immediately  fo l l ow~ d by an UNLOCK s ta tement  for  the s ame
lock .

The d i f f e rences between the Freiburghouse proposal and
PL/I can be summarized as follows :

i. It contains no provision for priority .

ii. I t does not have any equivalent  of the STATUS
b u i l t - i n  f u n c t i o n .  

-

i i i .  It has all the def ic iencies  of the Pb/I
approach except that it has a r easonable
synchronization mechanism with the locks.

LTPL Report to Fourth Worhshop (Ref . 5)

The tasking facilities in this LTPL report are the same as
in PL/ I with the add i t ion  of the ATTACH option to the CALL
s ta tement .  The ATTACH option specifies a task to which the
new task being created is at tached . The special task n am e
“SYS TEM ” ca n be used to a t tach  the new task to the opera t ing
system . This proposal  has the same advantages and disadvan—
tages of the PL/I approach except  t h a t  the  ATTACH option
al lows a task  to be create .1 wh ich  can ex is t  i n d e p e n d en t l y  of
the task which created i t .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - ~~~~~~ ~~~~~ I
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RTL ( R e f .  6 )

In RTL the term “thread” is used to denote an entity which
corresponds to a “task” in PL/I . Threads are controlic-
by ‘supervisor CallS.”

1. A thread is created wi th  a NJ\K ET HR EAD supervisor  caH ,
but does not s ta r t  executing u n t i l  s t a r ted  by a ~ TJ-H - T
ca l l .

a. PrioriL~ is ~;pocified by the MAK E TJIR EA D ca l l .

b ,c. ho time ur :i’ a interval can be specified.

d.  A p eo c edu r n  name cannot  be spec i f i ed  d ir ec~~l~’ .
V The in s t ru c t i ons  to be executed b y the t h r -: ;u

are deternined by information in a “ save ar .  a ”
which in -;~ acified when the thr:ead is c r e -~-

• 2. There is a DELAY call equivalent to the DELAY stat rant
in PL/ I .

3. A thread can SUS pend ~ t ;e~~f with a Wi.IT ca l l  w h i c h
spec i f ics  an eve nt .

4. A thread. is unsuspenbed if another thread executes a
STI MULA T L cal l  ‘‘hich s~-e c i f i o s  the event for which t u e
f i rst  thread was  wai t incT .

5. A thread.  can “ stop ” another  thread wi t h  a STOP ca l l .  It
can stop i t s el f  wi th  ~ SOO1 LL ca l l .  A stopped thr n - ac
can be r e s t a r t ed  wi th  a START ca l l  f rom another  thread .
A thread can comele te ly  des t roy  i t se l f  w i t h  a KILLN E
c a l l .

6. One th read  can check the status of another by WA ITing for
a n even t which the other th i - ea k  STIMULATEs , or t h r o ug h
shared da ta .

7. The pr iori  ~y cf any  thread can he reassi gned wi th a
CJ !ANCLPRI OP I T Y Ca J~1

8. Synchron iza t ion  h c t w c - ~ n threads is accomplished w i t h
events w h i ch  f u n u tj o n  in mach the s n r ~~- w ay  as Frc ’ibuin~—
ho use ‘ u loc}’a; e;.:eej t that LOCK end UNLOCK are rep ucL a
by WAIT and. S’~’ d-~U f A T 1 - ~ anL -

~ ~Ai’r h as nothing which
corrc s ; iands  t:o k: - ELSE group .

U

~ 
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The RTL app roach has J e  advantage  t ha t  threads  do not
depe nd on each other for  their  ex i s t ence .  The only
deficiencies of the PTL approach are;

i. There is s t i l l  no t ime or time i n t e r v a l  -

spec i f ica t ion.

ii .  S ta tus  check ing  is l imited .

i i i.  There is no d i r e c t  way to specif y the
procedure to he executed by a thre 1 .

iv .  RTL events  are not qui te  as p o w e r f u l  as
the Freiburg house locks .

PEARL (Ref. 7)

1. A task is generated. by an ACTIVATE statement.

a. The ACTIVATE s ta tement may have a WITH PRIORITY
option to spec i fy  its p r i o r i t y. I f  th i s  op t ion
is omitted , the task being created is assigned
the same p r i o r i t y  as the task wh ich  created it.

h a .  Any task  operat ion can s p e c i f y  a t ime w i t h  an AT
option .

C. Any tash operation can specify a time interva]

~i~
’h EVERY and UNTIL  options .

d. The code executed by a task is a s t a t emen t  or
block as soc iat ed  wi th  the ACTIVATE s ta tement
rather than an ex te rna l  procedure .

2.  There is no d i rec t  way of de laying a task for  a spec i f ied
tLme period .

3. A task is suspended with a DELAY s t a t eme n t .

4. A task is unsuspended with a CONTINUE statement.

5. A task is terminated if: it and all its subtasks have
executed their last statements; the task is referenced

-
‘ by an executed TERMINATE statement; or one of its

ancestor  tasks is t e rmina ted  by a TER’- h LN A T P  statement.

-
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6. The on i y exp l ic i t  status checking is wi th  the P J < J ( P I ’ i ” i
built—in function .

7. The p r i o r i t y  of a task can be reassigned by a CONT IKtT
sta tement with  a WIT h PRIORITY option .

8. There are semapho re var iables  which are accessed by
REQUEST and RELEASE operations. These are a i n - es t
equivalent to the locks , LOCK sta tement , and UNl OCK
statement  of Freiburghouse except that PEARL adds
priority infermetion . A ] u ~ the resu l t s  of a serios
of RELEASE ’ s followeci by a series of REQUEST’s will
be somewhat different than a series of UNLOCK ’s
fo l low ee b y a series of LOCK ’ s.

The PEARL approach in general is very similar to the P1,, I
appr oach , w i t h  many of the same d i s a d v a n t a g e s .  The
differences are :

i. PEARL does aim ’.- .’ specification of time and
time i n t e r v a l .

ii.  There is no direct way of de lay ing a t as k  for
a specif ied  time pe riod.

iii.  The code cxeautecl ~~ a task is not an external
procedure bu t a block that appears in the
activate statement.

iv .  There are semaphores wh ,ch arc almost e q u i va l  eat
to locks .

v.  M u l t i p l e  a c t i vat i o n s  of a task which  would  ocuu i
beca use an EVERY eption h~~ been used in a c t ir a t in u
a task can be pravente0 with a PREVENT state :-” ‘ t.

v i. One task can wait for the t ermina t ion  of tn o~ I t -: r
task onl y by uct ttin- ~ up a sem aj  here sp o c i f i c~~l l y
fo r th is  purpns-e and RELEASEing it  as th e l a st
sta tenci~ L in Li~~ sccc-t:d t a sk .

:~~‘S

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  

-

~~~~~~ _ _ _ _ _ _ _ _ _— -‘- -- 
___ _“__ __ ____‘•_‘•

~
_ _ _ __ ___ -, ‘—- —-‘— —---- -— - -  - - - - —-— - . -- -.- —‘----------- --‘--- - - — “--—- — —. ,, ~~sj, —
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LAI (R e f .  8)

1. A task is created by invoking a special kind of
procedure called a “process.” Each process has a
waiting list of activations waiting for the task -

currently using the process to terminate .

a. A priority can be assigned to a task
when the task is created . If none is
given , the priority declared statically
by the process is used .

b ,c. No time or time interval is provided .

d. The procedure executed by the task is
the process invoked when the task was
created .

2.  A task can be delayed for  a specified time and/or u n t i l
an event occurs by executing a WAIT statement.

3. Any task can suspend any other task by executing a STOP
statement naming the process being executed by the task
be ing suspanded .

4. A task is unsuspended by a GO statement which names the
process the task is execut ing.

5. A task is terminated when it executes a RETURN statement
in the process it is executing.

6. Tasks can check each other ’s status by means of even ts
and semaphores . Events are special boolean variables
managed by the supervisor . An event is set by an ACTIVATE
statement and reset by an ERASE statement.

• 7. The priority of a task cannot be reassigned while it is
executing .

8. LAI has semaphores which are exactly like those in PEARL
except that the operations are called RESERVE and FREE
instead of REQUEST and RELEASE .

The deficiencies of the tasking facilities of LAI are :

1. There is no re-entrancy of processes , i.e., two
tasks cannot be executing the same process at
the same time . “Subprogram ” procedures , however ,
can have the REENTRANT attribute .

- ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~ _ _
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ii . One task cannot terminate another.

iii. Priority cannot be reassigned during task
execution .

iv. No time or time interval  is provided for
task act ivat ion.

However , LAI has several good unique features:

i .  The WAIT s ta tement  can combine events and t i ne
periods .

ii. It has both events and semaphores .

iii .  A task can receive a s t a t i ca l ly  declared
priority .

flungarian Paper (Ref. 9)

This papea describes a process control language which is
based on ALGOL 60.

1. A task can be created by cal l ing a special kind of
procedure called an “independent program .”

a. A pr ior i ty  can be establ ished by a s s ign ing
a value to a variable called CALLPRI .

b ,c. No time or time in terval  can be specif ied.

d. An independent program is referenced by a
program number ra ther  than a name .

2. A task can suspend i tself  for a given length of time .

3. A task can suspend i t s e l f .

4 .  A task can be unsu spended only by an ex terna l  event .

5. A task is terminated by execut ing an EXIT statement.

6. Tasks can check each other ’s status through variables
called PRIORITY and STATE.

7. Priority can be reassigned .

8. There are no f a c i l i t i e s  b u i l t  into the language  for
• semaphores or t a sk  s y n c h r o n i z a t i o n. I

_____________________________________________ 

I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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CONCLUS IONS

I t  is clear f rom th e abo ve su mma ry tha t each of the
func t iona l  requirements has Laen included in at least
one language , but each proposed language is deficient
in several of the functional requirements . Also , the
same functions have been defined with entirely different
terminology in different languages . Certainly, all the
necessary work has been done somewhere by someone; all
that is required is to merge all these proposals into
one consistent language which meets all the functional
requirements. The following proposal is an attempt to
accomplish this .

P ROPOSAL

1. Start with PL/I as modified by Freiburghouse.

2. Add the PRIORITY option from PL/I.

3. Add the ATTACH option from LT1~L.

4.  Add the AT , EVERY , and UNTIL options from PEARL .

5. Add a time specification to the WAIT s tatement
as in LAI .

6. Since WAIT can now specif y a time period , delete
the DELAY statement.

7. ‘Eliminate the STOP statement.

8. Add the PR ORITY pseudo-vari .~.ble and built-in
funct ion from PL/I .

9. Allow a value to be assigned to the PRIORITY pseudo—
variable while the associated task is active .

~ 

‘ ‘ —-
~~~~ ‘— —~~~~~ 

- -~•. - .——-- - .-- ---—- -- -‘-----—--‘—~~ -- --- ------ - -- —-‘-- -‘-——~~~~--- —
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T A S K I ~T G
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OCTOBL~R , 1971

ThTRODUC T ION

This parer is intended mainly to revise and co:~plernent

the working naner of P. Lindes (ref. 2) with t- ’~r~ icular r~ —

gard to th~ PLAPI approach . The paners t y  J . :~.°. Barnes,

R.J .  Long , D.N .  ~hor~ er ( r e f .  3) and H. Pike ( r e f .  1) are

also t&:en int o cons ide r~ t i on , but  not to the same extent .

Special e~nphasis is ia~~ upon some problems where PEARL

seems to offer  preferable solutions.

A CHSC~ C? PE:~EL AG A IN ST riiI~
’
~ P U fl T~1T]~ ~~~~~~~~~~~ ~~ iTP~~ bbT~

The recently revised (not yet rubli, shed ) version of

PEARL fu l f i l l s  all functional requirer.’ents l i s ted in refe-

rence 2 . An examination sho~~ (nu~ berin~T~ aceor~’~in~ to 2 ) :

1) All sta tements  containing no jum p outside can be estab—

lishcd as tasks. This implies as a special case the call

of global procedures.  The code to be executed in a task

may be specified e i ther  within the AC T IV AT~ statement or

a l te rna t ive ly  wi th  th~ ~ec1a rati~ n of the tns1~

T~~ x”~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~
—-.--‘.~~~

.-
~~~~~~~~~~ -- 

-

~~~~~~~ 

-
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name . A task is attached to the innermost block containing

the statement where its code is specified , this bl ock poss i-

bly being the system itself.

a) By an option PRIOR ITY a priori ty may be specified . This

priori ty is understoo d to he relative to the task to ~:hioh

th-: nIe’,’!l y cr - a t - f l d  one is a t t ached  or a l t e r n a t i v e l y  rnlativo to t-k

system . To distinguish these two possibilities the key—

word s REL and SYS are used . Priori t ies  relative to an anc e~ —

tor task ( sub—pr ior i t ies)  render possible a tree—like pri-

ority structure.

b),c) Any task operation can specify time(s) and/or t ime

interval(s) by A~~ LR , AT , ALL , EV!’k~Y, DU R ING , UNTIL options.

Thu s schedules like

AFTER 1 FIOU H ALL 15 MIN DURING 6 HOU 1~S

or

AT 9:30:00 EVERY 2 MIN 30 ~EO UNTIL 22:12:30

may be arranged .

d) If the code of a task consists of a procedure call then it

of c~-urse contains a prccedui’~ riato~’ . Each task must have

an explicitly declared task name .

2) A task may be delayed with automatic continuation by the

statements e.g.

SUSPEND TASK1 UNTIL 13 :OC-:0C;

or

SU~ FNN D TA SK 1 DURING 7 ~.IiN;

3) ,4 )  A task may be delayed and unsuspended on der.~and by 4
the statement s e .g .

T t ’~ L~t:~~~~ -~~~~~~:-‘ ~,., 
_ _ _ _



STJSI E U D  T~ E~ T~ ; CC’NTiU~1E ~A~ r2

5) A task ~‘n~ s, if it and all tasks attached to it (sab—

tasks ) have executed their  last staten:ent . It can be forced

to an irre~n~l ~r torninetion by an explicit TERT.JUATE state-

ment thern ’hy als~ sinulatato”-T u~
’1 y ending all its ‘~ubtasU- . f’

a task is arranged ‘by a schedule t~ be tn it t~~~~d sri~ y l et ’r

this initiati~ ri can be presented not by TEIJ-~IU~ TE , but by a

spec ial P T U ~1 st at ~ m~ rt.

6) PEARL defines several state s of a task and implicit ly

or explicitly demanded transitions between them , as the dia-

gram shows:

STATES /
SUS?UN ~~-.

7 
-- 

\_
, 

- 
-

NO T 8

EXISJ~ENT i~~~’~:T DEC]} FU . T) 
~~ ~~

. •
~~‘~C I

- 

/ 
- 

~~~~~~~~~ 
~~~~~~~~~~~~~~

run— ‘~;n i—

T~-~A’TSTTT~ US ~~~~

1 obliterntion ‘~ dispo s it i cn  7 i n i ti a t i o n

2 declara tion 5 termination B su snension

3 cancellation 6 teroination ~ continuation

No d irect mean s to check these states are deemed nece;’sarv.

The pr ior ity  of a task , ho~sever , nay be t e s t ed  by a spcci~ l

built—in function.

7) The priority of a task s~ay be chan :~eci during i ts  runt irn e

by the statement e.g.

CONTI NU E TA~K 1 PRiORITY K;

- -~~~~~~~~~~~-—~~~~~~~~~
_ _‘  - ~~~~~~~~~

-

2 ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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B) Semaphore—variable-3 supply more synchronization Possi-

bilities than lock—variables do. Probably the most impor-

tant of their advantages is, that the content s of a serna—

phorc- depend s only on the number of executed REO,UE~3T and

RELEASE operations , but not on their chronological seauenc e ,

which in real—time applications is rather unpred~ ctalle.

D1SCU ESIOU OP SOr-i~ PARTICULAR PRO bLEMS

1) The concept of tasking is too basic in a language for

process control purpose s to be implied in optional atoner-—

dices to the CALL statement : LTF L should provide a senarate

statement for creating tasks, e.g.

ACTIVAT E TASK1 : CALL PRC,-~ 1 (P~~ 1 ,PAR2 ,FAI3)

2) Parallel act ivi t ies are set up also by asynchronous I/o—

processes and by responses on external interrupts. Uith xc—

spect to language uniformity it seems preferable a ls~ t r  inn

these activities into the normal task concept. In PE~~~T

the asynchronous performanc e of I/O—operations is readfly

achieved by activating the usual I/O— statement , e .g .

ACTIVATE TAS: r 1 : RE~~ VARIABLE 1 ;

To activate interrupt responses a special schedule element

ON is provided , e .g .

ON IN TERRU F” 1 ACTIVATE TASI1 : CALL IET E RRUL T ~ E~U ON W-~1

Different mechanisms to suspend the execution of a routine

eventually supplind by the OS are employed by the implemen-

tat ion , but not reflected in the language.

3) If as in P E A R L  tasks are declared explici t ly the ~axirnur

number of simultaneou s tasks can be checked at compi le—t ime

k
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and usoJ o~- ~n ’ c- a er o.. :~r ov ~~~ ano :~~ rio~;e spac e for

c’a~ ekeo n~ og inf ~ r::,o ‘tsn . U~- ~l-eoe r: ‘ a ~-as-~ - j e :  not  neces-

sarily io~p l :,~ load~ ’~~~it o Jefinin.~ c o l e , if epecifi,r~

within the decIar at ~ oa.

4 ) In the LTP ’~ oronosal (lih’: i~ FL/ i ) the nn~onal er--~inn of

a task causes 
~~~~~~~~ airnn1, teonLoation of all its subtarks.

This is very ~angerou s in ‘ocess a~~:-licataori s whe”e depend-

ing on the ;~~ yi :-~f char~e of the dis ,-osal : e orneessors n~ne—

‘t imee the  sob -asks anf in other circJ-:otnaeno ‘the at’tachinn

task nay cone earlier to ~eir nataral end . ?hus the rea —

t ime p e ’ f o r : ’ o C e  of ‘toe s.rsten r-~-~,ai’-a~ ~,ndefinn:~ . To nv -h i

this i-hA ‘i~ cho , tO’S trie revc-”o-t pO SSi ’r i :  it:: : L end of

block inch es “radtics -~ for- nT ’ ~-as1 ’ o a t t a ched  to i t .

5) Ne~-an~ i ía; ~ae above nonn :ouen~ es of at’ onhi n~ ~ t seems

n ro eo~ -~~:. ‘- dirts’’ ~~isk th- L ook t ~h1-O i’~ a ~~sk is

fr’-m t } .  ~~~ :~~ ‘ ‘ a i O~ coo n:L~is ~t:’ act:votini,. 1~ i- ’Ih L ‘this

is n - ’~nL eve 
~‘: ~

‘
~~~~ - ‘

~ 
Al?ACU o~ ’t t :-n in the C:J-T~ s’ta’teno-n’t no—

°‘: ‘h ta~~~~i’- o ’ ’  n,n’:i y ct cain-i one ~hahl  be attached to.

~ n-n ’~i,’h cr’s-s ~ho- ram f n 5-’tol - - : .t’; be att-aehn~ ‘to the

‘
~~~. f~~i~~ ~T T l ’ h  -~~~~ t~ on Jr -olios , that not thc aeta’s~

n:~r r ~to so t iemseinc: La no cm s of i-non are use’~ in t}’a-

attac sd t a e r . \~~;t r t  ~
‘ ‘- - ‘, t .e “ at , ‘hat cop’~snr - C t ’ e.g.

l~~r-r:c &~~‘‘avs ..aJ C~~ ~tC  St C5’,n~ ~er able  loss of n or-one

an c :e -o i i t i ~~n - ,i ne . t},’~- -ii ’fe m ,nu m r-sin ’-, of ‘iho sane :n’ha—

nen ts  to the r ‘.e n ~
‘ cedar s e c : n d  in - onh’ -~ or. the AI” -\

nution in inleaditlf . ~ great u so’ved robleni in

th is  an~- r ’ o ~ s r- } - o to Un . 1e “ar~ aLi es and or -  ~cedur es  d € —

d ared it a ~r ce-hu’e or os n-~ ~nn the cai~ e c n n .  C o n y .

all theto e~~tit -~-Ot ‘COO secno nat-her in~’rficient an.i U r I S - C e —

son’ible. ‘ike soi lti- -rI tj’ov: -~~~
‘
~ ~

‘ -
~ ~

“\ ‘ -‘
~~~ ir -  mere n ataral ar-h

— —‘-- — — - — -

~~~~~~~~~~~~~~~~~~~~ 
‘

_~~~ ~~~~~~~~~ ~~~~~~~~~ 
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expedient: A tank is attached to ‘that block where its cod e,

e.g. a procedure call , is s~ ecified ; thas so contradictions

between the scope of the en t i t ies  used in it an-I their nec-n-

ed lifetime can arise. On the other hand , the specification

of’ -the code to be executed in a task may be separated ftr-’r:

its activation; in this way a task attached to the system ,

for instanc e , nevertheless may be activated within any or-her

task .

6 )  Generalizing Lij-ks’tra’s semaphore operations , RRO~L’LT

and RELEASE may be a~phled also to lists of semaphores. lIe—

yoncl the e f fec t  of separa tely performed k,EIlJR’~T operations

on several sema phores , in PEAR L

RJ UhiT Si , 82, . . .

results in checking sir-u] taneously all semaphores conoafan I

in the list. The operotion can CC ccrnpl~ ted only if all n,:’—

fected se ’anhores at the SanG tine LC\’c non—negative c a n—

tents .

REI~EA ST P-i S2 , . . . Sn
s~eanr- releasing all histe se:naDhores simultaneously . Sean—

nun no operations on lists sui ply a very f l ex ib le  means for

syoc}Lr-onn sing eo—or ’e ra t iOg  processes .

7)  The exchmnne of nenm -ores~ r - f T be -r-ch~~eved by the shared

use of glob-al vaniables . -tccess by inc ompetent other ta sk s

is easily nrevent-’d by the use of uniqu e names. P E I P f  ~~~
c i l i ta ten-  this exc lus ion  by so—cal1 ‘at link—names , link—tine

supplements to the identifiers of global en t i t i es  avai lable

within a particular r.rc~ ram . r’. separate rogra ’nn equal na-

mes are considered to repsosent the same thing only if also

~

_

~

: 
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t he  sa ne lit — -s-c is a~~’ Ii

d) SornaD}loreb ;-s] oh- -so ‘auca]  ~ a a ~n - c-m •‘: i d o
’

r 
~cc~ - -; ~-i

as at e ~‘ficie~ t :5cc n-s f o r  egosl os-. : : . , :t’tC i a od soso’n- e ox—

change. T a  RT S/2 a -oo ns lde ; -ab lc -  o n -  j r t~~ of n~~ r - i -r r -n l

h,i :ner—ie-~ nJ ccn!maui,oation au-i ty- moni i~~i -  ‘~~ f u ’,~ loon-

is p r o v id e d .  EeI’oro t h ey  all are i’:thu-~ed in a st-n:—

dard it seer-s ne-sesnary ’to i’o—Tes-C i,na~~e hc’.~’ ouch  secur i t y

and con i f o r -t  is , soLned an- i ho’.’,’ much, ef~’iaier ‘ a:’ d flexi—

bili’ty is lost op

r
9

1,
1) P i k e .  P .  “ ‘haif-h r~g, jr-’ errant h~ ’r- -i ’j jso-. ~~~~~~~ 

, y ~ sr - ‘I

nizo ti- - ’ . . aral lel  o nmuu’tatj,--n-: o r - c o o - n o e s ’ . ‘‘fIT T nos i , t . i n o

r’a ’oe 0
, 

-‘ 
-

2 )  1,1 aT 1- . “I: sir lute s’tati.ons’~ . IS- I- LI v’nr :jn ç o a r ’  r

‘ s’r’iT 2~~, 157 1 .

< ) : . -~r- r ’ r ’~ , ,J• (j~ p~ , j ,,cn g l.a’ .. ~3toori,e’n, ~~~~~ ulso1_ ir

LIPhI: d i n x’t po : i i ion  oan e r , P e o t e - ,~~er 1971 .
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‘1 i f s  pap-  r is to a 1- ir a -  extent  a c r i t i q u e  and ex ten s ion  ~ f ~ he ~ork i  tig

~-~~‘ ‘i’ pia- i , ,i c ’d by  P Lj i icj o~, (Re fe ren ce  1) . I -t include’~ , aS -\p~~r’nd
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0 -e:i i son of’ var ious Ia tiguages ; t hese were ca-ve .I ope- : t i’ i ’t ’ C e l O  - -. i is;
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.1 ‘‘ -
~~

, i -

‘l ’ h ’ : —  s t ’ c - t i , ’ ~~~~~ ce- I ~‘a a rea s d i so u s s e d  in some d e t a i l  t v  t i e  Lu ‘p o t
I ,TPL g1’ :~~~,

2 • 2 ‘1 a :-. k ‘, 1~i l~ - (n an g in g

TL’~ 1-Cu ’ ’ ‘p - i i  Group has  r- ’~
T) ,~O n ( -  t U~C a mi l \  S i n g  task s t a t e s  and S at ~

‘ t a  tr -ei-: in  d if f e r  r a t  i ii0r’i: ”s or va tens -- t h c  r e o ul  S of aol::: of p i
arc’ o’: u~ii in  Appendix  I , 1 ’ ’.’ Group  coi ’s i i !~~r t h a t  ii is es, - ’ - n t U ’ l

I - °  i i ’I t ’  t O , i J l ’ l W  ou t  a c l e ar  a t a t e  1 graIn i l l u s t ra t i n g  s t t ~~~ of jnt ’i’ i - --
I- n ti ~‘n ’ , a n d  [ i i i ’  c - v s t c r i  or l: u ; inA ~ ’’’ ca l ls  ;v :  l i ab l e  to  h i t - to er -ot t ;.-

-~ I - S . 15 : : i io t  be :-l , e ,t -  ~‘.- h ’  I at  ia a of cIit1 n ri~’es are a ’ a i t ed  iii t h e  ‘1 . 0 ;
and ~ h i ’h u i ’  impIt~iiuat : I ion  0 . ; - - i 1 ’nt ( e ,g.  to t h e \  ii -~~‘ i i a I e ( in  i i  n c ’,-

a w ait , I t o  i n a t ; i a c r ’ , a ‘ -or e  I i i  t - a c - r - i i g 5 5 0 1 0-  progr’ilc ’l s a t } l ’i , St :~ ’~, i t i s k  ~ 1a ~~’
d a a - a m  ‘ 1  - -o ‘ - n a t  - I h -’ s v r - t ,  i- . i ”  iO - x ’r , of I tn  o t o  e C! , : : ‘:i’-n~ s(  a t - - i t  s 5.

I -  r ast  i i i  s u c h  a t t : t ~~~
- as to  place i ! , - r i gh t  we’ h i -  on th c ’  it ost t r i te  a t  l v

Uned op t oiia

Th e  Grou p f oun d  tt:a I t h y  i t , ’! in’- ’ a f u i  c i e nt  j u t  orma t ion  I n  d r aw  - i t t  i t  ‘.1 I i ’
cj i a i ’ ;tn  f o r  ~~~~i’ ! n ’ l c o  t 1  0! n ; - - - : i ’  n’ fo r  t h e  n a t  nod 1 1./i ç ’ t ’ o f ; (  a; t~~ . . -\ f i r - i
: t tt o ’a p t I c  c a s t  T ,j n t j r’.s ’ p r o t - e  a l e  i n t o  a t, t a u t ’ ’  ‘ !i . tgr  -n  f ” t  i r , ’- t i l i t~d i n  ‘ -
f u l  l ow i n g :

-~k-~c.s r.DT 1, PJL3~ : L~~1x_ ,~.y  “~~ - , -~D 
--~~~~~~~~ - ~~~~~~~~~~~~~ ~~

~~~~~~~ ~J,;- 121.1. ‘

--- ~~
.
~~~~~---— ‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~~ _~~~~~~ JJ~~~Ti’1~ ~~~~~~~~
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I / CREuTED t in ’ Ott /
~ ( ( po t o i it i a l l ~. —~~~~~~~~~~~ —‘~~~ ‘~ SUS P ENDE D

a c t i ” e )
ii L 5 ’ GILN~~~ te rmin atioj

or termi natio n block 
- 

~~~~~~r i . i inat ion
of ca1~~~~~~

k\

~ ~~~~~~~~~~~ c’ALL~~~~~~~~~f c a l l i n g

j , j n a en  proposals  S t a t e  flj~ r am

‘I t ie  s t a t e s  shown here d o no t d ir er .t  l v  correspond to t h ose  of .-\ pp e l i ’ i  i x  I I
A part  i cular d i f fi c u l t y  i - a s  encoun te red  in  d e cid in g  the  l o t u s  of ‘ VI” and
‘ EVI- HY ’ w h i c h  nay genera te  a new S(’IIEDULED ’ s t a t e .

2 • 3 ~~~~ i t  ci I’ ol ii  sat  ion

The pr’ i a l t  ice  sv:,ch ron is : ,  t i o u t  s r i  l i t  I e c  ange r- ted are n o t  a u  I t  t i le f - i
use i i ;  all  a p p l i c a t i o n s . The paper  by I n  or ( i i  t t a ch ed  a s i t p p c i i d  ix I )
ar ia  I ;.‘ ~~ ‘a interact ions in 5 ( 1 - : -  d t ’  & 1 )  1 , t r ) ~i t ec l i r i iqu t ’ - for h~ i) d, i , ‘ i i i . :  t ! 
bc \VOU 1(1 roco nmcncl  ser j o l t : ;  ee : l t;  0, - r i t Ofl of his conclusions ,

‘Flic a . i r h r & - n j ~~i i tj  ‘~n ,~~~, 
-~t em ‘ins t i ’~ J i ih ~ ’i’ sii ’ lv rohi ’’ -; , by  i i i  loiv~ rt ~~- t I e

~ ro;~~~~: coa p lex to recover  f r o i n . y a  t o ’  i ’ ; - r l fu n ct io n s . In p a i ’ t i c u l : i : ’ , a
‘ ‘ t i m e o u t ’  f a c i l i ty  is o f t e n  i’ e ; pi  r ed f e c  i u i t - c i ’,n tr e  event ’ s (0 , 1,.

’ , I’ N~d t  - ;

a - i  ) • ‘F j s ’ ,c - a i i t  is a leo  r equi l  ( I for C i’t’i l ‘ Ign and 0 \ e l t c i ; t l t e  I x - ; ,  an ( I
i t t ( : i  I i  t i e s -  fo r  s i i - d s ar e  and ~- o f t a s , r e  S~ - i i c t ; r o n j . s a t i t - r u  s i i o u l ’t  i n -  i i : : t t
11 )  c ’ m - ’ i ’ ’ ~ - p t  • One f l i t  ‘ l i t  I 1 - : ’ t ’ - - I c : i ’ & ’ pr ’O pOee t i - t t  o r r ’ ; m j , l i : i’ - ’ - 

, (‘\ ~ I ~ a - I
- - s h ou l d  al l ha v e  i t  t i :’ “ u t  1 - n - i  l i t y  r e t u r n i n g  u t i t  ~- r - i ’  0 ’ f t G

l t U f l J ) J : i ;  tT) a n  (‘1 1 01’ 1ab~l, w !,c’ fl t i l l s  oco’w-s , as a po ss i i a l. ’ p1 i ” it  i v e
t e  ut  I n t l  for  I I~~- t e rroi,I(’n c .

Ut~~ ( ‘ i l l ’ l ’ ( - I l (  !‘ !,,“ I 1”- - - ‘a l ~~ , t i l ’ ,/ ’- LOC~ ‘ t V O  .01 1 1 S F  f~ C~ ~ 1~~~ ’ i\ii i r ” ;

a l l o u u s ,t tt ’t ’ ’ ( ’ l! t o ’  i~~ t~ lo i . ’ i - . ~ - I - : - ~,it ~~-t , t t1~ -~’it c I u L . ~~i 1 y .

I. 
I- -- -.-.—

~~~
- - - _.,.. - - - - ,———— - -.— -—- ,-—---- — —- .- -- - —“-~~~~-‘ - —-- —
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- , 3 !~iOO fl-’~ CATIONS TO ‘ 1N D EI~~’ L\Nu UAG~, t~EV iI0~S

2 , 1 Scop e

The following sec t ion s  a ’.’t~ t r ic l u ~~aJ iy a’a ;- of e, \ ’t e a P  i ons and ronl - ee’t i nn~
to Lind es ’ pape r , ‘r~1ey are  o, i ’ ; i l l i a e d to i-elate to I - i s  orig i ’ua i I o n e ?  r o t - u 1
requi rem en ts  • A more ‘1era~ J, - i  ann 13’s is of t a t e  ch :’ .g i  i g  i n  t ‘ ( 5 0  10 Ci , - U a a - I -

is given in Appendix 11.

3 .2 RT$/2 (Refers to t he  section on ff11, Linde s , page 6)

in  Linde s  paper , t h e  docu meat t’sed for the review of IITL p r . - v  - I l  cvi a
rather pi ’ i m i t i v e  in te r lace , which was not the one seen by t i c ’  ‘ant’ s , 1’ c,r
example , to the usnr , make th~~ad did specify the procedur e ri,a c’ , and
secure ant ] release were also available ,

RTS/2 i s  a sy~~t er designed for the lang uage RT IJ 2 , a nd d i f f ~er s from t I l e
oarl ic r  versio n (It’ll/I ) in I indes ’ paper . RT!12 is , anion~~ o t t i , ’r t h i n : - ~~ ,

a language Ia ; ~~~ i t . ing opera t ing  s y s te~’s , and RTS/2 i s  progr;. 5( ’d iii t I e
high level l~~i~guage i t s e l f .  The funet ina s described here t i C  a u q i ~ r’ , : s e C

calIa in PTS,’2 hut they are ‘lot funda me ntal and can r ’- a d i lv  1- ’ r o l l i ; c d

• 
— they are only it recom mended set for nae diu ni sca le ap e l i c a t i o n c , ‘ t o -
language can run wider a wide  variety of operating sy sn ” e ’— .

In I1TS/2 the convent ional  term “task” r eplaces the ”t h rcad ” of L ’

:1 .2 . 1 A t a s k  is cr ,’u tt ’d by a MAKE TASK call but  (loe S not st a r t
ex e cu t i ng  unti l  s tar t ed by a STAR T call..

a l ’r io r i  t y  spec i f ied  as a parame t er of I’~\ :d~
be No t im ’n or i n t e rv a l  can he spec i f i ed
d A pro cedure natac ’ is  sp e c t f i ed  as a parameter’ 01

MAXET ASK , t o g e t h e r  u.- i th  a dynamic work area ( ‘- s tack” )
to fac~~ tate r e — en t r a r i cv  in a~~l procedures

A further para i.ioter specifi r ~ buffer requ irements for nesr::g ,’
t r t , r i s n i s s i o n  by the task .

2 .2 .2 The same DElAY as for PIll , but with time units inip lerno ni~at t on— d~ f i ’ed ,

1 .2 .3 A t a s k s  may STOP i t se l f  or aiiy other task in cle fi ni t el v , It i s iv
become suspen aed :

( i i  b ~.i  to a w a i t i n g  the r elease of ’ a D ij k s t r a — t y p o  semaph or ’
( ‘ ‘ SI i , I 1~~~’’ )

( ii  ‘ W h i l  c’ aw. iting t h e  a r r i v a l  of a ny  sigltc. l ( “ I P L F ” ) or a ny
mers ag e (“ L I S T E N ” )  fu - om another task ,

(ffl) Vv hilc a~witin g th e  a z ’ r iv . . l  of a n i  _ n a l  (~~ \ A I T” ) or a
l ’ c’ S S 0~~~~i ’  (“Arl’1- ’rID” )fror ,1 aiioth .rr 51;r .I1i ed t a s k .

In caoes (I) and (i i i ) a t~~~t~~ ouL exit is a’.’-ti ’t r ti l e , as ,.o a id t~
Sy ste m security . • i

2 . 2 , 1 A as k m,, v i ncome ruactlv ;,tc’rI by be ing  STARTed 1 a o ’ ’h ”r  t o n i c
(p r o c ” i ’si  “ g e n a t i n o e s  f r o m  pt  n t of slenp:’ ’ ’e) ,  It leave - ’ lut e * 

- 
-

a ppr op r i t i  I e ‘to . pended s t a t  s when ,, jn ”~~~ :~~- , -  i n  i i  to I ( ‘h—t . \ i l ’
by a no t h  ‘r t ; t r i k )  or ~. i i  t : n  is ‘i e !t t  (C ’ tt “ i-i I ‘i’’~~ , or if t t  Sc’f l l l I ) . - ‘ -

In ’ ,CFI .EASF:D , or on Ii i ’’’ out of si-:GI 141 ’ , bAI ’l’ > 1 ’  .‘.T~ 1 ’G). 

-~~~ ‘~~ ‘ —~~~~~‘

-‘-

~

--‘ -‘- ‘-‘- ‘— ~~~~~~~~~~~~~~~~~~~~~~ 
-

-.- -‘- --—--- -‘--- —~- -‘ -‘ - ~~~‘ — --- -~~~~~~~ - --~~~.-—~ -. ‘—--,-



3,2,5 A to~ k ti t t ~ e x t e r m i n a t e  itself or an y  other named task t~ a
11 gILP’ • ..i1 • it is also extermi ou ted if aria when cont r ol le5 , ’.’( ’l ;
the m a i n  procedure in time ncr mn ~~l way.

3 , 2 . C Tasks ca n find t h e i r  own p r i o r i t i e s  his -i an OWNP HJORJTY call. Ot~iei’
s tatus i n f o r m a t i o n  i s  held in  shared dat a areas or ccmn mu ni c’at c” t
111 f l ieSSPgeS ,

The pr i  t n  ty  of ~ riy t t d I - t  can be reassigned w i t h  a CI li,N GI- , P R u ( ’t J t I  À Y
call ,

3 ,2 . 1~ i u ’I t r ~ -n I n u t  ion hi ’tm ’ ’c-ru t a s ku- is accompli shed no ’nrmu t ly  bt- m essai~c
transmission or by at ~~’ro ] tra imsr ~ission (a signal be ing a m” ssa i~e

witho u t  a’i v content other tha n ti. ~~ sender ’s id ea tit y ) . Wh ere
eff i .” i e m i c ~ d - t n a u d s  i t Dijkstra ‘seiui t’ip horcs are used , i t  is ( ‘O i l—

sider ed t i ’ s i t  I~~-r tI ’i O where poss ible of mcssage r~ rather tha t ’. s t s m r  - -d
f a c i l i t i e s  prote cted  I v  aIw , t !.Oi’”S pre~-idc’s a s~. t (=~i ju ~v I i i  v ! ,  u s
m i s t ak e n  ar c  less likely.

‘i’he flTS/l i t ; d l r  :( ‘~~i , it ke Itli lo’for e , a i iow ~ tasks to he 1P”i(’Jl’ - i ’ I (  1 : 1

of cac ti o t l s c - r ’  for  ~I e i r  e x i s t & - l  - ‘- , No d u e-ct f ac il i  t i e s  for t t - ’Oc
sc he d u ’i t t g  a re  a v a i  b tb l ° , a l t  t ough such could rc ad i  ly be add ed ,

(Iji jet’s f r - o s ’ : ot her sy ’-; t c s :i s  in u i i i d e -, paper ’ in tha t a co ri ~
s idet  able ‘. ‘o C ’ u ( ’ l \  • t  t s t s ! - :  •~- : m t ’  c ’ (tlo !i ort sy n c h ro n i s a t ion
fu n ct i o u s  are j oel  uth ’ 3 ;  t - . i  - consinered to be one o f t i i  c -  o c r  I
v i i : :  a s pe c ts  at  I-(’ ,I  t i n ’ -  l’ g r ’ . : ! s a i l l g,  pa rt i c u lar ly l i ’ v’at t h e  po i n t
cf v i e w  - ‘ 1  l oop  t i - i t :  r- i c - o C t  1

S i n ’ ~ ’ t ’  Uv ’ v - tm d c ’t- ’ ,ta l I o r  i 10/2,

3.3 pt-~Ah?L (Li o h’s , pa g(. 1)

S i .  ( ‘ i ’  Li t o e  ‘
~ t -  per w:: S 1 1  1 n u t , work on an  I ’ :; i re ve -i ve r s i on of I~L.’. Ii l~~ s

i c o n  a ar - ~ ’: .; i i s: ’ -d a i d  i s  j e t  i - e u : - ” t- .r ~~t O ’t I  up .  The J i n ~~ ua go u , . - v  fun i l , s

all Itmnc 1 1011.1] noon  i t - i  - s .  i t  meat  i v - v  d in 11 P ki,’ ’ s pa t : - ’ i’  ( vol  cr e nce  :m ) . m e
mut i  0 i r : l r v  e ’ m . - a t  S to  t o  1-i’ . -’ iou s  \‘el’si On are :

— Nei’,l y even ed tasks v tic ’ at t c it ed 1-0 the sys t em . This h a s  t I e  ‘ l t ? t s , ’ ~
(b~~~ ’-o tI - at t h e -  l i f e  I i s o  of a I o ak  tmma ~’ be longer t h at  i 1~~ it Ic I i n ;
of t I s ~ t ask  wh i c h .  ( - r - -;~~ m -d  i t .

— There  i s now a d i i i  ‘c i  \ v m n  of b, ’l: v i  Op - a task loT’ a speci f I u-c l p - n - S
of t i n e  (e .g. d - - l  1 : 1-s t - ‘

~~~ d m ” i i t i r  m i i i ) ,

• ‘ 3 1:1 :~ 
-
~~~~~~ -

T h i s  i s  a l i t n ,  n p ’ ,: t o ’ L  u a V  Ted b~ ~~~~~~~~ oni b - in a l  r e vi e ’.-: , I’or a do i pj i e - ;
- ‘i 1 01  s- r o t - i ’ ,: 2 .

3 , 1 ,1 A t a s k  is  ‘ - l ’ t O I ’  3 s i t ! , - ‘ l’ j v a i e , i l v  (- , \ ( ‘ . ‘ : s l  j og a C-\ LJ , 51’ :’ , ( ‘ IL !, , ., ‘ d : l’
or C \ ! I ,  Ut ’ ‘- I i  1 5 0 0 1  t \ V j  t i  3 1 1 0 - ‘ 1 -  “ : c : i\  0!! below , ‘L’ he ‘ d r  ~, Ci ct , - , - i  ~0 ,
a (a : eo~ - t : m~~~t i l ( ’ ~

, 0 on t it , - ’, I of 1, t m ’  Ci ’ ‘ a l l  r ig  ~ s t-:~ - 
- 

-

a ‘l’ha ;-r’ i or i t  v , ‘ I  a t a ’ i ~ i a t 3  .11 0 r t h e  ro t s -I ’ s - r n  ( - rn - d)  , -‘, 
‘ -

i n  i s  ~ I t t s ’ t - !  i i i ]  if  i t s  r ’ i c ’~~’ v i s  i t i g h m o r  H a ;  t I lt
Of l t . \  o t h ~’i ‘an t t l i ~ 1 ‘ 0 s t , i c ( - , (us’-’ -’I I cr \v mm L ’ p s i c e )  ‘h
p1 - c u r l y  -

- t o  I - ’ -  1- } a , i t  - - -3 I t ,  :‘ & ‘ \ i , ! N i 1 i 1 3  f o r  a I_ t . ’ 0 ‘‘a ’’
(Sl Ope ( i ’c l b - ’ , - - - ‘ t ( ’  U I , I I t ,  i t .  ‘ - - e l )  or b’~ a s /LL P-tUb

_ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
j_

~~ ~~~~~~~~~~~~~~-~~~~~~~~~~~~ -~~~~~~~~~— - -
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b ~ ta uth-u can be started at absolute time hour ,min ,sec , h%’

a CALL A[iSET (pi’og,scc ,min ,hour) statement .

c A task can be sta ntm d after a delay, by a CALL SET (prog,
t im e,units) statement.

d When n task is created it executes the program named in
the correspon di ng creation s tatemen t (e.g. CALL I~T (p r o g) ) .

A task can be schedul&~ for periodic creation ar.d activation by
CALL INTV (na me , int erval , un its). The ef’~ect ic to schedule the
act ivation of program ‘name ’ at periodic~ i.ntervals . The first
act ivat ion mus t  be by a cALL RT (name) statement .

Thir~ per iodic execut ion will continue unt :t i a CALL DS~ NT (L a m e)
statement is encountered,

A task ma” be created (and activated) as a result of a hardware
interrupt , by execut ing a CALL ~~~(~F (flame , interrupt). This
convection will cont inue unt i l  anot her ~ONC1 call is mad. - , or u ntil S

DS~~T is called .

3,4.2 I~ de].ay may be implemer .tcd in a program P by a CALL INTV (1~, dm ~~ ’iy
uni t s ) followed by a S’~~1’, On re .-entrv the program P mus t (~\I,L
DScNT( P) . Dur ing t h i s  delay the stack space (i .e. the wni’ i tig
storage) wi ll be lost ,

3,4 .3 A task u~av he suspended by a PAUSE statement , awaiting op€’ra toi’
action (with no i0ss of stack space) . No event st~~i oments are
provided .

3,4,4 A suspend ed task (program XX) may be reactivated by the o ;w-rutor
command a)NT xx

3 .4,5 A task (program I)) may be extermin ated by encoun tering t I — ’ i-SN!) of
a Fortra n master s~~gnient , by encountering a STOP (opt i o m i a l h , ’ ~ ‘ I t t t  ‘t ’m ’)

sta tement , or by the execution of a CALL A130a’I’ (I’). If P is not
a c t ive , then AJ3ORT has no effect.

3,4 .6 No direct faCilities are available for chm cck irig on I,he I ; 1it .r iti. ’v
or status of programs .

3,4.7 Rea ssig n pr i ori t y — ~se-e 3 ,4,la .

3.4.8 L)sta access interactio n l’otween nx’ograms is pr vented by t ;::porut rilv
raisi ng the priority by 1OHTh .

Til l S system ha~ time disadvant age of not having Dlii \Y/CY’)N’i l t l s
s t a t emen t s , ~y n c h r o n i s a t m o n  or event var iables ,

‘1 l11-:COM~4 1-~~l)A ’I’ i ONS ~ -
~

‘Ilie Li ru..~ns ‘ p roposa ls  t i  I, .~~ ~~, w i i i i  t h o s e of I’)’ . 5 ):’ t I l t - i  S a 1;, , . I O t  C r ,  “ a d i ’  a
would fcrm a good start i rg point fo r  a t a r k i  I t :  i l i v e : .  I ipat i oil I - n , . W h t i  1
a pp r e cl a u ng  tha i. mm cons d i - i ’ s l’) e ano int of ~~r’k invo lv ed , i ~ .~~~~~~~~t ’ ’ t  , 1

oss (’ntia ’i that t l : ( ’ s C ’  prepc’ si; . I v be for mul ,@l ,, d j~ dcl S , i n  a n itr-- l( ’ d . ’ ; l ’ : i - ’ ,~ i ,

so t h a t  redulj d~~n ( ’ i c ’s 1’ !mc ! 1 f l C C f l ’ a A~~~L n I I C 1 C c  c o n  i ns i m h i  , , t  i f ’ i , ’n a n ti  t o  i s i s , t i i .

(‘on ’r .mOn st~ Jo ,, This docun ten I shou ld inclu de a t a n k  ~ t a t  t ’  d m;’ - m ’ ~ t , mr
eqml Ival en t

~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ -
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APPENDIX I

PROGRAM INTERACTIONS IN REAL—TIME SYSTEMS

J R PRIOR

1 INTRODUCTION

It is becoming increasingly apparent that one of the major impediments to the
implementation of large rea l—time programming systems is the difficulty of
obtaining high software reliabi]~ty. There are of course a variety of reasons
why suc h systems can fail to meet their original aim. These can vary from
insufficient analysis of the problem to simple programming errors. The aim of
this paper is to discuss one of the types of programming errors and to review
the various techniques used to avoid these errors.

Figure 1 shows a diagram of a typical real—time computer based system . It
shows how such systems are composed of data sources and sinks , man—machine
communication facilities and a process to perform the necessary data transforming
actions . In any practical system the process will be sub—divided into many
small processes. This subdivision allows many programmers to work on the pr ogra’~.
development since each can work on separate pro gram modules. It also allowF mor e
flexibility in the design so that the eventual program package can meet the
demands of response time , variable priority of function , arid modifiability . Since
the complete functions of the system are then subdivided , and implement~~i by a
number of program modules , it is necessary for these modules to co—operate
together. This co—operation has two aspects, the control of activation of the
processes to perform the overall job, and the sharing and communicating of data
between the processes. System errors arising through failures in this co—operation
are of particul ar concern as far as the reliability of real—time system s are
concerned since they are often very difficult to locate. They tend to occur
only infrequently when an unlikely order of running occurs between processes ,
furthermore the erroneous data output may be detected only after the originally
faulty processes have resumed correct operation , thus making it d i f f icult to trace
back to the original fault.

DP.TA TYPES

Data sources very widely in their characteristics but they can be subdivided
into two classifications , (i) those which provide messages and (2) those which
provide status information .

Fi gure 2 shows in more detail the type of program structure one might expect
for handling a message data source. Here the external data source repetitively
prod uces messages, each perhaps consisting of several words of data. These
messages are handled by processes which transform the data according to preset
rules , defined by the algorithms , but varied by the data read from other
prccesseS .

The usual characteristics of message exchanees between processes are as
follows:

a.) Each message is used at least one process; hence act ivat ion of
the process may be arranged to take place as a direct result of the
generation of the message .

b) Messa ges are not of immediate importance hence they car , be buffered .

c) Mess age data is transient . It is “consumed ” by the processes usinr it

i.e. These proce sses destroy the message .

~~~~~~~~~~~~~~ 
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The second type of data source produces status data. This data conveys
information about the state of the surroundings of any process which may be of
use to the process as it works on messages. Status data may be generated by
external devices or by processes.

The characteristics of status data exchanges are as follows :

a) Status data is non—transient . It is not “consumed ” but is changed
by the processes generating it. It is frequently “updated” to a
value dependent upon its old value.

b) Status data is of immediate importance since it supersedes the
previous status data, hence it must replace this.

c) Status data may be used many times cr not at all . It does not caus€
processes to be run directly.

In real—time systems messages arrive from the external hardware devices and
flow through various processes into a pool of status data. This pool contains
status data about many independent entities, such as aircraft for example.
~Iessages are extracted from this pool and sent to output devices. Whereas the
individual messages are treated independently , the actions taking place on the
pool of status data often involve complicated comparisons between status blocks
relating’ to different entities. Many difficulties in real—time programming
occur at the interfaces between messages and status data pools.

E’~TERACTIOH TYPES

At any data source—to—process interface in the system, whether it be hardware
or software, the same type of operations take place. The data transfer
from the external device into the computer store is performed by the use of
control wires which ensure correct co—operation between the device and the
cc”tpsiter highway. In a similar fashion exchange of information between a
-software data source , a data table , and a process involves not only the passing
of data but also the use of controls.

A hardware data source may be polled or it may demand attention by the use
of a hardware interrupt line. The software data exchange between processes P1
and F2 of Figure 2 illustrates a parallel situation since the buffer may be
pollen by P2 to find if data has arrived , or P0 may be activated via the
scheduler on a demand from process P1. The activation lines are not shown in
~

‘
~~zure 2.

The fac t- that both data and controls are involved in communication between
l rGcesses allows two types of interaction error . Firstly , those which arise
through incorrect use of the controls giving access to the data. Then one mi ght
4’or c-xample access beyond the bounds of an array or read data from an empty
bu ”rer. Such interactions will be called macrointeractions. Secondly we have
s~tuat~onc in which any data block is read whilst not fully specified . Thus
only part of a correct message is read . These interactions will be called
mi~’rrn,nterrtctions. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _
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2 CONTRO L OF INTERPROCESS CO?.~4UNI CATICN

The aim of many methods used to control destructive interference in real-time
programs arising via message or status exchanges has been to attempt to restrict
all interactions to macrointeractions.

In the sections below we will consider some of the methods that have Leer.
used in current systems to prevent interaction errors. Any method of control
can be judged against the following check list.

1) Is the system response time adversely affected? This will be so if
the control method is expensive in program length or if it prevent s the
processor working on the most important tasks.

2) Can the technique be implemented reliably? Preferably control of
interprocess communication should be in the hands of the system desiRner s
and not the coders.

3) Is subsequent program modification easy? This will be so if the method
is formalised and well documented.

1~) It should be reasonably efficient in the use of core and time.

5) It should control both micro and macro—interactions on both status
and message data exchanges.

6) Can operating system check~be employed? If they can be used then
program development is more easy , and subsequent extensicn~. and
mod i f icet icn~ can be performed more rapidly .

1) Can storage Irotection techniques be used effectively? The extent to
which protection car. be used depends on the hardware facilities to a
large extent but it al o can iepend strongly on the communication
method used .

2.1 Running to completion

The most obvious way of preventing microinterference between processes
is to run all processes to completion i.e , once a process had started it  is
uninterrupted by any other process. Therefore, at no stage is there
any chance of a process leaving a data area incomplete. If one is to
maintain a flexible system design capable of giving a rapid response
to high priority inputs, one must ensure that the complete program is
subdivided into many s~a1l processes each of which is called
independen tly by a scheduler . Hence the maximum delay in responding
to any new external event is that of running the longe’.t of the
processes. If each process leaves the data areas it acts upon ir. a
complet e state-then the possibility of microinterference is limited
to situations like that indicated in Fig. 3B. In this example
situations can occur where the data input areas of P

3 
are incomple te

unless both F’1 and P2 have completed their cycle of operations. One
therefore must ensure that the running order of the process I s
P
1
P~P.~ or P2P,P~. Interaction E is another example where

m1cro~rlteracttoI~s can occur .

—
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Besides lar~ tcly removir~ the ~:rc-b_ ~ n of microinter ference , run r~irw
completion does a~~iuw ~~~‘;~

- t i ne s  which are common to many ~rc-c-oss~~s
to be shared f r eely w~~ oc-ot : - —erit r’unca problems.

The macrointeractior i problem s can be solved In a number of way o. F~r
example consider intertct~ on A in the diagram . This shows a t:-rpic~.~
interaction involv ir.e ~he exchange c-f status or message data between
processe s . If for tho ncuorit we assum e that this is a statur exc }—acge
and that both proces res run to completion then macro irterf erence can
be avoided by ensuring that P

1 operates before 12 
so that as tb-

system starts operat-~ cn there will be status data ava l~ibie for P ..
This may be achieved by associating a ccrrectl y initialised oontr~ l
flag with the data area and ensuring that P

1 
and F,. ~t se rv€ -  t h i s  f la :~.

Alternatively the jobs may be called by the scheduier  in tLe ~ -~- o reC k.
order , ~iitially . The Ecope for macrcinterference is thus ratter
small . If the ex chang e shouJd be of a reso-~~e natur e, the d at a ar ea
must become a buffer to allo’c ~h .r uneven rates of production a! -d
consumption of mesc-ages ty P~ and ‘

~~~~~. This macrointerference c~~
be ~or~trolleo by definin; a set  of ~input and outnut pointer manip-
ulation Dules and a,]ow~,~g’ P2 to poll the bu f f e r  to determine whe t  h’~r’
thc~r~ are any unprocL-~:ooJ me~s~~es. Such pointer rules must aLLow
for the situation when the il ot is full or enp ty .  For the- more co~ mcr
data structures the in d i vi d u o l  :rog’ranoiers ran he protect ed fr o r  the
problems of’ re— sd and vritir~;~ ir, tc- the data areas ly  th e  use of
standard routines. Those can ,;e -art  of the applicat ions lrc n r ar r - o
but many systems , as will be described 1at~ r , use- the c per a t i ne  systen
- - r this purpose. For ~rore complicascd dat s  rt~~uc tures  in
many Drccesses ad~ or rfetract dota , it is ~rtf erable to hav e a c~~~-rm
subroutine to Lfl~ l~ tho ;~~‘~~ a~ d a ut p o t  of Jata  to the dat a a~- ca ,
rather than ail-~w each ~rccess to do ‘u Jndeyeraently .

If the techni q’:o of rur.a~ n- to oc-mrletion is -ised throughot~t a systes-
It imj iies that the o~~~roa . devices mus~ also be polled . Since the
v arj a ! t .~ dat a in~~ut ’- :t 1u~. rates and res~-on se tines of’ c-xterna~ devicer
fr~~ ucnt]y nocessitate Lbs use of c-n i r,t s r r u~ t resT orise to these
c1evio~ -~-o rsany s~~ster s er n n i - -y -~~ rJnor ..T riant of this technique 1y
r e s t r i c t i n— - - sc: t ion c~ r t ’~n-~la t e -d  by an external in t er r up t  to thr m oot
or outrut  of ~~~~~ If the data is ~f a trannient (message ) nature
i t  can c.e stored ~~ ~i s t r .  2~icro inte rb c t ions  then onl y take r i a c a
at these l i s t s  as the ~n teurunt  processes feed data in and the bas~
level ~ roce- s res  ps~l th -~ l i st s  to determine whether any da~ has
a r r iv e - I .  Cace °ni select,ion c f the rules governing nanii ulati or- of t” o
pointer o giving access to the buf f er  can remove both micro and nacr
interact ions on t h i r  buf”or area, by ensuring that updating of t-h~
cc ntr°1 pointers t-c the h a t  tahes place on a single uninterrupt~ r1c
ac t io n .  ~osides c’-rv~rr.~ ru~ access to the lists these rules must aids- v
for contral of the input data ~n te  -when the list becomes full , Y’ this

~s possit~ e. ~1te:-natively, if the data source cannot be controlled .and all the dat - i is rc- - - - , the input buffer  lengt h must ‘be
dyn m r J ca l Jy  var ied  or the corisu~:c’r ~ r-scer’-s- must run with high rriority .
A f u r t h e r  uo i r — t- b e considered in organir-in~ these lists is the
r e -t h o d  used t i start up and stop the external device , s Ince  d e p e n d i r r
on the n~~tu r e- 0 ” t b  de-;~ce , this should either be done in the interrupt
j rc-~;rar- or in the bare ‘-~-ocl program.
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Should the data ar r ii iog “nc in terr a ’ r t ” ~e of a status nature and
consist of several words it is necessary to prc-hib~t ir.nerrupts
whilst the  sta tus block is being cbar ~~ed s in ce  all the new statu .-
words must replace the orig ina l  words be fsre  any arocess is allowed
to read the status.

As an alternative to the baae level rrO~ rar.: r-clLLni~ the inrut buffers.
it is possible to link the arrival or messages from external devices
with the activation of the consumer process. Thus the interrupt
program can demand the activation of the consumer prc c- e-~ s. This can
lead to a reduction in the input  buffer  sizes whilst still allowing
higher priority ‘base level processes to have priority .

2. 2 Multiprogramming systems

In spite of the advantage of running to completion as an aid to
simplification of interaction problems, there are real—time systems
in which this approach cannot be used. Some of the reasons why this
is so are summarised below .

1) High response time requirements may demand that a process be
interrupted ‘before it has compl eted Its change to data areas ased
by other processes. For this reason processes should be ke; .. ~hcrt.
This is not possible where such processes require input d;~~a and
the input buffer is empty or require to output and the li ~ ::  er is
full. Then the process must await the response of ext~irna±
devices thus increasing response time and wasting processor t i m e ,

2)  If tha  ,i
~tem is not dedicated to one jot, multipr-. oramminr is

reqai u --d oo ensure that processor power is d i s t r i but e d  so tha t
good r r ~-oaoe t imes  arid throughput on each job are achieved.

3) If co—equal multinr-c-cesoing is used , where any available
p”ocessor can ro:-i any r-rc;grar :. the methods of intera~~on control
used in running to cc-n~- ie ior. are ineffective .

For the above reasons a mu lt ipr cF ~r ariminr - mode of operation is rec;,ir&-J
In which the individual ~aee  level processes can Interrupt fark other

as the scheduler real3ocnte~- the processor from one task to another .
The sor ~~ — for microinterar t l ons  then spreads from those processes
dealin.c’ with hardware interrupts thr ou gh o u t  a ll  the interacting
process es . Furthermore the interaction j : r c-blem becomes more ccn;~1e-x
than at the hardware int erface r ;ince now each p r ocess act i.ru’ on a
data area can interrupt the other .

2.2.1 Lockout Techniques

In multi programmed systems of t h i s  type many  te-rni ques b’s ’-
teen used  to control interactions . D u r in g  access to a rhare-d
data area any process may prohibit  external h.tcrrujts i- .ring
the critical section of’ its progr am in ‘~-h i c h  it is chang irw th e
data area. Such a technique is urir ecessarily r.’stric ive in
that other unrelated processes are a l o e  pr event”H ~‘ru n- r - r . r ~ ’ ~
arid data arriving from external eciu i pment is  d’ ayed or even l r r t .

. .  ~~~~~~~~~~ ~~~~~~~ 1 1 1 1



~tn f i it e r n a ti \ e ~c-I: :ewhat more o hf i ci e n t  method is to p l a ce  the
cri t ical  section of the  task which Is currently modifying a
data ir~terfioe area on the highest scheduler priority until
t ho  dc-ta area is complete. Thus external devices are not hcTh
o~~, ~Ji~ugh OOCC again other b a se level prscesses are impeded .
D - i  they ’ of these techniques are su it ab le  for use in the
r a u lc ip r o r e esor  case sinse they ri-l y on ensuring that univ coo
r r o c - e s s  is op er at i ng  durind the critical part of the 1irc;Ce0i3 ,
nor do they provicla a solution to the interaction of figure

~P unleas the critical c-set-ion extends across more than one
process.

Another secuoc r-~oh - d which can be used in ~~~~~~~~~~~~~~~ IT:
that in which a table of interactinè - . processes is kept within
the- ceerat so s te m . The . -h e d u i e r  t h u r .  ensures th a t  at r a
time do t~J’~ :oteo :OLir~r - processes become active at the ran e-
time . ‘fh : ru e-thu-cl is easy t a  implement and allows mod ifscat-ic-r
of proorara c w l ;~c-ut unloreseen errors arising. New processes
car also be added o in c€c  the table of interactions can be easily
modif ied . t h e  method is hoe -c -er  more r e s t r i c t i ve  than is
. t i ’ l c t ly  necesrua ry  si nce  processes are prevented frcm operating
fi’uia longer that ;  they need be.

ferr uaphorcr  ni-c aeri;aus the bent known r e th c h  of controliLir~e
sicrointerartions. these are a a ery general method c-f
pr-u-tooting critical sections of a r-rocess from interference.
A cc-ntr5i  f la g  is r-sno-oiot ed with any shared data area dev
or a ‘ cucess .  fucli  ro~’ee’- , ie~’ices and processes are call c c
taci . i ities . All frc cesoeo  using a i’aeili ty ex~c: uc the
to eruinr e it is avai lab le  for  use .  A l t hou g h  they are shy~Ie
in use and are e f fi c i e o -.., i i -  that lockouts are r e c tr s c t~- 1  to
those or°cerres r - : r - ; i r i r c , s i su l t ar ~eoua a c c e u c  to the-- Sane
fa c il i t y ,  the i i ;e io-idual  p- ~ograJnnecr is responsible for t~ e r
crc-per use .  The h ia~ t-y ~;~ r a p r u a r - ( i n  fci :~k s t ra ’ s t e rr i ; - -  -1
has been mo - -u t  w i cesy  used to v:-event read—write interr; - a:
be t ween  sin~ 1e rrocesses .  tTr.rc ecessary lockouts car ; i-c vu - i a - -c -

by permit t ir o -  parallel roo d ace r -a s  to a data area w hi l st
excludin~’ r~~sl—~T!te accesses. ~errrtph res have the advorita-
of imposing little overhead on rca-nt processes since they ore
used only whore uc-cesoory and can be i ruvr j € — m € - r t e d  quite
ch ic ettl~ on root modern -oraiput-ers . lL’-.y ear be used
effecti’. -ly in ryste - s cairo cc’—equal m u l tip r o ce ss i n g .

‘ike-  ;re~~ph ; -u - m ’- obor r i sm cai .  also be used as  a ne-o r of
a-ot Jr;ti: . - pro ce : r - cc s ~ - o r nta bus ar r iv e d  f or  them . T a i r .  is
done by a. t~- -sbn:oue describe-i fdly by I:i,ikst-i- o~

’ in whi -~ .
j r nj uc  or ‘ --cc -os “ releases ” the d ict a ar -a when , it has r-re’~ ide °
the data an- ~he -o - ; o . r a - r  r- - u . .r es ” I L~ rc’e~c before it b e g i n s
to read . In ,.. - .c ‘ hsc -nce  c ” ~- -~~a t h u  c o r o n e r  ~~l ’z l  t h i r .  he
Sur-p ’snoeu i I~~~ i-i sc-ire data orri v e t

~~~~~ ~~~~~~~~~ -‘~~~~~~~
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Although aLe n ’eehar ’ i c u .  ‘0 ’ n c r u lc  micro : cc er-c-cut i r a  co s be
deta areas, where accens f the  ayr- e- r h o - w i .  in Fii - -~re- is
canoe-rued there are d i f O  l c d  I ies. If’ lath data om eas mu s t  I c -
changed by pvc~ un 1 L e -~~c re  ar- s c-ecu 2 c-ar. operate. it is
necessary icr process 2 t. ’ secure the  two- f a c i l i t i e s
simultaneously. l r  ic not ,o- ’~ : tc ac-c a m-o a sir~ le facility
equal to both lists ir: addition to those 0 I n t O  - - rug the
individual lists sinc e th e access to the h ut s  w ou ld  then h-c
con t ro l led  by two m ac -t en.  ler t - - - .

~~
- -

~~~ s. f lth ou o c- a the situeti-o c
of’ Figure P can be cont~ r- lLe-d t:-~ the use of three aenaphores ,one on D1, one on f~ and one o n  2 . and this is c a.l ersomo
in use and to deal ~itb the r ’ec.er~~l situ ~i.t icn the nb-il it’r is
required to’ “secure” marcy t a n i h i t i e s  in  a sin~ 1-s u n i r ~t e - r r u r t i  I c -
action , in addit ion tc this  n - u a u i ’  ac-I a f 0

securin g of many data areas , it is also advontanc-ous t~’ t r ead -d c
a selective re-lease so that l o c h eu t a  u i  otLec’ vrcceases car. be
minimised .

One of the prrc’~fI-~crc tc- the use c-f a n~u iores is tne ri~ k o f
“deadlocks ” . One so ck  exarIt I e of these is the ‘ cc-ed - erbt r -  - -

This oco- rs in s1t ’otic~ s like that of ~i ou ~r: ~O v du-ru - us e -
t he dat a areas i n  the order 2 , aria P.. uses i or. i n . ~h -

- ‘ l .~~ -reverse order. It ~o then ros s~Ue ~~~~ each or cess to no . .r a
data area require-I iv tic other . Ikos prc-hlero c ar. re ‘ e
ho- num bering all far little-s -ani t-~ sasuri 0 -1 , 1- ’~ be c -ao r c t t  no
,;yrut’sa , that facihi . ice are alw~ yc; demanded ii: ;u u n e r c c o l  crder
wh oa  more that ;  on : is ren-;ire--i sirnul;onec orlv . T~ ’ ~ h colvIn

-‘ -‘c-Plea this does mean tLr~ in some cases Tac h it i e s  will
be ~ c~ for l o n g e r  thou is really reoessar:’.

An a i r -  rI -i t ive 4’c rm of i-c avi l n — k  occ urs in s i tu a t i on s  like ~hat-
of di. ~ ro.m A wire - - c P , is a ; :c - ccu o °ure roe - -i ‘ty F . . f P
acquires D beihu i-e t n T n r f e r ~ in~- s-a nt r eP to F ,., . u -  is urãThl e  t o
run hence P1 eannot oor ’yle-te .  

--

Eabe~~ ann 2 descr ih ea  a t c cn n i q u e  ~ or  avol-d in o dec-c l cir u~
advance w orm in g  is  ~l - - er  to }r c -t o r a t i n r  sy s tem w~u- - n o - v o o a
process is gc~i n - r  t a  rec ’ ir e  roore a h r rr -t ac o docility ci l t - a r ~- - - -  ly .

~A l j n- itatiori -~~
‘ t h e  e -n.nc - -~~~e a — c h a n t e r  is ok-s t it c- - nr c- t i-c

USOd tO Cc ’r t rc - u i i~t or ’cCtl ., . : t;  h e t - -~~o-r t - L s  - - - — e ’r el a r - i  i n t u r i - ~~a t
çr r ’~r ara s since the a c t e u r u c ~o Scc-O C a dote area Involves the
risk of sc o pe nv i a r  . Tais  gen -o:. r - c r r o t  I b o s c  u to .:at~~-i.
to ar jot e r r - i t t  1-act. .

2.2.2 Data dare i/O m u - it .

Ihe foreg’—inc’ me t hcv i rc  ‘-~-ve  all , wi~ b- varyino tie roes of
o ~fi clone :,’, contralbea tl.e rad on - 1 nt-u n- ct ho - a- bu t  l of t
nrtcro’matc-ractic,ns t o  be c o n b r  I l ed  by r~oroo -ae r ~ reached

-~twe-cn the  pr ogrr - :crn. r . - v c r k i r i g it - the- pnol ~~rt . Thrr€ is a
serious longer t h at  t O  ‘ c - ’ -  ~Thc 1 oter t~~t’ut~~i;c the ru -act’ ‘sr
r o t l’s ‘cuniliar wIt- h the car ve r  - t o u r  h ta R’ C ’  to: cc
, - en - r ut e  1~~~p l - e i ; ’ -  I - c - s  as a re-n It. oh ’ a r t  v - - t . t y  t r i \ - a
r - l V i - u ’ ions . “loin ic of or is so ~~~~~~~~~~~ t : - t t r y - - t a-mo of ;iO ’

- ‘ r i m -:  i~ - I it  n . y  ~‘e l o s t  to a’.lc~: -ic cer~ t - dat~ onl y 1:- -
‘‘ r - iy r t ’ : ’r. r c u ~ I n c a - .
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One possible method for O U i fl~~’ this whilst eru—urir;g t hat the
common dc.tc is not accessed freely ‘ry all processes is to
elinri n-ate- the- cot- -croci data b- iso. In. sad -, a system read—only
data becomes the only global ly avaiThble data.

Access to ce -- cl , in l i v ideal  array , table , l -u f fe r  cC the  d c t ~t
is controlled by a da t a  a rca  m acut/output routine t’cr w h i c h
the dat ’c is local storage. F-cub input/output rautineu c will
t r a n s fe r  data between t ire b a c h working space c-f’ a procecs at: :
the various arrays , e tc .  d ependent upon a rar&eo -oter h ood ed
it., the I/O rout i r r -c  will p -revile- any of -a r ,utrj oe-r c-f - o r t i c - t r o
to the user . ior exa~ ple iterr o ~:ay be added to  the hoad or tnc-
tail of the list , or i tems abcve-  a certain magr;itule may b-c
removed . Cr- c must cols~ o l l o w  for items ta renal and dc -i- tel on
read w thc -.u; de c - v i a; . tinny other options can he acro--ided arc
required.  Since  only one routine is accessing any area 0-i the-
data the n.co~ e- for ncar;-a;-iuveraction is greatly re-acm-of. Fir’ .ro I
ill,i~ rcres the form of the program ::truct-ure. Mi croir. terrc:ti:-r.
‘ou st b e  eIIic:Ln~oocd by ensuring that the data I/C r’outiies con
only be used by one prcces s at a time. In fact such o c u t i -  -c-
should be eahiaf  by macros which c-caere; far e~ aarlc , tira - tr~
fol iowir o’  sequence of operations always occurs:—

:TECIJ h E (list 1)

lAd: , 1 )-i (next  ent ry )

iIPLEASF (list 1)

-‘here t he process requires to read or writ e  a new item , as fat-
-i cOOO1fl ~~ L O- when ‘Ic-alicia with t r :-uu siem -t  data , the call may he c f  a

a irop - le  type ar. d t he  I/Il routine can he ru ia p l c- . However , when
dealing with non—transient data which is b e i ruc  m o d i f i e d , the
cal l mi st be sore complicated since COliC needs to  read , mc di Cv
and wo-ite rr~ce- v a l u e s .  This coc a he done by writing a c~ c-u:-lr cotect
I/O routine inc,-rtorating this ahilit:’ , hat it is letter if t},~
call has, as a ~ araro eter , t ie ~-r nc e~.ure wi l o b  uco- -l i f ies  t i e  d a t a .  •

For ey :-uacie — to could define a mac an  oi the ~ t n

(i - i ~T 3)

oqc j j , ,  T/O—3 lnext entry , FPOCE2U i-.E F0 )

iL I k ’ - ’ 
~

)

where P.. pr r icr r :c :  a to o- -.; t :’ ij ri~- ’ action on the “next crtry ” dat a
oxt r a ct ~~- from lint 3 by the I/ O r o u t i ne .

A sc-home of the cit eve type has th e  ci m’aru t . a~;c that it is cc-:. to
r n f ’crc e  or; c-’o~ r5rov -rs and eon. to - understand . The sccpe f o r
faul ty  i t - t u e  m o i a n r  is : . . i n i c i ae e  and the system overheads coo -u
small .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -
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o . 2 . 3  Message sy stem s

The way in which mes rage passi n g is i~~ lemer~teo iel c-r:-f s upon
the type of hardware storage pr-etc-utica avail a 1e , tie ext’- r ’
to which individual prograrr~~crs can be relied oii-cn to gone-s c. t e
only legal messages , and the e f f i c ie n c y  r e q - a i r L c -€ - n s s  of the
system .

Message systems are an extensior. of the previous tec -b rui cue - .
Tire charact erist ics are that interTrccess messnoes are pense -i
using a dyviamically allocated pool of storage adntinistero.d icy
the operating system. Ir~ some cases the ceeratir,c- s:.,stero
merely allocates the storage and transfers it f rom process  to
Ireceicts whilst  in c ther  cases all I/o to the storage is
cc-nt r ’- l led  by the su r -e- rv isor .

ttessao-e r — y ru ~~e-rr s can of f e r  the grea tes t  secnc -it\  a g a i n s t
in t e r f e rence s i n ce  n e i t h e r  cc-de nor data nc -ed he share-u .
F-iagracu ~-A sOc a - the i c-c om m structure- of a reliable syste- - ..
~-acL process is self contaIned with its own data np-ac e ar.d
-ocnstacts. All ccrrunicatioxr with other processes takes pie-cm-
by rr.errsages passed by the operating system. I message cc-n h’
assembled by P1 in its own area then transferred by the
o~ c-rating system tc- the operating system area. The c-ace - at i xii-
syster - :- :eees messages for any process. These queues cc -n
c-~~t~~- n  i — c ;-olled or the acceptir e- processes - f ar. be n c i ~ coe,.
wirer. messages are waiting. The message is aga in .  tr’ nsft r-red to
the  accepting program by the operating El/ ro t c-cc. Ftc- rage
pr t - n t c t c ~n can te arranged to prot ect each rrocess and its dat n
are-or from other processes. The operating system car allay
che cc-r on the legality of’ message interchanges so t h a t  r r s : car ’  a
only tre.nsfer between allowed processes , and also c - c - - a c m e t h a t
messages in the commor i r e - c r a g s  r 4 crc do r e t noted ly inter ’or’

Clearly a cssage system Od~ this type is ine’h’icien~t si ruc e data
is moved beveral times. -\ s]i~-ht ly less sec~ re :oe~ h which is
possible where ap~~ 

- re-t i a; jr or cc have- r e - c a — a c c e s s  ‘a ‘be
operating system arc.a is to a l l ’  w the acc’o : tir ~g rr- ness F., t - ‘

have “read ” accet’o~ t o  I so that it can read the’ messa,ce~
directly from t~ ut l - - r ”°~ f r t O r ~- .

‘ine mo st e f f ic i er ,t , though i - r ant  5f-c are rue c b a n i s n u  is thr . t  sl -owx
i n  Diagram ‘ F .  ~ my recess  wisimi r .g t~~- c’- n-rr~~r i c a t e  witn arc s-’ r u ic -

j r ccess  ar k s t i c allocated a t~ock c f  n t - . c-c ‘ d c - m ist a r t - - i  l-~
t h e  ‘ c -r a t in g  sy stem . This area cat. tIer, be- used t o  st o~-e a
message for  t x - o x . :  fer to ax o t her  or ;  m s e ; c c - .  dice r , t h e  toe.~ :in gC
been cex .e-r at ~ -d th e  I r e - f c c ’  r p r c -ce c - s  P~ ac-ks the ope ra t ing  syst’- r
to transfer the- r- :sa~ ’: t t ir e a c c c t c t u t : i g  j r o c e c s .  Once t h i n
request irs made °.~ e ro ‘incur to eec-s loses access to t i r e  nessan~u
: tere  which becnrue -s link ed to a chain of nixti lar ar eas to- ce,~~
processiri- by the - ‘-v~~ - ’- - r process. Since users have d ir ec t
access to the cerc rt ur ,  Ocr -5c - -’I~~ E- a r e a -  it is possible for  tb ’- : . 0
overwrite other ruenrr’ges , because with simple n-I crave prc t c-ct Ic y,
it is not poss:tlf- t o- p rotect th is  area from all usi-rs . hu r t
sophisticated hardware protection techn iques , in which i- ec c-i
w r it o  access could he’  given to processes for small , variable-
sized , areas of core , woul d enable th i s  tyt ’ o” me ssage system
to ~ e made more reliable. Such a schc-r.e is p r o v i d o f  by  0L
CaIa~ i1ita r,,€rci .ar;i sr. (3).

—- :.~
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In srit~f ta give f l e x ib i l i t y,  various fa rm s  of en t ry  an~ e~.t
to th e  cicain co of messages car. he allowed . For example one car
set up LIFO , FIFO and “content” ordered chains. If the chei c .: c~
messages are a rg e cru iz ed so that ti:e messages thenselver ore-
chained t c-get i r e r  as in diagram 6A one can have a system t ha t in
ef f ic ien t  in passing messages in tire situation si- own in
Figure 3A. however , in t ire situatice- s?o wrc  in ~ igure 3D , c.r.c
would nec-a to  jacca three ider.ticai messr ,’e- s to the j c l - o . - u u c r: c’:e -co :
P 0, r  P,., F~ and P~ with ccrms ecxuc nt core and time pena tie:. It
is th~re~c,re advantageous to crgarA i~e far each pro cess a list
of ic-inters to the messages awaiting it as in di agr ar cu Es.
t his  way t he situation of Figure 31) can be solve-c by mr-rely
adding the same address painter to three lists whilst 1 0 -  f - at e

o is only stored once. Where- such o s i tu c -t i c a  occur: tire
operating ~ ccctor: must ensure that the message- r:ar ncc -t te
destroyed until  ~i l  corsomer pr ocesses  have -c r ema te - i .

If e f f ic ien t  use of storo is to be achieved i t  c- .uo t  be
p osei ble to pass xnesso~° :s cf any lengt h cetween icr c e - coccu s  sl~ ce
many processes generate messages of variaLie le ngt h .

whet these systems have dc-nc- c-f’ c c urac:r- is to- hat ch cr- er  t o  t I n
n-p - c- ra t ing system all the- pr oh-len.s of pc-inter n. -Iru i n-ul a t i c  - ama
contrcl  of rricrcirite rfe~ cnc-e .

b c-sc -age systc-rcm ro 5 0 0 1 1  as ties’s- in  which a c o-mm -ct -ru nt - -e :cx erc os
shared c-ommun~~cat ic rc  hu ts-seer, many p r o c u - r o  e m -  are -o il co - ct  ly
more efficic t in core utilizatior than tire use c-f fixed lens-tb
I-offers. Sowever , shc’uld this area ever t e c e r e -  filled , all tb :
processes generating messages will be noterable - . Pence the-
-~coun t of free- area should be monitcre c so that m essa g e -
“cc-nsL o c t m u ” processes should be run preferentially whers-ver t irt-
free area icc-cc-sc: small.

— Message sys tems  are a suitable way of passing trqrmci e~~ t - t a
about the- system . However , it is not ideslly suit~i ’be
status data. Such data is of immediate s ig n i : i r a nc -c  Isc-nce it
mast not be queued. Out of date status ir;forrca~t ion muc--t be
destroyed by the producer process , rather than by the co:;c-urr~-n.
as is the case for  messages . Whereas r-essages rr.c ;’t cf’tc -r . ar
sent to a air ple process , status data is frequently read by
processes thus requiring high overheads. Utdating operaticor
cuc fl status data cannot be handled efficiently by the Irernage
sy Lte r r c .

Fm- this reason i,io e message system cannot be used cy c l i x : -  ive~ p .
d c c  wa~ c - f  mixing mesoao- e sy s t e m s  w it h  other forms of in t e r —
process cc-mmunicntion i_ s t~ subdivide tire complete n y n t ’ r o  i t
groups of pr000sm-ce;.. Within -Icy g roup  th is proce’-ser can a - ic r .  to
eempl etic-ic and interact via shared data areas. The indiviom u al
groct o - :  th en  t imeshare wi th  each other , or are processed by
o l i f f e - r o r o t  ~r - -eesac - r s .  They € -x cbaxog€  messages as a fax-is of
cc-rr ,~ urc i cat i  c-: ~ . l ic e  e f fec t iv eness  c-~ the techr.i quo  ic -re ads cc
the extent to w h i c h  -icy ny st e -m  can be divided irto these crc-up s
w-ht tnt c- ’ 1 1 c-sr i r~~ 1 n i r . g  the hi -h re-src--csc- tin. c and e f f i c i en t

r e c e s s — c- u t i l i z~~t i o n  r t f c - r e ~ ‘t o  the m u l t i i - m o - -r ar or ;ui rcg t e chn i que.  4
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3 CONCLUSIONS

Up to the present t ime the problems of controlling communication between the
various processes comprising a real—time system have provoked many different
approaches. There has yet to emerge a technique i-thich compares favorably with
all the items given in the check list in fectiort 2. A mixture of’ techniques is
frequently used in order to obtain the advantages of each method on those part s
of the program where it is most effective . Owing to the diverse- requirements of
data communication within a system it is probable that considerable advances in
the hardware of computers will have to take place before a satisfactory gener al

o solution Is found . The most promising techniques are the message systems.
Hardware improvement s required are the ability to allocate read or write access
of individual message storage areas to processes so that the dangers of over-
writing other messages can be eliminated . Preferably the message pointer
manipulation processes should also be performed by special hardware so that t ine
and space overheads can be reduced .

For status data the message system is unlikely to ever be efficient. Here
the most reliable technique would appear to be the use of data area I/O routines
to administer each area. These I/O routines will use semaphores to prevent
microinteractions on the data. Although providing a wide variety of I/O services
to the other processes , the routines should he fast running so that the mnx isour .
amount cf parallel processing is possible.

Developments in languages , operating systems and hardware should provide
message communication facilities of a sufficiently general nature to- protect
the user from many of his present communication problem s but there seems no
current possibility that his interactions with status data can b e equivalently
eased .
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APP}ND~X 2

A~2 .1 ScOPE

this contains a cuow.try of work done at various European
meetings, as an al .te!flpt to make a fore~ l analysis of the t~~s1:
fac iliti es in four sample lang’-sages~

A2 • 2 TASK STATES

The possible task states may be summar ised as:

D (ISFENT — the defini ;ig code of the task hnc - been
made known to the system and all, house—
keep in g done to allow activation . In
particular a name has been assigned .

POTF~ TL4LLY — the task has been activated , and is vaiting
ACfl VE for central processor or other rrm~ources

before conti nuing .

ACTI~ E — the task has been activated an~ has use of
central processor at this time .

SUS PEN DED the task is held up nv~aiting some condition
(the availability of a rcsource , or elapsed
time).

NON J-:’tITSTI-NT .- the name is disassociated from the task , all
local workspace is collap sed , and the core
made available to other tasks .

T a s k i n g  statemen ts have been provided i n  each of the langlia~~-s
to allow taski , to change their own (or other tasks ’) sta t c--i .
Schematically these may be summarised as:

POT h?~T J ALLY

I N I T I ATION 
ACI’I VE

( £.\1Sf~NT An

t 

j procedur e ’

/

~~

‘- .._..— -( D F.S1IW r ’~~:\ (p )  A C TtV ,~T 1(~N

~~~~~~~~~~ ~~~ 
Dh0TIU ~Cfl C’t~ ( H) ) 

~ L~ J~ ,\-1O~~ (p) )

I~ f l 1l ( ’~

+.~il(~ DI!-r~ P~~~ BL~~~~4OT ~~L~~D
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Introduction

This paper is the result of a dis cussion between D .N .
Shorter and K .H . Timmesf el d on the 20. LTPL -E session
in London about th eir respective papers (LPTL -E/ 107 and
LPTL-E/ 109 ). It shaws the agr eement reached during this
discussion. The proposals are numbered a ccording to the
tasking comparative study (LTPL-E/ 105 ). Some reasons for
the choice of each ofthe proposals are indicat e d . As with
the brevious papers on the same topic emphas i s is plac ed
on f e a t u r e s  rat her than s y n t a x .

Genera l  Q u e s t i o n s :

1 . 1  Q u e s t i o n :
Is tasking included in the language?

P r opo S al :
Tasking s h o u l d  be included in the language.

Reasons:
Tasking is an essential feature of real time operations.
The in c l u s i o n  of tasking in the language makes programs :

more easily transfer able between different computers ,
more easily understood by programmers using the
LTPL for different computers .

Tasking features are too important to be handled purely
by subroutines.

1.2 Question:
What is the minimum unit for compilation?

P r o p o s a l : :‘ .~The minimum unit for compilation called a module consists

o f PA , procedure and global data declarations as well as

?AQS NL4~flK_ .a1T !L ~- -li
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possible environment definitions.

Reasons:
Separate comp~l a tion of parts of a program system
all owes modular Construction and expansion of such a
system (e.g. see FORTRAN and PL/1).

Attributes of PCE ’ s, P!Ys and happenin ~~

2.1 Question:
What segments (or collection of segments) can be
parallel code elements (PCE)?

Proposal:
A segment should consist of any executable statement
or collection of executable statements , together with

an” necessary declaration and i n i t i a l i s a t i o n  for va r i a b l e  (‘- ‘  L
occuring within the statem ent (s).

Reaso n s:
Genera 1 cleanness of langua g e ; there is no reason to
forbid certain statements to be executed .~ith i n a PA.

2.2 Question:
Are they (the PCE’ s) defined explicitly?

Proposal
Named PCE ’ s are not strongl ysu pported nor attacked.
The question is therefore left open for the moment.

Reasons:
Named PCE ’ s might be helpful for diagnostic messages
since in such a case it would be possible to print
the name of the PA in which the error occurred , the
name of the PCE which was executed as the segment of

that PA and possibly the name of the procedure which

L 

was called from wit hin tha t PCE. On the other hand , the

d

_ _ _ _ _ _ _ _ _ _ _  — - ‘- 
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association between a PA and a PCE will be stati c
in most cases so tha t the name of the PA in which
the error occurred will be suffici ent to locate the
error. When this is true , it seems not senseful to
introduce a new named item into the language.

2. 3 Q ues ti on:
What are the possible states of a PA visibl e in the
language?

Proposal:
Not existent , dormant, idle , scheduled , runnable ,
suspended.

Reasons
This appears to be the most prim iti- ”e set. The state
“dormant” has been included since its existence allows
the dynamical attachment of different PCE’ s to a
certai ’ PA wh ich gives more flexib il ity in programming
and will save some storage space in most implementations.
This state also coresponds to the proposals of Peter
L indes (see ~Minutes of 6th Workshop ”). On the other
hand a separation of the activation of a PA from
attaching a PCE to it allows a more secure handling
of the influence of hierarchy on PA-execution (see also
2.6.2, 2.20 and 2.21).

2.4 Quest ion:
What are the visible (and accessible) attributes of
a P A ?

P ro p o s a l
Its name , its priority and its residence.

Reasons:
A type (hardware or software ) as in PROCOL has not

been included since the difference between a hardware

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ __ _ ._~~ _~~i~
____
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and s o f t w a r e  t a s k  is  i m p l e m e n t a t i o n  d e p e n d e n t .  ~o

ensure a quick execution of a PA it seems more
reasonable to give it a high p riority and to make

it resident. The question of a deadline for a task
has been discussed but excluded for the moment
since it seems to be too difficult to imple ment.

2.5 Question:
Does a PA always have a nan~e?

Proposal

Yes , always.

R e a s o n s :
A name is needed to identify a PA in task operations .

2.5.1 ~u e s~~ior o :

~ow is it declare d?

P rot osal

A PA’ s name shoul d be e x p l i c i t l y  declared.

R e a s o ns :

~ll name d elen~en ts of the language should be explic itly

d e c l a r e d .

2 .5.2 ‘~ue s ti o n:

If “e x p l i c i t ” g ive naming sequence.

P r o p o s a l

The question of syntactic forms has been delayed to a

L 

later po int in time .

2 .6 Question:

Can a PCE be i dentified separately from a PA?

---  

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _ -
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Proposal : 
-

Yes , a logical distincti on can he made in any case
since a PCE is tnecode attached to a PA . Whether a
formal i.e. a di stinction by n a m e  c a n  be  m a d e  d e p e n d s

from the final answer to qu estion 2.2.

2 . 6 . 1  Question:
Can it be renamed , and by what mechanism?

Proposal
This also depends from the final answer to question
2.2.

Reasons:
W h e n  a PCE is not named there is no sense in renaming
it.

2.6.2 Question:
Is the association betwe en a P C E  a n d  a PA static or
dynamic?

Proposal
There should exist two kinds of PA’ s , one in which the
association between the PA and the PCE is static i .e.
g iven in the declar ation of the PA and one in which
this association is dynamic (e. g. indicate d in the
activation of the PA like in PL/1).

Reasons:

The question of the static or dynamic association between
a PA and a PCE is strongly related to the block structure
of a possible LTPL and the embedding of a PCE into it.
When a PCE is embeded in the bloc K structure it may make
use of all variables declared in surrounding blocks. In
order to enable a simp le storage management i.e. a stack
for a PA for the LTPL to be developed this has the
consequence that the PA associated with this PCE must

L i~~:: ~~~~~~~~~~~~ J LTT~~~~- JIT~~~~~~~~ 
- 
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no t be active longer than the li vetime of the inner -

most of these surrounding blocks from w hich the PCE

is making use of a variable. This can be accompli s hed

ei ther by terminating that PA when the lifetime ol

th is block ceases or by automatically putting the PA

executing th is block as part of its POE into a i - ’ aiting

s tate w h en the e x e c u ti on r e a c h e s  t h e  end  of  thi s b l o c k
an d the PA in consideration is sti l l  activ -? . The most

general and sufficien tly secure solution w ould be to

make the association bet ’,’ieen a PA an d a PCE complete ~ y

d y n a m i c on o n e h and  and  on t h e  o t h e r  h a n d to p u t  t he
PA execu ting b ’

~ocks su rroundin i this PCE as p a r t  of

its PCE into a waiting state when it reaches the end

o f the innermost b lock out of which the enbeded PCE is

us ing a variable and when the PA associated with this

PCE is s t i l l  active. B u t  since this solution is rather

di f f i c u l t to u n d e r s t a n d  a p ro p o s a l  i s ma d e to i n t r o d u c e
both a static and a dynamic association between a POE

an d a PA and to solve the synch roni zation problem for

common va riables by putt ing the PA executing the d irect

surrounding block as part of its POE into a w a i t i n g

st at >f when execution reaches the end o-f this b lo c k . and

the PA executing the embed Ed POE is still active (see

also 2 .3).

2.6.3 Ou~~stion:

How s this association m ade?

P r o p o s a l
In the d e c l a r a t i o n  of the P,~ f o r  the static association

and in the  a c t i v a t i o n  for  the dynami c  a s s o c i a t i o n .

2 . 7  Q u e s t i o r ’ :
Does a PP h ave a p r i or ity ?

P r o n o ~~a l
Yes

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _  --
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r e a s o n s
Other ways of assignin g processor time and/or high
level stora ce seem to be too compl icated for the
time bein g.

2.7.1 Qu estion:
Hot-, is it defi ned or assign ed?

Prop osal:

The priori ty is given in the declaration of a PA ,
but it can be changed duri ng the ex ecution of the
P A .

2 . 7 . 2  Ques tion:

Is it absolute or relativ e to that of the PA that
a s s i gns it , or both?

Pro p osal

P b s o l u te p r i o r i t i es seem to b e s u f f i c i e n t fo r m o s t
to-day appl i c a t i o n s , but relative p riorities would
h e a c o n v e n i e n t  m e a n  for  p ro g r amm i ng  s e v e r a l  c om p l e x
problems on one computer.

Reas ons: 4
For to-day process contr ol computers absolute
prior ities are easy to implem ent and sufficient for
mos t applications . The question of relative pri orities
w i l l  hav e to be discussed in more detail.

I
.

L - , - _ _  .~~ ~~~~~~~ 1T’
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2.7.3 Question:

Can a PA change its priority ?

Proposal :

Y e s .

Reasons:

Flexibility in assigning resources to PA’ s.

2.7.4 Question:

Can  a PA i n t e r r o g a t e  i t s  p r i o r i t y ?

P r o p o s a l

No.

Reasons:

As in a ll four l a n g u a g e s  c o m p a r e d .

2 . 8. Q u e s t i o n :

W h a t  i s  t h e  strategy of assigning resources to a P~ ?

P r o p o s a l

Processor time s hould be as signed to a task strictly

a c c o~’d ing to its priority . The same strategy shou~ d ~a

followe d when assigning high level storage except wh en ~
task is expl icitly made resident j r this storage. P e r i~~~c

devices should be ass i gned to a task only for the tine t~~
task is mak ing an access to the peri pheral dev ice in q- es~
Streamlike i/O-devices li k e  printer , plo tter , keyboard -

inpu t etc. could be assi gned to a task for the l ifet ir ~ r~ .
th is task. All other reservations could be done by

approp riate use of synchronizer variables like semaphor~s ~~~
-

1i~~~~ J~~ .:: mi: ~
_

~~ ~~~~~~~~~~~~~~~~~
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Reasons:

The general aim of all such strategies should be to free
a resourc e as earl y as poss i ble.

2.9. Ques tion:

When are resources a l l oca ted  to a PA?

P r o p o s a l  :

Hi gh leve l  s torage shou ld  be a s s i gned to a t a s k  w h i c h
is dec lared res ident  in that s t orage at the t ime the
dec la ra t i on  is eva lua ted . in al l  other c a s e s  the t a s k
should ask  for the des i red resource at  run t im e . W h e n
the resource is free it should be given to that task
requiring it which has the high est priority .

R e a s o n s :

T h e s t ra tegy of ass i gn ing a resource to a task only
when needed and to free it as early as possible is the ,
best for an economic use of this resource.

2.10. Question:

Is it poss i bl e to guaran tee a PA ’s resource requ i remen ts
(e. g. a) core res idence , b) processor time ) and how?

Proposal:

It should be possible to gua rantee a PA ’ s core  res id e nc e
by declaring it resident. All other resource requirem ents
should be handled by the operating system at run time. 
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Reasons:

See above

2.11 Question: -

Can the states of resources be inv est i gated and by
w h a t means?

Proposal

On ly by synchro n i  zer  v a r i a b l e s  w i t h  ELSE o p t i o n s .
If semaphore—like devices are being used it c o u l d

be useful to have a procedure for determining the
value of the semaphore (i.e. the queue length ) .

Since:

Synchronizer variables seem a sufficient and elegant
solution. Queue interrogation would be useful for
diagnostic and monitoring routines.

2.12 .1 Question:

Can resources be allocated explicitly to a PA by
a programmer? If “Yes ” than whi ch can be allocated
(e. g. working space , processor etc.)?

Proposal :

Except working space for resident tasks no other
resource can be allocated explicitly to a PA by the
programmer. Of course , it is possibl e for all other
resources to synchronize by use of semaphores or
similar variables the time when the actual requireme n t
of this resource from the operating system is made.

_ _ _ _ _  ~~~~~~~~~~~~~~~~ j~~
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As i n d i c a t e d  in 2 .10 .

2 . 1 2 . 2  Question:

Give examples of such allocation!

P r o p o s a l

The syntactic form of such allocation should be fixed

at a later stage of the development of an LTPL .

R e a s o n s

First the semant ic form of the LTPL should be a~ reeci

u pon.

2.13 Question:

Can a PCE be recommenced prior to its completion , and
if so , how?

Proposal

A PCE cannot be recommenced prior to its completion.

R e a s o n s :

Since a POE is net named by its own , bu t onl y
the code attach ed to the named item Pi~, a PC E cann o t be
recommenced independently from the PA to which it is
attached. A PA however can never be recommenced prior
to its completion , since the possibility of a PA being
recommenced prior to its completion would mean , that
there are two PAs with the same name. This would have
the conse quence that it is not possible to influence these

two PAs separately.

~~~~~~~~~~~~~ ~~~~~T~~~ T:TT I~~J ~~~~~~~ 
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2.14 . Q u e s t i o n :  -

Is there only one tasking mechanism - e.  g . is  there
on ly one way to i n i t i a t e  a PA?

Proposal

Yes , there is onl y one tasking mechanism .

Reasons:

Th is  is a ma t te r  of concep tua l  c l a r i t y .
F a s t  r e s p o n s e t o c e r t a i n  f r e e  h a p p e n i n g s  ~s a q u e s t i o n
of the implementation of certain h ig h  p r i o r it y  l e v e l .

2.15. Question:

Is there a language difference between the dec l a rat icn!
execution of a PCE and the declaration/call o f a
procedure? Please give exampl es of all four cases.

Proposal

As indicated in 2.1. and 2.2. any executable statement
could be a PCE. Since according to this prop osal a
PCE is not named but only recogniz able as the code
associated with a PA a POE and a procedure look
differentl y. Furthermore the activat i on of a PA
should have a different syntactic form as the call
of  a procedure. t xa m p l es of the four cases are not
given here because the syntactic form of the LTPL
should be fixed at a later stage.

Reas ons~

The reasons for the difference between a PCE and a
procedure dec la ration are g iven in 2.2.

- - - _ _  --- - - - - 

~~~~~~~

-

~~~~
—- -—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.d ——



-181-

A PA activation shou 1~ :ut be indicated only as
an opt io n ~f a procedure call , since a procedure
call and a PA activat ion are two completely d ifferent
things. On the other hand it m ig h t  be  u s e f u l  to  h a v e

such a form for the PA activ ation stateme nt ,
that it is possible to translate it into the call of
an act ivation procedure.

2 . 1 6  Question:

What types of happening s are distinguished in the
language and how is each defined?

Proposal

There should be three main types of happenings:

1. free happenings , e. g . e x t e r n a l  h a r d w a r e  i n t e r r u p t s
and s o f t w a r e  i n t e r r u p t s ,

2. lose happenings , e. g. hardware interrup ts arr i s in g
f rom the e x e c u t ion of c e r t a i n
operations (e. g. overfl ow
interrupt as result of a
f l o a t i n g  po in t  mu l t i p l i c a t i o n
or add i t ion)  or s i m i l a r  s o f t - : a r e
alarms (e. g . alarm wh en an
error in a format conversion
occurs )

- .~~~~-~~~~~~~ - -  - -—~~~~~~~~~~~~~~~~~~~ 

~~~~~TI~~~~~1-- - -~~~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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3. connected h appeni nn s , e. g . synchr o nizer ~ai -i~~b le s

l i k e  s e m a p ho res  or o t h e r
s i m i l a r  variables;

two kinds oc c o n n e c t e d  h a p p e n i n g s  s e e m  to be
reasonable:

a) simple kinds of synchronizer variables , i . e.

s e m a p h o r e  v a r i a b l e s ,

b ) more e l a b o r a t e  k i n d s  of  synchro n i  zc r  v a r i a b l e s
l i k e  i . e. the bolt variable in PEARL , w h i c h is
especiall y well sui ted for the admin i stration of
data pools common to several PAs.

Reasons;

The distinction between the thr ee types of !;a p p c-n ir g s
is made in the following way :

1. Free happenings are ha ppenin gs occuring unrelated
to the execution of any PA.

2. Lose happenings are happenings occ u ring as side
effect of the execution of certain operati ons of
a specific PA .

3. Connected happeni n gs are the effect of syn chronizing
operations of one PA on a second PA.

2.17. Question: 
-

Please g ive ~ ex am p le s of all l i n k i n g s  of happenings uit h
the execution of PCEs.

- _ _ _ _ _ _ _ _
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Propos al

Free happenings should more properly be link ed
with PAs rather than PCEs similarly to tim e
scheduling a PA. Lose happenings should he handled
by code within the PCE that indirectly generated
them , or defaulted to the executive for standard
system action (compare ON conditions in PL/1).
Connected happenings i. e. synchronizer variables
must be explicitly handled in the code executed as
a PA by the execution of synchronizer operations.

R e a s o n s :

Free happenings and lose happenings must be connected
with a PA or with certain operations within the code -

of a PA resp. since the ir occurance leads to a sudden
change of flow of control not known to the programmer.
In contrary to this the operation on connected happenings
leads to effects completely under control of the
programmer i. e. the PA executing a request on the
connected happening is put into the suspended state
when the happening is not “free ” .

2.18. Question:

Can a user specify a residence for a PA?

Proposa l  : 
-

A residence for a PA can only be specified in connection
with the residence of the PCE assigned to that PA.

__________________ 
_ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Reasons:

The aim of the residence of a PA is a faster exec ution

of that PA. But in order to execute a PA not only the

cont rol block of that PA but also its code i . e .  t h e

PCE associated with that PA is necessary .

2.19 Question:

Can a user enab le/disable free happenings , at least

to the extent of controlling interrupt connectio n to

other PAs?

Proposal

Yes , this should be possible.

Reasons:

The ove rhead  connec ted  w i t h  the r e c o g n i t i o n  of an
i n t e r r u p t  not i n t e r e s t i n g  for the system should be
minimized i . ~~~~ it should be possible to block those
interrupts as far outside of the system as possible.

2.20. Question:

Can a PA hierarchy exist? — Is it possible for one PA

to initiate a second PA either as an independent entity
(whi le the second mig ht continue execution after the
first has finished ), or as a dependent entity (when
the second would automaticall y be terminated with the

first )?

_ _ _ _ _ _ _ _ _  ~~~~~~~~~~—-  ~~~~~~ ,~~-- - - -  -
~~~~~~~~~
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P r o p o s a l  :

The ques t ion  is  l e f t  open for the moment.

Reasons :

Fur ther discussion is necessary to achieve agreement
on that po in t .

2 . 2 1 .  Q u e s t i o n :

Is there the same mechanism for handling both independen t
and dependent  PAs?

P r o p o s a l

Yes , apart from the fact that the continuation of the
parent-task at specific points in its code will be
dependent  of the t e rm ina t i on  of the sub task  there
should be no difference in mechanism for hand l i ng  both
kinds of PAs.

Reasons:

All things which are equal should be treated equally.
As a comment :  The p rec i se  p roposa l  to the ques t i on
heav i l y  depends on “the mechanism for handling ” .

2 . 2 2 .  Question:

When priorities exist , is there a dependency/relationship
b e t w e e n  the PA hierarchy and PA’ s priorities?

~~~~~~~~. ~~‘-~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~ _ _ _ _  
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Proposal

For absolute priori ties - as proposed in the moment
(see 2 . 7 . 2 . )  - there is none.  For r e l a t i v e  p r i o r i t i e s

— if such are included — the relative pri ority of a
subtask should be relative to that of its immediate
parent—task. In such a case also negative relative
p r i o r i t i e s  shou ld  be a l l owed .

R ea s o n s :

The reasons for absolute priorities are obvi ous.
The existence of relative priorities would have the
effect that a task and all its subtasks would have
only one priority in competi tion with other parallel
t a s k s .

2 . 2 3 .  Q u e s t i o n :

State any limitation on the number of PAs and
hierarchical level ; .

P ro p o s a l

Such limitations should only be defined in a specific
implementation.

Reasons:

This is a question of machine-size and operating
system performance. 

— -- - - - ,  -_~~~~~~~~~r-~~~ _- -— - —  -.-- --
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2.24. Question:

Can a dependent PA issue all PA-operations?

Pro posa l

Yes .

Reasons :

• As in all three compared languages where a PA
hierarc hy exists . 

~~~~~~~~~~—-~~~~~ - -~~~~
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SECTION III

INPUT/OUTPUT AND FILE HANDLING CONSIDERATIONS

Input  and ou tpu t  f u n c t i o ns , r egard less  of the  da ta  source ,

and a s s o c i a t e d  f i l e  hand l ing  a s p e c t s  are t rea ted  in these  two

papers  authored by P .  F izer  and P.  He l leczek  of LTPL -E .

1. “Input/Output Including Process Oriented
Inpu t/Outpu t ” , Minutes of the Sixth
Purdue Workshop on Standardizat ion cf
Industrial Computer Languages,
p p .  2~40—25~4 .

2. “3ome Requirements to an LTF-1~ C o n c e r n in m
I/O and File Handling ” , M in u t e s  of the
~ighth Purdue Workshop on Standardizationof Industrial Computer Languages.
Appendix V—2 , pp. 199—202.

j ’
~ ~~~~~~~~~~~~
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I ¼~~. 1 -

Ii.~ U.  /ou;i~u.~ , I C~~UDi Ic p , c ;~~j

Gi~1i ~~~~~ ~ - . Uf/u~ ~~~~~~~

! - ~~f;f I - I ~~ (UITI -ihi }‘Li. ~~~~~ ht~~G) (I -:I~~L h )

p .  LLZ~~h , P. hOLLLC; Lh .

AUCUI- - 2 , OCTOLL :~ l~i71

I l~~I iD U C~ 7 1 [ G~~

~h i s  j-a~~c~ shal l  give a sho r t  survey of tl.o f u n c t i o na l  r c c~ñ r~~--
i~c-nt~, fo~ process and non—proc o~;u I/O necc~~sary for  r~ L~~~~I - b  L~~~~. C

of t h e  so lut ~~ . proposed in sosic other laaguac;c ~~~ .

rui;cIIoi::~a FL(J~ IdLi ~~~~~

In 
~~ I rc’~~~ r J ~ij f l C  1anqu~ic~c for rualtin- c applications it is

n o cL-~~3ar ;’ to have ava i l ab le :

1. 1 s uf f i  ci.ently powerful :,ct of I/O s ta tements  and for ~~u t tj n c
poss.ibilitics for inpu t  an d ou tpu t  of nu:~eric and al~-~n~--
no;:~eric (inta (In the fc-1lcyjnr~ called character—I /O) U ich

is en the other hand not too eo : -;p J e x  and cor .nlic~ tcd to

i r p1e -c - 1~t

‘ 
A possi bi 1it~ to tranufc r unhcr ::atted data e . c~ . to nr~~. fLc’:-

ac~~i:~ s L o r e  or Lct~-:cen cc ~i-utc-r s in a cor~~-ut c r net.;orh

(caile:i ~~~~

3. Tuols  fo r  ar t i c u l . ir i l y  ~—~:c-ccs~;-- ori ent ed  d at a  t ra~ s fL  v i t h

~i~cc~ al c--~ - ias i s  a;. :

3.1. ,- 1-c )n~;1~-~ 1it:v U. ~-~~rvicc c ) n — n t a n c ~~ ru  ent-ni ;ia i C1 OVICCS

on l~ir;go~~:~- 1 &~~e I fo~ ~h ich ar ’ icc h a n h i c ri don t ~x ’  s~
( c a l l e d  p r i it •ivc—I/o). -~~~~ ~~~~

~~~~~~~~~~~~ BL~~ (-dOT
_
! I~

..
~
D

- ~~~~~~-- - - .  - - - - —
. -- - -~~~ - -- ~ -- - —-

— —______  - — -—- -—-
~ ~~

---— —- 
~~~~~~~~~~~~~~~~~
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3. l~~~. Intc~ --system trannfcrs v:cich do riot ta-nob t . 4 e -  c;: - o~
c~ \ -e f l  Lice ;uiin cc~ j ; U t n r  ~~~~: 

- D1C

3.3. Fe: i a du s tr i a l  use o f ten  ca l i br at eu  I/O i s  u s e f ul ,

by old - c- i the external r~~-r c’ccntat ion of a v~~iu ~ can

be au L o m a L L e e l  ly transforl OLI into- : .c~~n~~n -~ f ul  ~-hy s i  a: 1

en t i ti e s  in obicn the .int~eiaal r -  ‘ro~ -cn t ~~t i c-n  i n

cc-c l .

4. Far t~~o cinscc- c of I/O 4hich are nc -y —:tar1da~~c - nc’’ , but O1l 1

surely U-a of cjreat  imr -o rt a nce  in th e  n e ar  f u~~ ’re , :c:

orap lii u ~no oven a c o ust i  C 1,/0 , ou n c r i l  t ro ns  s;:oa c~ 1 e - ‘ ..

They shoula allow easy hand-h op of frec’uent. a - i i c ~~:: c n - i of

t nese sorts of I/O and -  even cor~structi:n of cc -:: ~-:x alali ~~
t ic-os out of sin tp le  lanpuaCe ele:-:ents.

h .  I/ O for  an in cu s tr i c i  c om pu t e r  l a n qu a p ~ c; oul~ nc- t bc too

comp l i cat e d  can toe bulb y to ii:-p lcr:eat , P c - ca u se  i ducc-:~ ~~.

compute rs  ::c~~t iy  are smal ler  m ac h i ne s .

6. l ila- h a n d i L n q  is also necessary to a certain o:’:tLot for
i; u :itrial coa 1-i~LCr languaqc , but for reason: of time cc,e

space it. is eon cic;cn:, :ed i.n t h i s  r apc’; th~ - u e -~ t he re  L ’l r~ ~ a ’~

have been lonc Ujscus:’ioiis on this s ub j e ct  ii. each n’oc I :;~
nrou~ 

- .

So this j apur deal: onl y with the way of writinq l/0--stcitc::cat:

c-.’it~ aut rocard to the nature of their data source:, oh i oh

be devic:cc  or files.

cc fo1lo-.:i r~--- i— ai -acra t ’hs  shall cccli givecshr- :t SUT cee y of /a

in r oc d lcncuacios and a cc-~~ orison nitic tIc i uncti :r: a].

r e nu l  ro-~-cnt::- .

Pb/ i (rn-I: • Poilac.. c I- ~crl inq, A.  Guid e  to lb/ i ~u.d I~-h i)T ,

2~~.ULe , 19 69 )

l’b,-’l h as a wel l  c .evclonod inc . hicrhl~ c - c -i hi  st i cat~ -d p ac)x: ’~
1 — i  ec; v anl i ci;3l I/O one fj~ c- hc ,ndliiio .

I )  C ~~~ca(’tOr 1/ .

a) I,i - ; ’ - :;~~i _ c U i u  I/C w i t l , c - e L  f c r i . c t t ~~ e q ,  i.e. t h . r - - 1 :

onl y Ohe ~~t d O (  a :. i ~~: - (

~~ ~~~~ :j~~
--
~~~~~ _ _  

-

~~~
-— 

~~~~~
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~~~~~~
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c r e ~o:-acible)

t )  F L I : — d i mn -c:tec.  I/O u s u a l  ( ‘l ’ ; h)  f r .  atted I/O

1- err ats: F(fLxcci poin.t), L (floatinq :,~~int) ,

C ( c om pl e x )  , A (al ;canUoc-ric)

P (pict.urcc) , X (P l ank , colurn;)

R(ror:iotc ior;tnlt) , rer,licatcrs are cci1o~- - c.d .

c) c)i.~t’.—directce I/O seif--identifyina data

d)  fIi~~Il-:G—ciircctcd I/O a dat a s tr inc  i n  core a:

a d~ Ln, rn-urcc or destination 1y

a GL T/ U U T  state- -cn n .

in the program , I/O is written in statement form .

Ccrn: ant:

For an LTPL this package is much too co;:~~lcn ann must no

si ;amlif  in-b . L In T — d i r e c t e d — I/ O  can L-e replaced by heir—I/b

wi th  the sta;idarc for~:at as a cce fau l t  opt ion . i)A~~b-- c irn-c:-rc~--

I/ O can ca so U-c progrcn:ized by me an s  of b biT - -I / O  ann :trin~
11L1flCI~~2 . CI eri e so it is not necessary  to ind uCe th i s  fcatn~ a

wh ich in r ath er comp l ica ted  to ir:ple: c -n t .

STRIhO—nirecteci I/O

PI\Ch ant :  LIl,h are aIJca--cn in L l b I— c :i rc -c te c i  I/O , but not in

LDI — d i i c c t e d — I/ O  which is :liqhtly in h o m :c : c r i cou s .

‘Inc PlCTI-hh— Fr,rmat does not qivo a real one—to-one ]-a ; pi ne .

2) Linc:’,- I/O :

In PL/ l U m ar y  I/O is closely related to fj .le—i,onniino .

ihie resrcc t ive st~~tc:: co t t .  is:

I ld..Ao 1 1 Iili ’~) 1
• - .  I ILL (filename ) ,,~~~~~~ . .  ~~: l ace )i’c~l iL r s i .

‘ice ~-;i-e ci~ i ~-~:a~- rt I eS of a t r .~~: far  ~ r c~ detor i  - i  si c; ;~ y tie

at tn Lutes ifi the file I nvol~’ea .

(I.t’Ur , - 
U i  i - C f , ~I T P L i

’
, ~~, !L:C0l-lU , Phi. ~ id ç- - c . h: h~~-.L , b 1 1 5 h b  I

t h - l lF I ’ ~~ , U J : L - , LUI TeP I D; i_~,u.:~•~.in ,- ;  l . -.vir.: ..lh~~;)

L ~~~~~~~~~~ 
- _________ 

~~~~~~~~~~ 
-

__________ -~‘-—~~~~--~~~~~~ .— —-----— a— --.- - ---- - — —~~•.--— - -.- — ---- -- —~~-—- .•~ .—~~~-.-- - - _- -
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Corn--n-nt :

On one hand the whole file li:-n:Ii :na H ’  SL ~~- -  is tea co:: e ia:: or
a LTPL and on U - c other ir aci. ta~,t ieatc~ es , like ccu~ le—

b u f f e r i n g  arc missing .

fleqarcicci as a whole , I/O in Ph/h is tunicahly Lo tch orie::Lec

and has only  very i nc i rc c t  r e f e r e n c e s  to the pii’:rn cal exLo2:n.~
c’evices.

fo use tT -r k eyworc :; GilT/PUT f c  ch a r a c t e r  I/O a~.c F:L.,)/hFITL

for  binary I/O Scar.;; iiot very loqical arid, in foot c on t r a c i c I c

the no rma l  ~.;ay of s~:oak ing  ccc- ta inkinq cL ou t  se ai r  p r o b l em s

F,TL/2 (CIl:f , technical notec; RJ L / 7 1/ 1 5 , l1/7]/l1 ar ; d J CPI ~/7I / 9)
The p a r aqr c u - .i Oi l  Ufe/2 has b~ a~ rcj)lacco. i v  the follc,-:inc-

revised do; ;cr ipt io l i  of I/O facilities in Ufh/ (hy Ii.J. bcc :c~ )

“ .~Ii,e RT L/ 2 1-hilosc- h’~ is to pr o v i de  I/o ann othc- r systc

cccpenbent facilities three h tiic basic  r e d i a r :  of pr o c c ’d- : i c s

and r u T , cr v l  sor c a l ls .  This is Ic. line ‘-;i ti ; the op ecti’. c

of ccc’finli:q a lan quaPu w h i c h  can be used for \ - : r l t ]n c j  sy st t:’r s

as well ~~: applications—programs. Thus I/O acr ir t i e s  are
providec~. ic. i t 2 i/ 2  not as ci stan c.arc; language f e a t u r e  eut an

i n st a n c e s  of the  use of the basic procedure r:eci.cnism , the

1/0 p r o c edu r e  bodies  thooselvec; being written ir; i-cTL/2.

D e ve l op m e nt  of I/O facilities is therefore I;ur:;u -a d as a Eef:cirOi c

activity \-:ith the  obj e c t iv e  of d e f i n i ng  a st a n d a r d .  set wh i ch

wi l l  su i t  c-st p u r p o s e s , whilst retaining the flexibility

( w h i ch  ‘, ‘ ou Id  be ~
‘cni.eu if they  were s yn t a c t i c a l  p a r t s  of the

language ) fu r  aug  ‘e;itlr;p or ;:oc;i f~7j  sq t a c o  to meet . t he
rc-nuir~.;ciits of in c l i v iu n c ;  1 S ys t i os  or ne;~; typos  c-f I/O device
The d O S C I Ip t  co of the facilities rust thero fore relate to tIc

currant 3.’: rn-~--cscu sta~ na cat set an tIre understauc inc that L a cy

are m ac- c - u n c e nt  c t thu Ph L/2 1~:neuage

~-;t i -;ci c ;rc - . facilities huvc o n ly  been p rcrcsed to date on data
ha nd I i rn devices  ( c e r n  s , T I  ;‘ :erc , di. sun etc. ) . U

f ac~ litie ; for plant . I/u  ( . n - , Ic : ‘cc- c-~ c i  qi  t a l  I/ O)  will foil;;.-;

lat e r  and i t  is int- ;:dcn t h a t  t i i e sc - s i : c -  ulo use the  same I a s ic
procedure ar :up c r vic . or  call r’ cchcni si c; .

_ - 

-
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~~~~. .  c-Lw ae: [k f- . 11 ti c - - ia-: a 1 !~~ e , c  i n t o  
~~~~~~~b~~~~i

fe. - - ‘ r n - ~~L . c - L ( f l  c. :.r - ’ :~~.c’ a - tsi:U. ~rd i;. :er1 . -, - to

~~~~~ use .. r~~: i ~~c s c .~.-~~r t t a . ; - J . 1/u fz-c1~~:L~ c~~ , ne

fun c L l c r ; :  a- i l :  . to n~ v~~er~~ c’ I e.  ar 
- 

- o r b_ a n . 1c c

i;- . p i c ’ i ut e :-cc o r ;  in.~~.cr - ( n  L u f f  P in , I / i .

i t e a -  - h a - c -  e’ - oh ch ; ,~y I . .: ,n ace 0

rb ste:- Ii~~~~ e:.c.;, - - c ’  f ~~~~~ r p 5  - j

1) C, a F [s C_ a - i  i - b - ifc . ~~~~ t . ’~~~~~i~~~ b 1 1 t L b .  ~ kc . -c r .  vic e ci si -:t1a ’

a: nv-_a - Hj O ~.Zl i r h e b sac  ~:i Li I ~: ;  ~ olca-s such ca

I ; - t h- -- scan cc. in~ ut  er r o r ,  f o r  a o~-~~ ~l euO.i-Cr

c i t e  c n ; \ e r~ to a cc ci binary r.ur : or

-- oULT er a real nu: l Ca ~~~O var IOa . Z 00:0. ~t

ioic --ca t~~- , e .g .  L 3 .~ I5C t a

— a-nt - ut a :~t r ir ~g

S I C ;  . H) U S.  
-

ci T a s t e t J - .FIh or Ci.i-I-ICU ’ r000a:-1c (cue ~) l u  
- a

~-c orcc , c .r - t C L S  or a m oa n s  of c - i ~;,1a -J thee . icay

r a y  t o l l . ., a- n i t  ~ ar a-r i p  -vicc:  or fa ~ i~~~t i  rio.]. st cia-c crc,:L ~ -

01 anal;: I.. -

~ t ;n : : c c c :  ru- : :ec i : ;r -.’~. ii1 a-u- - xi~~n~~cc; no inolu ; : celL

cc- cc .. - a- ;~ ye lIar; rb co~ :5, s~~rnrnar in so:
; a to

i~~ t. ~
‘.h , fi-i : svsto:~. - ‘hare tee c-vcrI c.~~ c-~ a

;cC . i  et .. r . t  0 SC a-CL O c rc  ~n- ;;t  I f i c c l .

:c J  Y’ U: } r~~ ~•3 a ‘ . 1  1. lu- cv ,ril~.d’l in L a y _ cc c:t .,i.ucr(.

I — c i  ‘ - a ..t~ a- .1 ; .r n a u L i rr ’  ; t_ _ - ; - _ . T, e ci: ’ ~~~~ suepo; us

a n i . I~ n- n- : :rb e r  .~ : f~~I _ cn em ‘
~~~~~~~~ :O~~~~~~~ O I  i l L i .  H i; - ’ , .3tJ i

- ; r - ;c c :  t.-~c~ - -h i  ic i _ h 
- - IC cc- ,. . :_ 05 m d c

- :  ~,tg c . ir- ~. L~o r . _ a : ) a - i 3y \‘,a - j d  ‘Jo f i l - _: ;;tr u:’Lu:~ ~.iuh f i I - ~ s

i - - t i - r n  ; r c  ~; b~~
, ciy .T oliu r ca-n;. Is all LcO5Cri co~’ .tc .;L writ.

cst~i a- ‘ -  ~‘ t era.; c~ 
- i~ I .-. a . -: t h Ii tar 3 (~~~.e Li’ ci;:

- a ;L  .1 - :  - n;- :~ -~~ : 1 : r r ~ n~ .t ; • c i~~cun. ;ai’; c i  a rt

t o )  •.‘ - - I ’  - .‘ imo ; .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _ _
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1 —  ~0~~L -- a-n ;, co. a- Lu . a- ~~~~~~~~~~ t : e~ a-Lc:r are

j) ; - r b.j d .. b :  t :  p b  ~— S1-’ a f i  I c )  • . , 2 1
_ c i - . ’; r

jH , ; , ,  
;~~~~~~~

qc- ; .ur  icc ii; a- C; i o h .  ca -h L -LLC)U ’ rc~caeurcs. 1..; -p r. i a-u Pie

c aL a r - - : cc c cc t cm a u t- - r f: I: at t i.e - r u -c c  no. cc

1 a-i a-~ -
~ . ci.:..- - . ~~~~ c: c.1 uu~ c e c r :  v-.’ 1 ~‘:s.i cat uc’O,-’J.Cci S

~.ilu c:Li’ , c _ a ,  ~ r:vc c~~’_c i _ c -a - \‘ic. - uLa;cti .. r-’ ta~~Lr a
I f fcae:.  f .;. - i a- c ,-; ;- :r- ; :cicttc tc tee o’- urc:L :n” c-pc-re::: , or

l ay  c a r ~ ti: c-c l ; cc ; ir,cci :ric:l rb.r :r. - - - s cc ; c ~~s c _ a - c c  . a--

i :cc. rccl :3: c; fl-; I L : - _ c a - t  tIc _c :a cc:3c a-~u ct1, rcct:ri ci a- IcOn

ccc i Icl :].C to  a;. cc -‘l .iccitjn:-; , :-nc-r c - h i c e  ci sostero; l.-rc’~~r~~
. . Cr

efte;~ : - ~~-j a - . : i c : hcic: -
- :irrcl t a - p  ccc .- .- r i t t o . c  ~ cc i f .L ,

’L  J cu.

0cc  . a - c - C a -~ ,l c a -c o la - c  e-.~cI- _ st-.tC: -;;t:-; c- I -_ crc a device

l b  i c c _ c  . c. i i i_ c , ;J 1’: ~- n c - r , u-acT c c  ci cb - v ic - a c a - t e r r a  Ic i c-: to

Tc~; l i _ a - r n o n .  ~ i *ih ;a-c- CnbRdU 3 r cccura -:111 1 a cv ai I a: 3

I c r  51c l I  La- _c.C: -fl CCi lii L a - _ c  Ste... - ,l)c clI:-c: :- ca- .L;,q : , V S a U O ,

ca-a- Li;U;; n-aa- :  c - Ic ; a- e . ca rn  ‘.0 . a - a r c  - h u ser .

- T i  VCc .L-~:rc- s 0CL1uO , as  a cip ecial c~ ae ci La-ft or i c  ,

ia-i L : c C ~~~l ’ . a  3/.) t- :c-c-~ auroc ; to all-:. . o u t p u t  c r 3  icla-tcu

c.i , ~ut  to  1:- c -
- a , .;;u- h ; ;c a :v i a - c b 1 - 

, 0 . 3 .  f f 1  cco~ -c :r sc t~~or , cch

u-sc- ot a- to; a:-- -r . :i:er.

4 )  I/c . l . .~ .. .b l  Ct I P _ c  J 1 b L . f b c ._ a c  .~ iO cecil cat a macc-la;; ci

St are ~ ru t:t U/.L i a - r n , ,-oiic.c the urn-c: cc sates , cia - c t  d c f i n~
:.o 1 m ; i a - : ; c i o  L e t , :c c ;  I- i’_c C t . ~~l J  crot . n-s fcra-a-tr- I r:g : ~t S OS  C i , 1 L 1

Cr  f.hIii ci;.- . C I ivi I’ r : - L i . i ; a - s , t~~~nthn -~ ‘a-jt.i c~~- r-- :~cceacib- 3a

acre ’ c n-cc--car’: feat c,~ cis . t hey  ~~~. I e rca- c.r -;tct fro:- ; trn .

- a- be.: v c-f a u a-cr p ec arc - , - - -no :: co rn.: t he C-c-ti p clans

or _a. .cc t r -n - - s l  ~ c i f ic  i c a c i r . ~~.L b i t  a n a - a r  w a- ic .  n a - r r a 1 l~— I c

CC : C;0 : I . - . ‘ - . .  .1 t a.

Ic. :- . : -a .  ( 1  p - cc ;  Ic , i  cc ;

t a t..e epL~: ..~1 - I 1: Sb : ihL/ 2 Ic. 1; , - :

. u, e l u u-ac  a- t he  a-naucucc . 1- t I - _ c ~~. ’ ~‘IC ice e

rn -ste ; c;y-rn;-. -~~
; ,t . In or’:’. I to .uciiu Ic: a-

.-...Lch c -cola : i t r n - ;  ‘uc~~c :- a- ~~~~ ,L Usn-1 , c c .

st_
~ .;.u~~r ._ c z C i l - . ’ - . -u ’ c c  ca - I
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L 1~~I (Sp~ c ificat ion s Lechn . c~’ur~ l~ n~ u~~ c ~c proyr~~nr~atic)n
et d~un monitcur pour las application s in~ ust r ie11es
en terrtps rod , Sept. 1970)

In LAI I/O is divided into two main catcaories:

1. “Classical” I/O

2. Process I/O

1. “Classical”  I/O deals with the I/O of characters  arid their
respective conversions into and/or from machine renresenta-

tion. It is subdivided into two classes:

1.1. I/O in sequence with a pro~ ram (the program state::icnt
following the I/O statenent is not executed before I/O
is not f in i shed) .

Statement fori~:

I)
~ id C form 1 or

a) Direction of transfer

b) Name of peripheral

C) Label of format which is to La applied on

t ransferred data
default  option : standard format

d) List of Variables into or out of which the
t ransfe r  takes place .

i .2 .  I/O parallel to the execution of a progran (I/ O is
started as a separate t a s k) :

L.’ 
_  _  

_ _ _ _ _ _ _ _ _ _-. -- ——-~~ — -~ —~~~~
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~tatcment .  fon~ :

f
LIPE 1

L 
( i i ~~~r iph , 

~

~
) ~ircction of transfer

b) ~oine of pcri~ herai

c) t7p~ of v~-ir~ ~~~ es involved
d) Jivc~ t , uliich can be ~ssociatcd wi th  a b r r t n s l e r

for  syn chron L~at ion with the i~a.in tao) :.

This type of t r an s f e r  WOi± S in ~ bu f f e r ed  mccio , I .e .
Info.rnaLicn is tr ansfc r rcc  into or out of a }~u f fe~
area , from or in to  which it has to be transported
by a dccod~ nq or coding operation (CODFY : , DLC0D~;P~)

1oi~ oi~ these operations:

COL~l~i: 1
(?~dcb , For: ot )  Lis tensor

a b c d

a) r$y pe u f operation
h) T~’pe cf vari ablcs involved
c) Format specif icat ior
c) List of var iables

1.3, ~ypes of fcrmat ~;:

Poss.iLle forrat~; .i thin these classes oi I/O are :

~;:  float incj -. r ,oint
F :  f i : ~ ccJ —

I: In teger
0: ()cL~1
Ii: LAO> : ~c.i:rnl

“li nt: ” a nd t c :peti t ion f ac tor s  can he r ec i  f ied .
Text I/O is al~ n po~~;ibla .

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ________ ____________ ~~~~~~~~~~~~
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2. r rocess I/O is also suLdivided into two classes:

0 2.1. 1/0 via proyraituned da ta  l ink is described L ’,’ two
statements:

I EUTLP 1 0

1 SORLP J 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘-

0 idregperif describes the data source or destination
in the external  device and is specified by a
deciara~ ion of the form :

clcc larper i flp : :=  PLRIF ,  nq erifiE , acie>: , re~~~~t ,
cadr~~ , ~~~~~ [ ~s~i~ j

$ To expand this here in fu l l  detail  woul d exceed the

• frame’:iork of a position paper hut  one can say in short
• that this ooc~~~rat ion describes the follo~..’i ng p ropert ies

of an I,’O—devico ; Symbolic name for device ; ext ernal
address and func t ion  code (even tua l ly) ; internal
register , positien anu length of the in fo rma t ion  in
it; mode of addressing of ext. dcvicc; and , as an

option , a sh ip— instruct ion for the case that  the I/ O—
st atement is not cxecutablc.  Type and lenqj i  of the
internal register is also uefinee by a declaration .

2.2. Channel I/O is descrtbcd by one instruction :

TI~A~S (ncmperifcan , 31st can) ;

nornNrif can is thc symbolic naT e of the device and
listcan describes a n umber of runctional details of
the transferr ed words , name of buffer area , end of
transfer i nterrupt etc. It is d€~fined by a occ~aration

similar  to icireqp~:’r i f .

Coriimcr it : A .

The :.othod çroposod for nrocess 1/0 Ia indeed as erner al  as

po.ssi1~1e. Cut there  s t i l l  reisaina a certain naceine (C ~

because of the ha rewarc~oor i .enta t ion ci the rc spect icc  ot a tement s

- 

-- -

~~~~~~~~~~
—

~~~~~~ 

_ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

——



0 _ _ _  _ _ _  -

• -200-

~ I 
Conventional  I/O is adequately comp .ctc and the subdivio~ on
into “sequential” and “ pa r a lle l ”  I/O should allow to write

0 rather effect ye programs.  but it c m  be assumed that  a
good tashinq mechanism easily inclu ~es parallel I/O and
therefore there is no riced for a special cla~ s of transfers for

this purpose.

PEARL (new proposal, not yet publi~ hec1) 0

• 
• I/O is now divided into two main categories (comparable to 

0

LAI)

1) I/O for man—machine communication
2) Inter—system I/O

The first deals with all sorts of I/O where the external
representation of I/O was to be immediately undcrstandaLle

by man , while the second category includes all sorts of
data—transfer within a computer—system , e.g. binary ,

primitive I/O.

1.1. Character I/O:

Statements: 
0

REAL) r caddest ina t ion  {rP~oM rea~ sourcc] L~
;ITr characterforr:a ’.

• ~RITi~ wri teE ource [‘ro wr it edostinationj [UITfl ch ar ac t e rf :

• The statement—form has been chosen for ~nke of rcac~~bilitv .

roadsource and wri teciest inat ion can be defaul ted by
stanciar files or stanuarddevices , char acLer format  L”
st.endareformaLs.

• J o rmat—c lements  ate :

L: bi n a r y ;  L : f 1oat i r ig— ~::oint ;
F: fixoc:—poiiit; ii: hexadecimal; 0

I: Integer; 0: Octal; 1’: Picture;
? :  Rerrote ;  S: S t r inq ;
COLU~i:~ , PA(~ and L [Nb .

01

_____  ___________________  _____
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• Character I/O has been adapted to PL/ l to a large
extent , except the PICTUIO - format. This  has Leer.

• designed for cxtre:~e simplicity of usc: and a one—

to-one mapping of format s t r ing  and output .  (Depending
on the size of the character— set  3 or 5 control—

characters are reserved which can be used literally

as character—vari ables  if necessa ry .)

Source and destination can be either a device or a
file.

• It is being discussed to replace the conventional R-
format by a format string which can be declared
elsewhere.

• 1.2. Graj~ii c I/O :

It cannot be the goal of a real—time-language to

include or to replace a complete graphics package
but it should provide basic features for the purp ose
of graphic I/O .

Statements ;

SEE ~~aphdestination FROI isourco] ~ .ciiii 

~~~~~~~DRAW ~rajih source [‘ro ~~~~~~cies t inat  ion] [~~Ii I !  ~~ aP~ formatJ ;

The structure of the graphic format is slight ly  d i f f e r e n t
from the structure of charac te r—format  insofar  as data and

0 interpret at ion prescription are comp letely separated.

Format elements arc :

S: scale; 0: or igin;  C: o i f f c re n ti a l ;
A: angle ;  wi th  the r a oo i f i e r s :
X: x—co or dinate;  Y; [ 

~j
and :

L B: brightness; C: colour; : skip;

1: mode (~ poir .t, line ~~~
, circlej)

1.3 .  Acoustic I/O has net yet b u n  dcf~ i r: I•ut is ic iog

cons.tdcred.

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



~~~~~~~~~~~~~~

- • .
—- —

~~~~~~~~~~~~

—-• —

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -
-2 02-

2. Inter—systc~ii I/O:

The re i S Onc stcitci~.ent \‘ ! i ~~C1~ descr iL~~s t no C~ .t a t :~~ in ~~ Ic ~T

to and from backinq store , to and frc~.~ a~ d in between

i rocess cevices :

tIOVL source TO d e s t i n a ti o n  F
L
’oITh conver~:ion]

The noce:;sary distinctions Let ’• ’con devices for which exist
drivers and which  arc: sorvi cod by binary I/C) aed those wIii ~
are specif ic  for  an ins ta l la t ion  and there fo re  have to be

pro~~rax ri~ied in a special manner is done by tho cn:t piler 0

according to the def ini t ions in the system division . 
~~~~~~~~~~~~

and c iost ina t ion cari both be devices and t h e r e f o re  it is
possible to describe device—device t r a nsf e r s  which  do not

a f f ec t  the CPU .

conversion describes b u i l t — i n — f u n c t i o n s by which i•n seine
cases a fa s t  cal ibrat ion of data  which are read in or
outputtct  is performed.

Comment

The whole I/C) of I’EARL is s t rongly dependent or: the system 0

div is io n which dosci ihos device s , da ta pa ths , and pe r fo rms

the al location of symbolic name s to them . ~ i thouL such a
syste: description outside the  problem pr egran it self a

construction like ~iOVL would be very d i f f i c u l t , if not
impossible. Or: the  other har.d a separate  system dcscri pt~ on

maLes t u e  I/O statements t:ioirsclvos much a ann i c r  anu nrr roves

machine inciopenden co of the prcorar~s.

LTPL (.~inuLes of the iorbsiior pp. 136 — 136)

in t i~~ i~’~r~ ~~~~~~ oposai i/O is very  much si~:~ ~ i fled in compariacn j
to PL/ i. . It C Oa Si~ :tL S of 3 cater’ories;

1) U:;c of I u U: ncI ~ er y .

4 C  5O~ i r ;t i cat ec2  ~i le h~ :~ ii ;~~~
‘
~ ~~ F ;t c m  ci PL/1 is replace:. I-

by a Ouc :i sim p lL r  attucturu ~.h i ch  cerr ’~spon(s to the use

of :3AS L L  variaLi~e;.

- 

• —  — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ______ ——________________
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beywc rds avai  laLle : L U L ~ )iJ~SEb ; ?La0C 1’i L ~;
J:•1 jlC~~

. p~:L:.z•~:1. ; ecrv a f I Ic

2) Device dependent I/O (e.g. Process I/ O) :

0 Form of a staiement:

l~~P1J1’ , ccvi ~--~~es c . r i i~ t i o n— s t -r u r t u r e

OL ‘Pd~J L 
— - —  -—il

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ——.. ~~~~~~~~~~~~~~~~~~~~~ ——-————••-- ~ . • - • •-

a L c

n r c :  [,EvL:i~T ( evcn t nam c)1

a) dirccticn of transfer

b) information which designates the device

c) description of the source of data wi th in  the dc~~Jce
and of the uata path

ci ) destination (source) of data

e) optional synchronization variable , when an I/O—

statement is e>:ecutcd as a paral le l  procoss.

Example:

INPU T SCAI U~ER , (5 , 70, 20) , Ic (1) , TE~lI’2;

3) Device independent I/O (External I/O):

This sort  of I/O is obviously intended to handle  chara ct e r
I/O. Typical statement form :

‘
~
‘•‘~~~~~~~

‘
-~ ~2S~~2) :c icQ , c a ~~a ct er-s t r i n’ i -cxy~~cs s ic r ~,

c] ;:r~ ctc -stLii:c~-c~jJ~rcssior dotcrainos the  n u m b e r  cf

char acte rs t r a n s r .~i L t ec~. Cenver sions etc.  ar ~ not  dc~~
y fc’r .iat s but  b y buI l t  in function s which  is m~~ c ~c~ si L I c

ny t h e  s cr i n g— h an i c l l in g  ca p a bi l it ie s  of the  i.an~ u~ c.e.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _
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ij 1O iu~-a ol :~ n J - a Y  at.inr; i/O anc~ ic rcia~~L i :~g he1~: ; ir ’n to

ii..; ruvo e f f i  c1 ency ~~ ~rr~ atly di~~ini. shen ~ no size of t h e

• I/O pcchac:c . j:ut on the  other i l a ln i  i t :~ ioht  La toe ci f f i c~ lt

for t:e avci auc erpli Cation S pre :~r aur~or when he a1~. cys had

• to In .c v i c ie  f o r  ccnvecn .i on routine::.

~O jncluco t~ e ocncri’;-tion of t i u e  harc~ :are i cr1 st:er~; ~. nc? ~
da ta paths in t.no i/C s ta tements  :..ay lead to very i cn  sL~~L .  n: .

wh ich  are ~ i f i i .cu l t  to w r i t e  and to un do rs t a n u  . l~ino m o di f i c a t~ on .
in Cc ~1EC of cinm cJus i n  the hard• ;erc  arc r atner  d i fi tc u lt .  0

Su.~tmar v

So we would ~ropcse that ; the LTPI, provides ( c ft h e r  direc tly  el
by ii: n~ ica t icn ) a un ir ue r :c chen , i ;a i f or the foi iowinq  featuruc :

1) Ch a r act cr  I/O li}:e in P1~A1~L (see p. 10 , 1.] . )  , perhap s a
]it tle simpler .

2) Basic fea tures  for Grap hic 1 /(. which allow the const iuc t i .~~; of

Graphic  ~/O p ickaces should be providec~ as an option in b~ c c r

syster: n c t c r c  t l ;ev are necessary .
3) The ciccscr~ pti( :n of the har cd ;ni a s t ruc tu re  like in LI’ I , P1 • i~n

and LTPL. IL  is to be discussed i f  ti:ia descr ip t ion  s h al l  1 c

r~~rb  of the proble :; ~:r c q r m n  i ts el f  or a sc~ crate  l art  of Lou
ent i re 1 r o cur o a . For reasons of mach ine  •i ndc ’’c-~~dcnce of tn:

prob lem program we would  prefer  to have It  as a separate p e a L .

4 )  On tois  ou cisior:  i t ucpcnds ~~ ctoc r  p rocosa 1/0 car: ho one
sta tement  l i h e  in i~ .7~PL or has to Le s: l it  up into three
sL ct c m un L s  far  b i n a r y ,  p ri ;u i t ivc  and dev i ce—dev ice  t ra n s fu r .

5) ~.c e L o v u  t to be cauful to have a n a rd u a r o  d c scr ip t i  CO an

ca tel led a:; in LAI a d  PLIcPL. h at  for f ar t  hor cc Lail :;  ~:ic~~a~
see the oo ai t i e n  1 cr of C.  huc i icr (I~hC) about h ar u ~. a r c - -
s c f t ’ i ~ re l i n r ~a : c  .

_ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _   

L

~ 

~~~~~~~~~~~~~~~~ .~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~_~~~~• _~~~~_ _~~~~~~ _~~.
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€ ) ii need tor u:-~cr c;~ .fiueci err ox rcc verv rc1ti IL L ~~~ 13

recoc;nizcc }rut has not been studiccl in ectail e~ v e t .

• 7)  It must  be macic sure that  the definition of I/O dec-s

not lead to an implementation which con f i  ic ta  w i t h  U

tasking structure of the user proerain .

~3) Appropria te  syr~c’hx.- - n ~~zat i o n  mechan isms  or st at o r e n ts  c r

the resc3.v~ tion of devices shonid al2.ow tI:u e~ ~au~ ion c

an output and the rco-pecLi.ve inpat response in (nC

indivis~ }le operation .

~ ) I n general I/O for  a rea l—t irn e— langucoc  should h ave

some sort of two staoe structure: Z~ very bzistc pn~~: fo r

transfer of data without any reference to their foro3l:

and source. Around this  part the more comple> i/O fu n c t i r ~
should be designed.

10) For rca :ons of ~fficiency some sort of buffered I/O lihe

ir a L’iI should he facilitated by the 1an~ ua~ e.

• •- -—-
~
-—— — -

~~~~~ _ _ _ _ _ _ _ _• - • ~~~- - - -  — —-~—-—-.- -—-- ~~~~~~~~ 0 —~~ -~~~~~~~--~~~~~~~~~~ - •“-~ • ~~~~~~~ 0~~~~~~~ -
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LTPL EUROPEAN GROUP
LTPL E/062
Category T
Update 062

August 21, 1972 Replace 062

SOME REQU IREMENTS TO AN LTPL

CONCERNING I/O AND FILE HANDLING

P. Elzer

This paper is an updated version of the first outline proposal
062 which was prepared for discussion at the LTPL-E meeting , at 0

Mannheim. It was extended according to the results of the dis-
cussion and the different items are summarized under the eight
criteria which were agreed upon at the Mannheim -meeting for the
assessment of any Industrial LTPL whatsoever (c.f. LTPL-E 066),
(Minutes of the 11th meeting , p. 3). But the special remarks
refer to the present state of PL/I.

1. Completeness

1.1 Extensions for graphic I/O are required because this sort
of 1/’ will play a more and more important part in process
control programming (and does already). (c.f LTPL-E-02 ;
Fct. Requ . Thir . of the 6th Purdue Workshop ; LTPL-E/044 ,
p. 6).

1.2 Extension for process I/O are necessary , including cali- 0

bration , conversion checking , programmable scann ing , tinier
setting , resetting etc . (c.f. LTPL-E/018 ; LTPL-E/02/ Func .
requ. , M m .  of 6th Workshop ; LTPL-E/044, p. 6).

1.3 It must be possible to describe direct transfer between
hardware-devices or to another computer , e.g., in a CAMAC-
system or a PDP-ll environmen t (c.f. LTPL-E/02 ; Func . requ .
M m .  of 6th Workshop).

1.4 It must be possible to describe the structure of real

hardware and the data-paths in the real hardware of the

system , but this should not be part of the I/O-Statement

itself (c.f. LTPL-E/02 ; LTPL-E/045 ; LTPL-E/044 ; Func . requ.,
Mm of the 6th Workshop , LTPL-E/042). . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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1.5 There is a need for elementary , primitive I/O for several

reasons : to be able to handle new and non-standard-devices ,

to provide a two stage I/O struc ture for better efficiency

and extensibility , to allow easy subsetting for small
machines . The I/O of PL/I does not contain features which

are basic enough (c.f. LTPL-E/02 ; LTPL-E/045 ; LTPL-E/044 ;

Func . requ., Mm of 6th Workshop).

1.6 It must be possible to create and comp letely describe data
sets within the program and not only by job-control-languages ,
because a process-control-system does not allow stopping
and recompilation of a program for such purposes (c.f.
Func . requ., Mm of 6th Workshop).

2. Overheads

2.1 Simpler nrimit~ves than there are in PL/I are necessary for

smal1~r machines , i.e. without reference to files in I/O
in order to reduce the overhead for small system (c.f. 1.5).

2.2 Character I/O ~~~ to be simplified , e.g. data-directed
I/O has to be deleted in order to reduce the inherent
overheads.

2.3 It should be possible to reduce the number of file
• attributes by deleting those which are not absolutely

necessary .

2.4 It should be considered if it is not better to achieve
flexibility of programming by simpler primitives which
can be composed in a non-standard manner , too , instead of
introducing flexibility afterwards by many additional

• attributes , exceptions etc.

3. Flexibility (at runtim)~~

3.1 There must be facilities to switch I/O streams between

devices in a secure manner . File variables seem not to be
sufficient for this purpose. If primitive I/O were used , ~ 

-

• there should at least be device variables (c.f. LTPL-E/047).

________________________________ -- ~~~~
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• 3.2 Formats must be flexible , It is not possible to read in
formats or , to compose arbitrary (remote) formats at
least the replication factors in formats should be dynamic .

4. Security

4.1 Facilities are required to enable tasks to reserve a
peripheral (e.g. during question and answer sequences).

• It is not clear how PL/I would provide these in a natural
O manner (c.f. LTPL-E/02; LTPL-E/044).

4.2 File operations should be explicit whenever possible ,
e.g. implicit OPENing of a file leads to loss of security
and can even cause the destroying of data. By explicit
operations also the problem with merging attributes and
the conflicts between attributes could be avoided.

4.3 There should be clearly defined explicit or implicit
synchronization mechanisms for the access of different
tasks to the same file (or If 0 device). It is not clear
how PL/I handles this problem .

5. Robustness

5.1 User defined error recovery routines are necessary . It
must be possible to reacL in a defined manner on e.g.
timeout errors. (c.f. Func. requ., M m .  of 6th Workshop ,

LTPL-E/02; LTPL-E/047).

5.2 The program should be able to determine whether an I/O

or file-handling operation was performed correctly in

order to take alternative actions if required.

6. Predictability

6.1 I/O and file-handling operations should be explicit

whenever possible. The whole mechanism should be visible

to the user in a defined ner , e.g. , distinction between

data set and file , definiL~on of the ufile_atom
?I (bit,

character , graphic element), creation , opening , reservation

of files , structure of the data set , installation of

-
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ -
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STANDARD files. Heavy defaulting of file attributes must
be avoided.

6.2 Implicit operations and hidden synchronization features
can cause strange timing effects. Freak timing , in turn ,

— can cause event handling to fail, causing loss of pre-
dictability . Semaphores are more predictable and reliable
than events.

6.3 It has turned out that semaphores alone are not quite
sufficient. A synchronization mechanism besides sema-
phores and/or events should be found.

7. Extensibility

The structure of I/O as defined in PL/I gives little
scope for extension , but I/O extensibility is needed for
new devices and new formats. Extensibility would be
aided by more primitive statements , including device
handling . One possible route might be to allow the user
to define new format functions to be used for new devices.
(c.f. Func. Requ., M m .  5th Workshop).

8. Conditioned Responses

Nearly every case of error response should be dealt with
in the program and not in the operating system (c.f. 5.1).

P. Elzer

hii~ :~~:=:iiii ii: 
0 

~~~~~~~~~~~~~~~~~~~ . •~:i~ - :~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- - ---

~~~
-

~~~~~
—-



-211-

SECTION IV

HARDWARE/SOFTWARE LIN KAGES

Two pos i t ion  papers are included on this  s u b j e c t .

The f i r s t  by G. Mueller  and B. Girard , Minutes  S ix th  Purdue

Workshop on S tandardiza t ion  of Indust r ia l  Computer Lan—

g~ ages, pp .  166— 183, compares these f a c i l i t i e s  fo r  the

~~ 0 languages PEARL and LAI.  The second ex tends  th is  work to

develop a set of f unc t i ona l  requ i rements  for this  t o p i c .
• It is authored by G. Loui t , Minutes ,  Seventh Purdue  Work —

shop on Standardization of Industrial Computer Languages,

pp. 225—227.

—-_-~~~~~~~--‘-~~~~~~~~~~~~~~~~~~~~~ —_--- O~~-_ ~~~~~- — — - -~~-~-
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The “EARL Prop osal for  the System Di vision of a
Process Oriented Programmiflg Language

INTRODUCTION

This position paper shows the PEARL proposal to solve the
problem of the hardware/software-linkage. This solution ,
which bases on a partition of the process control program
into a “system division ” and a “problem division ” , realizes
the Functional Requirements in our opinion in an especially

• advantageous manner .

A similar solution is proposed by the LAI group. The second
part of this position paper shows the LAI approach .

FUNCTIONAL REQUIREMEN TS

“Minutes of the Fifth Workshop on Standardization of Industrial
Computer Languages ” , page 83:

“D. Linking Software to Hardware ”

Ability to inform the system through a mechanism , such as a
symbol table availab le to the compiler , of :

• 1. The physical termination identification of each periphe r al
industrial application component
(process I/O devi ce ) wi th  which it mus t communicate :
(sample specification statement)
Program Identifier = Physical Termination Identifier (ID)

2. The physical identity of the communication channel(s) over 0
,

which information w i ll  be exchanged with each industrial 
•

applications component. (samp le specification statements) ‘

Program Identifier = (industrial application component)
via (communication channel , identifier)
Data to/from (industrial application component) 0

via (communication channel, identifier) ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ - •• •1~ _ _ _ _  _ __ _



• -216-

3. The physical identification of:

a. each separable interrupt level and its program identifier;
b. each separable interrupt point at a given level and its

• program identifier.

Minutes , page 75:

“b. The requestor can specify an I/O device in a symbolic way .
It should not be necessary for the requestor to know a de-
vice number and other hardware characteristics peculiar to
a device , such as channel, line and equipment numbers ” .

PEARL Proposal

Syntax: (The following signs of the meta-language have the meaning:

— [1~ .logical “or”
[] :OPtiOna]~... :repetition

( 1)  pearl-program : :  SYSTEM;system-division PROBLEM; problem-
division

(2) system division : : =  MACHINE;computer-description-list;
DEVICE;device-description;
INTERRUPT;interrupt~-description-- list;

• FLAG;flag-description-list;

(computer-description-list, interrupt-description- list, f lag-
description-list : discussion not yet finished).

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~ •~~~~~~~~~~~~~
- -

~~~~~~~~~~~~~~
-- • - -  •——- -—

~~~~~~~~~~~~
•
~~~~~~~~~~~~~~~~~~
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•1

sub-declaration connection - 

-

symbol sub-declaration ;
(3) device-description ::=

process—terminal—devi ce
description;

(4.1) connection-symbol : : =  .1

0

0 [programmer ’ s—de vi ce-name =~ ~~~ I
(4.2) sub-declaration : [identification] channel-

description

[programmer ’s — devi ce — name =I]I
iden t if icat ion )

(4.3) process—terminal-

device-description : := process-terminal-devi ce
n ame = [~ denti f icat io~

• ch anne l - description

( 5 . 1 )  iden t i f ica t ion  : : =  number - in - roun d -

trackets : identif ier

1 (5.2) channel - description :~~= * number
J. 10 -

* numbe r . number • number

Li: ~~~~~~~~~~~~~~~~~~~~~~ 
• 

•. . • • . • . •  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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SEMANTICS:

(Th e paragraph n umbers re fer to the correspondingly
n umbered syntax rule).

( 1 ) :  In a very simpl if ied manner one can say , that a process
control program has to answer 3 questions : 0

1st “where ” are the devi ces , to which information goes ,
or from which information comes? 0

“when ” should tasks start or stop?

3rd : “what” should happen , when a task is running?

The system division deals wi th  the f i rs t question .
The problem division deals with the second and third question .

That means , the system division has to describe the whole
hardware configuration on the language leve l and therefore
connects the tasks of the prob lem devision both with the
process envi ronment and with the non process environment.

The system division contains parts c~f usual job control

languages . It supplies information for the generation of

that part of the operating system that is necessary for
the special application program and it allows an opti-
mization of resource allocation. It further connects ex-

ternal devi ces and process interface hardware with symbolic
names that  are to be used in the p rob lem division .

The las t fe ature allows the programme r “to speci fy an I/O
devi ce in a symbolic way ” . (Functional Requi rements) .
(See also the LTPLC-Position paper “Input/Output” by

P . Elze r and P . Holleczek , University of Erlangen).

_________
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(2). By the computer description list the compile r is infor-

med about e. g. the type , model and memory size of the
machine used.

The devi ce description specifies the extend and the
structure of both the process envi ronment and the non
process environment.

In the interrupt description list the programme r can

allocate symbolic names to those interrupts he wants to
refer to in ON-statements in the prob lem division . The
interrupts themselves are identi fied by system def ined
numbers.

In the flag description list the programmer can allocate
symbolic names to those flags he wants to refer  to in

O the problem division , e. g. within IF-statements . The
flags themselves are identi fied by system defined n umbers .

(3 i f i rs tj ln principle , the devi ce description comprises the in-
O rule ) formation , that  2 devi ces are connected with one another,

in such a manner that a flow of data is possible between
them. The di rection of this flow of data is indicated by
the connection symbol ( 4 . 1 ) .

(4.2)~

(5.1): A device is described by:

1st : a number chosen by the programmer;

2nd : a device designation writ ten out by the device
vendor, 

-

The programme r may assign the devi ce any name , to use it
in the prob lem division . • -

____________________________________ _ _ _ _  ~~~~~~~~~~~~~~~



-220-

( 5 . 2 )  : The succession of ~‘ * number ” describes by which ch annel of
the device the connection was made . If the number is missing,
a standard channel was chosen (4.2). If the identifier is

missing , the channe l number refers to the devi ce name s tanding
above (See e .g .  p age 8 , d , h ) .

The channel description may consist only of a number when

using an analog device. In the case of a digital device ,

to which several digital process terminal devi ces may be
connected , it is ne cessary , to specify both the f i r s t bit
position and the number of bits required.

(4.3) The process terminal device description means that a process

te rminal devi ce was connected with a process I/O device. The
identifier may be chosen by the programmer. Thereby he can

simply formulate process I/O statements in the p rob lem
division.

The following example shows how simple it is , to describe the hard-
ware configuration with the language proposed above.

S

U . - 0 -—____________________________________________________________— -  —~~~~ . .• - - - ‘-~~~~ - 
- 
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-. _— —-— — — ---- _ -O- -‘- ~~~~~~~~~~~ 0~~ — ~~~~~~ — - ~ 0 - - —• -



- ,•~~~~~~~ —-__ O- -O- ~~~~~~~~~~~~~~~~ ~_ 0~ — - 0~ -O~~~ ~~~~~~~~ ~~~~ 
-• — -

~ -• — — - -_-- —• - ~0~ ~~~~ - O ~~~ - .

-

-221

-~~~~~~~ 
,:Yz;~~~~~

[ “MULTPL” rx~~
z5 -1 

~~~~~~~~
O~~1~~~~2~ 

“TAP~~’ _j “T~~3K”

_ E ~~~~t1~~~~ TiI~~,
@

I XYZ4

i -
~~~~~~~~~~~ Ti

2 0 .  
. 

~~~~~~~~~~~~~~~~ ~~~~~~~~~ 220f 1—iT. .
I I I
6 öC)~

)
‘‘T~.~ :1’5 ‘‘ “ 1~1~ESS1 ‘‘ ‘‘Ti i.fl’G ‘I c’Ø~T1 ‘I

“ 1 F ~3S2”

ci
j r o ~~~~ tcrain~.i ~1r~vicc.s ~roces~ 1/0 non pro:t~ss 1/0

DEVICE ;
(a)  CpU1 (1)~~XYZO*1~~~ MULTpL (2):XyZl*3;
(b) *24__÷ (4) :XYZ2*3;

(C) (2) ;XYZI *O 4 (31) :XYZ3 ;

( d )  *1 — ( 3 2 )  :XYZ3 ;

( a )  *2 (—DIGØUT = (33) :XYZ4;

(C) TEMP 5 = (3 1) :XY Z 3 *2O ;

• ~~) PRESSI = ( 3 2 )  : Y YZ 3 ~~6 5 ;
(h )  PRESS2 = ~66 ;
( 1 ) TEMP 6 =

( k )  CONT 1 ~~
- (33):XYZ4-~22O.1~~~

O ( I ~) (4):XYZ2*44- -_-~~TAPE = (5 1 ) :X YZ 5;
(m) *5(__,DISK = ( 5 2 ) : X VZ 6 ;

- — .--—-- ---.-_* . - ~0~_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- ~~~~
__

~0O_~ ~~O • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0~ —- ~~~~~ ~~~~~~~~~ - O • -_-- - O •~_ . _______ _0~~~~~~



Explanation of the examp le: -222-

(a) : programmer ’ s devi ce n ame (in the fol lowing:  PDN ) “ C P U l ” ,
devi ce number (DN ) “ 1” ,
yendor ’s devi ce designation (VDD) “XYZO ” ,

devi ce channe l (D C) “1” , is connected wi th :
PDN “MULTP L ” , DN “ 2 ” , VDD “ X Y Z l ” , DC “ 3” .

(b) : DC “2” of the first device above , is connected with :

DN “4” , VDD “XYZ2” , DC ‘3” ;

(c) : DN “2” , VDD “XYZl” , DC “0” is connected with :
DN “3 1’ , VDD ‘XYZ3” . (Standard DC!).

(d)  : DC “1 ” of the first device of (c) , is connected with :
DN “32” , VDD “ X Y Z 3 ” .

(e) : DC “2”  of the fi rst devi ce of (c) , is connected with :

P DN “DI GØUT” , DN “33 ” , VDD “XY Z 4” .

( f)  : DN “3 1 ’ , VDD “XYZ3 ” , DC “20” , is connected with :

a process terminal device ,(in the following : PTD)

which will be addressed in the prob lem division ’s

I/O statements by the name “ TEMP5” .

(g) : DN “32” , VDD “XYZ3” , DC ~65” , is connected with :

PTD “PRE SSl” .

(h) : DC “66” of the first device of (g), is connected with :

PTD “PRE SS2” ;

(i ) DC “ 6 7 ”  of the first device of (g), is connected with :

PTD “TEMP6 ” .

(k) • DN “33” , VDD “XYZ4’ , DC “220’ , the first bit position

used is “1” , the number of bits required is “2” , is

connected with : PTD “CØNTI ”.

-— - - - -  
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(1) : DN “4” , VDD “ X Y Z 2 ” , DC “4 ” , is connected with :
PDN “ TAPE” , DN “5 1” , VDD “XYZ5”.

(m) DC “5”  of the fi rs t devi ce of ( 1 ) ,  is connected with :
PDN “DISK ” , DN “52” , VDD “XY Z6 ’ .

Advantages of the PEARL Proposal

The whole hardware confi guration is wri t ten  down in a high leve l
programming language . It is shown that  this descri ption also
includes the n ames , the programme r has chosen for the pe ri pheral
devi ces and for the process terminal devi ces . For this reas on
the I/O statements of the prob lem division need only those names ,
defined in the system division . The I/O position paper of P. Elzer

and P. Holleczek shows, how short and easily remembered I/c~~~~ate-

ments appear.

Using the p roposed method it is not necessary to h ave a separate
“job control language ” . That means that the comp lete know ledge
concerning Lhe hardware/software—linkage of a certain application

is included in the program i t se l f .  The good legibility leads to
conside r ab le savings in the f ield of documentation.

In pr inciple , the PEARL propos al is alre ady f ield proven . The

process control language PAS 1, (developed by B ROWN ,BOVERI & CIE ,
Mannhe i m , Germany) , is based on a s imilar  part i t ion in to  a system
division and a prob lem di vision . Already very comp lex process con-
trol programs had been written with PAS 1 , and the practical  ex-
perience has ver i f ied  the advantages of the method proposed above . 

- O  _ 
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II. B. GIPARD:

The LAI Approach

With LAI there are two possibilities for I/O processing:

1. STANDARD I/O:

This ki nd of I/O is character oriented , and dedicated to such
classical devi ces as paper tape reader and punch , line printe r
etc...

The management of this I/O is obtained by a module of the moni-
tor and the syntax of I/O at a language point of view is ve ry
similar  to the FORTRAN approach , including READ and WRITE
without WAIT , The hardware—software linkage is possib le by
means of ASSIGN statement.

2. INDUSTRIAL I/O:

In this area the situation is very d i f fe rent .  Peripherals are
non-standard , without devi ce handlers at a language leve l ,
because of an extreme diversity of devices and the possibility

of a wide variety of connections between these devi ces and the
CPU.

From a programme r ’ s point of view the req ui rements are on ly to
h ave the same mechanism of communication in te rms of time con-
straints~ size of data which are transfered , possibly alteration

of sequential execution , and identifi cation of sources and
destinations of data.

- 
•~~~
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From a compiler point of view , much more information is necessary

to describe :

A . - The communication channel which is used to exchange in-
formation.

B. - Each industr ial  devi ce which is connected to this ch annel
(number of input output regi ste rs , si ze , address and
sub-address of each register part  of the devi ce . . .  ) .

C. - The node of trans fe r possibility of interruption , of
skip instruction ...).

This description of peripheral is made separatly from the appli-

cation itself in a global division which looks like the PEARL ’S

system division .

This is done for machine independence. The objective is to have

no reprogramming effort in the case of ch anging a computer or an
application. In such a case , only the global division must be

re-written . The independence covers only the computer and periphe-
rals which ~re connected on the same kind of channels.

Three kinds of communication are considered:

• - by priority interrupt;
- by programmed channel , that is to say a channel for which each

• elementary transfer is under control of an input/output in—
struction ;

O 
- by data channel (cycle s tea l ing) .

1.1. Pr ior i ty  interrupt :

Each inte r rupt source can receive a n ame . Af te r  the n ame , the
priority level (and possibly a subpriority level) is described.

Exam2le : INTRPT I~~AD 5 or

INTRPT ITCAD 5, 3

- - 0 • --—— •— — - ~~~~- — — _l
— —— ~ 
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The connection of an interrupt procedure to an interrupt is
made by a CONNECT instruction which arms and enables this
priority level.

1.2. Programmed Channel:

In this mode the exchanges are made in rapid succession unde r the
control of an I/O machine statement. The trans fe r is alw ays made
between an internal register accessible by program (generally ,
the accumulator) , and an external one. According to the direction ,
the internal or external register is the “origin ” or the “consignee ”
of information .

A peripheral is usually constituted with one or several external

registers . Some of them are only “origin ” , others in only “consignee ” ,

others sometimes “origin ” and “consignee” .. Some of them contain in-

formation itself , others commands , others address extensions of the

peripheral itself.

External register addressing mechanism arid the methods of exchange

on the programmed channel , i.e. internal register writing, are de-

tailed as follows :

1.2.1. Addressin9:

There are 4 possibilities for addressing:

A. Direc~~~~~~~~~~~~~~ DIR~

The external register has an hardware address. This address

is included in the I/O statement. Sometimes , function -

bits are distinguished in the address-part (flag-ZERO POINT) .

It is necessary to define as many registers as there are

functions , even though some of them may have the same

O physical identity .

O Examp le : Read PDP 8 Te le type-register

I/O st atement is: 6OOO 8~ On input , we read the TTI r eg i s te r
O of which the address is O3x:

L 0 ~~
- -—--

~~~~
-_____________________________________

- -—-—~~~- ~0 . ~~~~~~~~~~~~~ -~~ 
-
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Input action is precised with defining function-bits in the
O address which is now, for example , 34 or 36.

The 2 statements address is noW : 6034
8 or 60368.

O The fi rs t one makes a logical OR between the contents of
and TTI register.

The second one begins by ACC-reset , trans fe rs the content of
TTI register, flag-reset which will allow hardware to reload

TTI register.

0 We must define 2 peripheral registers : TTI 1 and TTI 2.

The programme r wil l  know the d i f fe rence by use of the 2 registers .

B. Interna1 Ir1dexed Addressin~~~~INI1

Often the statement address part is inadequate for addressing all

per ipherals or the I/O address ing hardware cost is such that
addressing possibilities are e~ k-~ nded by the use of an internal
register, such as the index register.

If the peripheral address is AD and if we want the ~th register , a
machine internal register will be loaded with n , then I/O AD will be

made.

C. d r ~~~~~~~~~ LNE~

Similar to paragraph B , but “ n ’ is sent to an external register before
I/O-AD. This register can be direct, internal indexed , or e x ter-
nal indexed addressed.

D. General Addressing ScENl •

I/O statement adresses a memory word on the more general mode per-
mitted by the computer (indirect , indexed , based).

The addressed word or the obtained address , includes the peripheral

address,

- ._T T~~~~ _ .~~
__ 

—_----_~~~~
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This word is sent on the programmed channel before I/O exch ange .

Example: On Sigma 2 compute r , the required peri pheral  is
in the external register , situated in the P-rack ,

on the L-line , on the C-controller.

In assembly code.

RD PPERI where denotes indi rect addressing.

In PPERI , we have the address of the word :

1.2.2. Pro9ramzne a tatements and declarations :

Statements :

INPUT : programmed channel input .

OUTPUT: programmed channel output .

The possth ility of skipping after testing a periphera l ,

encountered in certain peripheral , is given in the pen -

pheral declaration.

Examp le: TTI teletype input exte rnal register has been
declared.

• CAR is the iden t i f ie r  that  must receive the value .
INPUT TTI, CAR

or
INPUT TTI , CAR (k + i).

O Whichever mode .f addressing is used for TTI.

Instead of describing the exact s y n t a x  of declarat ions , some
examples follow .

1st 
Examp le: READ te le type keyboard informat ion :

- teletype address : 308
- Direct Addressing
- 2 k inds  of work ing  for  the teletype :
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1) INPUT s ta tement  t ransfers  the tele type-buffer  into the accumu-
mulator , whether  i ts status FRE E or not.

The programmer must know th~ per ipheral  status (general ly ,
an interruption is used for that).

In this case , the address is

2) Exchange is made oniy ~f the teletype is free causing a s k i p .
In the other case , INPUT is not comp leted.

-

~ Periph eral Address : 36
~

• Example : Internal Register Declaration

REG ACCUM ( 16 )

Per ipheral  Declaration
PERIF TT 11 , OCT ‘ 3 4 ’  , ACCUM , 4 , 8 , DIR;
PERIF TT 12 , OCT ‘ 3 6 ’ , ACCUM , 4 , 8 , DIR , SKIP ;

INPUT STATEI~~NTS

INPUT TT11 , CAR

INPUT TT 12 , CAR- ;

the accumulator w i l l  be ente red in positions 4- 12
with the contents of the single external register of

whose address is 308.

: In the first case , the function-bit (4) is used to per-

form an unconditional exchange.

In the secon d case , the function - bits are used and
allow the transfer only if the peripheral is free.

1
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2’~~ Example: Contacts - Matrix

We have 20 matrices, each with 16 lines of 16 contacts .
Only one line can be read at a ti me .

1) To get the I-line of the M-matrix , the accumulator is loade d
with I and an input— statement  is made wi th  the e f fec t ive
address of the M-m~ttrix.

We shall wri te

PERIF MAT , HEX ‘40’ , ACCUM , 0, 16 , INI ACCUM;

REG ACCUM ( 1 6 ) ;

INPUT MAT (M , I), VANNE (k)

The r e~sulting address is 40+M; ACCUM will be loaded with I.

We can have:

INPUT MAT (M , FUN C ( I ) ) ,  VANNE ( k ) ;

2 )  16 bits external register called REX is loaded with I for
selecting the line ; we shall have the same declaration for
the accumulator internal register.

peripheral declaration

PERIF MAT , HEX ‘ 40’ , ACCUM , 0 , 16 , INE REX;
PERIF REX, HEX ‘3 0k , ACCUM , 0, 16 , DIR;

ENTLP MAT (M , I ) ,  VANNE (k) ; 
O • ’

or ENTLP MAT (M, FUN C ( I ) ) ,  VANNE ( k ) ;

.
‘-
.O

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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For data ch annels , a similar approach leads to a convenient
mean of communicati on for INPUT and OUTPUT .

The characteristics of the ch annels (possibility of interrupt ion ,
of data chaining, of locking CPU during trans fers , etc •..) are
described in a declaration .

. •. .

~~. 
••--‘
.
~1

-O ••
~

0~ 0 ~~~~ 
- ,  ---- --- ••T~~ O O O .~~~ O O O O~ ~~0 O O _ _ _
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G. LOUIT LTPL E1JR 0PEP~N GROUP
STERIA-FRANCE LTPLF/Ø 31
March 29th, 1972 Category T

- ~. 
Updater : LTPLF,/0Ø9
Replaces : none
‘pp

POSITION PAP~B
O 

}iABLMARE - SOF1’dARE LINKAGE I

The Hardware Software linkage problem has been described in LTPLWØØ9 for PEARL
and LAI and in LTPLE/Ø32C for PROCOL. The fonctionna]. requirements has been stated in
the 6th Workshop, green printing, page 99. With the help of these examples, it is
possible to distinguish in depth functiorinal requirements.

10 )  General Organization

An application is implemented at two levels

- a system level
- an application level

The application level is described with the language (LTPL) and expresses all the

problems of programming actions and reactions to events.

The system level is not described with the language (LTPL) but with a more dependant
(efficiency ) machine one ; it expresses relations between tasks (events, interrupts,
timers , e tc . . . )  for the particuliar application. - - 

-

r fl.~ application programme describes the organizational parameters of his probleme 
- 

-

to the system level via some mechanism (conversationnal is easy) e.g. tasks,

interrupts, devices,

-

~~~~~~~~ 
.1.

_____________________________________________ ~~~~~~~~~~~~~~~~~~~~~~~
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2°) Computer

The interrupt system particular to the computer will be described to the
system : levels and sub-levels, number of levels.

Relations between symbolic interrupt system and computer interrupt system
will be stated at the system level

Relations between symbolic interrupt system and tasks will be defined at the
system level .

Distinction, if suitable, between hardware and software symbolic interrupts.

3°) Classical devices

— Characteristics of the Discs availability (PROCOL) should be described
a at the system level.

- Characteristics d the teletypes and other classical peripheral devices s
should be described symbolically and physically at the system level .
(Buffer size)

(In PROCOL, for each peripheral, a hardware task assume the input output
function).

k°) Industrial peripherals

- The system should be aware of the identification of each module.
- Distinction between types of i/o (analogie , digital , . . . )  should be made
- Pseudo symbolic names are given to devices at the system level and are

assigned by physical characteristics (control unit address, number of
charmels , mode of connexion). It could be useful to change dynamically
of mock .

- At the application level , the user should be able to designate in a
symbolic way the device (terminal plus a list of channels).
(In PROCOL, declarations for Industrial i/o are made in the COt’I4CN part
of a section of compilation).

./.

~~~~~~ 0~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~ -~~—- -~~~~~~~
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5°) Failure

Dynamic change of device in case of failure should be possible. For e cample

and aid—device should be specified at the system level. (this is done in Procol
for the teletype of the system.

~

L i i~~~~~~~~ - _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _
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SECTION V

SOME OTHER IMPORTANT CONSIDERATIONS

The remaining topics included in this Part each have

only one paper connec ted ~ith them as a result of the editorial

work Involved in preparing the Minutes of the individual Work-

shops and this Summary of those publications. This in no way

negates the i r  importance;  it is merely an ind ica t ion  of the i r

popular i ty  wi th  the LTPL—C members c ompared to the  topics

considered earlier here . For want of any other organ iza t ion , 0

0

the papers are presented here in chronological order of their

original appearance in the Minutes of the Purdue Workshop on

Standardization of Industrial Computer Languages.

1. “Data Types and Manipulation ” , Sixth Workshop,
pp. 190—193, by R. C. Dennis.

2. “Acceptance Criteria ” , Ibid, pp. 260—26~~, Anonymous.

3 .  “Static Program Structure ” , Seventh Minutes ,
Appendix IV—2 , pp. 195—203, by Peter G . H. Rieder.

14 “Extensibility : The Operator Statement ” , Ibid ,
Appendix IV—lO , pp. 235—2~ 5, by Konrad F. Ki~~~ter .

5. “Operating System Interface ” , Eighth Minutes ,
Appendix V—3, pp. 203—208 , by G. Verroust.

- ——— 0 ~~~~~ — —:—- ‘

~

- 
— 

.p.—_—
~~

. 
~~~

1T~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~
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DATA TYPES AND MANIPULATI ON

R. C. 1)~nnis

Data: lnforaation that is operated u~ during progra’l execution. 0

Problem Stater ’.ent : Deveiop~ent of data facilities for a language which ful-

fills the functional. rccjuirearnts of industrial co ~iter s:, t~~~ .

Functional Rcaui re’ c~nt~;:

3. All dr.ta can be initialized.

2. The only iraplicit data type conversion occur s during assi i~rc:~t

or with i/~ operatiDas.

3. AU problem data is represented eithor as arithm etic or os ~;trin~;

data.

14. ~rithcmtic l~.ta are either fixcc3. or float. The attributes ef base,

scale and precision are implicit within each imple:-~ ;~~ation. 0

ArithneUc constants are arithmetic data items which take as name

their value (hence the value is fixed throughout program e;-:i~cution .)
Arithmetic variables crc arithmetic data items without such

constraint.

5. There are two kinds of string data, character strings and bit

strings .

6. Character strJng constants consist of s t r i~~:s of characters from the

data character set , enclosed in cluotation marks. Character stri ng var-

iatle can a u—e any of a range of values corrL~~~~11d~ : g  to char act e r

string constant-c. ~arisnt:i string length is implcmentatio:i d ’c:Jcnt.

Thouï- are fixed and ‘-arying length strings .

0 - - —  —
~~~ 

-

BI~~~~~OT t111k1~D

~ 

T T. _LJ~~ _JT 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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7. 1~t strings are similar to character strings except that the

elements of the string are the binary di~its 0 or 1. Loolean

data are bit str:~ ags of fixed length 1.

8. Program control data are of the types label, entry, task, event,

points , offset and area.

9. Data are organized as:

a. Scalar Data (single items ) -

b. Data Aggregates

Arrays (wherein all elements of the array

are of the sc~ e type.)

Structures (all elements do not have to b~ the

salte

Arrays of Structures

10. Names are either single, or subscripted or qualified. Qualified ua:.~cs

are unambiguous structural references.

U. Data ~anipulation There are three types of expressions : scal ar ,

array, and structure. All operations performed on arrays or

structures are performed on an element by element basis.

32. A scalar expression is any of the foflowing:

A constant

• A scalar variable

• A function reference

• Any expression enclosed ~n parentheses

Any expression precedcd by a prefix oj~ rator

• Any two exnrt-ss :Lons connected by an infix o1~crator 
- 0

-~- 
-—-— 0 ___~ —~~~~ .- — 0

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

- ~~~0~~~ - ~~~~~~~ - ~~~~~~0 ~~~~~~~~~~~ -- - -• -— --
~~ 
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A scalar expression returns a scalar \- ilue . The type of the

value is the type of the expression. The type of the expre~sion is

dependent upon the class of oI arators; 1. c., arith .etic , co::~j-au~~scn ,

bit strirg, or concaten~ t~ on .

Operator wi th L~ La Tyne of C~c~ra~d

• Prefix  + —

m i  LX j  — Fixo~I
(S~al~-i’ ~~ * Float
1,j~rray j -

~~
-

~~ Bit
& ~ Char acter

U
Coaparinon

If there is no operator, the class of the expi’cssi c-n ~~~~~ de on

the type ot the b~ ngle operand . Only the operatox-e — and 1

may apprar with label, pointer, and -~ ‘ ‘sct data. ~:e ogeratere aay

appear with entry , area , event , and task data.

13. An array expression i-ct-urns an array value .

11i. A structure expression ~‘otur.~s a strcctcr e value.

15. The comparison operators are :

16. Arithmetic com~~~’isons involve either two fixed opc:i a s or two

float operands .

17. Character comparisons involve left-to-right, p~ ir- hy- - --Jr ce:aarison

of characters . if the operands arc urAee~n -.~ . in length , tiie shorter ie.

extended to the right with blanks .

L -
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- 
18. Bit comparisons are hanriled in a manner sinJ lar to character

comparisons, except binary zeros are used. to exl;end the

shorter string. 

- ----. ~~—--- 
00 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ACCEPTAN CE CRITERIA

PROBLEM

To ensure as far as is practicable that the LTPL finally proposed by
the Workshop will prove an acceptable and effective standard .

REQUI REM ENT

The LTPL Committee ’s objective is to develop a language whieh meets
the functional requirements of industrial computing. Since existing
languages appear not to offer a suitable subset , the Committee will
therefore be making proposals for a new language or extensions of an
existing one .

It is also the aim of the Committee that the proposed language should
become a universal standard for industrial computing.

Experience shows that design deficiencies in a language are costly
to live with or rectify , and defeat the purpose of a standard . It is
therefore a prime responsibility of the Workshop to ensure , as far as
is practicable , that the LTPL is viable before promoting it as a
standard. Reasonable evidence must be given that the language meets
practical criteria as well as being theoretically sound.

PROPOSED SOLUT I ON

There is clearly a practical limit to such demonstration , but it would
not be out of the question to set out in advance the criteria against
which the LTPL proposal will be finally judged by the .Work shop. These
should cover both functional requirements and other practical criteria ,

The following procedure is propo sei :

I The LTPL Commi ttee ’s final proposal for a language will be submitted
for approval by a two—thirds majority of the Purdue Workshop before
any attempt is made to secure standardiz ation .

2 On submission to the Workshop, a written appra isal of the language
in the form given in the Appendix to this Working Paper will be
provided to each voting member . The apprai sal wib be agreed and
written by the LTPL Committee.

3 This appraisal and a language spedification will be in the hands
of Worksh op members at least 3 months before vote is taken .

The obje ct is to ensure that the Workshop as a whole supports the
pr oposal on well constituted evidence , and is seen to do so.

•. --- -•TT -
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APPENDIX : FORM OF ~--PPRAISAL

To all members of the Purdue Workshop

I LTPL SPECIFICATION

A complete specification of the proposed LTPL is included with this
appraisal . This specification is agreed by the LTPL Committee :

(a) unanimously
or (b) with minor dissent on the following items :

or (c) with disapproval by a substantial minority on the following
general grounds: 

The Committee would like to see the follow ing extensions to the
language but is unable to specify these exactly at the present time $

2 APPRA ISAL: TECHNICAL CRITERIA

2.1 Semantics

2.1.1 Semantic range

(Author ’s note : In the final form of this Appendix
there will here be a complete list of the LTPL
functional requirements suggested for tho iri nguage in
so far as they imply operations which the LTPL should
be capable of expressing. They will be grouped under
suitable headings e.g. Data Management , Program G)ntrol,
Task Man agement , I/O , etc; many can be gleaned from past
Workshop and Committee Minutes. In each case it will be
required to state whether the operation can be expressed
(a) directly or (b) indirectly and , if so , how ; examples
to be given).

2.1.2 LTPL machine description

(Author ’s note: In the final form of this Appendix it will
here be required to give (or refer to) a definitive
description of all operations implied by the LTPL but
not directly compiled from it. In particular , it will be
required to cover the aspects of task storage allocation ,
task control and communication , I/O, etc , such as to
give an accurate description of the facilit ies assumed
to be provided by the operating system or environment
of an LTPL program).

2.1 .3 Computer independence

The langu age

(a) is completely machine independent
or (b) includes the following features which may lead to

significant disparity of execution efficiency when
app ] i&~d ~n - * t e r o n t  types of computer :

(Objective appraisal to be given , especially wi th
respect to data types and structures ). 

-~~~~~~~~~ - -
-- ~-•~~~~~~~~~~~~~~~~~~~~~~~ ,- --~~~~---~~~~~~ -p ~~~~ — ——~~~~~~~-~ - - -~~- - -
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2.2 Syntax

2.2.1 Definition

A complete syntactical description of  the language is
given in 

2.2.2 Character set

The syntax impl ies the following language character set :

2.2.3 Format

The syntax implies the following rules for layout and formatt ing
of programs :

2.2.4 Appendages

The following language features are provided for ins~rt1~ r
of macros , code sequences and comments :

2.2.5 IntegrIty

The following syntactical features have been introduced
to aid detection and elimination of program errors at
writing and compile time :

2.2.8 Modularity

The syntax implies the following modularity features for
program management and compilation :

2.3 Implementation

2.3.1 Character set

The language character set is available on the following
standard peripheral equipmen t without major modification.

2.3.2 Compiling requirements

It Is known/estimated that compiling is practicable on
the fol lowing typical hardware configurations :

2.3,3 Program developmen t

The following is a brief description of the stages
involved in producing a running program :

(Description to cover compilation , link editing,
testing ete).

_ _ _ _  _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _TTT~~ _ _ _ _ _  _ _
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2.3.4 Code efficiency

The fo l lowing is an appraisal of the e f f ic iency  of object
code obt ,~inable using the compiling resources describe d
ir . 2.3.2:

(To include estiante of program sizes compared with
those produced b-- assembly coding under similar
structural constra ints ) .

2.3.5 Code Integrity

The lan guage ~~sigr. ;e~ mits the fo l lowing  run—time checks
to be inclu-:k~d w it ~~:-~ . impairing the above efficiency
(see 2.1.5):

3 ASSESSM ENT: SUPPORTING EVILEN CE

3.1 Existence

3.1.1 Compilers

The fol lowing LTPL compiler s now ex i s t :

(Details ~o be given of target machines and compiler
ch aracter is t ics ) .

3 . 1 . 2  Running progra~5is

Programs have been compiled and run on the following
computers :

(Details ~o ha given o~ assembly methods , operating systems
used , nature of cc~ic ,roduced e t c) .

3.2 Eva luation

3,2.1 Trial Problems 
- 

-

The folicwir~~ example probl ems have been programmed in the
LTPL :

(Problo;-is to he decided in advance if possible ; print—out ’s
of ‘~~-rr~i ~~ x e to be provided ) .  

- -

3.2.2 Conclusion s .
~~~~

The fo]1ow~ ng is an appraisal of these evaluation tests :

(To cover object code and run—time behaviour if
applicable).

_ _ _ _  
—

— - .  ------ - — -~~ - ——-—— —. —-----.-—--—- — — —- - ~~~~~~~~~ S ~~~~~~~~~~~ -~~~~~~~-~--~------ —- —- - 
-~
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3.3 Field trials

3.3.1 Application

The language has been used In the following industrial
applications :

(Details to be given where possible).

3.3.2 Conclusions

The following is an appraisal of the performance of the
language in these applications :

(Quoting user experience where possible).

4 ASSESSMENT: GENERAL ACCEPTABILITY

4.1 StandardIzation

4.1.1 Proposed route

It is proposed to seek standardization through the
following procedure and standards organisations :

4.1.2 Qualifications

The following difficultie s are expected to be encountered
in its acceptance as a standard (other than that It is
not a standar d already):

The following general points are in its favour

4.2 General Acceptance

4.2.1 Iendors

The following vendor organisations have indicated that
they would support adoptance of the LTPL:

4.2.2 Users

The following user org-artisatlone have indicated that they
would support adoptance of the LTPL:
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~n t r o~~U C t ion

This ç;’ oor  is intended to conLinue the - - io rk ‘.ihich w-~~
- , - - -I ~ t taa  o ,1of-a3 r~c p by- ’ ~‘ I is tu n~ o ur i c 1 0f l ;. I

cc i r c~~cnts concernin ; ota tic ‘c~~~’~m struc ture. Thc ~ e
ul  ~~~f~Ofl t s , ‘i o w e v t ~ r , ~r ere l  ,‘ r(~ r

’cr c c 1  to - ‘ -~~ 
- ue~ ti on

a pr or ;c c ~hou l . d be ~ t r ue ~uce :I st~ Li~ L - ’ , ± . . -a

i t  is no tuc l  lj  runnin - -~ . In t he  fo lJo ’- iin- -  c i s c  son~ r -ro b 1’~rs
con-c cnc :1 ;i c L: t i 5 ~ i n t e r ’- t e ~~c n i c n c e  a’ L - c r n ~rj a  ~,e : O I : r  Cr

c :fl ~ d’,’a- -nri- -~ :ir-c . c-~~- si ~ ccc I.- ) ]  ~ c i;~~~~~~’ 
- -.

~inc: ±il ind u:~ trial applications curt— time rec t :‘ic Li o n c  n~

~-c~~:-’ cr ’ t a l , in a~~-en~u~ 5~cd tj ~ ~:cc~~ -’- :c . ~~~~~~~~~~~~~~~ ~~~~~ 
~~~~~~~~~~~

-~ u1 re~ u ir e a c nt  i t s el f :  As f a r  ~ s poscible the stc~ ~t u re of
a - a ~i~ ouii be Jo terminable ~ e~r~ 5iIe— tiac . occ~ ve:,

i d e C l S l Of l z 3  should be icasible s ict~ c :- 11j unl c~~~~

cepe ir i  on i n t’o~~rna tj on  necess ar il y attain b].e onty

time.

Fnnr,~ t i o n T t l  Re ~u ir em e nt s

A ~ro r a mr n i n~ language for real tin-,e iniustrial cot u tcr ~
must contain the  f ol lo~•iing f e at u r e s :

1.  Th ere  are means ( e . g .  sp e c i al  k e y — u o r d s )  to ~ r o u p  -~~- 5te—

mont  in to  modules , i . e .  u n i t s  of c o m p i la t i o n .  S

2.  I t  ic possib le  to indicate , which entiti-3 c in c e p r r a t H7

compiled modules ar c  i-:I ent~ cc 1 , i . e  • f l i1A~~~ ~ I ~n~~e i  L o —

;;ether.

3. T r e r’c  are luc id  sc~~ue r u l e s  f o r  c ± i  e n t i t ie s .  IS

-~ . ~-~~p iic i t  d e c lar at i o n  is r e cu ir e d  where  s h ;n  I J e f -  -
~~~~ 

,~ L
or contextual declaration canno t i:u~-~-- i;.’ r c c c on ~~~~ e . i~n ~~~~~~~

‘— 
. 

-

standable attribut es .

~~. Teere is a ro :351b11 It :, to s p e c i fy  i n i m n e - - c o d e .

6. A l l  ccocedure rsi’- ae  ters mu:3 t be c o m p i e  t e l y  s ; - I - c i  :~ u-i
e sp e c i a l l y  w i t h  f o r m a l  p r o c e du c~a; a oo ~ne c or r u :  ~u
hig h e r — l e v e l  fo r rn -~l puram e Ler s  are rt~ ~~i ’ed .

—— — - -~,_.__~~~~~~~ -: —9— - ..— —- -
~~~~
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l’ cob lr an s

7. how f r  can st o r  ~:;c al loc : i  Lion  be p rep a  red it  coup  Ic
t ime ?

8. ~-hs I t iw lanfu :i~~e pr ov ide  p o i nt e r s  sp e c i f i c - i  by t~~c
1: ta type they aint to (r ference—con cept) ?

) .  ~- $h -~ll there be severdi classes o~ p -~ral  lel ac t i v i  t i e s
(tasks , I/O—O p e r at io n s , interrupt—responses) ?

O. iha  t can be activated os task ?

1 1 . P sa l i  ae t a s k  h i er a r c hy , if  i t  L L s  ts , be Ic tur . a~ a~~
c o m p i i e — t i t n e ?

S O I U tns  or ’  LAI

Nodule delimiters are not rart of LA T i t s ’~ lf , t u t  b-j
to a L z e r :a r a t e  j o b  control language.

? .  Globa l  - sec lar~~t ions  f o r m  a s e par at e  s c — c a l l e d  ~~a- i  a l e
m i  n a  ted by the key—word ~LO~~~L. In o t h e r  m o d u l e s  r-:
enccs  to those  g lobal  e n t i t i e s  er a  in i i c ~~t ed b~~~’J c c L~r i n - ::
the  co r r e s po n di n ~ i d e n t i f i e r  w i t h  t h e  t t r i b ut e  ~-~~~i~dh~ 1 .

~ . Th~ sc op e  of e n t i t i es  no t  exp li c i t l y  d c c T h r u l  ~ ]o s-J or

ox tern-al is the  ar t i c l e  co n ta in i ng  th ’  c e r i - c s j~on ~ i i n~
led era t ions

-~ . axcert the uoiuil contextu al label decl are Lion a l l  e a t i
- - i ~c ‘T i e c i s  red oxp licitely.

. I [ .ilU(l C _3 a r .necc) 1’- c i  ] i ty  en- - b lin- ; i-he ~- s r - : r - - m i - a - c  ia
i n - e r  t ru; true tion se’ ’ enses on sn~~rc’~— oo i-a level. - 

-

‘- . A l l  f o r  -h r : r  t~~t e O ~ m u ; L  b e c omp l e t e ly  r - e c ± f  i c - I .— -
i c- i - i eve r ,  ~ro c’:dures c-ui not be form 1 r - c~-aeUe ra .

7 .  ~Lo n-~~;e ; l l o c i  L i e n  is n o t , p a r t  of ‘,a - t~. r~~u : ~~ i Y a : ] L ’ .

Po - -iave t’ , s in c e  the  ma:- : imuu sp:~ce re t r e r . cn~ ~ :~ 1~~ i t  ‘as

~~
;‘-

~ eons t an ; , c a r - c u t o r a ,; e m~ n a;e: . c n t  , tsou ti ~ i- to i- a ’:

supcrvisc “, na y ~c su p p o r ~ e i by ~s’~ c e;~~-~ ler .

-s. i.A I loes  n o t  Inc  l o s e  p o i n t e r s .

LI: T~ T ~~~~~~
—- —~~~~
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9 .  In LAI t h e r e  are t h r ee  d i f f e r e n t k inds  of e ar a l  l e l  ac t i v —
i ties: t a s k s , in~ errupt— res nonucs , sit ;ult neous I/O —

operations. 
-

10. Only a s o — c a l l e d  process may be a c t i v a t e d  as t a s k .  A

process  is d i f f e r e n t  f rom a p roce dure  aria i-fl sa fran the

code of an i n t e r r u p t  r e sponse .

11. There is no task h ierarchy in LAI .

S o l u t i o n s  of FLA RL

1 . It m odu le  is i n i t i a t ed  by the k e y — w o r d  k O D U L~ a n d  t er ;r i n- ’ . to
by the  key— - -;ord I-iO DB~ND .

2. ~.nti t ies  common to d i f f e r e n t  mc Ju l e s  muri be - :ec I a res  in

each of t he se  modu le s  using the  a t t r i b u t e  GLO BAL.  C’r~ l i nk :~~;e
i d en t i f i cat i o n  of those  e n t i t i e s  works  b;: t h e i r  ri ne an I
an add i t i ona l  q u a l i f i e r  s p e c i f i e d  a f t e r  GLOL-J ; t hu s  -~‘i t h i n
a m o d u l e  a va r iab le  may be named at  w i l l  p r o v i d e d  tha t
different qualifiers are added. The c~u a ii f i e rs  m o s t  1 e

used only  w i t h i n  the d e c l a r a t i o n  or specification of the
i t e m  in su e st i o n .

3. The scope of non—g loba l e n t i t i e s  is the m o d u l e  or b lock
c o n t a i n i n g  t h e i r  d e c l a r a t i o n .  

-

4.  Licept  the usual  c o n t e x t ua l  d e c l a r a t i o n s  of l a b e l s  all
e n t i t i e s  mus t be dec la red  e x pl i c i t e l y .

5. The code of a p r ocedu re  o r  o p e r a t o r  may be : le c lar e l ~- i t h
the  a t t r i b u t e  IN LINE.

6. Al l  fo r m a l  parameters  inc lud ing  those  of f or m a l  p: ’a c c i ’ o c e ;

mus t be e x p l i c i t ely  sp e c i f i e d .

7. In f u l l  PL’~RL storage a l l o c a t i o n  nu s t be e r - f o r m - ~
ical ly . N e v e r t h e l e s s  the  cor ;p i i  er ma p r e p a r e  l i~~L s 0 al l
code  and d a t a  needed  by a t ’ s k  t h e r e b y  e c on o r n i s i n F: t he
n u m b e r  of t r en s f e r  opera  Liorn: betwee n bnckin~ :~riI working

s to r age .  Can c e l l i ng  d y n a r i c  . :r-~ -~s r e sul  t s  in f ix - i  I space

re - u i r e m e n t s  of a t a s k  t a n s  en: 5bl~~n.-~ t h ~ - c om a i l e r  or i -h e
l inkage ed I t a r  to emp loy s to r : tge  .1 l o i a  t :on  m c c h 5 a i i s n r s .
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• f~-ii- i-~~j~ n rovi es DOifl te os ui-fl i f ie d  by t l t -  t’,r r e o f he

toe .y L aint to.

9. ~ll pars ii-: ] a c t iv i t i e s  cons t i t u t e  t a s k s .

10. ~ui,y S tCt tOOiui - L ri-at - be ac tivatc’i as ii tusI-: .~~~~ t -  cc ’ - - : - -  ~~1~~~L :

however , i - :J not a to tement . Tans  tae un i  to he act - 
- i-C

in ELARL not the procedure . bu t  the  cal l  of a 0

11 . The t a sk  h i er ar c hy  in PEA RL cen n o t  be h e  i -c m i - r r i - - -? ~~~- 1U

ely at compile — time.

( T h l  f l i n  ~~~~~ ~~~~~~~ o- o- - ’’~ 
0 J . / T  -~r ’b e t‘ ~~~~~ ‘- - — • e c — ~- . -~~’i

1. i i o - i s l . e d e l i r : i t e r s  ar e  no t  p a rt  of the  i s

2.  Tn t i t l e s  to be l in lc :1  toge th a r  are - i - c c  l or e - i  a l t : .  .- u e
a i - t r i b u t e  lal -f~~RNAL .

3. The scop e  of i t er r o n o t  d ec l a r es  wi th i -ac 0tt: :- i ;~~i-C

(c o ss ib l y  by a d e f a u l t — o p t i o n )  is the b l o c k  c c n t : r i n T h ;
t i-acer d e c l - t i-a L ion .

4 .  LI/ i p r o v i d e s  a large set of i m p l i c i t  and contex  alacl
cce~ ac ’at i on s .

5. Tne lan~;uage does  n o t  c o n t a i n  a means in iu c i n g  i - h e  - 
- 

-

ion of i nl i n e  c o d e .

6 .  PL/ 1 dc e s  not  en fo rce  s u f f i c i e n t  s p e c i f i ca t i o n  of : n t r
i-c it: ts

7. T h e  language r e lu i re r  a very  d:,-n~ rr i c storage al l  

8. iL/ ’ i - b oa n ot  p r o v i - J o :1 i f ’f e r cn t  p o i nt er t ;  f er  t h e  -

‘ I o t a  t y p e s .

9 r p ~~~~ - ri-’ ci i :‘Pe~-ni t d l -n35e3  of n ar a l le l  -~c t i v l t i i- a~ .

10 . O n ]  y sroc-:- .:nr-n eel is ma’:,— he s c i -  Lv~ red as t a s k s .

I i  . The tech-: hi~~r ar c h v  of f L/ ~ is c on p l e t e lv  d n am i e

-

~ 

- i~_
_
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-255- -

~aLut 1 on o of RT~~~~ —

1 . r- io~1ule l e t  l 1  t e ra  ar e  no L p e r t  o ~ I~i L/2, but bela’s: ¶ )

fl Sop :: r a t e  co n t r o l  langu o ;e

2 .  P r o c e d u r e s , t a sks  and ha to to he :~c c e s s ib l e to o t h e r

modules ore preceded b” t h e  k e y — w ~~s~i LA ? .  Thu  o :01 as
s cces sin .~ those  e n t i t i e s  m u s t  c c nt ~~in -i-n a pi-a~O r I ’ i a L e

d e s c r i p t i o n  pr oceded by the  k o y _ w c i \ 1 Le~T.

3. The scope of non— g l ob -e l e n t i t i es  is\~~h-e t~~Ju l e  or b l o c k
- ;ao~ r declaration.

-
~~~~. L:- :Oepi -  i -5 i~ u i - u a i . a o - ~l Jc ci~~ra i - Ions ~ 1 1i - C::s r. i-~ i- cc

exp l i c i  t e l y  Ieciscred .

5. I n l in e  code  may be p r o du c e d  b .” a i-c o ne f i c i l i  -

in the  l an gu a g e .

d. .111 formal p a r am e t e r s  of pr o c e d u r e s  mus t  be e~~ - l i s i t H y
specified ; -th is also holds for formal. sar;;mei-ee-a of a r c —

cedures which are formal parameters themselves .

7. Sinc e i -h e t o t a l  leng th of any mo dule is knourL i-i- ; ec ’ :. p~ I c —
t ime , the com piler can support storage allocu t ie r .  f e a s t  s I c

by the l inkage e d i t o r .

0 . RTL/2 inc ludes po in t e r s  q u a l i f i e d  by the  t y p e  of  r i t e  , n t i t , ~
they  p o i n t  to ( r e f e ren c e s ) .

9 .  RTL/2 do- a s not conta in  r ecan a to g e n e ra t e  t a r -~ll e l  n o

tho se ar e l e f t  to i-h e o p e rat i n g  s y s t e m .

1 . ~3ince module delimiters are needed ant’.-:an i t  I ;  t a - cf  : ‘c I Li c~
to include i-item intO the LTPL itself.

2. A ll languages cons tiered here provide me r n a  ~o is - l i - c ’ -  t e .
w h i c h  c nt i t i e s  of s e p a r a t e l y  c o mp i l e  i m e d u l e c  ar c  i - i -  cc
I i nked  t o g e t h e r .  In PL/ i , g l oba l  i tems rany be sas rcec over

i -h e  w h o l e  p rogram and be d e c l a r cr l  a t  an y  b l o  tk level , -1;:

LAl , l T A ~~L , RTL/2 d e c l a r a t i o n s  of g local  i nt i t i e ct  b r a - -
be c o l lec  t ed aid m u s t  be pu t  on m o du l e  Ie-icd . Tao use  0 t ’

~~~ _ _ _ _ _ _  - 

—

~~~~~

—

~~~~~~~~~~~~~~~
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:5i-~I tioncil :url ificrs for linki rig aurpoocs c m  in i ’h .~hL

liar the ad ‘ran t a r e  of al lowing tile p r o - i r acreer  of a - r t i c s  1
modul e ci free choice of identifiers.

3. las ronventiocacl scope rules go v ’~c’ned by the c ice I-: - ; Li-u ; i -a
of a program :arco to be suffic l~ ri ti ,’ lucid -rid I’ Lox I sic

with roy- rd to I occi l i i-ems ; global i i - e m s  ar e  knoc -~n - -il t am
the to La! r i - c o i n  i-c comp lex  w h i ch  ma -,’ be con sider ed a
virtual outermost block. It seems not necessary to rerec it

t h e  at  tn  bu to  ~YTi-ciL 1 wi t h i n  sec 1 -
‘ i- isa-c cr en i-a i n ~- -i t ::

isa-er b l o c k s  i -h e r e b y  i - re  -cri on in ,; i - SC o~ c ; e — o r i ~~n i-SJ ocose

a t rue tor e .

4. dli. user i c iin e d  i t e m s  s h o u l d  be ump lic i tel- 1r leclored

at least contextually (e.g. labels). The auxilisir .; i t - p u n t
d e c l ar a t i o n s -  (g o v e r n e d  hi-’ the  f i rs t  letter of tb - n i -i tn:t i fi or

of PL/i shouLd bc cancelled. It seems dangerous ~o sn:j I c —

ment to muc h attributes by -default.

5. W i t h  res r i - -ec t  to ope ra t ing  systems invoicing an i-rutc:: tic

rag in g  mechan i sm the  p rog rammer  should be able to s y - r i -  f y
a s u br o u t i n e  with the attribute INLINT in order i-c

l oad i ng  it Loge i-her \ii i- li the code where it is ca lic i

6. In order -to enable the compiler to chec -: complet ely.

-sh e -~hor f o r m - - i  ni -nd ac t u a l  tc- -~r-cao t a r s  of a roce-i’a cc ni-re

ccci : t : b L e , LTi- L should  f o r c e  i - l i e  snoyr :  - r  to ~~ - - -‘c Lf .c
exactl y all forn-~l pnic a-:t crr; m d c l  in ,i those of r —  - l i -n - -es

w h i c h  are formal r- -::ranetern: ther:rcl c-s .

I’ . cit e i -h e ’ e c t u r lan-I  of t h e  s o r l - - i n i g si -m I—: in -al a] t i—

1mg sys i-eta is oh : aryin ,: cI~ac: an i c a i l  I t ce l f  a a a :- ’ ici ;

lc’n yt ii ci -’ cole sni i a t - r  of a a -ot icu lar tasi-c r e su l t ;  in
a i- .r c L’g r- -:e of f:e- ’tor.: r r o b ] e m  of star i-c ~ iJcc i - iori .

Th c- a - a l a  t h i s  ; f i  acri -d I-~?l ,- ’ - i n c l u d e  no e l e m e n t -  of  i h t c h
tcte S r ’ -,C -‘ re’~uirernent c c- ri n o t  o n  l e t e r i -~~r i e c  ~ t ‘ i-s.

~~~c e  (e.g. so:- -ys -cl -h d~;n i-cia bc eils to  b-c a v - l u r t -  .1 ‘i-n
(n i - n y Hi -

~~ tn- l o c k ) .  ‘l ’t~ J - i i t ionn l  :“estrtctian e,ith n , :a n - 1 : -
to b l o c k  ~; i - r ’ i -ac i-Ui’s. los-rover , :~‘ieid  no a - i - J i i - i o n . l  ; i r t :

4
‘I

- 

-— 

~
— _-- --- - - - —“---- -- ——  — — P..- -— ‘MS ‘~~~~ .- - 
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If no d:,’n;irn ic sri-n -c are i riv o l v - i  . n~~cr ’ ~~a:- d l  is- - ’ : :  i - i on
car t  be n r f o i n n : i - !  I cno s  t en t i r -  - - - i- c i-n:.: I 1 i— t i n - .:

On th e  c on t i - ar - ; , c n ~ ro n r - ±  r-te USC oc bl oc k ; ~-n - L-Tho i-he

c o m p i l e r  to o v e r la y  i-so i- :n ’i i - r h l ( a ;  o n  i- a’ :1 l - ’l bl o c k - -
Th u - n  s t a r  ye c I a n c ;  dU l0 - k - ? -  i n  n i - nc - c  ‘ :c - ca: , :ni ic  -ct ii

- -h to ri -or -i -ge cr : ’ u i n e - m - - r : i - : ;  ‘- - - -n c- s i  - ~ ;- h T ?l~ t i - n

y e t  no Ii- less c i t  icien  L si t : : :- e , cr 1 i- r ’ i - s— ‘i - i - me i-SI - la i- i-’ m S J i - :  i - n

provided the t a l l er r s b a u ci- an c - r e  - i  lu - ri - 1 e - i - i -  c-c a

li-iwo (and  no r ec u r civ in -,- is a l l e c - n i ) .

P .  l oi~~t e i - -c -i- re i ni - dini oar- -ni- I ii- c or~ Ii: ; L n r i -  - i ,  i-ac : en ;  a:

i-i s i- sOUl na-I e . g .  b .~ t i le  pi -c- i- i - i - i 5 5  of ca i-~- I :  LI to—

p i - r y e i on a Chi c’ . l oi n t er s  s a c - - j A b  c -ac  
- ~ini - u ’ ;r  t i ’ s

t y p e s  y i e ld, i -he  r c o o r n i b i l i ty  ci- - n - i - a o k i r . ; i - c i a  a l l  d l i - : .  o f
m o st  o i n ter  o p e r at i o n s  a t  osie~ i o j — t I t : -i t -S i j C ni 0 i-i’C:’ .-I. -I

ri- si-’ cause  a l a  t of ove rhe  ad i - r i -  ~‘nanc— i - 1 me . l’s t ni- - rac -‘ a
automs t ic  dere  fe renc  in;; r e l i e v e s  i-ho prc~~r ti - t i - : ,  0 of -sri

do - -in ~ X o i i d i  t ope n- -ni-crc .

9. D i a t i : ’n nu i sh i n g  in t a r r u r t — r e : ; o o n a e u  i -r em “ r c a r m a l ’  ‘. ch:s
resul i-S in very a a s i n e — h  ep ;n : le n  i- p r o : ;r n m s  . It se-ems

p r e f e rab l e  te  leave i-I-ic n-c ia i-i-’- - tion or s to sage of

interru — at s to t i l e  o r e r a t i n i ’ s’- :; t -  i-n c - n t  c -c : c i - : : n t  ri -ac - 1 -
tasks on their occurrence. n t  l e a s t  li-Sc si -rise s i - a  or -  i :ai- y t ~. cc

should  not  co nt a i n  m n t u r r u r t — t : s . -i-s, hat r - ta in tb-s o s s i k —
ility of user—defined ini-erru rct—r -snp ons- cc . In i- rip c isc ,

an interrupt—response logically —n cr - s titut es a i;e : - -~r . e

t a s k  which on acco ta t of its unlimited cc 1-0 - i -nJ  ac rae

r e c u l  r em e n t s  can n o t  be r e r f a  ra~~ i - - c c  s- r i -  cf  i - l i - - c  0 1
3 1f l - l i  t r n n eou r ;  I/ ’O — c p e r : rt I e r i c  are  scsi- r i-a ~ rs~t ;  ‘n ‘-el I
yhetFw r i-he language should provid e a di n i-ira; t for: , ai-

rs  t i v  t t o n  f o r  t h~~i-i- is c o n c e ’ - r n i ’  t a a r c - n .  i- Ic:: of i --a r; . - i i  nc-c

I / O — o I : e r r t i o n s  r a r - ,’ i .r ~voi-co a lot of arit hm et ic it -cam .;

SQ!lC:)ni- : t ar Ltf ~eiai. r i o t  to use  i - a n  c o c a n o a n  i :5 , i -~~S. I ::- -c : n:

- 1 m g n c  L i v a t i o n  on ’ ‘.- f o r  r r o c e d u rc  c-  1 1 Li i -  i - i ‘on—

ilscce.;s::ry r;s trio i--ion on i - t i e  I’- ro~-:- - aancr . I i  -a i - o h  i i - c e
(1005 n o t  li ~~ oi ’n a n r onc o i-crc ; , i.e . tha:;e si - cr-c-n - i for i - - -

.
. t t : e  s t n l t e i i - a t  c i - :Us if lg  i t - : ;  e-c t L v ~~t i on s  is cL-cQu~~t - :~ j ,  a - ,-

s t a t - u i - t e n t  r i -a ’,’ be e x e cu t e d  as a i - - i - k .  ~$UacI:ing i-ac re te: - ,

of a future task , how e v e r , is c c i v  tnts,;cour only inn i-cS’

L~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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case  of ‘r a lue  p a r e n n n o  t e r s  w h e r e  i t  n ay  be ox i - r o m e -] i-

coni :-c - s:i ;r g . !~~
-
,‘ th e  use of addresrjos c _ _ n: t-sn b-: acstc :net,,-o :;

‘t l ::cos t no th ing  is gained in c a n t  - n 1  son ‘ci Li-i no ces ; I siS

th e c idr e s s e s  ‘ - ih on i-lie i - a sk  is p e r f o r m e d

1 1 .  !bc ving - r t ack h ier c-ch ’j is Lire  ncr - t i--c a-Sri - ni - i- ’ :-i c a me , o f
course. A t  l ea s t  ci nn .ynchs’a:iouo i/C—op era i - m a c c n n  sill I c g i c —

al l y  c o n s t i t u t e  s u b i - c r o l c a  in a im o r  i- every iris Lami - - nt -:tics.
It  is very use fu l . , e s n c e c i n r l i y  wi -h i r e s p e c t  to st- ; :~~t e
s t or a g e  n:llcca i - ion-c , i-co :1-: i - - c r a m _ -a i - i -n i-. t a s b i -  S i - O S - i -  i - ’ 5 i- ri- f’
a r a - : - c u l  e i - r i -  c c a i - :n i i i - —  l i r e .

.‘.
~~.

_ _ _ _  - 
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POSITION PAPER ON

EXTENSIBILITY : THE OPERA CE s:A:::-:E:-:

Summary

In addition to the existing PL/ 1 fea tures  tii- e proposal is
being made that operators shoul d be connected v’ith -a rou —
t ine  by elaborating a special o ’e ra tor  declara t ion .  Opera -
tars are identified by the compiler on behalf of the  types
of their operands . The proposal for the syntac t ica l  fo rm
of an orerator declarati on consists out of an C-: lhATCl~-
s ta tement  followed by a sentencel is t, wi th  great simila-
rities to the PL/ 1 PROCEDURE-state ment.

The prorosal itsel f is wr i t t en  beyond the head l ine  ‘The
OPEIRATOP Statem ent’ on page 8~ where a possible entry—
point is to start reading this paper. The explanation of
all background to be considered , in a way which conse—

quently leads to the proposal made , is given within the

first pages.

___________________________ ______— --- - - - , --—-—- -~~~~~—---—‘ - - - -  - -,—-— --.-— — — --~~~~ --
--- —--—-
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It is not very difficul t to suppl ement PL/1 by a program-

able operator declaration si~nilar to a normal procedure

declaration . To devellop and to explain the proposal with
a reasonable amount of paper not the normaly used BNF-

syntax notation is used but the two fold syntax as intro-

ducod to describe ALGOL 68 by A. van Wijngaarden .

Within the Technical Report TR 25.o96 edited by IBM Vienna
Laboratory dealing with the Concrete Syntax of PL/1 G. Ur-

schier gives the following production rules titel d there

with 3. 1 .3. EXPRESS IOflS : -

(133) expression ::=

- expression-six expression L expression—six

(131+ ) expression—six : :=
expression- five expression-six & expression -five

(135) expression—five ::=

expression- four expression— five

comparison-operator expression-four

(136 ) comparison—operator ::~
>= I = I < I < =  -i> I -‘= I -~ <

(137 ) expression-four ::=

expression—three 1 expression—four ~I - ~ xpression-thr ec

(138) expression—three : :=  
- -

- expression—two I expression—thre-
{ + - ) expression—two

(139) expression—two : :=

-J — 

_______________ 

_ _ _ _ _ _ _ _ _ _ _
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(11+0) expression-one

primit ive—expression { + I — I } expression —one
— 

primitive—e xpression ** expression-o ne

(11+ 1 ) primitive-expression ::=

( expression ) Ireference f con stant ( isub

These production rules define the monadic and dyadic 0-ora-

tors to be used in the language PL/I. Noreover the :r0c0—

dence of the different ooeratorr is fixed . Out nothing is

stated out about the data—types to be connected together
using any particular operator and what kind of result this

operation delivers. The way ALGOL 68 is defined within the

Report on the Algorithmic Language ALGOL 68 by A. van ?/ijn-
gaarden et al. (i~umerische Nathetnatik, j~~, 

79-218 (1969) )
enables the lay dov~n of every possibl e type of operands
as well as the type of result using only syntactic and pro-
gramming language features but no semantic addition. To
achive the sam e resul t with the PL/ 1 production rules list -d
above they must be rewritten.

First thing to be done is the extraction of all operator

symbols the way production rules (135 ) and ( 1 3 6 ) are an exam—

ple of :  -

(3 .7)  expression—seven ::~ -

expression-six I expression—seven
precedence-seven-operator expressioh—cix

(3 .6 )  expression—six ::= - 
-

expr ession— five expression—six

precedence -six-operator expression-five

(3 . 5) expression—five ::~
expression-four I expression— five
precedenc e— five-operator expression-four

~ 

~~~~~~ -— _ _

— 
___a__ 
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(3.4) expression-four : : =

expression—three expression-four
prece dence— four—opera tor  express ion—three

(3.3) expression-three ::=
expression —two I cxnres sion—three
precedence—three-o perator ex pression—two

(3.2) expression -two

expression-one I expression-two

precedence—two—opera tor  expression—one

(14.8) expression-one ::=

primitive-expression I monadic—operator expression-one

primitive—expression precedence—one-operator

expression-one-

In addition the production rules for the operators itself:

(4 .7) precedence-seven—operator : :=  I

(4 .6) precedence—six—operator  : :=  &

(L ~.5) precedence— five--operator : := > I >= I = I < 1 <= I — i> I -~ I -‘<

(4. 1+) precedence-four— operator  : :=  II

(14.3) precedence—three—operator ::= +

(4.2) precedence—two—operator ::= * j /
(4 .1) precedence—one—operator : := **
(4.0) monadic—operator  : :=  + } _  ( — i

The monotony of all the production rules from that one
producing expression—seven down to that one for expression—
two suggests to combine all ~ix rules together leaving
one and Only one rule. The model to do so again is the re-
presentation of ALGOL 68 with its two fold grammar . The de-

_ _ _ _
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tailed explanation of the following production rules is
to be taken from chapter 1 of the ALGOL 68 report accor-
dingly.

Rul e (3.7) to (3 .2) are transponed to:

— 

- ( 1 4 . 9)  expression-PRE D~~ UE ::~~
expression—P T ’Ii ; CT ~-miflUs-0fle J expression-PP~ O - 1 h J ~~
prec edenc e-P~ E C D ~ 1 CE--oper~ t0r

expression-PPECED__CE-minus-One

with the additional second—level production rules:

(5. o) PPECEDE~C~ : : =
TVJO I THREE FOUR ( FIVE SIX seven

(5.2) T~7O ::~ THREE-minus-one ::= two

(5.3) THREE : :=  FOIJR -minus— one : :=  three

(5 .4) FOUR : :=  FIVE-:ninus—one ::= four

(5 . 5)  FIVE ::= SIX-minus-one ::= five

(5.6) SIX ::= sev en—rn inu ~ -one : :=  six

(5 . 1)  two—minus—one  ::~ one

The product ion  ru les  (~~.o)  to ( 1 4 . 9 )  together with the  rules
(5.o) to (5.6) def in e  exac t ly  the  same as the  original
rules (133) to (1L ~o~ do. First above this means that  unt i l
now some semant ic s-~ ~~c~ en ts  are to be ma de about the  ac-
tion a par t i cu la r  opora~~or ~i~~ll take upon specific operancs.
To remove this un conven ien cc  it must  be though t of and sta-
ted out that an operator  is connec ted  with  a rout ine  which
might be in case of a dyadic operator the body of a function
requirering two parameters. The term ‘ precede n ce— PR E CEDE CE-
operator ’ from rul e (~~.9) must be defined by : 

- . 
~~~~~~~~~~~

—

~~~~

- - 

~~ - -
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(5.7) precedence—PPECED~J’CE-OPeratOr

dyadic—operator ::=
procedure_with_ ~ par amOt or_ af ld—~ ParamCtCr- ~r u c e d e u c e —

- PRECEDENCE-operator

Using the terms ‘Lparaineter ’ and ‘flparametor ’ only the

fact should be noted that operands being the parameters

of a routine are written leftside and rightside of the

operator symbol in question. Both terms finally become

simple parameters. 
-

In a similar way rule (4.o) requires an addition :

(6.o) monadic—operator
procedure_with_Bparameter~.mOfl adiC_ oPerat0r

The connection between an operator symbol and the corre-

lated ~outine is achieved by an 
operator—doclara~i-on

which Is to be regarded as some kind of a procedure-decla-

ration. This does not imply that an operator-declaration

must be available for the normal user as a language feature.

It Is state of the art to say definitely what types of pa —
rameters a procedure should be able to receive as well as
what type of result should be delivered if any. As a con ::c—
quence the identifier of a particular procedure is c o n n e c t e d
inseperably with the types of parameters once choocen. This
means that to a second procedure a new identifier must be
given if parameters of d i f fe r e n t  types are to be passed ov~-r
although the body of that procedure might be the sam e as that

of the first one. Looking at the definition of an operator
one could expect a necessity th use one plus-symbol notation
to add integer numbers and a different one to add real nu’r-
bers. Such a direction today would be very unconvenient arid
impractible. In the contrary one and the sam e pperator syc-hol

_______________ - - -— — - --—— - — r—
- ~~~~~ — ~-~-
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must lead to different routines depending on the types of

operands in question. An importand feature of PL/1 is the

GEEERIC a t t r i bu t e  which allows the programmer to use one

and the same identifier for d i f f e r en t  procedure bodys but
defined and selected by means of the different types of
parameters.

To tak e into account the dependence of an operator routine
upon the types of its operands a special syntax no ta t ion
can be choosen. A mnodd is ALGOL 68 again . The produc t ion
rul e (4 .9) for ex~ ressions gives after integratingthe types
O~ operands

(7.o) MOID-expression-PP~CED~~CE : :=  -

MODE-expression-PRECEDEi~CE-~tinus-one

LMODE- express ion -PPEOEDE~ CE dyadic-operator
RMODE - expression-PPE~ EDE::CE-niinus- one

The sar.ie extension to (5.7) and (6.o) results in

(7.1) dyadic—operator ::~ 
- 

-

- procedure—with-LI~ODE-~ aramet er-and-I~~ODE-pararcet er-
MOI recedence—k’}~ECEDE~CE-operator

(7.2) monadic—operator ::=
procedure—wit~-P~O-D -parameter—MOID—monadic—operator

and to complete  the whole arra~ gc~ient rule (4 . 3 )  as

(7 .3) M O lD—express io n—one  : :=
NODE—primitive-exp~-- essjon

monadic-operator ~~C~~’-expression—one (
LMODE- pr imi t ive-expression
procedure_wi th_ ;J-

~QJ -:_paramcter_and ;:oDE..parar~ctcr
MOID—~ recedence-one-operator

RMODE-expression-ono

_ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- ---~~~~~~-~~~- ~~~
- 

~~~~~~~~~ - • - - - -
~~~~-

. - -



-267-

Together with rules (5.o) to ( 5 .6)  and with regard to
R?:0DE : := MODE and LMODE ::= MODE the production rules
(7.o) to (7.5) supersede the initially listed rules

(133) to (14o ) taken out of TB 25.096 if some~additional

arrangements are made about the connection of operator

symbols and the related routines. (see page 11 for ~ODE)

To illustrate the production rules develloped above using

a twofold grammar the following expression shall be parsed:

a + lo

where a is declared as a real variable. Now the symbol
must lead to a routine with one real and one integler para-

meter delivering as result a real number , that is a

procedure-viith-real—paranieter-and-integer-param~ ter —
real-precedence— three—operator

The expression in question therefore is a

real—expression-three
reference—to—real procodure—with—real—para~ ot or —

and—integer-parameter--real—precedenc c—three -

operator constant-integer

Note that the initially used rule (141) has changed as
mentioned later on.

The OPERATOR Statement

There are operators requiring only one right operand -

called monadic operatars, and there are operators requi—
ring one left operand and one right operand together -

called dyadic operators.

_ _  - - - - -
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In addition to the  existing PL/ 1 f e a t u r es  we propose tha t

operators are connected with a rout ine  by e labora t ing  a

special operator declaration. Operators are identified by

the compiler on behalf of the types of their operands.

In t roducing  the  operator  decl ar a t i on  the  app earanc e  of  an

operator s~ lij bol - ; :Lthin a:: ~PL~ATO R—s t at e~i e n t as  part of ~~
operator d e c l a rat i on  is provided .  In oppoFit e  to norma l

declarations of var iab l c- r for  exampl e which ~ay appe ar  only

once :;ithin th e  range d e f i n i ng  on part icular i d e n t i f i e r,
more than one operator declarat ion must  be permit ted in
such a range to contain the same operator symbol .

Because there is the pos. ibi l i ty  tc get access to d i f f e r en t
ent ry  points of one procedure  with  one d ist inc t  p r o c e d u r r _

ident i f ie r  nowadays — using the  GENERI C a t t r i b u t e, and by
th is  way to select the special ent ry  points while regarding
the specific types of arguments - .—e propose that the appoa -
r ance  of more than one or~erator declarat ion containing one
and the same operator symbol , is to be regarded as a com-

bination of a number of declarations similar to such proce—
- d~ re declarat ions  and one declarat ion with  a GENE RI C attribute
belonging to tha t  part icular operator symbol .

The authors proposal for  the syntactical  form of thuch an
operator declaration , cons ist ing  out  of an OPERATOR—state-
ment followed by a sentencelist , is as follows

(9.o) operator
OPERAT OR f o p e r a t o r — i n ~~ic- an t  1 opcrator—to1~~r’~
( [ identifier [dimen nioii—attribute J~~a t t ri bu t c . - .~~~

] identifier [dimension—attribute ~ [attribute. . . 1)
~~rum;~ ([ d imen s ion~- nttribute~ attribute... )
~prccedence .. .declarat ion 

~ ; sent encelist

~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— — —

~~ 
--

~~~~~~
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with similarities to rule (2) out of TR 25.o96 dealing
with procedures. In addition to this the following rules
are necessary

(10.0) precedence—declaration ::=
PRECEDEIWE = ~(digi t  operator-token J

( l o . 1 )  operator-indicant
identifier

(10.2) operator—token : :=  
-

ii & 1~~I > = l = l  <I <= H>J ~=!~ < 1 H I + ) - H l /  ~~~
For all the operators provided in the PL/1 language to be
used within a program there are operator declarations allo-
cated in the surrounding system — from programmers view-
point — as procedure declarations for e.g. trigonometric
funct ions  can be regarded as. If there are only such decla-
rations nothing has changed wi th  PL/ 1. But if thuch a decla-

ration is permitted to be written within a particular pro-

gram -

that is the proposal to be made here
— the language is what we call extensible.  Looking

onto its behavior the operator declaration is the same m:
a declaration of a function subroutine .‘tith two parameters.

The PRECEDEiICE attribute as part of the  OPERATOR stat ~ m e r . t
is optional . This a t t r ibu te  must appear only once if evc - r ,
though more than one declara t ion u sing the same symbol is
Drogram r~ed. Monadic operators are connected with: a PRE~~ -
DEN CE = 0 attribute. A possible supplement to (5 . 0) is to

al low PRE CEDENCE = 8 and 9. An operator token instead of a - - - .

digit states the same precedence to be given to the new
operator as that one represented by the token. - - 

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Together with production rule (7.3) on page 8 the following
two rules should be mentioned

(7. I~)  1~1OID : := flODE ) void

( 7. 5)  MODE ::=

every possible type attribute

As an example of an operator declaration we give the re—
declaration of an adding operator to provide integer addi—

tion:

OPERATOR . PLUS. ( I BINARY FINED , :~ BI 1:ARY FIXED )
R~ TURi ’T S ( F IN ARY FIXED ) PRECEDENCE = 8;
I = I + K; RETURN ( I ) ;  END;

Now , the following to statements are interchangeable

J N + 13

J = M .PLUS. 13

L - -  —- 

~~
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~ i v  i- r c i  j t r A ~ - s u D /tui~. 2(~ tL  1~—~ (2

OPERATING SYSTEM S INTERFA CE

G . Verroust

1/ Introduction

Of course , t his  p a p e r  is no t exhaust~~~~.
It iu ay be considered as an in t roduct ion  to a discus~~ - n  on
the problem. It is a set of remarks and proposals baEed cn

my own experience and problems , and some discuc-sions wi th

members  of LT-?L-E group. System interface is , with I/o
handl ing the mos t impor tan t problem in Rea l - t ime  langu~~-~~ .

In t h is  p~iper , I refe r to PL/ I for  the

follo~ in~ reas ons
-- PL/I is now the first universal procedural langua~:e

that is real ly operational on several modern computers.

— — There is no contradiction between our aims ana FL/I

f e a t u r e s , bu t onl y de f i c i enc ie s  of FL/ I.
It seems reasonable , ra ther  than cre~ t t

a con~p le t ely  n ew langu a~ e , to take the sane co~ v e n t i o~:s a;

FL/I to d e scr ib e  the same functior~s and to extend (
modify if absolutely necessary ) it.

Another incorive;~ie~it of FL/ I , cue to i t~;

great  r.u~nbe r  of p o s s ib i l i t i e s  is i ts  size , the  s i ze of  i~~
co i r .p i ] cr s .  As there  are , in p r ocess  con t ro l , ui any u~zcrs of
mirLicc mputers , there  is a need for  an universa l  subset  of
FL/ I .  h o w e v e r , man y peop le  now have acce s s  to a big cc~a - ~~t r

aria it is ve~-y conveii~~t~~t aria in e x p c n s i v e  to co iF i l e  cn

a bi g ~~ch~ n e  a pro~ ra~
; for a m i ili c - i~puter L~ ~~~ 1-~- - c ~)

l a n~ un 1:e USaLI e , bc tter cn ti i i ~a - t i c n  of gencri~t ’ d  C O h ~ ~tc . •

_ _ _ _ _ _ _ _  - _ _ _ _ _ _ _ _ _ _



Some PL, l sul-se to ~xl~~t~~’fL- I ,.. ) b u t  a n o r m a l i z a t i G u  s ho u l d

be d es i r a b l e .

PL/l  i s  not a re ’~i — t i m e  l a r i ~~u ae e b u t  a

b a t c h  p r o c ess i ng  la~~~u E ~ge fo r  r~~~t - r n  sy s t c i~ s (~- i i e  ~~~~~~~~~~
I/ O  channe ls  e t c  - . .) .  The  purp o~~e of a pr~~ -r a.~m i i t g  l~~n~~~~ -Te

i s  to d e s c r i b e  an algo ih thm .  T h i s  a lgo r it n -~ may be applie~ on

da ta  e n t i r e l y  n e f in e d  in the  pro L ra~ or on ca t a  w r i t t e n  on

dev ice s  spec ia l ly d e si gn e d  fo r  da ta  handl ing .  In r e a l - t im e

processing, in process  con t ro l , the  a l g o r i th m  mus t  act  on

various materiaJ devices , at a correct time and h a n d l e  d~~t~
coming f rom all  k inds  of g immicks .  Tha t ’ s the  LTPL prob 1e:~.

2/ Genera l  p r in c i p l e s

The p r o t 3 i ~Ln of ’  t~~e l in ~c~i( e i~et ~~een ] I ~j -L
- - and an o p e r a t i n~- sys t em is s i t u a t e d  at seve ra l  l e v e l s .

—- The d e s c r i p t i o n  of the  ways used  by the  o~ - er a t in g  sy s t e m

to r e al i z e  phys i ca l ly the  l og i c al  ope ra t i ons  de sc r i bed  in

the  lan guage.

—— Th e  use , in the  language , of all the p h y s i c a l  f e a t u r e s

of a p art i cu l~~ sys tem.

— -  The  a b i l i t y  to use  the  language as a sys t em language to

wr i  t~ or g e n e r a t e , f o r  i n s ta nc e , a m o n i t o r .

The purpose  of i-iL O p e r a t i n g  s y s t e m  is

to a u t o n a t i z e  the  - r ~a~-~ m e n t  cf a c onp u t e r .  I t  is a set

of program s and lo~~ical m e t h o d s .  An o p e ra t i r ~~: sy st em

mana~--es the  jo b s  and t t~~k -~, t h e  i br ar i e s , li~ ~;s the  phy-

s ical  I/o d e v i c e s  and the log ica l  ± i l ~~~, na nges the

r e s o u r c e s  , op t i -~i ze  t h e  use  of t r ~c ccm ~~~t er .

In a r e a l — t ~~~~ s te; , i t  is nece~i s : . t’y

to  access , f rom t~~e ~-r ~~ i- a : :: i~ ~~~~~~~ e to all  t~~e pL~- —

sica]. f e a tu r t ~s of t h e  coi ~~ u t ’~r a:iu i t s  çer I ~ h e rj i  un i  t s .

~/ ~y r t e m  fe~iture s in  t f l o l a rgur e

T h e  J rc’ grardmer  n - ;~~t be i~~~~ d to s p e c i f y

to  the  comp i i c r  o~-- t i ~ H ~at i o n  cr 1 t ’~r i a  f o r  ec~~~ ’j t a t i on .

The  ~
-
~~~~- :  n’~i ~~~~J, LUi~~~~( .  :~~‘i -~ r.

f n o i l  i t i -s of  I L,/ I  .ay be easi~~-- ex t ~~.~c~ed t -:  p er~~i t

t~ie i m p len ~~n t ~~t i o r i  of rr’n I — t i r - : ~~~~
A l l  ~~ v-~ij of ~~~: i t  ~~~~~~ ~i t jor ~jn~.. t~-~. op . o

ari~i ~ ‘0 ~~~~~~~ c ( ‘ ~ oc :r i  ci ~n F~. I Ly i e  .-~ -r y  VP ’-~;~~t 1 I c

h a n a  ] i r ~ o f ’  i h- ’ ~VI’~~2 t - ~~~- :~r . O t e ~’ • I t  n~~s U — - .~~ h t hn t

~ 

~~~~~~~~~
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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m any of t he  I a c : l it i e s  01’ the l a n g u ag e  are n o t  y e t  ~: : l ’ e nt ~~
b u t  .~ey be used in p rocess  c o n t r o l  s~’~~t~~~o ( h - D o l e a n  r e i at i ~~:~~5

b e t w e e n  e v e n t s  f o r  i ns t a n c e  ) aria w i l l  be used on t -n e f u t u r e

m u l t i p roces so r s .  h o w e v e r , there  is a need to p~~socj at e  a t a sk

with an external event decl’.re d by the  progr an i~er. This i~~~

p o s s ib l e  only by initiating a fictive I/O and hanaling the

event assoc ia t e d  w i th the end of i/o .

As we said in our 11th meeting, there  i s a

need for new logical classes of I/o used in process controi.

These classes will be definea after a serious theoretical

a na i ys i s. (A n a lo rt in p u t s , ADCs , t h r esh o l d s . . . )

It should be very useful to hive contrsl

to real-time tasks from user defined ON c o n d i t i o n s .  In

PL/I, ON cond itions are used now only to handle abnormal

occurences  dur ing the execution of a procedure .
There a need fo r  a comp l e t e  set of t i m e r

hand l i ng  i n s t r u c t i o n s  usab le  in con junc t ion  w i t h  event

a c t i v a t i o n  of t a s ks . (Fe r i od i c al  a c t i v a t i o n  of a p r o c e d u re ,

l i m i ta t i o n  of the dura t ion  of a t a s k . . . )

A mean to mask and modify  the  p r io ri ty of

i n t e r r up t s  should  be very desirable. This is not  imp l er i er .—

tabl e on IBM~ 6O , bu t  nay be u se fu l  on r e a l - t i m e  m a ch in e s .

Wi th s i m u l t a n e o u s  access of da ta  by

several t a sks , there  is a need fo r  the  d e f i n i t i o n  o~
semaphores associated with memory reservations. This

semaphore may be a key allo wing access to this memory

onl y to t a s k s  w i t h  the  same !~ey. Th e-  semaphore  may be a

g e n e r a l i z a t i o n  of a FL/I EV E ~.T. It  shou ld  be very  ~u v - e r f - j I

because  i t  should  permi t the  a u t o m a t i c  r e a c t i v a t i o n  of a

t a s k  at the  l i b e r a t i o n  of  the p r o t e c t e a  m em ory .

LTFL mu s t  g ive the  con t ro l  of the memo ry

res idence  of a task  or a p rocedure .  This  e x i s t s  in FL/ I

bu t  b e c o m e s  n o c  very i m p o r t a n t .  iThm e n a c h i ne s  ( B u r r ou ç -ns , 1 P 1

h a v i n g  a u t om a t i c  v i r t u a l  memory  h an a l i r ~~, i t  m u s t  be

p o s s i b l e  on t h ese  m a ch in c ~a to impose  a p e r m a n e n t  f e r r i t e

core (o r  - . 0s) r e s i d e n c e  to a pa r t  of tne  progr am to re~:u ce

t h e  r e a l - ti ne  r e s p o n s e  to random e v e n t s .
T h e  access  to t h e  ~-v. -- u p a  n it or  ov er l ay i ! (

f a c i l i t i e s  of t h e  ~~ cr a t i .~~. ~: ‘ t ~ - : ~-h  ~~~ be n rc-ci~,t.cci

so~re c rin’-~’.

~~~~~~~~~~~~~~~~
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The LTFL L u s t  Sc a b l e -  tO d e s c r i b e  a l g o i i t L , ~t

per lorLneu on 4t ~e n e r a t i o n  s t r u c t u r es  of c o n i u t e r s  t h a t  a °

a~~re auy  lmplein€-n ted on So: e r e a l — t in e  systems. ( 1 . l u l t i pr a c  sing,

cp e o i a l i :~c d  sa t el l i t ea , r e c o r d e d  f i r m w a r e . . . )

For i n s t a n c e , i t  is neces sa ry  to ex te n d  t h e

a t t r i b u t e s  of a t a sk  or a procedure to specify it s  e x e c u t i i n

on a satellite coisputer (~~ith the loading of this computer

from t h e  central machine).

There is a problem with specialized data

proce sning d e v i c e s  used  as : ur i p h e r a l  u n i t s (  fox- i nst a nc e

p u l s e  h e i g h t  nnai y z er s  in nu c l e a r  p h y s i c s ) .

Such a u:~it  n a y  be de sc r ibed  in the  pro f-I -a l

in  two s i m u l t a n e o u s  ways

- -  ~ . non-executable procedur e describing the hard-wired

program of thi s perip heral processor.

—— A s:~all e x e c u t ab i e  pro~ - e - - u u i - c c o n t a i n i n g  the I/o l inkage

w i t h  t h i s  u n i t .  -

The sneie method m ay be use-i. for units as arra y p r o c e s s o r s  or

h a r d-v i i r e d  so r t/ a e r ge  u n i t s .

-To concLide t h i s  po in t , in the a t t r i b u t e s

of a p r o c e d u r e , it  m u s t  be poss ib l e to give a comple te

i n f o rm a t i on  on ~h c  mode of execu t ion  of t h i s  p rocedure .
( E r i v i r o nm e n t , co~~ . - ut e r  used , I/O a s s o c i a t e d  . . .)

It - s i l l  be d e s i r a b l e  to use LTPL to

w r i t e  m ic r op r o ’- r~ r:s for  i-~~~~:-d~~d f i r a v - a r c  compute r s .  This

is a ni g ~r’oh ii-:~ tha t  w i l l  be examined  l a t e r .  For i n s t a n c e ,

a co: ’~) i1e r  m~: ,y o c f i n e  t h e  ~et  of ir . st r u c ti on s  v e i l  adapted

to e x e c u t e  ami nl~-orJ tha , ~efin~ the correspon ings micro—

pro~ r: is , c r e a t e  nun  load  thea .

G r a p h i c al  d e v i c e s  m o n t ]  1mg is a spec ia l

very Iaportant jo’.: b~ ~r on- : some o~~t c us~~ons of l’L/I are

b e i n~; d o u e .  ( u r  of o tn~ r Ai h o l — 1 I K C  :nnpaa~ es , t1:~ procedu-

ra l  st r uc~ ore L o i n ~- - w e l l dop ted.~ h e r  p i c t u r e  handling).

4/ ~~~~~~~~~~~~~~~
T h e  e r r -  of L’J~L as :;yntes. g c m  a t i o r i

l a n~-iir -~-e m oul d ~
- v er ;  u r e ~ n i .  I t  aula al1o~’ the

cor ~- e r t p c n d a n c c -  -t -e~. v - ~ t. t-~~ - : h :~ si r s i  u ’ -v ~o ~-s o f t e -  cou~ u t e r

e n d  t h e i r n u L n ~. I t a t r o c  t~~ , s  i n  . ~~ u i d  ~ in ;~~~~t on

t h e  i n t e re st  ol L . r - r n t t t .t -~~~t n  t r .  : : - s m  - ~~~ sn r i ~ t i v e

b loc - :  of t h e  ~~y~~~~t . ’:L. f e a t o :  ~~~~~ r ~~~ ~ L h . - sn~ d by ~~~-t

_ _  
- - - -  - ---—- -- -~~~- -- - -
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C omp l i e r  to veri fy the  leasibili t - ’ of the  1-ro e :-~m o~u t T . 1 s

sy s t em  an d g i vi n g  w a r n i n g  m e s s age s  on the  p r o gr a ~ h r  t :  ~~~

Ther e  thus a need for a noi’ataliaed descra~ tion of a~ l the
possible hardware l’eatures. For inst ance , i f  the coa~~-ot -er

has associative nemories,, the conp~ ier must be able tu  use

the m w i t h  adap ted i n s t r u c t i o n s , but if this program is run

on a compu ter without associative memories , the progr am will

be executed with a simulation by t h e  generated code .

I would insist on the very big in t e r e s t  of th i s  n c r m i :a i i z e d

ha rdware-descr ip t ive  language for the implementation of
transportable real-time languages compilers, th is may give

a solut ion to the problems set by the inherent non-traracm~o~--

t a b i l ity  of those  “ENV~~RON~dENT ” a t t r i b u t e s  in P L , I .

In conclusion , i t  i.s needed a subset ,

a macro-language or an extension of LTPL to perform the
nucleus generation on a par t icular  system.

We alway s m u s t  r emember  t h a t  in  r e a l - t im e

an al gor i thm is s t r ic t ly conf igura t ion  and machine de 1-nr ,dent.

Generally, a real-time program is  e s s e n t i a l ly untransportable.

5/ LTFL :- re -pro cessor
One may u n d e r s t a nd that a pre-processor is

a very powarful feature for LTPL.

P~ j I  h a m  a ar e - p r o c e s s o r  a l l o w i n g  the  mean s

to extend or modify keyw r-ts tc irs;-lement , for instance, a

specialized professiono.i ç ro~ rarsain~; language (for architects ,

biologists...). One of the greatest int ert-o t s of the FL/I
pre processor  is tha t  i t  uses a oubse t  of the PL/ . lin t

this subset is too restrictea .

A great attention must be given to the

p o s s i b i l i t i e s  o f f e r e d  by the access to the fl i t -s  and l i b r a i r i € a
of the s y a t em  by the  p rep rocesso r .

Such a feature may give  th e  I ’ m .  ua~ c- a

very powerful extensibil ity . For in s t a n c e  i t  b e c o m e s  r o ss i b l e

to generate , from new keyvords. an assembi ,r su :routic:o

c a l l e d  f rom the progr am and automatically c sscmblec eo d

linked w i t h  the  I r a ,’ r an .

The- noraiali :ution of macro s and S u t r - O l t i n e s

u 8ed  i r.  ci f f e r en t  sy s te~is f o r  s t ui l ar  f u n c t i o n s  is~~’i ; r ot i t -  - .:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~
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- concerning professi -‘~nai users groups of the lr~~ - 1- ~;’~ .
however , a great  at ~~t~~1~~~t ,~~t,JL - - t’~~ I - v i m

to the uan 1-er of p red ic tab i l i ty loss by bad use o~ t he  mr- ~cru

processor. A ne-i important feature , universally u s t - e , i o s t

lead --to an extension of LTPL anc~ must not Le iL -.~~~ c r : , n t e c i

always I.i the pre-process -r.

For ins tance , i t  is no t pos s ib l e  to
implement a real—time language with the c, r i v e nt i o r l a l  Pb/ i

and its pre—processor because there is riot a conv t~~onr- i

use of a computer , but a way very d i f f e r en t  t ha:: L at c h

processing for which  PL/I was designed.
Process contro l is not a new c i o s s  of

appl ica t ions  but a new way of using a computer.

8/2 6/72
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SECTION VI

REVIEW S OF LT~L DEVEL OP~-:E:;t w c~ ’

As wit~: t u e  work on FORT RAN and on problem or !ented

languages , the Japanese members have been very helpful to

their colleagues from other countries by reviewing the

work  of the  o t h e r s . The Japanese  have also made ccns i~- eraLle

c o n t r i b u t i o n  to the  work of the several Work sl i cp commi t t ee s

in their own right as well. Two exa~n r l e s  of the review wc-r~k

— 
c c n c e r nl ng  the  LTPL are r r ’esen ted  here . Both are f r o m the

Lonc~ Term Procedural Language Committee— Japan chaired by

Dr .  1’4 . Sudo.  Both  are f rom t h e  M i n u t e s  of the  Pur due  ~cr-h—

shop on Standardization of Industrial Comruter La~~;uares.

The first from the Fourth Mirul-es (pp . 2 0 8 — 2 1 3 ) ,  t h e  secon-i

from the e i g h t h  Mi r~~tes (z~rpen dix IV—2 , r r .  l79-l8~~) .  - -

- 
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COMME NT S TO THE LONG TE RII PROCEDURA L LANGUAGE COMMITTEE

Working Group fc-r t he Lc~ Ter:
Procedural Langmmy~ a
Technical Commit tae on Tnciua tr -1
Compu ter L~ n -~u a & ’~ e of Ju r :am
Chairrtan, L~. SUDO

Although procedural languages ‘celonging to the scope of imveati~- - -

-~ion by the Long Te rm Procedural La~~ iae~s C c r m i L t o e  a r t  uffe:a~ ~rom

nome of vendors in Japan , t hey have n o b- yat ~~ine J the pr incipal  poci-

t ion of the industrial programriing lan iages. i.~o-~t of u sar s  ap~ lico•-

tion program s are , a t present , wr i t ten in assembl y lang~ix~ e an - i  ?P~~T~- -

. r: th some ex tensi on for real time use. Many people , i~c~.G’:er. rr ~~: ;r L~~ -e

importance and necessity of standardization of ocedural lan -t agc Lt~-

vond the concern of the Interim Procedural Lan guage m Comn i L - t c .  I.e

consider that the activities along the direction of stancIardizution Cf

industrial computer languages through workshops at Purdue U r 5 i v c r a i ty

should be highly appreciated.

Followings are the comn1en+~ and suggestion-~ to the report of th~-

Long Term Procedural Languages Comni’~tee at the 3rd Workshop , een~ lu~~ 1

through discussions at the Working Group for the Long Term Proceciur~ i

Language s of the Technical Committee on I n d u s t r i a l  Computer Lang~~age s ,

organized at JEIDA (Japan Electronic Industry Development A3sociation),

• 

- Tokyo.

.‘,
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1. Basic Design_Assumptions

1.1 Usage o~
’ the_Languages

We agree to the basic assumption that the language ~o intee - .

for both  the applications and system ’s progra~:movn usage with the

primary emphasis being given to the former. The principal o bj e c t i ve

of -the language which is to be proposed an a standard should be to

provide an effective and economical p gra~~.1i tool for the ap~’iicm—

tion progranoners.

Before examining the individual item of the general specification ,

we put following assum ptions on the role of this language .

(1) Object programs generated frcm a compiler of the language are

a::ecuted under the control of an executive (or monitor) pro~ rv- .

(2) Object programs may be connected to some existiug program

paorco u ’cs.

(3) Whole ~f an application program should be written in the language

with mr required use of -assembly language.

1.2 Size c-f the_ Language

We agr(o to the assumption that the imp iementalion of a co~spi1~~

for the full languagc sot should be possible -~n what is currently

considered to be :~ medium scale c o n f ig ur ct i o n  of an in d us t r i a l  corn —
*

puter.

Wc arc af ra id , however , tha t the s ize  of th-: language describe— I

in the general specification may be a little too large to implement

-a practical compiler for a configuration with 16K core memory .

_ _ _  •— - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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2.  Or. General  Sp e c i f i c a t i o n

2.1 Background of the  Language

The language seems to be aef in t - d  using PL/ I as b ack gr c -un d and to

have the s t ructure ~ui t c s imi lar  to FL/I5 It is a caot tha t  i~~/i  is

a promising language and is expected to fill -the demands which have

not been gained with existing procedural languages. On the other

hand , it is po in ted  cut tha t  the ve r sa t i l e  fea tu res  of FL/ I w ould

require a lot of resources both on implementation of a compiler and

on run- time packages.

We recognize that  the general spec i f i ca t ion  of the proacm-c d

language ic bu i l t  up through pu t t i ng  r e s t r i c t i on s to PL/I f u l l  n~~t

from the industrial applicaticns viewpoint. It seems necessary to

add more rcstr~ctions on some features oI’ the language, In order to

make -the langnu o s p e c i f i c a t i o n  p rac t ica l  fo r  th~ medium z i z c -  in-

d u s t r i a l  c o m p u te rs .

Items to be inve-otigated on adding restrictions are — :

( 1) i~bi 1i ty to operate on address variables , and data type declara-

tion of locator variable.

These -ire useful especially to system writing but will not he

necessary for industrial applications.

(2 ) Named hierarchical  da t a  s t ructure .

Thi s fea ture  would be usefu l  to a p p l ica t i o n s  programmer s .

But we cons ider  it is ou i t e  l i f f i o u l t  to implement  his

fe a ture ~ i~f i c i e nt 1 y  and mos t  of  p r ac t i c a l  c o r n p i l r rs  o f f e r e d

fr om v e n d o r o  fo r  ~h c~ langu age “iould p rov ide  onl y some r o —

s t r i c ted  usage of da ta  s t ruc tu re.

~~
—

~
— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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(3 )  Label var i ab le s .

This can be replaced with the connectie- n of so:~e simpler

language units.

(4 )  Impl ic i t  m u l t i —u r e c i n i o n .

This would require complicate comeiling ~-rocodurc c and a lo t

of run—time packages. For practical use it would be tole~--

able to write- multi—preci sion dcsignatic-ii erplicitly .

2.2 Interconnection with Operating System

It is one of fcatur-s of i ndu s t r ia l  pr oorn rnmtng  language s to

have- an explicit interactions with operating system and/or conip-

rnen t s .

Our comments on those ~arts of the general croeification of th

1angua~rc- which cover the interactions with oacratin~- yvsten a~- -c- as

follows.

(i) Statern~ at should be of as general form as ~-cssoble.

Operating syste-os aio- s r m ew} - a t  machine criLiIte -3 c :: oj a whole

set of statements de f in ing  the: interc e IL-I C ‘si th nacrat~ ne

sys tern does net seen possi d c  to be Lc- cte uniforniy -tan ,-

machine s it r - r - o e n t , h~ causc thc func t I - o i t a ~ s~ c-cifocationo of

oar  rating eyst-:a are to b~ for  fre-a si t s d ar d iz r i t i o n .

Wc o -~~-go r t , thc ”~ for~ , to introduc e a cc-nc oi of classes ~

executive functicna (such as Supcrvis r Call) as a stan -m r.. for

defining intoractiono with onnra~ ~nr .ysior:c , and  to lcnvc-

furt}-i t r detailed specific-it ie~ - to leo emtntco s.

(2) Standard fern of statements sh c -u l d  have name- Il ::-:ihiIit~ so tL- .t

it would cover dIfferences in machine size -arid syztcm design

architecture

.~
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A standard ferm may be defined with t~~ ical nut -i- -or

parameters . But some machines may h av e  less our - I -er f
items te be specified than the standard , and oth -~’

have needs fo r  more items to u t i l i ze  t hei r  resources
efficiently.

In order to cover these cases we suggest that  the st -uo d-
ard of the language should consis t  of twi eleuei ts -

typica l  form of statements and the general rules t .  riv°
changes for  individual implementor.

2.i~ File Description

B a s i c a l l y  we agree to the language to provide the a~~~ l-

ty  to de f ine  f i le  at t r ibutes  re fer red  tc in the ge~e e a l  ep e c i-

f i c a t i on, and we have a comment , which is s i m i lar  to t h a t

given from engineers in Netherland , that core files sho alS

be considered in the file system.

We have a question , however , if file descripti- ua -a — - S
be fu l ly  s t anda r i zed  within individual  p rocedura l  l a r t u - a :  - .

S t a n d a r di z at i o n  of f i l e  descript ions as for  s t ructu re  an d
method of processing should naturally be inves t iga t-ad  m dc-
pendently ih-e-m individual language. This workshcp C i ern~ : -

-

indus tr i - -~l language s may,  we think , not be respons i l  ~e f~ r
the c ommon f i le  s t a n d a r d i z a t i o n.

2 . )l Program St ructure
Besides the storage a l loca t ion  s tatements , the l a n g n o~-

should have some d e c l a r a t ion  s ta tement  concern ing reent -ereb  Th-
ty of pru~ ram segments . We cons ider  this  m ay  be - -p o i c r a l

t’e’iture

P . ~~ Language and C ompiler In ter act -t n

We c cn s i d or  it is a good at temp t fo r  the g e ner a l  e r n - - i fi -

- t i o n  of the language to contain p ar a gr a p h s  c-on cer o~ ng

~!languagr .  and compiler  in t e r cc t i e n t rn -id “d ob ’ion ~~o.o and c-u- -- r
! “C1~.~ ‘ i 5.

- T _ ~~~~~~~~T~~~~~~~~~~I JI~~~ - -~~
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The- general  sp e c i f i c a t i o n  should  r e fe r  to tL lan ;ruag- i -  a-

and/or arogramming tculs useful for ~sa— lioc cornpila~ ion ari d o n — l i n e -

debugging both of which may be c f t . n r e q u i r e d  a t  si t e .

In these cases consi~’: r a t io ns  s h o ul d  be p aid uaon machi~* c u i —  P

figuration and resource utilization.

2.6 Concepts_of Level and/or Subset of Su~nSar d s

Is the standard of the long  t e r mn  proco-Iar--J !aflgUagc -to he

ali. zed as single lcvel? Is it in tended to  cons i s t  of sc-v~ r-al. l c -ve l ~~,

like- FORTRAN cr ALGOL?

expect that smaller scale c omputers wil l  do wid ely  u sed f c r

industrial applications in ne-al- future , and the st and ard  proco dur al

language will be required to cover the usage of these machines as

w e l l .  Since t h o  proposed s tandard  language may be , we CC i I S I  icr ,

somewhat h igher  grade , i t  sou l be necessary te rovide a lower -u -abe -

standard for  thi s language . It may be su f f i ci en t to define m etho O c-C

o c l ec t ir ~g a language subset  from the full set.

-d
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COMMENTS ON ASSESS MENT OF PL/l

AS A BASIS OF LTPL DEVELOPMENT

Augu st 1972

-Japan e s e Technj c~~i Comm i t t e e

on Indu strial Computer Languages

Wor king Group for LTPL

(LTP.L-J)
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1 . I n t r o d u c t i o n

To i n v e s t i g a t e  the  s u i t a b i li t y of PL / I  as a b a s i s  of

L TPL d e v e l o p m e n t  L T P L — J  se t  up  ei g h t  a rea s  to  s t u d y m a i n ’i v

a c c o r d i n g  to the items of the f u n c t i o n a l  r e q u i r e m e n t s  of ‘ TP L

agr ee d at the sixth workshop meetin g. These items ~ er r

slg n( ’d  to more than ten member s of LTPL—J. Some :te-ms

w e r e  therefore assi gned d u p l i c a t e d ly and s t u d i e d b y ~~W e

m e m lu- rs  i r i d ep end entl y. Aft er each p o s i t i o n  paper was

proiw~~ed , W e d i  s c i i s sp d  ev e r y  t o p i c  one b y o n e.  The BA~ I S/ i

i l o c u j m t - n t  ( V e r s i o n  (,)  i ss u e d  f rom t he  E C M A — A N S T  co-~~ ~ i rig

g rnl ip  w a s  u s e d  a s  a t ex t  book of FL/I.

J~~- r  i - a  f t  e n  t S a sui mm ari  7ed r e p or t  of our di  sc uss i on

t h u - n u i g h  LTPL- .J m e e t i n g s  a t  JE I DA , Tokyo.

- — —.-- --—
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2. G e n e r a l

2 -1 . Sy stem w r i t i n g  Ceature s , b y which we mean featu i - u- s for

d e s c r i b i n g  operating s y s t e m s  and/or hardware , s h o u l d  n o t  he

t h e  major a i m s  of t h e  standard LTPL because LTPL c o m p i l e r s  and

run-time p a c k a ge s  sh o ul d  r e m a i n  w i t h i n  a p r a c t i ca J  s c a l e  f o r

m e dium s i z e  i n d u s t r i a l  computers.

LTPL fe a tu r e s  should he defin ed as much independent as

p ossibl e from O.S. and hardware descriptions.

2 - 2 .  In order to imp lement pra c t i c a l  LTPL co m p i l e r s  m u c h o f

I3AS ~S/ 1 f e a t u r e s  should be removed or modif ied. The m e a n i  m a

of t h e  w o r d  “pr acti c a l ”  can he stated as that LTPL com p i l e r

W i  Ii r u i n - t i  me p ac k a g es  is not so much larger than those of t hr

e x t e n d e d  F O R T R A N .

2-3 . It se ems nece s sary to have a few levels of the langua ge

for p r a c t i c a l  app l i c at i ons for  v a r i o u s  sca les  of ma ch in e s

i n c l u ding mini—computers.

3. Data Types a n d  M a n i p u la t i o n s

‘3— 1 . lJi - na rv ari d D e c i m a l

D a t - a y pe a t t r i but e DEC 1 MAL shoui I d he rem ov ed . Thu

e r u l y  ( U N A R Y  i s  r e m a i n e d , and the selection of fl INARY/DEC I’IAI

h-cn ’ie- ~ mean i ng l i -~s s .  Th e int e rnal representation of da t a u s

r e s t r i  ct ed to fl i r i ary .

_ _ _ _   - - ----- --
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1-2 .  Mani p u l a t i n g  hit data

Bit data are mani pulated in BASIS/i always as h i t  s t r ~~u i Q ~s .

Though a single hit can he represented as a hit string of 1 E -fl~~ t h

1 , i t  is troublesome to access single bit always through 1 - ’ u i l t -

in f u n c t i o n  SUBSTR .

For LTPL app li ca ti ons it is more suitable to repr e se nt

h i r i a r y  da ta a s d a t a st r u c t u re s composed f r om bin a ry d i g i t .

For examp le th e hatched bit in the fi gure bel ow s } io u i I - ~ h.

a cce ssed d i r e c t l y by a notati on

U ( i , ~j )

i n s t e a d  of u s i n g  STJBSTR function like BASIS/I.

16 I
I

(
~~

) :
-

~~~~~~~

3-3. Ch ecking facilit y for b i t  s t a t u s

It seems neces sary to provide a function SCAN (B) or an

equ ival e nt statem ent to check hit st~~tus , where B denotr .s a

h i t  s t r i  rig and b y ex ecutin g SCAN (B) the c o n t e n t s  of U a i

c h e c k e d  h i t  b y h i t  from the left giving the count of h i t

n uj m h e  r of t h e  I i  i’s t non— zero.

— — - - - - — - -- -~~~~ —-— -- -_- —-~~~~w.- — - -------- -
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j.!~. To reduc e the comp l e x i t y  of imp lementation some r e s t i l (-

tions s h o u l d  he app l i e d to th e f o l lo w ing s :

a) types of storage

h) p i c t u r e  data

c ) mixed op e r a t i o n .

3-~~
. He x a d e c i m a l / O c t a l  notations should be i nt r o d u ce d  a s  a

r e p r e s e n t a t i o n  of li ter~~ls con si s t i n g  of h i t  strings.

V

1; •  Static Program Structure

RI - I .  Ft i s  n e c e s s a r y  to provide a method of d e t e c t i o n  n i f  I I”-

ex t e r -na ] p r o c e t l u i r e  which is called at first.

‘I

2. C a l l  b y v a l u e  should also he pro vided for tr an sfe r i - i r i g

par amet ers in c a l l i n g  functi ons and subroutines.

14 _  3. DEFINED should have the same function as EQUIVAl ENCE iii

FORTRAN. By th is f e a t u r e  i t  i s a l lowed to a l l o c a t e d a t a  w i t h

(l i f f e r e n t  a t t r i b u t e s  to the ~same storage.

~~~~~ BASJS/ 1 s e e m s  to have an assumption of the exi s te nc e of

a s i n g l e  pr ogram under t h e  control of the ope r a t i n g  sy s t e m ,

t h o i i ~~h more tha n two tasks can exist in th e program.

In L U PL a pp i  i cat ions a number of programs mus t run (as in ‘-~k s )

w i d e r  t li e o p e r a l i rig system. 

—-— ---—- -- — ~~~~- - 
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~~ 5. Data with EXTERNAL a t f r i  h u t  e s h o u l d  he d e v i  i led  in  t w o

g r o u p s :  common dat a among I l i e  e x t e r n a l  p r o c e d u r e s  w ~ i h i ri a

program , ari d common i la t a among t In- programs.

It was proposed i i i  L T P L — - J t o  dcvi de EXTERNAL at  I r i hii te at

t h e  lev e l o f  LTPL i , i t o  EXTERN AL and  GLOBA L c o r r e s p e u i d i  n~ to

t h i -  t w o . E u t  t h i s  was r i ot  r e so lv e d  b e c a u s e  t h e n - i s  aii c - th i-i

proposal t o  prov i 1e t h es e  as  I t i e  f u u i i c t  io n s  of o p e r a t i n g  ~ v s t e m .

5 .  Dy n a m i c Program Stru c t u r e

5- 1 . I n d e p e n d e n ce  of  t a s k s

F o l l o w i n g  ar . p o i n t e d  ou t  a s s o c i a te d w i t h  i t e m  t~~ 5~

a) Paramel er ’~ slioti l ~J he transferred by value.

h ) E x t e r m i n a t i o n  of a parent task should h ave no a c t i o n

11~~Ofl the a s s o c i a t (- d  tasks.

5 -2 .  RECURSIVE op t i o n  i s  not n e c e s s a ry .

5- 3. AUTOMATIC a t t r i b u t e  is not neces sary in the LTPL .~l~~~~~~- i  u c a -

tions because this attribute imp lies an am ount of storage req ;i re -

ment in the run-time and this may possibl y i-educ e t h e  merit of

t h e  a t t r i b u t e .  Moreover  some increase of overhead t i m e  i~~

e x p e c t e d .

L. - -a-. 
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6 . Re s o u n c  P M a n a g e m e n t

6-i . LOCK/UNLOCK s t a t e m e n t s

T i  i s  d e s i  r ah h -  to e x t e n d  t h e  scope of LOCK/UNLOCK s t a t

Fi ll - F) t -~ t (1 (1 I lii r F~ PS (iii r c - s a s mu cl i  as poss  i i i  I e — Th i s w i 1 1 1. -

m t - a r i ~ o f  p r e v e n t  i n g  s y s t e m  dead locks . These s t a t e m e n t s  s I n a i  1 ct

hI- ahl p ~ o h a ve  more t h a n  two a r g u m e n t s .

( , -2 .  A m e a n s  i s  n e c e s s a r y  to check whether a resource i s

p ci ii) i e (I or  no  t

— 7. ra~ kj n~

7 - 1 .  A~ f o r  t a s k i n g  we h av e  an  a g r e e men t  of t h e  f u n c t i o n a l

i ( ’ q i i )  r e m i - n i  t s o f  t l i e  6th  w o r k s h o p .  T a s k i n g  f a c i l i t i e s  of

h A S  I S / i  ~ h i i o j  hi he r ep i  aced w i t h  a new one b a s e d  on our a g r e e —

m en i s .

7 -2 .  On the report of LTPL tasking agrec - d at the 6th w o r k s h o p .

1 01 I owi r i g  c h a n ge  a r e  propo sed~ h some LTPL— 1 m e m b e r s .

a )  Sel  ( c t  i o n  of  t h e  b a s i c  s t a t u s  of a t a sk  sy s t  em h a s  - i

de p c - n . h . - - n c v  on t h e  s t r u c t u r e  or ph y l oso p h y of t h e  o p e r a t i n g

— ~ v s I  i - r n ~ . I n  som e  s y s t e ms  IDLE should he the b a s i s  a n ti iii

~in o t  h i i ~~ s v -. t em s  DOR~fA~~T i s  m o r e  su i t a b l e .  Thu s i t  s h o u l d  h a -

a I I oi~ i ’d t o  r e g a r d  I t ic  a r r o w s  c o m i n g  t o  DOR ’IANT as  corn i r i g  I a

[ U I - I -  • a r i d  I ( I  a d d  some wo r d s  s a t i r ig on I h e  freedom of  s I a t  e

se l e t  I j . ,r i  h e ?  i* e e l)  I D L E  n u n  DOR ~’iA N i’ .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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b )  it should ho’  clarifi ed t h a t  the dependenc y of a task

u p on i t s  ancestor in BASIS/ i is removed.

8. Input/Out p u t

8— i .  To f a c i l i t a t e  a various typ es of’ devices and mode s of

input -out put , a ge ner al ized syntax is required so that t h e

p a r a m et e r s  specif y th e wide variet y of input output op e r a t i o n s .

r/o fa c i l i t i e s  should be provided for character I/O , proc ess

i/o , grap hic I/O , and communi cation I/O .

8-2. Computer linkage

Tb of LTPL should have no dependenc e upon the ~r:ocl c of

communication , i .e ., processes depending on communication n’odc~

should he l e f t  t o  imp lem entors.

a) Ou tpu t

Out p u t  data sh ould be available both from t he  c o r e  ari d

f r o m  the file. Data from the core may he specif ied hr ihi

v a r i a b l e  in FROM op t i on de s i gn~ating the location of the d a t i .

Da t a  from the file may be specified by the variable f r  K E Y

op ti o n  d e s i g n a t i n g  the locat ion of the key. Parameters such

as d a t a  s t a t i o n  names  and terminal names should he i n c l u d e d

i n  da t a and  p r o ce s se d  accordin g to t h e  r u l e s  f c omm uinic ~~t i n n .

LTPL progr am should have no s p e c i f i c a t i o n  about t h e m .

h ) Iri p ui t 
~

- -:

Inpu t ~-i at .-i shou ld be pu t on a sp e cifi e d file and  t i n -

i n p u t  t a s k  is c - i l l e d  with the k -r.y of data as it s param ’-’ t i- r . 

--~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ——--- ~~~~~~~~~~~~ - _ _ _
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I r i ~ ” i t  s t a t e m e n t  m i g ht have INTO op tion causin g a transf er of

d a t a  to  the d e s i gn ated area. The former serves to the cont eur -

t i o n  p r o c e s s i n g ,  and the l a t t e r  to the polling processing.

8-3 .  Lockin g of files should be studied.

8- ’i . Syntax of I/O statements should he so flexible as to

cover t h e  app ear a nce of some new type of I/O.

9. Interrup t Handling and Synchronization

3 - 1 .  FIAS IS/1 does  n o t  s eem to be designed p u t t i n g  m u c h  of

w e i g h t on p r o c e s s in g  of ex t e rna l  interrup t s .  Means s h o u l d  he

s t u d i e d  for  c o n n e c t i o n  and d i s c o n n e c t i o n  be tween  e x t e rn a l

i n t e r r u p t s  and t a s k s  or e v e n t s .

9 - 2 .  A .q for t h e  c o n d i t i o n a l  in te r ru p ts  the re  are  som e cas - .s

i n  w h i c h  the  o c c u r r e n c e  of i n t e r r u p t s  such as F I X E D  OVERFLOW ,

OVERFL OW , UN DE R FL 0W , and ZERODEVIDE are na tura l  in a c i r c u m s t a n c ’ - .

To proc e ss these cases prope r ’ly i t  may he r e q u i r e d  to  e x c h a n g e

the default rules of condition prefix , enable/disable.

~O. Default

1 0 -1 . The default rule of storage class should be chan ged to

STATIC.

L _ _ _ _ _ _  ___ _ ___ _ _ _  ______________ _____________
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11. Concluding Comments

Japanese group observes that PL/I is able to be a basis of

LTPL development if some modifications are properly made from the

point of view of industrial applications.

Modifications to PL/I may be required in many features of the

language, but major ones are concentrated to the functions for

real—time processing and multi—task processing.

Another pcint to note in the development of LTPL is the scale

of the language and of the translators. If LTPL is expecto . tc- be

used in medium or small scale industrial computer applications, it

is necessary to cut an amount of the language features off. The

ANSI subset of BASIS/i seems to be too large for such LTPL -

applications.

It may be necessary to have two or more levels of LTPL

standards to cover the various scale of applications.

4 -
4
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