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SIMULATI ON IBGIIER ORDER LANGUAGE
REQUIREMENTS STUDY

Section 1

INTRODUC~ ION

In most appl icat ions , the use of hig her order  languages (HOLs)
for software development is common. However , in a few a reas  the use
of HOLs is r a re .  In genera l , such areas are  c h a r a c t e r i z e d  by s t r i n g e n t
computer resources.  HOLs have recently made subs tan t ia l  i n r o a d s  in to
these appl ica t ion  a reas .  In the avionics software area , where size ,
speed , per formance , and re l iabi l i ty  of the software for  the on-board
computer have alway s been vital , HOLs have been used with success .
The B _ i  of fens ive  avionics  sof tware is w r i t t e n  in JOVIAL J3B; the so f tware
for the F - l 6  Fire  Control Computer is also wr i t t en  in JOVIAL J3B.
The rea l - t ime mission sof tware  for the Digital Avionics  Informat ion
Sys tem (DAIS) and the Elect ronical ly  Agile Radar  (EAR) is being w r i t t e n
in JOVIAL J731. Portions of some fl ig ht t ra in ing  simulators have
been wri t ten  in FORT RAN. The experience with the use of HOLs in
avionics projects as well as some recent s imulator  projec ts  ind ica tes
the use of HOLs in rea l— ti r r . e f l ig ht t r a in ing  s imulators  is feasible .
Given that this is the case , an important  question must  be answered:
which exis t ing  HOL , j f  any,  is most suitable as a potent ial  s t andard  for
developing r ea l - t ime  t r a i n i n g  simulator software? What modi f ica t ions  to
an exist ing language must  be made to make it suitable? The stud y
descr ibed in this report  def ines  simulator HOL (SHOL) requi rements
and anal yzes  PL/I , FORT RAN , JOVIAL J3B , JO VIAL J73I, and PASCAL
for sui tabi l i ty  in meeting these requirements .

In determining HOL requirements for s imulato r programming,
we considered not onl y simulator needs but also work current ly underway
within DoD leadin g to the possible development of a common hi gh order
programming language for embedded computer systems app lications.
Embedded computer systems are defined as systems i l in t eg ra l  to a
l a rge r  mi l i ta ry  system or weapo n , inc luding technical  weapons sys tems ,
communications, command and control , avionics , simulation, test
equi pment , t r a in ing ,  and sys t ems  p r o g r a m m i n g  app l ica t ions ” [F i she r ,
1976]. Clearl y r ea l-t ime  fli ght t r a i n i n g  s imula to r s  fa l l  w i th in  the c lass
of embedded compute r sys tems .

The goal of the common language e f fo r t  is °the ado ption of a v e r y
few (possibly onl y one ) common programming  languages to be used for
the desi gn , development , support , and maintenance of al l  di gi tal  computer
software for embedded compute r app l ica t ions  in the DoD° [ F i s h e r , 1976)
This means that  if the p r o g r a m m i n g  of f l ig ht s i m u l a t o r s  has uni que
c h a r a c t e r i s t i c s  not shared by o ther  embedded compu te r  app l i c a t i o n s  and
if these  c h a r a c t e r i s t i c s  i m p ly that  a SHOL m u s t  contain f e a t u re s  not needed
in other embedded compute r app l ica t ion s , then a special purpose
s imula tor  p rog ramming  language will  be jus t i f i ed  under  the common

I
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p r o g r a mm i n g  language  e f fo r t .  Our approach to de f in ing  the r equ i red
SHOL c h a r a c t e r i s t i c s  was des igned  to hel p decide how specia l ized
s imula t ion  p r o g r a m m i n g  r e q u i r e m e n t s  rea l l y a r e . Given the hig h
level DoD in t e re s t  in m i n i m i z i n g  the numbe r of d i s t i n c t  p r o g r a m m i n g
languages , it is reasonable to a s sume  that  develop ing a new or
modi f ied  l anguage  for  s imu la to r  p r o g r a m m i n g  wil l  be poss ible  only
if the need can be c lear l y d e m o n s t r a t e d .

Cons ide r ing  this  background , the main objec t ives  of thi s stud y
we re:

• to def ine  simulato r HOL requ i r emen t s  in a way that  can
be related to the DoD common language e f f o r t ;

• to de te rmine  which of PL/ I , FORT RAN , JOVIAL J3B ,
JOVIAL J7 3I , and PASCAL is most suitable for  use or
modificat ion as a s imulator  programming language;

• to recommend methods for  implement ing and en fo rc ing
the use of a s tandard  s imulator  HOL.

The remainder  of thi s report  describes our f ind ings  and the methods we
used in obtaining them.

2
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Section 2

OVERVIEW

In this Section we discuss the genera l  natur e of our study, the
methods we employed to reach the conc lu s ions r epor ted  later , and
give an ove rv iew of the r ema inde r  of the repor t .

Although the main objective of our study was to define s imulator
HOL requirements, a subsidiary  object ive was to develo p a genera l
approach for de termining HOL requirements  in a given app lication a rea
and to then app ly this approach to the s imulator area. The genera l
approach we have devised focuses on three sources of language require-
ments: -

• the programming environment ,  i. e. ,  f ac to r s  per ta in ing to
the development and maintenance environment  of a
par t icular  application area , e. g .,

• long or short  p rog ram Lifet ime

• programmer backg round

• potential  for  p rogram por tabi l i ty

• compiler e f f ic ienc y requirements

• functional  r equ i rements,  i. e . ,  the p rograms  developed
for a g iven app licatio n. These p rog rams  can be subc lass i f ied
into two groups :

• programs that p e r f o r m  app lication func t ions ;  and

• programs that ass ist  in developing other  p rog rams ,
e. g. , data file generat io n p rograms , debugg ing
programs , etc.

• language design pr inc iples, i. e., accepted and emerg ing
program development methodo lo gies and pr inci p les ,
independent of any pa r t i cu la r  app lication area and r e f l e c t i n g
cu r ren t  thinking about what the p roper t i es  of a ~ good ’
programming Language are , e. g.,

• linguistic simplici ty  and un i fo rmity

• suppor t  for  s t ruc tu red  p rogramming

• support for  modular programming

3 
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The f i r s t  p or t ion  of our stud y was devoted to desc r ib ing  the simu-
lato r p rogramming environment  and simulato r funct ional  requi rements .
The Link Division of the Singer Company, as subcontractor  to SofTech ,
was our p r inc ipa l  source  of in format ion  on s imulator  r e q u i r e m e n t s.
Link provided simulato r p rcg rams  and documentat ion for our anal ys is .
They la ter  revie  ved our charac te r iza t ion  of the environmenta l and
functiona l r equ i rements  to conf i rm that they accura te l y r e f l ec t ed  simu-
lator  needs.  Al thoug h SofTech was r e s pon s i b l e  for  the language anal ys is ,
Link was responsible  for  ensur ing  that  our language conclusions were
based on an accura te  unde r s t and ing  of simulato r requ i rements .

Our f indings  r e g a r d i n g  environmenta l r equ i rements  are
descr ibed in Section 4; functional requirements  a re  desc ribed  in
Section 5. To guide and support our ana l ys is  of functiona l require-
ments , a benchmark  model of a gener ic  f l i ght t r a in ing  s imulator  was
developed. The benchmark model is a key part  of our anal ys is  because
it r ep resen t s  the en t i re  set of p rogramming tasks  re levant  to s imula tor
development.  Our anal ysis of language requirements  is keyed to this
model. Because of the importanc e of the model , it is discussed
separate ly in Section 3.

Our anal ysis of the simulato r p rogramming  environment , simu-
lato r p r o g r a m  functiona l c h a r a c t e r i s t i c s, and language desi gn p r inc i ples
r e su l t ed  in the spec i f ica t ion  of s imulator  HOL r equ i remen t s  g iven in
Section 6. This spec i f ica t ion  of requi rements  s~~rves  as the def in i t ive
basis for  evaluating how well exis t ing p rogramming  languages could
serve in p rogramming  s imula tors .  It s e rves  to docume nt the key
imp licat ions of our stud y of p rogramming  requ i rements  conc ise l y and
ri go rousl y.

To fac i l i t a te  comparison of simulator requirements with the
p foposed Common Language requi rements, the requi rements  specif ica  -
tion in Section 6 has a s t r u c t u re  s i m i l a r  to that  of the IRONMAN
[U . S. DoD , 1977] . The IRONMAN r e q u i r e m e n t s  spec i f ica t ion  is the
l a t e s t  in a s e r i e s  of e v o l u t i o n a r y  l an g u a g e  r e q u i r e m e n t s  documen t s
i ssued  as pa r t  of the Common Language  e f f o r t .  It is the require-
men t s  spec i f i ca t ion  being used to d i r e c t  p r e l i m in a r y  language  des ign
e f f o r t s  comp leted in F e b r u r a r y  1978. The IRONMAN spec i f i c a t i on
is  the most recen t  spec i f i ca t ion  of l anguage  r e q u i r e m e n t s  and t h e r e b y
most su i tab ly  repre sents the c u r r e n t  DoD po sit ion on embedded
computer application r e q u i r e m e n t s .

Based on our m o d i f i c a t i o n  of the  IR O N M A N  r e q u i re m e n t s  specifi-
ca t ion , we selected a set of l anguage  f e a t u r e s  sa t i s f y ing the  r e q u i r e m e n t s
us ing  a compu te r i zed  database  of 2267 l anguage  f e a t u r e s  [SofTech , 19771.
This  l i s t  of f e a t ur e s  was also used to d e s c r i b e  each of t he  p r o g r a m m i n g
language s being eva lua ted , namel y, PL/ l , F O R T R A N , JOVIAL J3B,
JOVIAL J73 1, and PASCAL. By anal y z i n g  w h i c h  f~~ t u r e s  s a t i s f i e d  the
SHOL r e q u i r e me n t s  spec i f i c a t i on  and w e r e  presen t or absent  in each of
these  l anguages , we dec ided  how well each l anguage  s a ti s f i e d  the SHOL
requ i r emen t s .

4
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Section 6 contains both the SHOL requirements  spec i f ica t ion  and
our evaluations of the candidate  l4nguages with respect to the r e q u i r e-~ments. The value of combining the requirements  specif ication and
the evaluations in th is  way is twofold:

• a par t i cu la r  evaluation is most unders tandable  when
preceded by a s ta tement  of the requirement  under
cons icleration .

• a requirement can frequently be understood more readil y
by reading the d iscuss ion of how wel l  the various languages
meet that r equ i rement .

An overall summary  of how well each language  sa ti s f i ed  the r e q u i r e m e n t s
is g iven at the end of Section 6. PL/I and JOVIAL J3B w e r e  jud g ed to be
the languages best sat isif y ing the r equ i r emen t s  without  m c d i f i c a t i o ns ,
al thoug h only F O R T R A N  is clearly the leas t  suitable language.

Sinc e all  the languages fai led to satisf y some of the simulato r
language requirements, we considered what language modif ica t ions
would make them signif icant l y more usefu l as s imulato r programming
languages.  To assis t  in this anal ysis , we divided the simulato r require-
ments into two c lasses :  those considered essent ia l  both to accomplish
all n e c e s s a r y  s imulator  progr amming fun ct ions and to meet the more
general  SHO L des ign goals of re l iabi l i ty  and maintainabili ty,  and those
considered beneficial  in a new language but not of suff icient  importance
that it is essential  to modif y a language to satisf y them. In essence ,
if the non-mandatory requirements can be sat isf ied with a mino r
language modification, then the modification should be made , but if the
modification is complex or changes the fundamental syntact ic  and
semantic constra ints  of a language , then its impact as a change outwei ghs
its benefits to simulator programming.  For example , changing PASCAL’ s
semicolons to statement terminators  instead of separators  would be a
non-mandatory modification.

Modification issues are discussed furthe r in Section 7 , and the
modifications selected for each language are presented in Section 8.
Based on the extent  of the modifications and the usefu lness  of the modi-
fied language , we selected PL/I as the language most suitable for
m odif icat ions .  This decision is discussed at the end of Section 8.

As the final  part  of our stud y, we addressed how to suppor t  the
use of a s t anda rd  SHOL. Section 9 discusses these issues , which
include language design and implementation approaches  as well as
recommendations for introducing and es tab l i sh ing  SHOL usage.
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Section 3

THE SIMULATOR BENCHMA RK

A si gnif icant  part  of this study involved famil iar iza t ion with the
programming  requirements  of f l igh t  s imulators .  To assist  in this
anal ys is  a benchmark  simulato r p rob lem was developed. Thi s bench-
mark  models a gener ic  fl i ght t r a in ing  simulato r , i. e. , it does not
desc r ibe  the operat ion of a par t icu lar  s imulato r , but ra ther  i n c o r por a t e s
the cha rac t e r i s t i c s  typ ical of s imula tors  in genera l .  The benchmark
served two major purposes  in the study:

• It provided an overa l l  f r a m e w o r k  for  the ent i re  anal ysis  of
simulator funct ional  requirements .

• It provided a f rame  of r e f e r e n c e  for p resen t ing  resul ts .
The material  desc r ib ing  language requirements  (in Sect ions
4, 5, and 6) is c r o s s - r e f e r e n c e d  to components of the
benchmark model , allowing the reader  to:

a) Determine the simulator a r ea ( s )  f rom which a
particular requirement derives.

b) Determine those requirements  which der ive  f rom a
part icular  simulato r area.

Development of the Benchmark

The basis of the benchmark development was our anal ys is  of
simulator programs and desi gn documents .  The purpose of this  e f fo rt
was to determine the types of process ing  required when programming
fli ght t raining simulators. A major concern was to determine what
functions must be performed ra ther  than how they are c u r r e n t l y imple-
mented , since the goal of the SHOL is to permit  programming the
required functions rather  than dup licating the p rogramming  techniques
which are  c u r r e n t l y used to rea l ize  these funct ions .  Thus , the e f fo r t
had to go beyond a simple investi gation of the p rogramming  techni ques
cur ren t l y emp loyed. For this reason , the b e n c h m a r k  developed is a
funct ional,  r a the r  than an operat ional,  r epresen ta t ion  of a gener ic
fli ght simul ator.

The p r i m a r y  inputs to the p rogramming  ana l ys i s  e f for t  were
provided by the Link Division of the Singer Company,  serv ing  as a sub-
contrac to r to SofTech. At the s ta r t  of the study, Link p resen ted  a two
day or ien ta t ion  br ie f ing  to SofTech personnel .  The b r i e f i n g  included
presen ta t ions  by r epresen ta t ives  of each of the major s imula t ion  a reas
as well as discussions of the ove ra l l  app lication. The b r i e f ing  provided
a general  f ramework  for  the subsequent p rogramming  ana l ys is  and also
highli ghted issues of pa r t icular  concern to simulator personnel  r egarding
the use of an HOL.
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Subsequently, Link provided extensive documentation to SofTech
for stud y. The mater ia ls  studied were:

• UPT (Undergraduate  Pilot Tra ine r )  - 26 volumes of desi gn
documentat ion plus l i s t ings , represent ing  the e n t i r e  sys tem

• F .-l4  - documentation and l is t ings  f rom fli ght and navi gation
subsys tems

• 2 14A - documentat ion and l i s t ings  f rom the visual  ( c a m er a /
model board)  subsys tem

• SMS (Shuttle Mission S imula to r )  - documenta t ion  f rom the
visual  (di gital image gene ra t i on )  subsys tem

• other  t ac t i c s  programs - l i s t i n g .. (na mes  of sys tems were
not provided to SofTech)

The fact that a sing le complete sys tem (the UPT) was studied was
important to the e f fo r t , as it guaranteed that no major func t iona l  aspect
of simulator programming was overlooked.  This would not n e c e s s a r i l y
be the case if onl y isolated p rograms  selected as “represen ta t ive” were
studied; the select ion of representa t ive  p rograms  would hav e required
knowled ge that w~ s not avai lable  prio r to the anal ys i s  e f fo r t .  C e r t a i n
areas  not inc luded in the UPT ma te r i a l  were covered by the o the r
simulato r documentation. These were:

• came ra/model  board v i sua l  (The UPT visual sys tem was
done by a subcont rac tor  to Link , Redifo n , and was thus
not inc luded in the UPT documentat ion)

• computer image generat ion visual

• tactic s

Other material  was studied which dup licated UPT areas , to hel p ensure
tha t the anal ysis  concentra ted on the functions to be pe r fo r med , r a the r
than on a single approach to programming those func t ions .

Othe r impor tan t  advantages  to the stud y of actual s imulato r
programs were :

• It was p o ss ib le  to make jud gements concern ing  the degree  of
e f f i c i ency  ac tua l ly r equ i red  of the object  code which  the SHOL
trans la to r must genera te .  That is , if a c e r t a i n  al g o r i t h m
not d isp lay ing the maximum e f f i c i e n c y  is obse rved  to be
adequate , it is p o ss ib l e  to conclude that  comparable  code
generated by an HOL compi le r  wi l l  a l so  be adequate.7



• It was possible to isolate certain areas of potential
inefficiency which occur frequentl y and which it is thus
particularl y important that an HOL compiler avoid.

• Areas where use of an HOL would have a particularl y
beneficial effect on program readability could be observed
and highlighted.

As the program analysis proceeded , informal written observations
on the programming requirements of the various areas were prepared
and submitted to Link for comment. Thi s helped guarantee that no
erroneou s conclusions were  reached.  Similar ly, Link reviewed the
benchmark model as it was developed , as did the Air Force. Based
on comments rece ived , the model was reworked .  Thus model develop-
ment was an i t e r a t i v e  process , with each i t e ra t ion  reviewed b y
simulato r experts.

Presentation of the Benchmark

The benchmark model, contained in A ppendix A , em loys
SofTech’s Structured Analysis and Design Technique (SADTm) [Ross, 1977].
SADT has been found to be a valuable technique for  communication
between indiv iduals pe rforming analysis in a given problem area and
individuals who are experts in that area. The simulato r benchmark
model assists in communicating the findings of the SHOL investigation
to simulato r experts.

The model cons is t s  of a set of d iagrams which fo rm a hier-
archical  decomposition of a generic fli ght s imulator .  The diagrams
are  made up of boxes r e p r e s e n t i ng  a c t i v i t i e s  (functions p e r f o r m e d ) ,  and
a r rows  r e p r e s e n t i n g  data which is an input or an outpu t of these funct ions .
Each d i ag ram is i t s e l f  an expans ion  of an ac t iv i ty  box which appears  as
one of the boxes on a p reced ing  hi gher  level d i ag ram (its pa ren t ) .  The
a r rows  e n t e r i n g  and ex i t ing  a d i ag ram exact l y match the a r r o w s
at tached to the box on the parent  diagram. F igu re  3- 1 shows a sample
SADT diag ram and exp lains the notation used.

The first diagram of the benchmark model, node A-O , contains
a single box representing all functions which must be programmed in
develop ing a fl ight simulator. The decomposition of this diagram
appears  in the  second d i a g r a m  of the model , node AO , which  cons i s t s
of th ree  a c t i v i t i e s :

• build s imula tor

• tes t  s imula to r

• simulate
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The diagram shows that the specification of the a i r c r a f t  operat ion , and
perfor mance requirements  which must be met by the simulato r , contro l
the building and test ing act ivi t ies .  It also shows that building and
testing are  an i terat iv e process .  The “ simulate ” box shows the student
act ions as an input, the s imulated a i r c r a f t  reac t ions  as an output , and
the instructo r inputs as a control of the activity. An additiona l output
of thi s act ivi ty is the information on student actions which is disp lay ed
to the ins t ruc tor .

Subsequent diagrams further decompose these activities. In
particula r , diagram A 1 decomposes box 1, d iagram AZ decomposes
box 2 , and diagram A3 decomposes box 3, The r ema in ing  diagrams
furthe r decompose boxes of diagram A3 , “simulate , ” which is the
major part of the model, particularly box 3 of A3 , “model aircraft
funct ions .

9
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Section 4

PROGRAMMING ENVI R ONMENT OBSERVATIONS

Part of our general approach to defining HOL req uirements  in a
given applicati on area is to evaluate the effects of the environment
in which programs are developed and maintained . Environn~.~ntal
factors discussed in thi s Section are:

• program development methods (groups vs. individuals)

• programmer background and experience

• compilation size and speed requ i rements

• object code size and speed requirements

• program lifetime and stability

• program reusability potential

• program portability potential

Each of these fac tors  has some influence on what language f ea tu re s  a re
most suitable for simulator programming. In subsequent subsections ,
we discuss  the environmental  fac tors  for simulator programming and
their  relation to language fea tures .  The informat ion presented here  on
the simulator programming environment  was obtained pr imar i ly  f rom
discussions with simulator personnel. The findings presented in thi s
and the next Section were used in de f in ing  the detai led language
requi rements specified in Section 6.

4. 1 P rogram Development Methods

Simulators are very large systems programmed by many
programmers  rather  than by a single individual .  Coordination between
these p rog rammers  should be supported b y the SHOL. In par t icu la r ,
programmers  mus t  be able to in te r face  their  programs with those
produced by others and mus t  be able to access  system data in a consis-
tent manner .  The SHOL should diagnose conflicts in these a reas .  It
might also be desirable to control (or at least be able to de tec t )  access
to data by a program which should not read and /o r  a l ter  that  data .
Section 5 .1 .1  d i scusses  the methods cur ren t ly  used to support  data
coordination in simulator development.

The large number  of p rogrammers  implies a requ i rement  for
sepa rate compilation of programs , i. e .,  individual, p rogrammers  must
be able to sepa rately compile , modif y, and test  their  programs and
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then integrate them to form the complete system . Some support for
the integration process and for system level testing is also essential.

Use of system data by large numbers of programmers requires
libraries of data definitions and subroutine decla rations. These
fac i l i ta te  consis tent  access  to global data and allow incons i s t en t
assumption s about forms of data s t r uc tu re s  and pa rame te r s  to be
detected at comp ile time. Such inconsistencies can easily arise when
groups of programmers are involved.

4 . 2  P r o g r a m m e r  Exper ience

Simulator programs are produced primarily by individuals
t ra ined  in an e n g i n e e r i n g  specia l ty  ra ther  than in computer  science .
This results in a programmer preference for language notation which
reflects the engineering notation used in the simulator design descri p-
tions. An example of this is the use of conditional express ions  in
program documentation , as discussed in Section 5. 4. 1. 1. Inclusion of
this feature in a SHOL is primarily ju st i f i ed by thi s documentation
prac t ice .

Another consideration based on programmer experience is a
strong preference for fixed point as opposed to floating point. (The
reason s for this are discussed in Section 5. 2. 2. 1.) A SHOL should
provide p rogrammer  control  of real number  r ep resen ta t ions .  Much
p r o g r a m m e r  concern  about the use of f loat ing point comes f rom fear  of
loss of control over significance in computations. Concern about the
space requ i red  by cer ta in  real number  representa t ions  is also apparent .
The SHOL should provide access to the various representations available
on the target computer.

Most simulators are currently implemented in assembly language ,
with occasional uses of FORTRAN. Most simulator programmers have
not been exposed to other languages. In selecting/designing a SHOL,
consideration should be given to the problem of retraining programmers -
in the language , especially in view of the large number of individuals
involved . When a choice is to be made among severa l  language f e a t u r e s
satisfying a pa rticular functional requirement , prog rammer background
i nd i ca t e s  that  the choice be made on thi’ ground s of s implic i ty  of use  and
simila ri ty to commonly - u s e d  p rog ramming  languages .

Another  cons ide ra t ion , at least in the Link env i ronment , is the
use of a Qual i ty  A s s u r a n c e  group to optimize the programs produced by
the e n g i n ee r s . This d ic ta tes  a requi rement  for  p rogram understand-
abi l i ty ,  to e n s u r e  that  changes  made b y this group do not al ter  p rog rams
func tiona lly. Language features supporting unde rstandability are
d i s c u s s e d  in Section 4 . 5.
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4. 3 Compilation Size and Speed Req uirements

In simulato r development, constraints on compiler performance
are imposed by the computer being used for com pilation. Conventionally ,
compilation is done on the target computer , i. e., the computer on which
the simulation programs will execute. Typically, these computers are
of moderate size and speed . Examples of machines used are:

• PDPII/45

• Honeywell 316 , 516

• Interdata 8/32

• SEL 3250

• Harris DC 6024/4

This practice of compiling on the target machine would req uire that the
SHOL be compilable on machines of this size. (Note that disk storage
is available with all of the systems.) This restriction would also dictate
that the SHOL compiler be implemented in a language supported on the
target machine. Clearly, development of compilers in each of the
various target  machine ass embly languages would be costly. An alter-
na t ive  to this would be implementation of the SHOL compiler in the SHOL
(bootstrapped). Thi s would require  that the SHOL contain the capabilities
required for the compil er implementation. This would probably require
no features not also needed to produce the various offline simulation
support programs , several  of which are  special-purpose compilers.

Constraints on comp iler size and speed might also affect the
amount of optimization performed by the compiler . A language offer ing
programmer-controlled optimization allows the programmer to limit
the amount of optimization performed by the compiler, thus increasing
compiler speed and decreasing core requirements. The programmer
will then perform optimization explicitly throug h appropriate use of the
HOL.

The constraints described above could be avoided by use of a
single , la rger-sca le  host computer for  compilation. A depar ture  of
this sort from the current practice involves considerations which cannot
be fully addressed  here.  Among these is the requirement for  program
modification in the field , discussed in Section 4. 6.

4. 4 Object Code Size and Speed Requi rements

Object code size const ra ints  are imposed by the available core
on the target  system. A typical simulato r might occupy lOOK words of
core - - 80K for program and 20K for data . An addit ional  constraint
stems f rom the requirement  to deliver spare core. (Though core can
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be added , it is desirable to keep costs down and to stay within the
addressing capacity of the machine.) Simulator programs studied
reflect a desire to conserve core (e.g. , packing of logicals , use of
fixed point for large data tables when floating point would require double
words), but not at the expense of operating speed .

Speed of object code execution is of primary importance in simu-
lat ion . Clearly,  the s imula tor  m u s t  respond to pilot act ions as quickl y
as th e ac tua l a i rc r af t . Simultaneously with this  realt ime response ,
other  func t ions  such as p e r f o r m a n c e  r eco rd ing  mus t  occur . Not onl y is
speed itself impor t an t  but  coord ina t ion  of the var ious  sys tem component s
is vital .  Small d i s c r epanc i e s  between the v isual  and motion systems ,
for example , are discernible to the pilot.

Study of the simulator programs has verified the concern for
time efficiency over space efficiency . For example , Section 5. 2. 9. 2
discusses the use of inline subroutines to increase speed of execution.
The ability to specify inline expansion of subroutines (as opposed to
calling the subroutine) allows the programmer to trade space for
execution speed. The specification should be part of the subroutine
defini t ion , and calls for  both types should be w r i t t e n  the same w2y.
Thi s facil i tates changing the method used (i. e . ,  only one definition , not
numerous calls , must be changed) when tuning for the best t ime-space
balance.

Another feature required to provide object code eff ic iency is
programmer control over packing of data . This feature allows the
programmer  to choose between the space savings possible with packed
data (e. g. , packed Boolean i tems)  and the speed of access ing  provided
b y unpacked data . A choice of parallel or serial table allocation also
provides control over execution speed , since data can be a r r anged  to
support  e f f i c ien t  access ing.

The need for execution speed has dictated the need for multi-
processing. More than one CPU (typically three or fou r )  are  required
to obtain the des i red  per formance .  Multiprocessing requi res  that a
SHOL support  in te r -CPU communicat ion and sha ring of data . Section
5. 4. 2 d i s c u s s e s  language f e a t u r e s  d i rec t ly  supporting multi process ing .
In addition , conditional compilation (Section 5. 5. 2) is useful in adapting
programs to the CPU on which they will execute. It allows essentially
the same program to operate on different CPUs.

4. 5 Progr-.m Lifetime and Stability

In general , simulator programs have a long lifetime , s ince
simulators can be used for years  before  becoming obsolete. Thi s
implies that the programs must  be unders tood and modified by
p r o g r a m m e r s  who did not produce the original p rogram or make previous
modif ica t ions .  A SHOL should ass is t  in making programs understand-
able so changes can be made quickl y and correctly by programmers
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unfamiliar with the p rogram . Thus , p rogram readabil i ty  should be
s t ressed  over programming ease (which might be p re fe r red  for p rograms
with a short l i fe t ime) .

Simulator programs are fa i r ly  stable once they a re  put into use.
Changes are  most f requent  in the tactics simulation programs , e. g.
the programs  emulating the onboard computer  sof tware .  Frequent ly
the simulator user (the customer) makes program modifications in the
field . Modification by individuals not involved in program creation and
also not primarily involved in simulation engineering disci plines demand s
program unders tandab i l i ty  and readabi l i ty .

Among the kinds of language feature s that foster understandability
are , fo r exampl e, the status , or enumeration , data type. Section 5. 2. 3
presents  several  examples of the use of s ta tus  data in p rog ramming
simulator functions. Explicit data declarations are also important .
The type of each variable should be stated explicitly (and in a readily-
findable location in the program text). In addition , the ability to assign
mnemonic names to constants (e. g., the use of the name P1 for the
constant 3.141 5...) enhances understandability. To prevent modifica-
tion e r r o r s , such cons tan ts  should be a dis t inct  language entity , not j u s t
variables initialized to desired values .

Error prevention and error detection features also help to reduc e
modification errors . Among the features facilitating error prevention
and detection are strong typing and range declarations. Strong typing
m eans that implicit type conversions are forbidden (e.g. , when as sign-
ing a value to a variable). Forbidding implicit type conversions helps
to flag e r ro r s  when programs  are  modified . Similarly,  range declara-
t ions , i. e , , the spec i f ica t ion  of the intended value range of a variable ,
helps to prevent  and detect  er ro r s .  Range in format ion  is readily avail-
able for  simulator data , so a requirement for  its specific inc lus ion  in
programs should not p resent  a problem.

Many of the language features dictated by general  language
desi gn principles also contr ibute  to program readabili ty and modif iabi l i ty .
For example , un i formi ty  in language  syntax , s t ruc tu red  p r o g r a m m i n g
cons t ruc t s , and simplici ty of the language all make pr o g r a m s  ea s i e r  to
unders tand . A comment fac i l i ty  which is flexible and convenien t  to use
also encourages production of understandable programs.

The impl icat ions  of onsi te  s imula tor  p rogram modi f ica t ion  a r e
twofold. If the m o d i f i c a t i o n s  a re  made by patching, the SHOL compiler
mus t  provide l i s t ings  of machine  code represen ta t ions  of p rograms  and
possibl y other  load ing/re loca t ion  i n fo rma t ion . If modif ica t ion  is done
by recompilation , it is necessary that the compiler operate on the target
machine (see Section 4. 3) since the users would not necessarily have
access  to the host machine  used by a c ross -compiler.
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4. ~~ Program Reusabil i~y

Program reusab i l i t y  (as opposed to p r o g r a m  por tab i l i ty ,  which  is
d i s c u s s e d  in Section 4 . 7) is concerned  with the abi l i ty  to r e u s e  a p r o gr a m
for  d i f f e r e n t  purposes for  the same ta rge t  compute r  family. An
example of r eusab i l i ty  is the genera t ion  of slightly d i f f e r e n t  subrou t ines
adapted to the d i f f e r e n t  s imulat ion capabil i t ies of the cock p its  in the
‘‘ n de r g r a d u a t i -  Pilot T r a i n e r  s i m u l a t o r.

F e a t u r e s  s uppor t ing  r e u s a h il i t y  a re  e s sen t i a l ly p r o g r a m  g e n e r a  -

ti on f e a t u re s , i . e .  , they pe rmi t  d i f f e r e n t  v e r s i o n s  of a p r o gr a m  to be
eas i l y compiled . Condi t ional  compilation is an e s sen t i a l  l anguage
f e a t u r e  for  f ac i l i t a t i ng  p r o gr a m  r e u s a b i l i t y  s ince  reusable  rout ines  a r e
of ten  too genera l  purpose  for  e f f i c i en t , specia l purpose  use .  Condi t ional
corr.pilat iori is u sed  to remove unneeded g e n e r a l i t y  f rom such  a rou t i ne .
Use  of cons tant  names is another  way of adapt ing  a p r o g r a m  to d i f f e r e n t
c o n f i g u r a t i o n s .  These constant  names can be used to speci f y configu-
r a t i o n - d e p e n d e n t  constants  for  reusable  modules .

~~ei ther  condi t ional  compilation nor the use  of cons tan t  names
p er m i t s  ons i te  patches to p rograms  as a means of adap t ing  to new con-
f i g u r a t i o n s (e. g. , if code has been conditionally dropped out , a patch
canno t  access  i t ) .  The use of patches to make  the k inds  of changes
a c h ie v ab le t h r o u g h condi t ional  compilat ion and use of cons t an t  names does
not appear  to be a s i gn i f i c an t  p rac t i ce  in s imu la to r  env i ronmen t s .  Con-
f i g u r a t i o n  changes  often r e q u i r e  recompi l a t i on / a s sembly because  of
the i r  complexity.

4. 7 P rogram Portabil~~y

Prog ram por tab i l i ty  is concerned  with  the use of HOL source
code for different target computers. There is greater need for port-
abil ity in the s imula tor  appl icat ions a rea  than  in most . Many p rograms
change  v e r y  l i t t le  f rom one s imu la to r  to the next;  e. g. , the nav iga t ion
and communica t ions  p rograms ;  s imula t ion  of radio station s does not
depend on the par t icula r a i r c r a f t  involved.  A s imilar  s i tuat ion exis ts
in the tac t ics  area when simulat ing rada r emi t t er s  and va r ious  types of
weapons . Even in s imula t ion  a r e a s  m o r e  depen den t  on the aerod y n a m i c s
of the a i r ;r a f t , por tab i l i ty  is possible  ( e . g .  , solving six deg ree s  of
f r e e d o m  e q u a t i o n s ) .  V i sua l  sy s t ems  also have much  the same proces -
s ing f r o m  one sys tem to the next (e. g . ,  probe and gan t ry  control ,
a l t i tude  l imi t , v i sua l  e f f e c t s , and c u l t u r a l  light ing  controls) .  Such
s y s t e m s  a r e  seldom iden t i ca l  but have c o n s i d e r a b l e  p roces s ing  in
common. Since the re  i s  s i g n i f i c a n t  potent ia l  for  porta bi l i ty  in the
s imulator  a r ea , a SHOL should encourage  development of portable
p r o gr a m s . Ind ’ed , th is  is one of the ma jo r  advan t ages  of us ing  an HOL
as opposed to assembly l a n g u a g e .
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A truly portable program , of course , must not be ta r get mac h ine
dependent. This goal is probably unreal izable  for  s imula to r  s y s t e m s  as
a whole, though it may be possible for  some modules . However ,
mach ine -dependen t  code can be isolated , thus  f a c i l i t a t i n g  the c h a n g e s
req uired to transport the program.

Machine dependency arises in several  ways.  The most obvious
is in the programming of functions which cannot be implemented in the
HOL and m u s t  be imp lemented in 3ssembly language.  (Section 5. 7
d i scusses  these funct ions , as requ i red  in s imulator  p r o g r a m m i n g .
Assembly language code should not be in termingled with  HOL source
code but should be encapsulated to ease its rep lacement. The HOL
should probably require  that  assembly code be used only in separate
assembly language subrout ines .  In the programs studied , most f u n c t i o n s
requi r ing assembly language occur in the monitor  area , which mig ht
well be an area where not too much portability can be attained due to
the n a t u r e  of the func t ions  required .

Anothe r instance of machine dependency is in programmer-
specified data packing. As indicated in Section 4 .4 , thi s f e a t u r e  may
be necessa ry  to attain requi red  time and space eff ic iency.  It is
definitely necessa ry  to descr ibe  I/O data , as d i s cus sed  in Section
5 . 3. 4. 1. 1. However , it implies that prog rams  cannot be t ranspor ted
to a machine with a d i f f er e n t  word length (at least , not to a smaller
word length - - a la rger  would simply mean a waste of space).

Mach ine -dependen t  packing can be avoided by the use of ma ch ine —
independent  packing a t tr ibu tes  when control over packing is needed  jus t
to make t ime-space  t r adeoff s .  Packing a t t r ibutes  allow a p r o g r a m m e r
a choice of several degrees of packing (e.g. , unpacked , med ium , de n se ,
tig ht) without r equ i r ing  actual specification of bit posi t ions.  The packing
at t r ibutes  a re  then compiled appropriately for  the ta rge t  computer .  Data
packing specified in this way does not hamper portability. For I/O inter-
face data , programmer specif icat ion of actual bi t - level  packing is
necessa ry .  Such specifications , which are  mach ine -dependen t , sh uld
be encapsulated in some way to support isolation and change. The~
might , fo r  example , fo rm a separate block or mod ule of the global data-
base.

A thi rd source of machine dependency is p rogrammer  rel iance
on internal representations of data, e. g., on the available range and
precision of real (fixed or f loa t ing)  values for a part icLia r target
machine. A SHOL can assi st portability by providing built-in operations
to access  implementation information , such as precision , radix , and
exponent range of f loat ing point values.  A related language f e a t u r e  is
the ability to specify machine configuration constants reflecting, for
example, machine model, word size s, etc. These can then be used
with conditional compilation to inc lude /exc lude  machine -dependent  code.
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Sec tion 5

PROGRA M ANALYSIS OBSERVATIONS

Part  of our genera l  approach to de f i n ing  HOL r equ i r emen t s
is to ana lyze  how the functions to be programmed (as opposed to
the e n v i r o n m e n t  in which the programming takes place)  a f f ec t  the
choice  of l anguage  fea tures .  In thi s Section , we p re sen t  our
observa t ions  of s imula tor  p rogramming  c h a r a c t e r i s t i c s , as r evea l ed
by our stud y of s imulator  p rograms  and d i scuss ions  wi th  s i m u l a t o r
personnel .  These observat ions  a re  par t  of the bas is  for  the deta i led
language  requ i rements  spec i f ica t ion  g iven  in Section 6 .

The s imulator  p rogram func t ions  and support  p r o g r a m
func t ion s a r e desc r ibed in Appendix A in the fo rm of an SADT model .
This model descr ibes  the funct iona l  components  of a s imula tor  and
demons t ra t e s  our u n d e r s t a n d i n g  of the s imula tor  p rog ramming  t a sks .
The remainder  of this Section con ta ins  an analys is  of how the
f u n c t i o n s  to be programmed can be supported by variou s HOL
f e a t u r e s .  Our observat ions  about the relat ion between s imula tor
p rogram funct ions  and HOL fea tures  are c r o s s-r e f e r e n c e d  to the
re levant  pa r t s  of the SADT model (e. g. , a r e f e r ence  to “ di a g r a m
A33’ is to d i a g r a m  A33 in Appendix A ) .  S imilar l y ,  the model
d i a g r a m s  r e f e r e n c e  this  Section of the repor t .  For example ,

compute
-,

1 ~~~~~~~~~~~~~~~~~ 5 1 . l

indicates that language requirements for “compute al t i tude l imits ’ a re
d i scussed  in Sections 5. 3.4. 4 and 5. 5 . 1. 1. (Since the f i r s t  digi t  of
all section r e f e r ences  is 5 , thi s digi t  has been omit ted f rom refer ’-
ences in the model.

The anal ys i s  p re sen t ed  here  is grouped by l a n g u a g e  a r ea .
The overall  organiza t ion  is:

5. 1 Storage M a n a g e m e n t

5. 2 Data Type s and Opera t ions

5 . 3 Aggrega te  Data T ypes
5 .4  Control St ruc tu res

5. 5 Program Development Aids

5.6 I/O

5.7 Machine Dependency
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5. 1 Storage Management

5. 1. 1 Global Data

The primary storage management facility in the Link simulators
is the ‘datap ool’ , or system symbol d ic t ionary .  System data in
this global data base is used a n d/ o r  updated as required by the sirnu —
lation programs and by the cock pit and i n s t r u c t o r  stat ion I/O
processing. Diagrams Al , A3 , and A33 i l l u s t r a t e  datapool use .
The datapool is similar to the JOVIAL COMPOOL. When programs
reference datapool items , the address and type of the item is
re t r ieved during assembly/ c o m pilation by the database system (see
Section 5. 5) .

Datapool items are  grouped into blocks .  Each i f  m ’s locat ion
is def ined  by its displacement  within the block . Thi s grouping
fac i l i t a tes  relocation as well as al lowing re la ted  i tems to be grouped
toge ther .  The data is broken up into 5 groups:

pr ivate  - cockpit dependent arithmetic

private - cock pit independent

common - cock pit dependent  logical

common - cock pit dependen t  a r i t h m e t i c

common - cock pit independent

‘Common ’ and ‘ private ’ refe r to the common and pr ivate  memor i e s .
Cockpit dependent  data is data of w h i c h  the re  a re  severa l  copies ,
one for each cockpit. To provide the u s e r  with  access  to the c u r r e n t
cockpit data, the monitor (in the f o r e g r o u n d  d i spa t che r  - d i a g r a m
A 3 12 )  i n i t i a l i z e s  index r e g i s t e r s  to the base a d d r e s s e s  of the data
areas  for  that  cock pit. In the UPT s imula to r , for  examp le:

reg i s t e r  I p r iva te  - cock pit dependen t  a r i t hme t i c

r eg i s t e r  K common - cock pit dependent  a r i t h m e t i c

reg i s t e r  V common - cock pit dependent  log ica l

The V regis te r i s  a base r e g i s t e r  used for  bit a c c e s s  i n s t r u c t i o n s .
Its conten ts  he re  will ac tua l l y be the same as the K r e g i s t e r ,
s ince the common cock pit dependen t  log ica l  and a r i t h m e t i c  data
occupy the same data a rea .  There are  ac tua l l y onl y two a reas ,
pr ivate  and common.

Th~ p r o g r a m s  wh ich  acces s  the cock pit dependent  da ta  then
can r e f e r e n c e , fo r  example:

var , K



and obtain the value of ‘var ’ for  the cur ren t  cockp it. Ordinar i l Y the

index r eg i st e r  will be dedicated to this  purpose. However , the

monitor also places  the cur rent  value s in gl obal var iables  in

case the user  has to des t roy  the reg is ter  values and must then

res to re  them. The pr o g ra m me r  need not actually know whether  a

par t icular  item is in common or pr ivate  memory.  Cock pit

dependent var iab les  ar c  r e f e re n c e d  by

var , R

and the assembler (as modified by Link ) subst i tu tes  t i t h e r  ‘1’ or

‘K’ for  ‘R’ , based on in fo rma t ion  f rom the symbol di t iOnarY .

An HOL implementat ion might grou p the data into  large

tables, one for  pr ivate  data and one fo r  common data , whe re each

table has 4 en t r ieS ,  one for  each cockpit. Thi s table could then be

indexed by the number  of the active cockpit , so that

var(CKPT )

woul d refe r to the value of ‘var ’ for the cur ren t  cock pit. Such large

tables , however , are rather  unwieldy , and their elements would not

all be simple items,  but would sometitne F be t ables,  a r ra y s , etc.

leading  to c on f u s in g  subscr ip t ing.  A much bet ter  r ep resen ta tion

would be something like the based block of PL/ 1, i. e . ,  a block

based on a pointer var iable  establ ished for  the cur ren t  cock pit. In

any implementatb0n ~ 
it would be desirable that the compiled code

dedicate an index reg ister  to the block. (Typ iCallY~ most s ta tements

iri the program will r e fe rence  data in one of the two b locks,  so a

good compiler should c ome c l o s e .)  Sta tements  explic it lY ded ica t ing

an index reg i s ter  are  also a possibility .

The datapool as used by Link is an impor tan t  tool for  p rogram

reusabil i ty .  The concept Is used in each simulator , and many data

i tems are the same in variou s simula to rs .  Some such global data

def ini t ion fac il i ty  seems essent ia l  in a s imulation HOL, however it

be provided.  It might be desirable to rest r ict  unauthor ized  access

to global data  more di rect ly  in  thi s fac i l ity .  Cur rent lY  thi s can be

done onl y i n d i re c t l y  th rou gh examina t ion  of the c r o ss - r ef e r~~~~~

l i s t in g s .

5. 1. 2 Local Data
---

The s imulator  programs also make use of a t emporary

s to rage  area  (50 words in the 2 14A simulato r ,  for  example) .  These

are  sha red  by all the prog rams .  Programs u s i n g  them c an n ot  call

one another , but thi s is  not a problem. Genera l l y p r o g ra m s  are

ini tia ted f rom the monitor  and r e tu rn  to it on completion without cal l ing

other p r og rams  ( d iagram A311 i l l u st r a t e s  t a sk  5chedul if lg l .  P rograms

us ing  the temporary  s torage area cannot  be r e e nt r a nt  but ~~ pn t r a f lty  is

requi red  only in a few monitor subrout ines .
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Use of these  temporary locat ions  can make programs u n r e a d a b l e
if the temporary  s to rage  name s are not equated to more mean ing ful
names. As an example of thi s problem , see F igures  5-1  and 5 -2 ,
which i l lustrate  s torage usage in display system process ing  (Box 4
of d iagram A35) .  A simulation HOL with a s imi la r  local s torage
st ra tegy would have to provide some means of a s s ign ing  meaningfu l
name s to these locat ions in the variou s programs which use them.

1. SYTO2 - CCL WORD 1 ADDRESS

2. SYTO3 - CCL WORD COUNTER

3. SYTO4 - CAB RANGE

4. SYTO5 - CAB WORD 1 ADDRESS

5. SYTO6 - CAB WORD 2 ADDRESS

6. SYTO7 - CAB WORD 3 ADDRESS

7. SYTO8 - FIELD WIDTH

8. SYTO9 - NUMBER OF FRACTIONAL DIGITS

9. S YT I2  - INTEGER TO BE COI~4VERTED

10. SYT13 - FRACTION TO BE CONVERTED

11. SYT 15 - ANSWER STORAGE

12. SYT17 - CAB WORD 9 ADDRESS

13. SYTZ4 - RETURN ADDRESS

Figu re 5-1 .  Temporary Storage for  Convers ion
Control Program
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1. SYTOO - RETURN Address

2. SYTO 1 - CCL Address

3. SYTO7 - Cockpit Number

4. SYTO9 - Address of CAB Word 1

5. SYT2 1 - Address  of CAB Word 2

6. SYTZ3 - Address  of CAB Word 4

7. SYT24 - Address of CAB Word 5

8. SYT25 - Address  of CAB Word 6

9. SYTZ6 - Address of CAB Word 7

10. SYT27 - Address of CAB Word B

11. SYT 1O - Field Width

12. SYT 11 - Nu mber of Fractional  Digi ts

13. SYT1Z - Sign Flag

14. SYT2O - Decimal Point Flag

15. SYT13 - Integer

16. SYT14 - Fraction

17. SYT17 - Input

18. SYT19 - Answer

19. SYTO3 - Private Cockpit Base Address

20. SYTO4 - Command Cockpit Base Address

Figure 5-2. Temporary Storage for Parameter
Insert  Program
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5 . 1 .3  OWN Data

OWN data is data local to a subrou t ine  whose va lue  must  be
re ta ined between invocations of the subrou t ine .  Some uses  of OWN
data were observed in the programs studied.  For examp le , the
2 l4A program which ve r i f i e s  data on the modelboard contour map
(Box 1 of d i ag ram A3353 )  re ta ins  locat ion in format ion  between cal ls .
Another  example is the Moni tor  TTY output  d r i v e r , wh ich  mus t  e x t r a c t
a buffe r add re s s  and cha rac t e r  count f rom the paramete r table
on the f i r s t  invocat ion , then main ta in  them b y i n c r e m e n t i n g  the
addres s  and dec rement ing  the count t h r c~ig h subsequent  i nvoca t ions .
A th i rd  example is the t imer  data ( f i r e  and overhea t  t imers ,
indicated by the two-way out put of Box 1 of d iagram A33 135 , and
icing t imers , Box 2 of the same d i ag ram)  used in the Miscel laneou s
Accessor ies  area .  These t imers  are used to keep t r a c k  of the time
since the indicated problem (e. g. . engine  overhea t )  was i n i t i a t e d
so warn ings , etc. can be tu rned  on a f t e r  the appropr ia te  in te rva l .

5 . 1 . 4  Overlay Programs

Overlay programs are used in several ins tances  in the UPT
simulator,  For example , sys tem in i t ia l iza t ion  (Box 1 of d iagram
A 3 l )  makes use of programs that  are  replaced in core a f t e r
initialization. Over lays  are also called in as requi red  to process
debugg ing and display hand l ing  func t ions .  Some offl ine p rograms
(e. g . ,  Math Model Test , Box 2 of d iagram AZ )  are also o rgan ized
in overlays.

Ordinar i ly ove rlay handl ing  is an ope rat ing system (OS ) f u n c t i o n
(of course the OS should be imp lementable in the selected HOL) but
in some machines the prog ram must call the OS to br ing in over lays ;
in others , it can be effected automatical ly. If the p rogram has to
request overlays , the language must make thi s possible.  To be
usable in rea l - t ime applicat ions , over lay  hand l ing  must be
ef f ic ien t ly implemented.

5. 2 Data Type s and Operations

5. 2. 1 Intege r Data Type

The p rog rams  studied show few uses  of i n t e g e r s  to r e p r e s e n t
actual s imula tor  numer i c  data. Some uses  were observed  in the
Miscel laneous Accessor ies  area ( d i a g r a m  A 3 3 1 3 5 )  fo r  f i r e , ove r-
heat , and ice t imers .  Another use  was observed in a weapon
jett ison program (Box 2 of A334) .  In general , however , most
in teger  va riables a re  used for  loop i n d i c e s , Booleans , e n u m e r a t i o n
types , a r r a y  indices , etc. The use to r e p r e s e n t  Boolean and
enumerat ion values would disappear in a l angu age  that  supported
these data types directly. The r e m ai n i n g  uses  a re  not pecu li a r  to
s imulators , ( a r r a y  indices , loop ind ices,  e tc . )  but  a re  found in a lmost
any use of a language.
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5 . 2. 2 REAL Data Type

REAL data is used  throug hout the s imu la to r  for  n u m e r i c
values.  Areas  in which mathematica l  p rocess ing  is pa r t i cu l a r l y
heavy are Aerodynamics  (d iagram A 3 3 12 ) ,  Visual  ( d i a g r a m  A33 5) ,
and Tact ics  ( d i a g r a m  A334) modell ing and the of f l ine  Map Plate
Compiler (Box 5 of d i a g r a m  A35) .  Most a i r c r a f t  data  (speed , roll ,
pitch , y aw , a l t i t ude , d r a g ,  e t c . )  is REAL data .

5. 2. 2. 1 Fixed Point vs. F loat ing  Point

Both f ixed and floating point a re  used to r epresen t  REAL
values .  Link has ind ica ted  that  f ixed point  is  a lways se lec ted
unless  con t r ac t  r equ i rements  specif y f loa t ing  point. (When
FORT RAN is used  to p rog ram a s imulator , however , f l oa t i ng
point is used. No attempts at fixed point a r i t h m e t i c  with FORT RAN
integers  have been not iced. ) This prefe rence for  f ixed point  come s
pa rtl y f rom a des i re  to continu e us ing  the same data d e f i n i t i o n s ,
sca l ing ,  etc. used  on previ ou s s imulators .  Of course , once f loa t ing
point is es tab l i shed , the new def in i t ion s could be reused.  Other
considera t i ons a re  the p rog rammers ’ u n f a m i l i a r i t y  wi th  f loat ing
point and concern  abou t loss of control  over s i g n i f i c a n c e  in computa-
t ions .  A t h i r d  problem is t ha t  f l oa t ing  point  is some t imes  s lower
than  f ixed  point  (see [Babel , 19741) . A n o t h e r  pape r F Go l d i ez , 1976]
compares  the r e l a t i v e  speed of assembly l anguage  and F O R T R A N  pro-
g r a m s ;  the  F O R T R A N  p r o g r a m s  took almost  t h r e e  t imes  as long.  The
a u t h o r s  blame th i s  d i s c r ep a n c y  at l ea s t  p a r t i a l l y on the  fac t  t h a t  the
F O R T R A N  v e r s i o n s  used f l o a t i n g  poin t  wh i l e  t h e  assembly l anguage
v e r s i o n s  used f ixed  p oint .

The UPT s imu la to r , one of the sy s t ems  s tudied , u s e s
p r imar i ly f loa t ing  point .  On the UPT computer , the H a r r i s  DC
602 4/ 4 , f loa t ing  point is a l l  double word , wi th  39 bi ts  of m a n t i s s a .
In the 2 14A s imula to r , a l so  s tud ied , a ll  a r i t hme t i c  data  used  is f ixed
point.  Much of the data in t h i s  s i m u l a t o r  is  two—word ( i . e .  . 32 b i t )
f ixed  point.  As two-word a r i t h m e t i c  is  not supported by the ins t ruc-
tion set , h a n d l i n g  such data  takes a lot of code. For example ,
s u b t r a c t i n g  one such  v a l u e  f r o m  a n o t h e r  r equ i r e s  f ive  i n s t r u c t i o n s .
Add i t i on , i f  it is  n e c e s s a r y  to t e s t  f o r  overf low , t akes  n i n e
i n s t r u c t i o n s .  A hig h - l e v e l  l a n g u a g e  which  suppor ted  such a da ta
type would r e su l t  in much c l e a r e r  p r o g r a m s .  C e r t a i n l y ,  suppor t
of 16-bi t  f i xed  point onl y is not adequa te .

Reasons  for  the va r iou s sca le  f a c t o r s  used  fo r  f ixed  po in t
data a re  not a lways  c l e a r , s i n c e  the range  of data  i t ems  i s  not
a lways  a p p a r e n t .  P r e s u m a b l y sc a l e  f a c t o r s  a r e  se lec ted  to  a l low
r e t e n t i o n  of max imu m s i g n i f i c a n c e  d u r i n g  c a l c u l at i o n s .  In al l
i n s t a n ce s  whe re the u n i t s  r e p r e s e n t e d  b y f r a c t i o n a l  va lues  are
apparen t , the step s ize  is a power of two . Much r e scal ing  o c c u r s
d u r i n g  c a l c u l a t i o n s .  Some u s e s  of f ixed  point f r a c t i o n s  occur  when
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integer data is being used , resulting in some loss of eff ic iency.
For example , the code used in the 214A simulator  to multi ply an
integer  value of 1, 2 , 3 , or 4 in RO by a constant  3 is:

MUL # 3B2 , RO constant  3 scaled with 2 in teger ,
13 f rac t iona l  bits

ASHC #3 , RO shi ft r eg i s t e r  pair lef t  3 to get
resul t  in RO

Multiplying by an in teger  3 would have given the desired result  in
Rl in one step. If it had to be in RO , a move ins t ruc t ion , more
ef f ic ien t  than a double shift , could then be used.  Presumably thi s
sort of thing is due to programmer habit and i l lus t ra tes that some
ineff ic iency can be tolerated in some fixed point computations.

Several instances of fixed point data occur in the UPT
simulator.  For example , latitude and long itude are often expressed
in BAMs (Binary Angular Measurement) ,  or degrees/360.  Some-
time s BAMs are represented in double word fixed point , e. g. , in
the Navigation Environment area (diagram A332 , Box 2 outputs) .
The documentation (UPT Product Specification , Vol. 1, Navigat ion
Environment, p. 31) describes the reason:

“Since Lat and Long are defined in BAMs (Deg. / 360)
the 23rd bit in the single word is equivalent to 7. 82 ft
which is not enou gh resolution to maintain required
accuracy .  The 48th bit in the double word will be
equivalent to 4 .7  x l0~~ ft . ”

The UPT also uses one-word fixed point in certain tables to
save space as compared to the two words required by floating point.
Thi s occurs , for example , in the LFI ( l inear  function inte rpolator)
rout ines , which are described in more detail in Section 5. 3.4. The
LFI subroutine s access a table of values in fixed point form. Once
the correct  value is found , it is converted to f loat ing point befo re
being returned. The reason for having the table in fixed point form
is economy of space , since the fixed point values take only one word
while two are required for floating point. The precis ion allowed by
the sing le word is adequate for the values.  The breakpoint table ,
used in the LFI search routines , contains floating point values. The
breakpoints require greater  precision.  In the case of a two or three
variable LFI , of course , the value table is much la rger  than the
breakpoint table , so there is more motivation to save space. (In
the 2 14A visual system, which is all fixed point , the value tables
are all s ing le precisi on ; the break point tables are sometimes sing le
and sometimes double precision. Alt i tude  breakpoints , for  example.
are double precision. )
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Fixed point values are also used in the display system
(diagram A35).  These are generall y values that appear in l a rge
tables or disk files (e. g . ,  saved track data , Box 6 of d iagram A35) .
Fixed point is apparently used to save space over the two words
require d by f loat ing point.

5. 2. 2. 2 Operations on REAL Data

The s tandard  mathematical  operations (4- , - , , I ,  *~~) a re  of
course requi red .  Other operation s , performed by mac ros ( in line
func t ions )  or by sub routines , are  desc ribed in subsequent  subsec t ions .

5. 2. 2. 2. 1 Trig~ nome t ri c Functions

The functions used are  SIN , COS , and ARCTAN. The map
plate compiler (Box 5 of d iagram A35 )  uses  secants  and cosecants ,
but since these are  simply inve r ses  of COS and SIN , no separa te
funct ions  are used. The F- 14A and 2 14A s imulators  include a sing le
routine to compute both SIN and COS , thus saving time when both are
required.  The UPT has only the two separate rout ines .

In the UPT simulator , the rout ines  use fixed point (BAMs)
for  the angles and floating point for  the funct ional  values. Some
rout ines  that  call them , e. g. , Aerodynamics (d iagram A33 12 ) ,
maintain ang les in f loa t ing point and mus t  conver t  to BAMs to use
them . Calls to the SIN and COS rout ines are preceded by f loa t - to -
fixed convers ions , and calls  to the A R C T A N  rout ine  a re  followed b y
f ixed - to - f l oa t  conversions.

5.2. 2 . 2 . 2  LFIs

Linear Function Inte rpolation is the calculation of a funct ional
value b y l inear  interpolation of its arguments  in a predef ined  table of
a rguments  and associated values. Two routines are used.  The
‘ search’  routine looks up the a rgument  in the predef ined  a rgumen t
(or breakpoint) list , obtaining the interpolant.  The ‘value ’ routine ,
with thi s interpolant as a parameter , computes the funct ion value.
The data s t ruc tu re s  used are d iscussed  in Section 5. 3. 4.

5. 2 .2 . 2. 3 Limi t Function s

A common operation in the p rograms  studied is a limi t
operation of the form:

MAX ( M.IN(expression , upper bound),  lower bound)

e .g . ,

MA X ( M IN ( T E M P O 2 512. , 4 0 0 . ) ,  -400 .)

or

M A X (M I N ( . 9 52 3 8  ‘{~ ( . 5 2 5 - HAIFLP),  . 999),  0 . )
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Thi s is f requent l y wr i t ten  in the documentation in notation of the
form:

[.95238*( .  525 - HAIFLP)J ~~~~~~~~~~

0

Thi s func t ion  a r i ses  f rom a need to l imit  a value to an accep table
range , f requen t l y for  out put to analog hardware .  It is pa r t i cu la r ly
prevalent  in the Aerodynamics  (d iagram A33 12) ,  Flig ht Controls
(d iag ram A33l , Box 1),  Hydraul ic  System ( d i a g r a m  A 3 3 l3 3 ) ,  and
Naviga t ion  Radios (d iagram A3323 )  a reas .

5. 2. 3 Status Data Types

There are numerous ins tances  in the s imula t ion  p rograms
studied whe re a s ta tus  ( i . e . , enumera t ion )  data t ype would enhance
program readabil i ty.  Status types wou ld be use fu l fo r  f lags , for
table and a r ray  indices , and A or  CASE a l te rna t ive  se lec tors  (see
also Section 5. 4. 1 .2) .

5. 2. 3. 1 Status Data as Flags

Examples of flags that  could be represented  by status types
occur  in the moni tor  area  (d iag ram A 3 l ) ,  in the d e m o/r e c o r d !
playback area (Box 1 of A 3 5 ) ,  in the i n s t r u c t o r  a rea  (Box 2 of A3 5) ,
and the visual area (diagram A335 ) .  In the monitor  area , f lags  are
used to synchronize the var ious  processors  and to coordinate  I /O ,
the CPU nu mber and cock pit number used by the fo reg round  task
dispatcher (d iagram A 3 l 2 ) ,  etc. In the d e m o / r e c o r d / playback area ,
flags are used to avoid playing a demo which is c u r r e n t l y being
recorded.  In the in s t ruc to r  area , statu s variables  would be use fu l
to descr ibe  many of the in i t ia l  condi t ion se t t ings , e. g. , d a y - d u s k -
night. In the visual a rea , subrout ines  are used with i n t e g e r
parameters  indicat ing X , Y , or Z values a re  to be p rocessed .  The
X , Y , Z enumerat ion type would enhance readabi l i ty  here  also.

5 . 2. 3. 2 Statu s Data to Index Tables and A r r a y s

Throu ghout the s imula tors  examined ,  r e a d a b i l i t y  would  be
grea t l y enhanced by group ing  related data items into  tab les  and
a r r a y s , even when the resu l t ing  s t r u c t u r e  will  have onl y two or three
ent r ies .  In such cases , an enumera t i on  or s t a tus  type is  the logical
choice to index the s t ruc tu re . C o n s i d e r , f o r  example , the set  of
items connected wi th  the DME dial  ( N a v i g a t i o n  Rad ios , d i a g r a m
A3323 , Box 3):

NDMUNT - DME uni ts  wheel

NDMT EN - DME tens wheel

NDMHND - DME hundreds  wheel

NDUNTX - DME units  output x
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NDTENX - DME tens output x

NDHNDX - DME hundreds  output x

NDUNTY - DME uni t s  output y

NDTENY - DME tens outpu t y

NDHNDY - DME hundreds  out put y

NDUNT 1 - DME u n i t s  wheel previous pass

NDTEN 1 - DME tens wheel  previou s pass

NDHND I  - D M.E hundreds  wheel previous  pass

which  could be represented  by a 3 - e n t r y  table (perhaps  indexed by
an enumera t ion  type UNITS , TENS , H U N D R E D S ) :

T A B L E  DMEDIAL (UNITS:HUNDREDS) :

BEGIN

ITEM DMWHEEL wheel value

ITEM DMOUTX outpu t x

ITEM DMOUTY output y

ITEM DMWHEEL 1 previou s pass wheel va lue

E N D

Then , for  example , the i tem cu r r en t l y called NDMUNT would be
r e f e r r e d  to as DMWHEEL(UNITS) .  Similarl y ,  eng ine  data ( d i a g r a m
A 3 3 l 3 . Box 4 ) ,  wing data ( d i a g r a m  A 3 3 12 ) ,  e t c . ,  could be
o r g a n i z e d  in tab les  indexed by LEFT and  RIGHT , or nose posi t ion
in a table indexed by ( U P , DOWN , C E N T E R) .

Many fli g ht data i t ems  a r e  ac tua l l y vec to r s  of X , Y , and
Z v a l u e s .  These are  all r e p r e s e n t e d  b y sets of th ree  va r i ab l e s , e. g.

VXGMI , VYGMI , VZGMI
or

VXPFB , VYPFB , VZPFB

These would be best  r ep re sen t ed  in an HOL u s i n g  3 -e l em e n t  a r r a y s ,
which could be i n d e x e d  wi th  an en u m e r a t i o n  type u s i n g  the i d e n t i f i e r s
X , Y , and Z , e. g . ,

V G M I ( X ) ,  V G M I (Y ) ,  V G M I ( Z
or

V P F B ( X ) ,  V P F B ( Y , V P F B ( Z
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Similarly, the re are nume rous sets of values for  roll , pitch , and
heading, e .g. ,

VC PHI , VCPSI , VCTHTA

which might be represented by 3-element  a r rays  indexed b y P1-ti ,
PSI , and THETA.

5. 2. 3. 3 Status Data as CASE Al te rna t ives

In the programs studied , there  are  numerou s i n s t a n c e s  of
CASE-like control s t ruc tu res .  In some of these  the var iou s cases
could be most unders tandably represented  by s ta tus  or enume ration
type values.  For example , one subrout ine in d e m o/ r e c o r d / p lay back
(Box I of d iagram A35)  has as a parameter  an in t ege r  i nd i ca t i ng
the type of processing to be done :

0 = disk read in i t i a l iza t ion  data

I = disk read demo data

2 = unpack disk data

3 = playback

4 = f l yout

Clearly mnemonic values would be more unders t andab le  than ’in tegers
as pa rameters .

Othe r examples of CASE a l te rna t ives  best  represented  b y
enumerat ion type s occur in the monitor area (d iag ram A 3 l ) .  These
include the funct ion specif icat ions for  the in tercomputer  communi-
cations and ba~ kground scheduling routines , and the I/O device
select ion for  the input /output  control coord ina to r .

5 .2 . 4 Bit Data Type

Most occurrences  of bit  data in the s imulators  s tudied corres-
pond more logicall y to the set data type d i scussed  in Section 5 .3 .  1.
The major  use of bit data is in m a c h i n e -  or d e v i c e - d e p e n d e n t  code.

Ins tances  of bit operat ions (bit inse r t ion  and ex t rac t ion)
could general ly  be avoided throu gh the use  of p r o g r a m m e r — d ef i n e d
tables to access  the de sired bits. These are  d i scussed  in
Section 5. 3. 4. Some such ins t ances  may be rathe r forced , however.
An example of th i s  occurs  in the Math Model Test p r o g r a m  ( d i a g r a m
AZ ) of the UPT s imulator  in the par t  of the p rogram which  formats
ins t ruc t ions  for  the t r ace , t r ans l a t ing  them from binary  to mnemonic
form.  The UPT computer  has a ve ry complicated ins ’ ruction fo rmat
for thi s purpose. For example , re~ t er  specif icat ions are  part  of
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t h e  op ode mnemonic  ra the r than ope rand f i e lds .  Thu s there  are 42
ADD opcodes , for i n s t ance .  This t r ans l a t ion  prog ram involves  a
main  rou t ine  and 46 subrou t ines  as well as three tables of opcodes.
Procc~~s i n g  is roug hl y as fo l lows:

a . Based  on the f i r s t  six b i t s  of the opcode , one of
the three  tables is se lec ted , fo r  p re f ix  - 00 8.

or ‘ o ther ’ .

b. Withi n the s e l ec t ed  tab le , an e n t r y  is chosen  b y index-
ing  by the f i r s t  six b i t s  of the opcode f o r  the ‘ o the r
table , and b y the second six b i t s  for  the 00 8 and
tab les .

c. The table  e n t r y  cons i s t s  of two words , c o n t a i n i n g :

opcode mnemonic

I sub sub subno . no. no.

The (poss ib ly  tempo rary~ opcode mnemonic is obta ined
f ro m the f i r s t  word.  The second word conta ins  three
8-b i t  numbers  between 0 and 4 6 , which are sub rou t i ne
n u m b e r s  i n d i c a t i n g  one of the 46 sub rou t ine s , or 0.

d. The indicated sub rou t ines  are  executed in the specified
o r d e r .  An e n t r y  of 0 t e r m i n a t e s  the  l i s t.

For  example , c o n s i d e r  the i n s t r u c t i o n  OO Z 30 22 0~ . Based on the f i r s t
six b i t s , the 008 table is selected.  Based on the next six bits , the
23 8 e n t r y  is se lec ted .  Thi s en t ry  i s :

PRR

z f  i j o ]
The opcode , ‘ PRR ’ , is e x t r a c t e d .  Subrout ine  2 is executed .  It
e x t r a c t s  the las t  six bi ts , 20 8, d e t e r m i n e s  t hat  th is  i n d i c a t e s
‘ reg is te r A ’ , and rep laces  the t h i rd  c h a r a c t e r  of the opcode by ‘A’ ,
o b t a i n i n g  PRA ’ . The n subrout ine  I is cal led , looking up the next-
t o - t h e - l a s t  six b i t s , 02 8, t r a n s l a t i n g  t his to ‘ r eg i s t e r  3’ , and obtain-
ing  the opcode P J A ’ ( P o s i t i v e  of J to A) .  The v a r i o u s s u b r o u t i n e s
mig ht a l so  c o n s t r u c t  the operand f ie ld  (PJA has no ope rands ) .  T h i s
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implementat ion is unusual , so such complexi ty  may not be
req~.t i red.  The method , however , should be irnp lementable  in an
HOL , us ing  an a r r a y  of subrout ines  or a CASE s ta tement  to se lec t
the subrout ine  cal ls .  With a simpler machine , this sort of process-
ing can be done nicel y us ing  a p r o g r a m m e r - s p e c i f i e d  table to de f ine
(or  ove r l ay ,  real l y )  the i n s tr u c t i o n  word .  The table wil l have v a r i an t
record  types , i. e. , d i f f e r e n t  d e f i n i t i o n s  of the word , based on the
va r ious  i n s t r u c t i o n  fo rma t s .  Th e n e c e s s a ry fi e l ds ca n be a c c e s s e d
d i rec t l y wi thou t  expl i c i t  b i t  e x t r a c t i o n .  The DC 6024/4  machine ,
however , mig ht have too many i n s t r u c t i o n  f o r m a t s  fo r  thi s to be
p rac t i ca l .

Anothe r a rea  where  bi t  mani pula t ion  is n e c e s s a r y  is in some
types of number  conver s ions .  These usua l l y invo lve ‘logical or
and sh i f t  operat ions .  It is possible to do this  wi thout  s h i f t s ,
t echn ica l ly. One UPT FORT RA N p rog ram fo r  f o r m a t t i n g  d i sp lay
s c r e e n  images (Box 4 of d i a g r a m  A35)  does conver s ion  u s i ng  add i t i on
i n s t e a d  of logical  or ’ s , and mul t i pl i ca t ion  and d iv i s ion  by powers  of
two ins t ead  of sh i f t s .  Thi s doe s not  enhance  r e a d a b i l i t y ,  h oweve r ,
and could be ve ry  i n e f f i c i e n t  if the mul t i pl i ca t ions  and d i v i s i o n s  do
not compile as sh i f t s .

Bit a c c e s s i n g  is occas iona l ly used  in ‘coding t r i c k s ’ to gain
e f f i c i e n c y .  For example , in the 2 l 4 A  Visua l  Sy s t e m  ( d i ag r a m  A 3 3 5) ,
the code used  to imp lement  the t e s t

“If cock pit 2 or 3 , r e tu rn  to cal ler ”

is:

BITB #2 , QCKPT te s t  bi t  2 of cock pit nu mber

BEQ V$560A if off , execute  p r o g r a m

JMP V$560Z othe rwise , jump to l a s t  s t a t e m e n t

A compiler  could probabl y not be expected to g e n e r a t e  such a t e s t , even
if it was known that  the range of QCKPT was 1-4 . Howeve r , onl y
two i n s t r u c t i o n s  are saved over  a more exp l i c i t  t r a n s l a t i o n  of the
IF s t a t emen t .

5. 2. 5 Boolean Data Type

C e r t a i n  s imu la to r  a reas  invo lve  l a rge  q u a n t i t i e s  of Boolean ,
or logical , data. Thi s is p a r t i c u l a r l y t rue  in the N a v i g a t i o n  and
Communica t ions  area  ( d i a g r a m  A332) .  Much of the data  c o r r e s p o n d s
to h a r d w a r e  inpu t and output v a l u e s .  In f a c t , the da tapoo l  a l low s
spec i f i ca t ion  of 10 d i f f e rent  types  of Boolean  i t e m s :

VB - logical  bit

DI - discre te  digi ta l  input

LO - d i s c r e t e  lamp d r i v e r  level  outpu t
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DO - d i sc re t e  logical  level ou tpu t
WI - hardware  bounded dig ital word input
WL - hardware  bounded lamp d r i v e r  leve l  word  output
WD - hardware  bounded logic  level word out put
Pr - so f tware  bounded  d ig i ta l  word  inpu t

PL - softwa re bounded lamp d r i v e r  level  word output

PD - sof tware  bounded logic  level  word  output

A major  i s sue  with Boolean data is the deg ree  of pack ing  used ,
wi th  a t r a d e o f f  between space used and speed of access .  One objec-
t ion to FORTRAN expressed at Link was the n e c e s s i t y  of a l locat ing
ful l  words  to logical va lues .  The p rog rams  s tud ied  a l l oca t e  l og i ca l s
to bi ts , by tes , and words , depend ing  on the type of e f f i c i e n c y  r equ i red .

The 2 l4 A  Visua l  Syste m ( d i a g r a m  A335)  uses  m a n y
Booleans for  f l ags  and i nd i ca to r s . These are all  r e p r e s e n t e d
by bytes , the minimum addres sab le  uni t  on the P D P - ll .  Two
except ions  were  noted where bit data was used  fo r  f l ag s .  In one
ins tance , t h ree  bits in one byte were  used  as f lags i nd i ca t i ng  that
the roll , pi tch , and heading of the probe are  in sync with the a i r c r a f t .
There  is  no p a r t i c u l a r  use  made of the f a c t  that the f lags  a re  s tored
thi s way - it LS jus t  done to save two b y te s .  Since the machine  has
bit set and test  i n s t r u c t i o n s , the re  is no add i t iona l  cost in p roce s s ing .
In the othe r case , the fou r top b i t s  of a word are  set to i n d i c a t e  which
of fou r cu l tura l  lig h t ing  boxe s are  to be t u r n e d  on. The code which
t u r n s  on the boxes is a loop which sh i f t s  thi s word  le f t  and t es t s  if it
becomes  nega t ive  (si gn bit se t)  to d e t e r m i n e  whethe r to t u r n  on each
box. An a r r a y  of Booleans , which could be acces sed  by the loop
index  a l r ead y in use , would support  this  concept  equall y we l l .  Pack-
ing would be requ i red  if onl y one word was to be used .

Many  packed Booleans a re  a lso  used .  In the Hy d r a u l i c  Systems
a rea  ( d i a g r a m  A33 133) ,  fo r  example , 14 f lags  d e a l i n g  wi th  l a n d i n g  gea r  -

and l a n d i n g  gear  door posi t ions  a re  packed in a s ing le word .  Communi  -
c a t i o n s  B o o l e a n s  a re  also o f t e n  packed .  These  a re  h a r d w a r e  inpu t s , a n d
the  p a c k i n g  is t h u s  d e t e r m i n e d  b y the h a r d w a r e .  If t h e  p a c k i n g  could be
s p e c i f i e d  a p p r o p r i a t e l y,  o r g a n i z a t i o n  of t h i s  data  in to  tables  would
improve  c l a r i t y .  Fc- r example , c o n s i d e r  the a c t u a l  input  l ayou t
d e s c r i b e d  in Fi gu re  5-3. For log ica l  purposes , thi s data should be
t r e a t e d  as a table indexed by ope ra to r  and cock pit ( excep t  NO 1PT T
and NO2PI T , w h k c h  co r r e spond  to ope ra to r  onl y ) .  T h i s  could
be r e p r e s e n t e d  by a PL/I  s t r u c t u r e  ( see  a lso  Sect ion 5. 3 . 4) such as:

D E C L A R E  I NRADIO ( 1 : 2 ) ,  i ndexed  by o p e r a t o r

2 NOPT T , ope ra to r  push to talk

2 NCKPT ( 1 : 4 ) ,  indexed oy cock pit
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“~~ NO2WOI NO 1W 1I NO ZW 3I NO 1W2I

lOS 1(8 lOS 1(8 lOS #8 lOS #8

hig h - o r d e r

NO22UR NO 1 ZUR BIT 15

NO2 1UX NO1 IUX 14

NO2 1UR N O I I U E  13

N024 1S NO 14IS 12

N0240S NO 14OS 11

NOZ3IS NO 13IS 10

NOZ3OS NO 13OS 9

N022 1S NO 12IS 8

NO2ZOS NO 1 ZOS 7

NO2 1IS NO 11IS 6

NO2 1OS NO 1IOS 5

NOZ4UX NO 14UX NO24X V NO14XV 4

NO24UR NO 14UR NO23XV NO 13XV 3

NOZ3UX NO 13UX NOZZX V NO 12X V 2

NO23UR NO 13UR NOZ1XV NO 1IXV 1

NO22UX NO I 2UX NO2PT T NO 1PTT BIT O

low-order

WORD 0 WORD 1 WORD 3 WORD 2

Figure 5-3. Communicat ions Input Word Layout
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3 NOXV , VHF xmi t selected

3 NOOS , over r ide  selected

3 NOIS , i n s t r u c t o r  selected

3 NOUR , UHF receive selected
3 NOUX; UHF xmit selected

The onl y problem with thi s is that there  is no apparent way to desc r ibe
how the bi ts  are actual ly packed. (It is possible that  the data could be
repacked appropriately b y the execut ive , or that  the packing coming
from the ha rdware  could be a l t e red . ) The p rogram c u r r e n t l y must
pe r fo rm complex bit mani pulat ion to access  data in the o rde r  des i red ,
anyway. For example , one sequence of code , wi th  the object ive of
obtaining NO 14UX , NO 13UX , NO1 ZUX , NO 11UX packed into the rig ht-
most four  bi ts  of a sing le word , proceeds as follows:

a. load word 2

b. mask to zero all bits except bit 14 ( N O 1 1U X )

c. shift left  3 (into bit 17)

d. save result

e. load word 1

f. rotate rig ht 5 (to get the 5 bits in to  the hig h - o r d e r
b i t s )

g. mask to zero all bits except the top S

h . add the word previously saved (bits 23 , 21 , 19, 17
now contain desired values)

i. clear the accumulator  extension (extends on hi gh-
order  end )

j. do 4 t imes:

j l .  shi ft left double 1 bit ( sh i f t  des i red  bit in to
extension )

j 2. shift left  ( s i n g le)  1 bit (drop unwanted  bi t )

Ic. ex tens ion  now conta ins  des i red  resu l t

The amount of process ing involved makes r e fo rma t t i ng  in the
executive seem like a reasonable a l ternat ive.
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Variou s documentation techniques  are used to descr ibe
Boolean equations.  Some programs use Eng lish , as in thi s example
f rom the 2 14A Visual System (d iag ram A33 5) ,  dete rmining if the

a i r c r a f t  is above the clouds:

ABOVE CLOUDS IF

OFF MODEL ARE A OR

OUT OF TOLERANCE OR

LIGHTS NOT READY OR

COMMANDED POSITION CHANGE TOO BIG OR

PROBE NOT IN SYNC OR

A / C  ALT > CE I L +  FIELD ALT + CLOUD THICKNESS

Some use FORTRAN or pseudo - FORT RA N , as in thi s examp le f r o m

Flight Cont ro ls  ( d i a g ra m  A 3 3 l ) :

FELTRD TMPLO 1 .AND.  . NOT . (UMLT R E . LT . U M L T C E)  .OR.

. NOT. F E L T R D . AND. (FTRIME .L T . 2 5 )  .AND.

UMLTRE .OR. UMLTCE . AND. ( F E L T R D  .OR.

TMPLO 1 .AND. . NOT. FELTRU )

A decision table r epresenta t ion  (see Section 5. 4. 4. 1 for  examples)

would be more readable but might require  some simpl i f i ca t ion  by the

programmer.  A less unwield y notat ion than that of FORT RAN would

also be hel pful .  Use of longer  and more desc r i ptive names mig ht

also improve readabi l i ty , thoug h it  would make the express ion  even

longer.

Anothe r documentat ion technique , f rom the Communica t ions

area (d iag ram A332 , Box 1) , u s i n g  data f rom Figure  5-~~, is:

O 1VXN O 1PTT ’ O 1 1X V ~ Ol l OS - O 11IS

= O 1P T T 2 2 2

= O 1P T T 3 3 3

= O 1P T T 4 4 4

In this ass ignment , the cock pit number  ( 1- 4  is used to d e t e r mi n e  which

of the fou r l ines  appl ies .  The imp lementa t ion  of thi s express ion  is

i n t e r e st i ng,  and represents  a degree  of e f f i c i en c y  which  might be

d i f f i cu l t  to obtain in an HOL. For example ,

O V X N ( i )  = NOT (OPTT( 1) AND OXV( l , CKPT ) AND NOT

OOS( 1 , CKPT ) AND NOT OIS(l , CKPT))

3~
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would be a reasonable HOL expression of the equation us ing  the data
s t r u c t u r e  descr ibed previously. (See Figure 5-3  for allocation of
the bi ts ;  these are the same var iab les  without  the ini tial ‘N’ s . )

The actual  imp lementat ion is:

a. Set O1VX N = t rue .

b . Using  a mask obtained f rom a table of fou r masks
indexed by cock pit number , mask input word 2 to
clear all bits except O 1PTT , OlnXV , OlnOS , and
OlniS. (n is the cockpit number )

c. Compare resul t  to another  value , also obtained f rom a
table of four  indexed by cock pit , which  has b i t s  set in
the O1PTT and O1nX V posi t ions  onl y.

d. If equal , set O 1VXN false .

Thi s sequence takes advantage of the fact  that  onl y one possible  set of
values ,

OIPTT , Oln X V , OlnOS , ölnIS

will  r esu l t  in a value of fa lse  for  the equat ion.  It uses  onl y seven
machine in s t ruc t ions.  However , a p rog ramme r who has done the
neces sa ry  anal ysis  to discover  that thi s is  possible could ins t ead
wri te :

O V XN ( l )  = (NOW2I ( 1)  AND MA SK(CKPT))  NE MVAL(CKPT)

masking  and comparing to the des i red  masked value. U n f o r t u n a t e ly ,
the in tent  of the ope ration is no longer clear .

Anothe r examp le (from the same program)  of e f f i c i e n c y
gained by expl ic i t  knowled ge of the Boolean packing is the implernenta-
ti on of the three  successive equations:

NO I SPR . NOT . ( NOSPON . AND. NSPRO 1 . AND. . NOT .
- NO 1 PTT . AND. .NOT . NO2PTT)

NO2SPR . NOT. (NOSPON . AND. NSPROZ . AND . . NOT .
NO I PTT .AND. .NOT . NO2PTT)

NMONSR = .NOT . (NOSPO N .AND. .NOT . NSPROI . AND.

. NOT . NSPRO2 . AND . .NOT . NO 1PTT .AND.

. NOT. NO2PTT )

3 (,
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The variables that the equations have in common, NOSPON, NO 1PT T ,
and NO2PTT are tested f irst .  If NOSPON is false or NO 1PTT or
NO2PTT are true , all three expressions are true.  To obtain the
same degree of efficiency, an HOL implementat ion would prob abl y
have to make this test  explicitly,  e. g . ,

IF NO 1PTT OR NO2PTT OR NOT NOSPON THEN

BEGIN

NO 1SPR 1;

NO2SPR I ;

NMONSR = 1;

END

ELSE
BEGI N

NO 1SPR = NOT NSPRO 1;

NO2SPR NOT NSPRO2;

NMONSR = NOT (NOT NSPRO I AND NOT NSPRO2);

END

The IF-THEN-ELSE expression of the problem seems more under-
standable as well as more efficient.  That , and the fact that it is
actually implemented this way, indicate that the equations were
probably derived this way and then converted to the “ single assign-
ment statement for  each variable” form for documentation pu rposes.
Therefore , it doesn ’t seem that expressing the equation in the more
efficient fo rm in an HOL would be a problem for the programmers .

5. 2. 6 Charac ter  String Data Type

Characte r processing is not significantly used in the main
aircraft  modelling portion of the simulator (i . e . ,  that processing
illustrated by diagram A33). However , it is required for display
I/ O in the Training or Inst ructor  area (see diagram A35) ,  for
n u m e r o u s  offl ine support  p r o g r a m s  (which create  data f i les  used
d u r i n g  s imu la t i on )  and for debugg ing support (e . g . ,  Math Model
Test , Box 2 of diagram AZ).

5. 2. 6. 1 Offline Character Processing Requirement s

The offline p rograms  process  card image input and some
produce pr inted output. P rograms  which  create offline data f i les
include:

radio station file creation (Box 4 of diagram A332).

malfunction compiler (Box 3 of diagram A35)
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i n i t i a l  condit ion file crea t ion (Box 2 of d iagram A3 5)
screen image file creat ion (Box 4 of d iagram A35)
map plate comp iler  (Box 5 of d i a g r a m  A35)
t ac t i c s  scenar io  fi le c rea t ion  (d iagram A334)
radar  emi t t e r  data f i le  c r ea t ion  (Box 3 of d i ag ram A334)

These offl ine  p rograms  have the text p r o c e s s i n g  requi rements
c h a r a c t e r i s t i c of compi le rs .  Opera t ions  such as the P L / I  INDEX
and SUBST R func t ions  seem desi rable .  However , rio u s e s  of va ry ing
length cha racter  s t r i n g s  were  not iced .

As an example of text p rocess ing  r equ i remen t s , the radio
station file crea t ion p rogram (Box 4 of d i ag ram A35 )  r equ i res  interpre-
ta t ion of inpu t commands , t e s t ing  of indiv idual  cha r ac t e r s  in s t r i n g s .
and inse r t ion  of ind iv idua l  cha rac t e r s  into s t r i n g s .  This p rocess ing
is implemented in FORT RAN us ing  octal equivalents of the c h a r a c t e r s .
Di rect  language  support of cha racter  handl ing would resul t  in much
more readable code.

In the I/ O pe rformed by the offl ine p rograms , conve r s ions
between nume ric forms and ASCii characte r s t r i n g s  are requi red .
Some of these conver s ion s could pe rhaps be supported by the I/O
fea tures  of an HOL , par t icular ly in output convers ions.  Input con-
ve r s ions  are more di f f icu l t.  To process a s ta tement  like

INPT var , value

from the Math Model Test p rogram (Box 2 of d i a g r a m  AZ ) ,  the variable
would have to be read and looked up in the datapool. Then the value
would have to be read based on the va riable type. (The inpu t fo rmat
might also have to be more fixed. ) In an HOL , this  could probably
best be done by simply reading the card  as a character  s t r i n g  and
then invoking  an exp licit  convers ion of the appropriate subs t r ing .
(Anothe r problem with t rying to read or wri te  with the variou s fo r-
mats is that fixed point formats  involve scaling in fo rmat ion  as
well as type .)

5. 2. 6. 2 Display Charac ter  Processi!~~~

Display cha rac te r  data is const ruc ted  and output b y the
Ins t ruc tor  System prog rams ( d i a g r a m  A3 5) .  Typically a d i f f e rent
charac te r  set than that of the CPU will be used by the d i sp lay.  In any
case , some of the disp lay charac te r s  will be disp lay commands or
o rde r s , and these would not be representable  as c h a r a c t e r s  of the
computer. An HOL should provide some means of d e f i n i ng  bytes
represent ing  these cha rac t e r s  by specif y ing  the b i t  equivalent  and
then us ing  these in characte r mani pulat ion expressions.
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Display I /O ord inar i ly involves  a block t r ans fe r , i. e. , a
movement of blocks of charac ters  b y a ha rdware  ope rat ion to the
display memory. The display memory may have a d i f f e ren t  word
length than the CPU . In the UPT system , which uses  an Aydin
display, for  example , the Aydin memory has 16-bit words , while
the computer has 24-bit  words .  On input f r o m  the Aydin , each
16-bit  word is s tored rig h t - j u s t i f i e d  in a 24-bi t  word .  On output ,
however , the 16-bi t  words  a re  packed into  the 24-bi t  words  as
follows:

0 
- 

AYDIN O

I AYDD I 1 (LSI-f ) AYD~~ 2

2 AYDIN 3 j AYDThI 4 (MSH)

3 AYD ThJ 4 ( LSH) AYDTh~ 5

24-bit  words

Const ruc t i on  of Ay din data involves  c o n v e r s i o n  f rom the H a r r i s  ASCII
code to the disp lay code , as well as i n s e r t i o n  of 16-b i t  d i sp lay
commands .  Packing of the Aydin words  in to  Ha r r i s words  a l so
requi re s some bit h a n d l i n g ,  i . e .  , sh i f t  and log ical ‘or ’ . Some
programs  cons t ruct  the enti re Ay din image wi th 16 b i t s /w o r d  and
then call  a routine to pack it. I n t e r p r e t i n g  Aydin input  as c h a r a c t e r
s t r ings  r equ i re s  e x t r a c t i n g  the r ig h tmos t  2 by tes  of each  word  and
packing them in to  a s t r i n g .

5. 2. 7 Pointer  Data Type

In the p r o g r a m s  studied , w h i c h  a r e  p r i m a r i l y  in a s s e m b l y
language , uses  of a d d r e s s  da ta  must  be examined  to d e t e r m i n e  pos s ib le
requi rements  for  p o i n t e r s  in an HOL. Most a d d r e s s  da ta  is
simply used to point  to a table e lement , and  thu s it  c o r r e s p o n d s  to
a r r a y  or table  i n d i c e s  (or subscr i p t s )  in an HOL. Some a d d r e s se s
a re  used as sub rou t ine  p a r a m et e r s  to i n d i c a t e  the a d d r e s s  of an i n p u t
table.  In an 1-IOL this could be accompl i s h e d  throug h cal l  -b y -
refe rence p a r a m e t e r s  r a t he r  t h a n  w i t h  exp l i c i t  u s e  of a d d r e s s es .
Some uses  of a d d r e s s e s  for  l i s t  p r o c e s s i n g  f u n c t i o n s  c o r r e s p o n d
more l o g i c a l l y to HOL po in te r s .  A n o t h e r use , w h i c h  is  not  p r ec i se l y
a use of po int e r s , is the a c c e s s i n g  of a memory loca t i on  g iven  i t s
address .
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5. 2 . 7. 1 List  Process ing  Pointer Usage

Th~ UPT moni tor  (box 1 of d i a g r a m  A3) uses  que ue s in which
the e 1emen~~~-aj e linked b y po in te rs . There  a re  two type s of q u e u e s
used:  I/O reque~ t -que ue s and an e r r o r  reques t  que ue . The e r r o r
reques t  que ue is c i r cuF a r , while the I /O que ues are  FIFO queue s .
Both queue types a re  consl’~r uc t ed by reques t  h a n d l i n g  rou t ines .  Thes .
rou t ines  receive  an input  p a r a m e t e r that  is the a d d r e s s  of (po in te r to)
a p a r a m e t e r  table for  the r eques t .  The y then i n s e r t  t h i s  table into the
appropr i a t e  cha in .  ( F i g u r e  5-4 i l l u s t r a t e s  an I/ O r e q u e s t  p a r a m e t e r
table , )  Que ue el e m en t s  a re  removed ( u n l i n k e d )  a f t e r  b e i n g  p r o c e s s e d
b y the appropr i a t e  r eques t  hand le r .  Note t ha t  the I /O r e q u e s t  cha in
uses va r i a n t  record  types ;  the r eco rd  type  is d e t e r m i n e d  b y the TYPE
field in word 0. (see Section 5 . 3 .4  for  a d i s c u s s i o n  of tab les  and
records.

In the t a c t i c s  area  ( d i ag r a m  A334)  po in t e r s  a re  used to cha in
disp lay  data . Also , data i s so rt ed b y so r t i ng  a l i s t  of p o i n t e r s  to the
data r a t h e r  than so r t ing  the a c t u a l  data .

5 . 2 .7. 2 A c c e s s i n g  M e m o r y  b y A dd r ess

The a c c e s s i n g  ( e i t h e r  r e a d i n g  or s e t t i n g )  of a m e m o r y  loca t ion
g iven i t s  a d d r e s s  is one f u n c t i o n  r e q u i r e d  in the t e s t i n g  a r e a s , i. e .
Math Model Test  (Box 2 of d i a g r a m  AZ)  and R e m o t e  D e c i m a l  R e a d o u t
(Box 3 of d i ag r a m  A Z ) ,  and in the p r o g r a m s  a s soc i a t e d with the in s t ruc -
tor d i sp l a y / s e t t i n g  of datapool  value s (Box 4 of d i a g r a m  A 3 5) .  For
exa m ple , the R e m o t e  Dec imal  Readou t  p r o g r a m  prov ides  access  to core
loca t ions  based on octal add re s s . Similar l y,  the Math  Model Test  pro_
g r a m  p rov ides  a symbol ic  d e b u g g i n g  c a p a b i l i t y ,  i. e. , s e t t i n g of da ta-
pool v a r i a b l e s  or p r i n t o u t  of t he i r  ‘ alue s.

In a sys t em wr i t t en  u s i n g  an  HOL , some such d e b u g g i n g
s y s t e m  would s t i l l  be u s e f u l .  It mig ht be a v a i l a b l e  as a g e n e r a l  tool
p rov ided  with the HOL , i . e . , a g e n e r a l -p ur p o s e  symbol ic  debugger
based on the g lobal data base  f a c i l i t y , or i t  mig ht be implemented
b y the u s e r .  In e i t h e r  case , it should be possible  to p r o g r a m  the
debugger  in the HOL. Imp l e m e n t a t i o n  of a d e b u g g e r  r e q u i r e s  the
same use  of a d d r e s s e s  as r equ i r ed  by the d i s p lay p r o g r a m s .
Spec i f i c a l l y ,  a symbol ic  datapool  name spec i f i ed  b y the p r o g r a m m e r
is looked up in the da tapool  and i t s  a d d r e s s  is ob ta ined .  The a d d r e s s
must  then be used to a cce s s  the value of the symbol in o rde r  to
d i s p lay or a l t e r  i t .

T h i s  f u n c t i o n  i s  p robabl y not  r e q u i r e d  in gene r a l - p u rpose JI OLs ,
and i t  c a n  lead  to s e c u r i t y  p rob lems .  However , i t  is requ i red in
o r d e r  to imp l e m e n t  these  s i m u l a t o r  suppor t  p r o g r a m s .  Some HOLs
suppo rt it , but not ve ry  d i r e c t l y. For  example , a P L /I  po inte r
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v a r i a b le could be overla id  with an in t ege r  c o n t a i n i n g  the c o r r e c t
address. Alternativel y, in PL/ I  and in some JOVIAL imp lementa-
t ions , an a r r a y could be over la id  to locat ion zero , and a c c e s s e d
u sin g t h e ad d r e s s  as a s u b s c r ipt. N e i t h e r  of these  methods  is
p a r t i c u l a r l y desi r ab l e , however .  Some means  of p rov id ing  symbol ic
d e b u g g i n g ,  e t c .  (pe rhap s  u s i n g  a n o t h e r t e c h n ique )  should be available
in a s i m u l a t i o n  HOL.

5 . 2. 8 Label  Data T ype

In the s i m u l a t o r s  s tud ied , onl y one i n s t a n c e  was  o b s e r v e d
which  mig ht best  be implemented  wi th  a label data type , spec i f i ca l l y
with an a r r a y  of labels , though other alternatives are possible . This
is task d ispa tch ing  u s i n g  the fo r eg round  task table ( d i a g r a m  A 3 l 2 ) , -l
which would mos t  likel y not use  the same table r e p r e s e n t a t i o n  in an
HOL. The c u r r e n t  task table e n tr i e s  a re  of the form:

0 program ID 
~ 

used in reporting errors

cockpit/frame mask 4 described in Section 3. 1

2 start address 4—address to which to
_________________________ t r a n s f e r cont ro l

3 worst case  t ime 4— lo nge s t  t ime  u s e d  b y this
_________________________- p r o g r a m - t e s t e d  and

up dated if n e c e s s a r y
a f t e r  each execut ion  of
the p rogram

In an HOL implementat ion , p rogram s ta r t  a d d r e s s es  s to red  in a
table  would not be convenient  for execut ing the programs in sequence.
On the othe r hand , a sequence of calls cannot be used because  of all
the checking that must be repeated , e. g.:

IF PROGRA M1 IN THIS COCKPIT AND FRAME THEN

BEGIN

CALL PROGRAML

IF PROG RAM 1 TIME >PROGRAM 1 WORST-CASE-
TIME THEN PROGRAM1 WORS T CASE
TIME PROGRfiLM1 TIME

END

IF PROGR.A M Z . . .

etc.
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A l t e r n a t i v e s  would be an a r r a y  of s u b r o u t i n e s  or an a r r a y  of l abe l s ,
e. g. , :

FOR I 1 TO N

BEGIN

IF PROGRAM(I)  IN THI S COCKPIT AND F R A M E  THEN

BEGIN

CALL PROGRAM (I )  or GOTO L A BE L ( I )

IF PROGRAM T I M E ( I )> P R O G R A M WORST CASE
T I M E ( I )  T H E N  PROGRA M WORST CASE
T lM E ( 1~ PRO GRA M T I M E ( I )  

-

END

END

or a CASE s t a t e m e n t  (~~ee Sec t ion  5 . 4 ) ,  e. g . :

FOR I = 1 TO N

B EGIN

IF PRO GRAM (I ,  IN THIS COCKPI T AND F R A M E  T H EN

BEGIN

DO CASE I

C A L L  PROGRAM1

C A L L  PROGRAM2

C A L L  PROGRAMN

END

IF PROGRA M T I M E ( I )  e t c .

END

E N D

Something like a JOVIAL SWITCH or FORT RA N c o m p u t e d  GOTO could
a l so  be used. In any  of t h e s e  m e t h o d s , t h e  t h r e e  t a s k  t a b l e  e l em e n t s
o the r  than  p r o g r a m  a d d r e s s  could  s t i l l  he in  a t a b l e  o r g a n i z a t i o n .
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5 . 2. ~ P r o c e d u r e  i j a t a  T -p’-

There  are  t h r e e  ma : n  c l a s s e s  of p r o c e d u r e s  i r  t h e  s i m u l a t o r s
s t .  l i e d .  T hes e  a r ’ :

a .  The m a i n  s i m u l a t io n  p r o g  r a r r . s  i nv o k e d  t h r o u g h t he
f o r e ~’r o un d  t a s k  t a b l e  ( a s  i l l u s ’ r a t e d  in  d i a g r am
A 3 1  ~~~~~ I b e se  p r o g r am s  n a  n u t  ca l l  one  a n a t n e r :  e a c t .
r e t u r n - to t h e  f o re g r o u n d  d i s p a t c h e r  r~ c c ’~ : - ‘ . a r . .

b . S y s t c r r  s u b ro u ~ n e s , w h i c  rc a r ’- in v ok e d  b 1 r i -  - a r i o u s
a r n u l at i o n  p ro~~rarn s to  p e r f a r r : .  g e n e r a l -  ~~~ i r p a - -~
- c - r ic e  f u n c t io n s .

c . Sii b r c i ~ t i n e s  i n t e r n a l  to  t h e  m a i n  s i r n u l a t a r  p r o g r a m s .

;a r~ous su b r au t ~ n c-  ca l1~ ru~ an d  pa r a r r e~ e r  p a s s in g  t e c h n i q u e s  a re
u s e d , a s  d i s c u s se d  in  S e c t io n  ~~ . 2. ~~~. ~~. P a r t i c u l a r ly in the s u h r ou t ~n e s

r n u ~ t a  t h e  ma: r. pr(4. r;l rr s , t h e r e  is a l ack  of c o n s i s t e n c y  in
- u s e d .

5 . 2. ~ 1 S v st e r r ~ S ub r o u t i n e s

T h e  s y s t e m  su b  raut~ r e s  D r a  d i d  :n the  T :  PT s y s t em  a r e
h~~ra~~~e r : s t i -  c f  t h u — c -  a s c - d  j r  a ( l  s i r r u l a t u r s  s t u d i e d .  T h e se  a re :

LF I  a r~t u m e n t  s e a r c h

s i n g le v a r i a c c l e  LFI

~ o -a  v a r ~ ab1e L~ ’I

t h r e e  v a r i a b l e  L i  I

s i ne  f u n c t i o n

o s i n r -  l i a r  t i o n  ( a l l s  S l O ( -  r cu ~ i n e )

a r c t a n ~r i n t  f u n c t i o n

r an d e n  n u r r b i  r ~, c n (  r a ’ or

1/0 r c - ( ~~ c - s ’ hu r id l ~ - r

1 n c  F -  14A a n d  2 1 4 A  s i m u la t o r s , u n l i k e  th e UI’T , i n c l u d e  a s i n g l c  r o u t i n e
r, r r r ) u t  ~ s b o t h  s i r e  and  co si  n c , a s  d i s c u s s e d  in Se ion  5 . 2. 2. 2. 1
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In addition to t hese  rou t i ne s , which are  r e g a r d e d  as pa r t  of the
moni t o r , the UPT sys tem employs two g e n e r a l  r o u t i n e s  w h i c h  a c ce~ss
the surface radio facility da ta f i l e s  ( s ee  Box 4 of d i a g r a m  A 3 3 2 ) .  7
These area:

DDP (D igital Data Preselect) These subroutine s ar t-
g i v en  a rad io  t ype and  f r eq u e n c y  f r o m  t h e  a i r -
c r a f t  d ia l .  They search  t h e  p r e s e l e c t  f i l e  t o
d e t e r mine whethe r a s t a t i on  has  been t u n e d .  If
one has , t he data  for  the s t a t i o n  is  r e a d  m l i i

core  f r o m  the r ea l  t i m e  r a d i o  d a t a  f i l e . T h e r e
a re  4 DDP s u b r o u t i n e s , w h i c h  c o r r e s p o n d  t o
TACAN , VOR , DME , and ILS r a d i o  t y p es .

R E C E I V E R  This sub rou t ine  uses  the da ta  tha t  has  been
read into core  and the a i r c r a f t  da ta  to compute
ranges and bearings f r o m  the a i r c r a f t  to t he
radio facilit y.

Var iou s s y s te i n  mac ros  are  a l so  pr o v i d e d  (see  S e c t i o n  5 . 2 . 9 . 2 ) .
F u n c t i o n s  p rov ided  by these  i n c l u d e  an LFI l i n e a r  a r g u m e n t  s e a r c h ,
abso lu t e  va lue , and  v a r i o u s limi t f u n c t i o n s  (see Sect ion 5 .2 . 2 . 2 .  3) .

5 . 2. ‘1. 2 I n l i n e  S u b r o u t i n e s

Both gene ra l  pu rpose f u n c t i o n s and f u n c t i o n s  s p e c i f i c to the
v a r i o u s  s imula t ion  p r o g r a m s  a re  f r e q u e n t ly imp l e m e n t e d  by m a c r o s ,
i. e . ,  i n l i n e  sub rou t ines , ra the r than b y ac tua l  s u b r o u t i n e s .  Some
c o n d i t i o n a l  a s sembly is emp loyed in the m a c r o s .  For example , in
one mac r o , omiss ion of the f i r s t  pa rame te r  i n d i c a t e s  t ha t  the
pa rameter is alread y in the co r r ec t  a ccumula to r  and need not be
loaded.

A c t u a l l y, a ll UPT s y s t e m  s u b r o u t i n e s  a re  a c c e s s e d  t h r o u g h
macros. In the case of these subroutines , the macros set up t h e
pa ramete r s , cal l  the execut ive  rout ine , and s tore  r e su l t s .  For
example , the routine LFI2 (double var iable  LFI) is cal led by a m a c r o
of the fo rm:

LFI2 F200T , F200F , R, FMAO1I , R , FCLO 1I , R

which expands to:

TME F C L O I I , R
TMA FMAO1I , R inpu t pa r a m et e r s
TOJ FZOO T
BSL :- ZLFI2 call
TXM FZOO F , R s t o r e  r e su l t
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The  u s e  of i n l i n ’~ fu n c t i o n s  i n d i c a t e s  a ch o i c c  of speed o ve r
sn a c i -  e f f i c i e n c y .  Some f a i r l y l a r g e  s u b r o u t i n e s  are e x p a n d e d  a
r ir n i b e r  of t i m e s .  F o r  example , in  t h e  UPT a c  rod y r a m i c s  s y s t e m .
( d i a g r a m  A 3 3 l 2~:

LI’ -~FL - f l o a t i ng  p o i n t  l i m it  - 8 i n s t r u c t i o n s  - e xo a n d e d
24 t i m e s

L1~~ 11 - l i m i t  to  ~ l .  0 - r s t r u c t i o ns  - ex pan d e d

~ t i r n e s

- l~ r y i ’ to ~2. 0 — 1 1  i n s t r u c t i o n ~ -

8 t i m e s

LF~ L - LFI l i n e a r  s e a r c h  - 17 i r c s t ru c t ~ r ,r ~i s - e xp a n d e d
8 t imes

An HOL should al low the p r o g r a m m e r  a s i m i l a r  c o n t r o l  o ve r  t i m e -
space t r a d e o f f s .  Idea l l y,  the s p e c i f i c a t i o n  of i n l i ne  expans ion
should be pa r t  °1 the s u b r o u t i n e  d e f i n i t i o n ;  ca l l s  f o r  both types  shou ld
he w r i t t e n  in t he same way . Thi s f a c i l i t a t e s  c h a n g i n g  the r r e t h o d
u s e d  ( i . e .  , on l y one d e f i n i t i o n , no t  n umerou s ca lls , m u s t  be
c h a n c e d )  wh en t u n i n g  f o r  the b e s t  t i m e  - sp a c e  b a l a n c e .

In some c a s e s  w i t h i n  i n d iv i d u a l  s i m u l a t i o n  p r o g ra m s  s t u d i e d ,
i n t e r n a l  s u b r o u t i n e s  are used  fo r  ope ra t i ons  which  could he done
muc h mor e  e f f i c i e n t l y in l ine , o r w i t h  m a c r o s .  Perhaps  th i s  r e f l e c t s
a d e s i r e  to  save space , bu t  i n  a t l eas t  one examp le , f r o m  the  2 1 4 A

~,‘i s u a l Sys t em ( d i a g r a m  A335) ,  the  ex t ra  code r equ i r ed  to set  up
the  s ub r o u t i n e  call is  such that  th~ s does not happen e i t h e r .  The
use  of the s u b r o u t i ne  saves onl y on e wo r d of s t o r a g e , an d 34 more
w or d s  a re execu ted  than would be requ i red in an i n l i n e  imp l e m e n t a t i o n .

5~ ~~~. 9. ~ Sub r o ut i n e  C a l l i n&  C o nv e n t i o n s

5. 2. 9. 3 . l M a i n  S i m u l a t i o n  Pr~~~r am  C a l l i n g

As d i s c u s s e d  in Sect ion 5 . 2 . 8 , t hese  p r o g r a m s  a r c  ca l l ed
f r o m  the  f o r e g r o u n d  d i s p a t c h e r  ( d i a g r a m  A 3 l 2  w i t h  an i n d i r e ’
t r a n s fe r  to the t ask  table a d d r e s s .  No p a r a m e t e r s  a r e  pa s sed ;
all c o m m u n i c a t i o n  is th rou i~h ‘he  da tapoo l .
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5 . 2. 9. 3. 2 Sy s t e m  Subrout ine  C a l l i ng

In the UPT system , a single convention is used for all system
subrou t ine  cal ls , as i l l u s t r a t e d  in the example in the previou s sec t ion .
Subrout ines  a re  called ind i rec t l y throu gh poin te rs , perhaps to fac i l i t a te
relocat ion.  ( Thi s is not  tru e in the 214A s imula tor .

Almost  all  p a r ame te r  pass ing  is in reg i s t e r s . In cases  where
a p a r a m e t e r  is an a r r a y  or tab le  ( e . g .  , LFI r o u t i n e s , I/ O  r eques t
h a n d l e r )  the p a r a m e t e r  a d d r e s s  is passed ( c a l l - b y - r e f e r e n c e  in an
HOL) .  In the LFI rou t ines , t he re  is a need f o r  a r r a y  p a r a m e t e r s  of
v a ry ing s i zes .  In thi s impl e m e n t a t i o n , the l eng th  is in a word  preced-
ing the a r r a y .  A table paramete r  of va ry ing  length is a lso  used  b y
the display c o n v e r s i o n  rout ine (Box 4 of d i a g r a m  A35) .  Thi s table
is a Convers ion  Control  List  - a l is t  of values to be conve r t ed  to
Ay din fo rm.

None of the UPT sys tem sub rou t ine s  save and r e s to re
r e g i s t e r s .  The UPT machine does no t  have many r e g i s t e r s  and most
are  taken  up with p a r a m e t e r s .  The rou t ines  do leave the d e d i c a t e d
cockpit index registers (see Section 5. 1 . 1) intact.

In the 2 14A sys tem , c a l l i n g  of sys tem s u b r o u t i n e s  is l e ss
c o n s i s t e n t . The s tack conven t ion  of the PDP 1 1 is r a r e ly u s e d .
Genera l ly ,  input  p a r ame te r s  and  r e t u r n e d  va lues  a re  p a s s e d  in
r e g i s t e r s , e. g . ,  f rom the 2 l 4 A  Visual  Sys tem ( d i ag r a m  A 3 3 5 ) :

MOV TEMP-1- 2 , RO

MOV VNRPTC , RI inputs

MOV VNRALT , R2

JSR PC , Z$LF12 call (note call is direct , unlike UPT)

MOV R2 . VBi)ELN outpu t

One execut ive  subrout ine  is called with  pa r a m e t e r s  pas sed  in  the
t e mp o r a r y  s t o r a g e  a rea  ( d e s c r i b e d  in Sect ion 5. 1. 2 )  and w i t h  one
p a r a m e t e r  a global  v a r i a b l e .  For  example , a l s o  f r o m  t h e  2 l 4 A
Visua l  S y s t e m :

MOV Il l  , VALTTB set  da tapool  i t em to t a b l e  ~
MOV !~VFC 1T , TEMP va lue  t a b l e  p o i n t e r  ( f o c u s )

MOV ~ V T L l T , T E M P 12  o t h e r  v a l u e  t a b l e  p o i n t e r  t i l t

MO\’ # V N R M P 1 , R3 b r e a k p o in t  t a b l e  p o i n t e r  ~in  r e g i s t e r )

JSR Z$VNOR n o r m a l i z e  f o r  LVI

MOV R0 , VNRPTC s to re  r e s u l t

Apparently the routine Z$VNOR looks for pa rameters in the appropriate
temporary and datapool locations.
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5. 2. 9. 3. 3 I n t e r n a l  Subrou t ine  Cal l ing

There is considerable  va r i a t i on  in the methods used  to invoke
i n t e r n a l  s u b r o u t i n e s .  Techn iques  appear to be s e l e c t e d  based  on
ind iv idua l  pr o g r a m m er p r e f e r e n c e .  Most  such r o u t i n e s  a re  ca l led
d i r e c t l y .  Va rious p a r a m e t e r  pa s s ing  methods  are  used .  Sometimes
parameters are passed  in r e g i s t e r s  and somet imes in local  s t o r age .
Sometimes the value is passed  and somet imes  i ts  a d d r e s s  ( even  in
c ’se s  when it  is not a table or a r r a y ) .  Occas iona l l y the add res s
where  the ou tput  is to  be s tored  is passed  to the r o u t i n e , w h i l e  in
other cases  the routine r e tu rns  the output  in a r e g i s t e r .

Most  in te rna l  subrout ines  do not save and r e s to re  r e g i s t e r s .
A few of the sub rou t ines  wi th in  the m o n i t o r  (back ground  d i s p a t c h e r ,
I/ O request  handler )  must  be r een t r an t  and these do save and r e s t o r e
re g i s t e r s , u s ing  a local stack.

Some i n t e r n a l  rout ines  have mult iple e n t r y  po in t s .  For  examp le ,
a disp lay p rog ram (Box 4 of A35)  has two e n t ry  points  ( i n d i c a t i ng
s t a r t / s t o p  r e f r e sh ) .  Thi s could be implemented  d i f f e r e n t l y, e. g.
with a f lag as a p a r a m e t e r .  An HOL multiple e n t r y  point capabil i t y
seems u n n e c e s s a r y  and undes i rab le .

The flow of control  between moni tor  rout ines  is hand led  in
a v a r i e t y  of w ay s .  Some rout ine s  have mult iple ent ry po in t s  whi le
others  u se  i n s t r u c t i o n  modi f ica t ion  to a l ter  control  fl ow . For examp le ,
f rom the UPT moni tor :

• One group of i n i t i a l i z a t i o n  rou t ine s  (Box 1 of d i a g r a m
A 3 l )  a re  to be called onl y on the i n i t i a l  s t a r t  and not
on r e s t a r t s, when o ther  i n i t i a l i z a t i o n  is  repeated. The
cal l ing i n s t r u c t i o n s  a re  changed to no-ops  a f t e r  the
routines complete .

• A few i n t e r r u p t  hand le r s  mus t  ( cond i t iona l l y ,  not
always) return to the foreground dispatcher rather
than to the app l ica t ion  p rogram which  was i n t e r r u p ted.
They do thi s by rep l a c i n g  the r e t u r n  a d d r e s s , saved
in the f i r s t  locat ion of the i n t e r r u p t  h a n d l e r  at  the
call , by the des i r ed  r e t u r n  a d d r e s s  in the d i s p a t c h e r .

• The Ay din i n t e r r u p t  h a n d l e r  (as one examp l e )  is  e n t e r e d
at the top as a resu l t  of an i n t e r r u p t  and  at  an i n t e r n a l
e n t r y  point for  the f i r s t  Aydir m r eques t . When thi s
i n t e r n a l  e n t r y  po in t  is used , the calling routine nserts
the de s i r ed  r e t u r n  a d d r e s s  in the f i r s t  l o c a t i o n  of the
i n t e r r u pt h a n d l e r , and then  makes  a d i r e c t  t r a n s f e r to
the entry point.
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The first and thi rd cases here  could c e r t a i n l y be h a n d l e d  o ther  ways ,
either using flags or a different grouping of functions. The second
case is a little more complica ted  because a sub rou t ine  is u sed .  (Ac tua l l y
an interrupt handler is used , but i n t e r r up t s here  cause e x e c u t i o n  of
one of a table of subrout ine  c a l l s , )  The subroutine must be able to
r e t u r n  e i the r  to the rout ine  which invoked it or to the rou t i ne  wh ich
invoked that  rout ine ( the d i spa t che r ) .  Other  i n t e r ru p t  h a n d l e r s  do not
r e t u r n  at all to the routine which was interrupted (e. g. , for  an
i n t e r r u p t  caused by the key used to stop TTY output). This is related
to the problem of describing interrupt handlin g in an IIOL (see
Section 5 . 7 ) .

5. 3 ~~~gregate Data Types

5. ~~~. 1 Set Data Type

As mentioned in Section 5. 2.4, some uses of b i t  s t r i n g  d a t a
in the simulators studied correspond more logicall y to an HOL set
type. An example is the use of bit s t r i ng s  in the m o n i t o r  for  f r a m e
an d coc kpit masks (see d iagram A 3 1 2) .  The f r ame  mask is a s t r i n g
of 20 bits , one of which is on to indicate which of the 20 f r ames is
active. The cockpit mask is a string of fou r b i t s , one r e p r e s e n t i n g
each cockpit. A bit in the cockpit mask is on if the cockpit is in use
du r i n g  the p a r t i c u l a r  s imula t ion  run.  The cock pi t mas k is cons t r u c t e d
at i n i t i a l i z a t i o n  t i m e , b a sed  on op e r a t o r  i np u t  in r e sp o n se  to  t he
question ‘COCKPIT ENABLES? ’ , and r e m a i n s  c o ns t a n t  t h r o u g h out the
run. The frame mask is updated each frame by shifting. When t h e
1 bit is shi f ted  out of bit  19, it is put in bit 0. These masks are used
in determining when to execute a task from the foreground task table.
Each task ent ry includes a ~i4-bit (1-word) cockpit/frame mask of
the form:

z 3 a2 21 ZO 19 
- 0

[4 (3 [2  J~ ~ 9 Jli[ 11  •....... 1 1  L~Ij,cockpit fra me
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The cockpit mask includes a 1 bit for each cockpit to which the task
applies. Some programs must be called for each cock pit , while
others are non-cockpit dependent and need be called only once per
frame. The visual programs are called for only two of the cockpits.
The frame mask here indicates  dur ing  which f r a m e s  the task is to be
executed. The simulation programs will execute at 20 , 10 , 5 , 2 , or
1 f r a m e/ c y c l e .  Some t ra in ing  programs do not requi re  equal spacing
and use rates other than these. The sequencing throug h the fore-
ground task table for  a given f rame is e s sen t i a l l y:

FOR COCKPIT = 1 TO 4 “SEQUENCE THROUGH COCKPITS ’

BEGIN
IF COCKPI T ENABLED

BEGIN

FOR TASK 1 TO N “SEQUENCE THROUGH TASKS

BEGIN

IF TASK THIS COCKPIT AND FRAME “MASK
CALL TASK

E N D

END

END

This is actual ly somewhat more complicated , because cock pits  3 and
4 are 1/2  cycle out of phase with cock pits 1 and 2 , so that thei r  f rame
10 is at the same time as cockpits 1 and 2 f rame 0. This is required
to prevent buffer use conflicts during record/playback (Box 1 of
diagram A35). Thus, in the above loop, the frame mask (the one
indicating which frame is currently active) is shifted 10 bit positions
af ter  cock pit 2 processing.

With all this shifting going on and the need to check for a shift
out of bit 19 each time, this code doesn ’t seem so ef f i c i en t  that an HOL
need replicate  it. Besides , it is dependent on the fact that

word s izer  # of cock pits + 11 of f r a m e s/ c y c l e

An HOL implementation could use a set data type to represen t  the cock-
pit and frame ind ica to r s  in each task table entry  and to represen t  the
set of enabled cock pits. The act ive cockpit and f rame  w~~.i1d be loop
indices , which would be tes ted for  inclusion in the sets of cock pit and
frame ind ica tors  for  each task.
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In the UPT t r a i n i n g  sys t em , a de mo reques t  mask is  used
in conjunction with the f rame  masks .  (See demo / r eco rd  f p lay hack ,
Box 1 of d i ag ram A35 .)  The demo request  mask con ta ins  15 b i t s ,
one of which is set to i n d i c a t e  the demo r eques t ed  b y the i n s t r u c t o r .
A c o r r e s p o n d i n g  15 -b i t  value ind ica te s which of the  demos are
available in the f i le .  A set data t ype could also be used fo r  t h i s .

B i t  s t r i n g s  are  a l so  used  as p a r a m e t e r s  to the background
d i s p a t c h e r  and to the i n t e r c o rnp u t e r communica t ions  rou t ine .  The
p a ra m e t e r  to each rout ine  is a s t r i n g  of b i t s  in which  each b i t  p o s i t i o n
r e p r e s e n t s  one of the f u n c t i o n s  r e q u e s t e d .  The h i t  i s  set to I f o r  e a c h
requested  func t ion .  The si gn bit  is  always 0 , and th e bi t s i mm e d i a t e l y
to i ts  le f t  r e p r e s e n t  the f u nc t i o n s  in o r d e r  of d e c r e a s i n g  p r i o r i t y  (see
Figure  5 - 5 ) .  The rout ine  must  d e t e r m i n e  the le f tmost  I b i t  w h ic h  is
set .  This is  implemented  by a f loa t ing  point no rma l i ze  i n s t r u c t i o n ,
wh ich  s h i f t s  the  r ig h tmos t  23 b i t s  l e f t  u n t i l  b i t  pos i t ions  0 and I d i f f e r
(i.e. , bit 22 1) and r e t u r n s  the sh i f t  count .  The pa r a m e t e r  word
could ce r t a in l y be implemented as a set in an HOL , and p r i o r i t y  of
functions could be represented if this set is a power set of an o rdered
enumera t ion  type. It i sn ’t c lear , thoug h , how the opera t ion  ‘fi nd
the h ig hes t  e l emen t”  could be represen ted  so tha t  it could be expected
to compile to a f loa t ing  point n o r m a l i z e , or even a “ f ind  the l e f t m o s t
I b i t ”  i n s t r u c t i o n .

A n o t h e r  u~~e of bit  ~t r i n g  data  occu r s  in m a l f u n c t i o n  s i m u l a t i o n
(Box 3 of d i ag r a m  A35 ) .  Expres s ions  f rom the m a l f u n c t i o n  data se t
are eva lua ted , and when one is found to be tru e , the i n d i c a t e d  mal-
f u n c t i o n  is t u r n e d  on by s e t t i ng  one of 96 b i t s  in a packed 4 -word
a r r a y  of b i t s .  These  b i t s  mi ght be spec i f i ed  as a set data type.

5. 3.2 File Data Type

This sec t ion  d e s c r i b e s  the d isk  f i l e s  used  in the s i m u l a t o r s
s tud ied .  O the r  I / O  i s sues , as wel l  as the ac tua l  disk I / O  p r o c e s s i n g .
a re  d i s c u s s e d  in Sec t ion  5 . 6 .

The s imula to r  mon i to r  p rov ides  d i sk  I / O  c a p a b i l i t y ,  s u p p o r t i n g
p 

both  d i r e c t  and indexed f i l e s .  F i g u r e  5-6  i l l u s t r a t e s  the i n d e x e d  f i l e
s t r u c t u r e .  The f u n c t i o n s  p r o v i d e d  a re  d i r e c t  r ea d  and  w r i t e ,  i n d e x e d
read (writes must be made by t r e a t i n g  the f i l e  as a d i r e c t  a c c e s s  f i l e ) ,
and ex tended  index  read ( in  wh ich  two cont i guous  su h f i l e s  of an
indexed  f i l e  may be read i n t o  d i f f e r e n t  p a r t s  of m e m o r y  in one
request).

Disk f i l e s  c r e a t e d  and  u sed  d u r i n g  s i m u l a t i o n  i n c l u d e :

demo r e c o r d i n g  f i l e  (Box I of d i a g r a m  A 3 5 )

- - track history file (Box 6 of diagram A 15

5 1
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Fi les  c r e ; ,t ed  o f f l i n e  and u s e d  o n l i n e  d u r i n g  s i m u l a t i o n
i n c lude

r 5 i d i o  s t a t i o n  f i l e  (Box 4 of d i a g r a m  A 3 3 2 )

i n i t i a l  on d i t i on  f i l e  (Box 2 of d i a g r a m  A 3 5 )

m a l f u n c t i o n  f i l e  (Box 3 of d i a g r a m  A 3 5)

CJ~T s r e e n  i m ag e  f i l e  (Box 4 of d i a g r a m  A~~5 I

m ap  pl a t e  f i l e  (Box S of d i a g r a m  A 3 5 )

F i l e s  r ea t ed  o f f l i n e  and u s e d  on l ine  d u r i n g  s i m u l a t o r
t e s t i n g  onl y i n c l u d e :

da t a poo l , or symbo l d i c t i o n a r y :  u s ed  d u r i n g  Ma th  Model
Te st ( B o x  2 of d i a g r a m  A Z )  in  suppor t  of symbol ic  debugg ing:

m a i n t e n a n c e  and t es t  inpu t  f i l e :  used in e x e c u t iv e  I / O  t e s t
(Box 1 of d i ag ram A Z ) ;  this  f i l e  con ta ins  n a m e s  and
d i s p l a c e m e n t s  w i t h i n  b locks  for  the m a i n t e n a n c e  and t e s t
load ana log  and d ig i ta l  inpu t  v a r i a b l e s ;

h a r d w a r e  c r o s s - r e f e r ence f i l e :  l i s t s  the n ames  of the
symbo l s  wh ich  a re  inpu t  a n d / o r  out put v a r i a b les u s e d  b y
AST M a s t e r  C o n t r o l l e r  to c o m m u n i c a te  wi th  s i m u l a t o r
h a r d w a re  (see  Box 4 of d i a g r a m  A 3 ) ;  t h i s  f i l e  is u sed  f o r
e r r o r  d i agnos t i c  p r in tou t  d u r i n g  AST t e s t  runs ;

F i l e s  c r e a t e d  off l ine  and used  o f f l ine  i n c l u d e :

datapool :  u sed  o f fl ine  to obt a in  symbol d e f i n i t i o n s  d u r i n g
com pi l a t i o n/ a s s e m b l y (Boxes  1 , 3 of d i a g r a m  A l )

s y s t e m  c r o s s - r e f e r e n c e  f i l e :  m a i n t a i n e d  t h r o u g h out s y s t e m
deve lopmen t  ( d i a g r a m  A l )

var i ous data  f i l e s  ( a i r f i e l d  data , etc. ) used b y the map
pla te  compi le r  (Box S of d i a g r a m  A 3 5 )

5. 3. 3 Array Data Type

Throughout the simulators studied , readability could be
much enhr ~n ced by g roup ing var iou s re la ted  i t ems  in to  da ta  a g g r e g a te s .
In general , most of these groupings would correspond to tables or
s t r u c t u r e s , as desc r ibed  in Sect ion 5. 3 .4 .  One e x c e p t i o n  is the v e c  tor
and m a t r i x  data  which  is heav i l y used  in the Ae rod y n a m i c s  ( d i a g r a m
A 3 3 l 2 ) ,  T a c t i c s  ( d i a g r a m  A 3 3 4 ) ,  and V i s u a l  ( d i a g r a m  A 3 3 5)  a r e a s .
These vectors represent flig ht data (e.g. , the a c c e l e r a t i o n s  and
ve loc i t i e s  computed in the equa t i ons  of mot ion p rog ram - - Box 5
of d iagram A~~3 1 Z ) ,  and contain  three e lements  c o r r e s p o n d i n g  to X ,
Y, and Z coo rd ina t e s .
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A s i m u l a t i o n  HOL should p rov ide  some suppor t  f o r  v e c t o r
and m a t r i x  ope ra t ions .  One p rogram , t he Z l 4 A  V i s u a l  P o s i t i o n
and Ve loc i ty  p r o g r a m  (Box 2 of d i a g r a m  A 3 3 5 1) ,  p e r f o r m s  m a t r i x
and v e c t o r o p e r a t i o n s  a l m o s t  e x c l u s i v e l y. It ou l d  he r e w r i t t e n  in
abou t  20 l i n e s  in a l a n g u a g e  s u p p o r t i n g  t h e s e  oj i ~ ’ r a t i o n s  ( i n  s t e a d  ~ f
i t s  c u r r e n t  409 l i n e s  of a s s e m bl y l a n g u a g e ) .  S ich o p e r a t i o n s  w o u l d
have to a l low d i f f e  r e n t  s c a l i n g s  of the o p er a n d s  a s w e l l  as op0 r a t i o n s
in ‘ ‘ ‘h ich  O I I  o p t - r a n d  is  s i n g l e — w o r d  and  the  t i t h e r  is  d o u b l e — w o r d
(o pe r a n d s  a r e  of d i f f e  r e n t  p r ec i  s i o n s ) .  0pc r a t i o n s  u s e d  a r t - :

ad d i t i o n  and  s u b t r a c t i o n  of v e c t o r s

m u l t i p l i c a t i o n  of a V e t o r  b y a sc a l a r

m u l t i p l i c a t i o n  of a v e c t o r  b y a m a t r i x

c ross  p r o d u c t  of v e c t o r s

dot p r o d u c t  of v e c t o r s

I n one e x a m ple f r o m  the v i s u a l  p rog r a m s , a V e t  t o r  i s
m u l t i p l i e d  b y a r o t a t i o n  m a t r i x  of the  f o r m :

COS ‘~ ‘ -SIN 
~ 0 1

~~C(~) L ) ~ 0

0 - l

The c ode u s e d  t a 1~es ad~~; in t a g e  of t h e  O s  a n d —  I i n  t h e  r i , ~t t r i x  5 p r d  o~~~t ’ s

not p e r f o r m  t h e  f u l l  m u l t t p li ; t t i o n . In  it l u g h l e v e l  l a n g u a g e , t l i ~
p r o gr a m m e r  c o u l d  o b t a i n  t h i s  r e s u l t  b y w r i t i n g  t h e  ! u l t i p l i t  a t i o n
out exp l i c i t l y on an e l t - n ) e n t  - b y — e l e m e n t  b a s i s .  P o s si b l y ,  t h o u g h ,
the m u l t i pl i c a t i o n  p r o v i de d  n i i g h t  i n c l u d e  h e ck s  f o r  z e r o  e l t r i i e n N .

E f f i c i e n t  comp i l a t i o n  of ma t  r ix  o p er a t i o n s  i s  i mp o r t a n t . Some
poss ib le  d i f f i c u l t i e s  which  mig ht be en o u n t e  red  w e r e  o b s e r v e d  in  th-
way the  2 14A v i s u a l  prog r a m s  a r e  c u r r e n t l y imp l e m e n t e d .  For
examp le , the  p r o g r a m s  f r e q u e n t l y f a i l  to u se  loops w h e n  p’ r f o r m i n g
the same o p e rat i o n  on the  t h r e e  e l e m e n t s  of a ve tor. T h i s  c an  r e s u l t
in a c o n si d e r a b l e  i n c r e a s e  in p r o g r a m  s iz e  w i t h  l i t t l e  s a v i t i g  i n  - p t - e d .
I t-i one i n s t a n c e , a 2 1 - w o r d  o p e r a t i o n  is  r t - p ea ted  t h r e e  t i n t - s . r a i l e r
t han  u s i n g  a loop. If a loop se tup  r e q u i r e s  5 w o r d s , loo p im p l t -  -

n i e n t a t i o n  would  r e q u i r e  26 words  r a t h e  r t han th e  ~~- 3 u ~~-d b y t }~~- a ’  t o  I
imp l e m e n t a t i o n .  On the o t her  h a n d , t h e r e  i s  one in s t a n  r • 5’ c l i t - r t  a l o j >
i s  u s e d  to  a c c omp l i s h  the e q u i v a l e n t  of t h r e e  M OV i n s t  ru  t o o t s .  1 lie
code u s ed  i s :

MOV #3 , R3 ‘ o u n t e r ’

CLR R4 two d i f f e r e n t  o f f s e t s  r e q u i r e d ’ ’

CLR R5

.
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30$: MOV V X P F B I ( R 4 J ,  V X P F B T ( R 5 )  ‘ move

ADD ~ Z , R5 ‘ up date  ind ices

A D D  #4 , R4

SOB R3 , 30$ ‘ s u b t r a c t  one and  b r a n c h’

A b et t e  r i n  p l t - m n e n t a t i o n  i s  s i m p l y:

M ( V  VX PFB1 , V X P F B T

M() V V Y P F B I , V Y PF B T

MOV V Z PF B I , V Z P Fh T

An HOL i m p l e m e n t a t i o n  of o p er a t i o n s  on v e c t o r s  s h ou l d  he sop h i s t i c  a t t - d
e n o u g l -  t~~ u s e  loop s  when more  e f f i c i e n t , as i n the f i r s t  e x a m p le , a n d

r ep e at e d  c o d e  w h e n  t h i s  i s  p r e f e r a b l e , as  in t h e  5 p 5 (  on d .

A n o t h e r p o s s i b i l i t y of m a t r i x  or  a r r a y  u s e  c,c c u r s  in t h e
com p u t a t i o n  of DC bus load in the E l e c t r i c a l  S y st e m  (Box 2 of
d i a g r a m  A 3 3 l 3 2 i .  H e r e  the  bus  l oad  i s  i n i t i a l i z e d  to 15 an d  t h e n
v a r i o u s d e v i c e  f l a g s  a re  t e s t e d ;  a p p r o p r i a t e  v a l ue s  a r t ’  a d dp ’u  t o  t h e
bus  load f o r  e a h  d e v i ce  w h i c h  i s  on , i . e.

LI~ D B I S - 15

iF ( GP U P R P I  L L D B T J S  L LD B L S  3

IF (c ;PUBST ) LL D B U S  L L I ) B U S  17

T I i t ’r e  a r e  q u i t t -  a n u m b e r  of t e s t s , l e a d i n g  one t o  look f o r  a s i mp l e r
r e p r e s e n t a t i o n .  P o s s i b i l i t i e s  a r e :

a. The f l a g s  could be c o n s i d e r e d a 1 x n m a t r i x  of I s
and O s , and  t he l oads  an n x I m a t r i x  of v a l u e s .
M a t  r i x  rnu l t i p li ;t t i o n  w i l l  t h e n  gl ’S ’ the  sur c -  of

el e  t t ’d lo a ds , e . g.

I ,L D I 3 U S  15 IF LA G S I  [LOADS I

b . I f  th ( .  f l a g s  a rc  an a r r a y  of r i B o o lea n s , a n d  the loads
a r  a r r a y  of n v a I n ’ s , a l oop c a n  be u s ed . e . g . ,

LL J ) R I J S  I i ;

FOR I 1 TO

I I-’ FLAG ( !  T l I E N  LL D B U S  LL DB U S  LOAD(I

E N D
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If d e s i r e d , an enu m e r a t i o n  type d e s c r i b i n g  the c o n d i t i o n s
r e p r e s e n t e d  b y the f l ags  (GPUPRP , GPUB ST , et c .
cou l d  be u sed  tc ,  i n d e x  the a r r a y s .  A t ab l e  could  be
i i s r • d to combine  the two a r r a y s , e . g .

T A B L E  D C L O A D ( l :N

B EGIN

I TE .’4 FLAG Boolea r i

I T E M  LOAD I n t e g e r

E N D

T h e  se c o n d  me thod  would  p r ob a b l y r e s u l t  in more  e f f i c i e n t  g en e r a ted
code , and i t s  i n ten t  is c l e a r e r .

5 .3 . 4 S t rut - t u r e  Data Type

A s men t io n ed previously,  much s imula tor  data  could  l og i ca l l y
be or gan ized  in to  s t r u c t u r e s  (or t a b l e s )  which  group  re la ted  i t ems
toge the r .  Several  examples have a l r ead y bee n g iven , for  example
in Sect ions 2. 3 . 2 and 2. 5 . Most  s t r u c t u r e s  would replace many
data i tems which  now all have i n d i v i d u a l  name s , w i t h  indexah ie
s t r u c t u r e s , thus  u s i n g  f ewer  n a m e s .  The fo l lowing s e c t i o n s  d i s c u s s
s t r u c t u r e  o r g a r i i z a t i r tri s u s e d , s t r u c t u r e  opera t ions  r e q u i r e d , and
examples of ma jo r  s imula tor  s t ru c tures .

5. 3 .4 .  1 S t r u c t u r e  O r g a n i z a t i o n

5 . 3. 4 . 1. 1 P r o g r a m m e r - Sp e c i f i e d  A l l o c a t i o n

A l l o c a t i o n  of components  w i t h i n  a s t ru c t u r e  may be
accompl ished  automat ica l ly by a compiler  or may he spec i f i ed
exp l i c i t l y by the p rog rammer .  P r o g r a m m e r  spec i f ied  p a c k i n g  seems
n e c e s s a r y  in cases where the table describes data for an 1/0 i n t e r f a c e .
Examples of this are the maste r disk directory , illustrated in Figure
5-7 , the construction of I/O command words by the I/O routines , and
t he i n t e r p r e t at i on  of device s t a t u s  w o r d s .  (Pe rhaps a s ta tus  word
co uld be r ep r e s e n t e d  as a set (see  Se t i o n  5. 3 . I )  r a the r t h a n  as a
programmer-specified table , since it-i general each bi t  r e p r e s ’-n t s  a
d i s c r e te c o n d i t i o n .  ) One example of I/ O data  w h i c h  mig ht be
d i f f i c u l t  to handle  in thi s way , however , Oc curs in the Z l 4 A  v i s u a l
sys tem g a n t r y  feedback  p r o c e s s i n g  (Box  I of d i a g r a m  A 3 3 5 2 ) ,  w h i c h
has  as ar inpu t  the table:
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WORD

0

— FILE NAME - 6 CHARACTERS —
I

2 INITIAL SECTOR NUMBER

ii ii ii 20 II

3 FINAL SECTOR NUMBER

23 16 15 0
4 FILE TYPE MEMORY REQUIREMENTS

5 PACK NO. ABSOLUTE PROGRAM ORIGIN

—

6 FIRST 3 CHARAC TE RS OF PA SSWOR D

FOURTH
7 CHAR AC TER USER- NUMBER

OF PASSWORD 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

14 Ent r i es  per MDD Sector

Figure 5-7. Master Disk Directory Entry

58

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

- 

. ~~~~~~~~~~~~~~~ ~~~ - 
—



N

NN

data ready bits

word  0 p log ical complement  of no te :  s i g n a l s  a re
P~ 15 msb of x f e e d b a c k  i n v e r t e d

word I same fo r  y f eedback

word  2 same fo r  z f e e d b a c k

w o r d  3

T -J l og i ca l  comp l e m e n t  of z I sh

same f o r  y

same for  x

It would  he d i f f i c u l t  f o r  a h ig h - l e v e l  l a n g u a g e  to suppor t  d i r e c t
ext r ac t i on  of the l 1~-b i t  f e edback  v a l u e s .  ( H o w e v e r , perhaps  the data
o r g a n i z a t i o n  could he c h a n g e d  as d i s c u s s e d  in Sec t ion  5. 2. 5 .

A not h e r  use  of p r o g r a m m e r - s pe c i f i e d  t ab les  i s  d e s c r i b e d  in
c o n n e c t i o n  wi th  the  Math  Mode l  Tes t  (Box 2 of d i a g r a m  A Z )  t r a c e
fea t u r e  ( S e c t i o n  5 .2 , 4 i .

5 . 3. 4. 1 . 2  Ser i a l _v s , P a r a 1l e~~~~~~~~~ i z a ti o n

In t a b l e s  c o n s t r u c t e d  to m a t c h  h a r d w a r e  i n p ut s  or  o u t p u t s , as
d i s c u s s e d  above , t he choice  of s e r i a l  or p a r a l l e l  o r g a n i z a t i o n  s h o u l d
probabl y be l e f t  to the p r o g r a m mer .  T- ’or  exam ple , the  UPT s y s tem ’ s
AST L i nk a g e  r equ i r e s  p a r a l l e l  o r g a n i z a t i o n .  Mos t  t a b l e s  who’ h w ou l d
be con st r u c t e d  f rom w h a t  a r e  c u r r e n t l y sep a r a t e  d a t a  i t e m s  c o u l d
equa l l y wel l  be r e p r e s e nt e d  l o g i c a l l y b y e i t h e r  o r g a n i z a t i o n  and  both
a re  used  in c u r r e r t  impl e r r e n t a t i o n s . The m a j o r  r eason  to s e l e c t  one
method  over  the o the r  is  to f a c i l i t a t e  d a t a  ac- c e s s i n g  as  i t  i s  d o n e  in  t h e
p a r t i c u l a r  table .  S ince  s i m u l a t o r s  h a v e  s i g n i f i c a n t  e f f i c i e n c y
r e q u i r e m e n t s , th i s  opt ion should p robab ly be made  a v a i l a b le  to
p r o g r a m m e r s .

5 . 3. 4 . 1. 3 V a r i a b l e  L e n g t h  l ab l e s

L i t t l e  use of tables with dynamic- all y v a r y i n g  l e n g t h  w a s
obse rved in the p r o g r a m s  s t u d i e r ]. An e x a m p le of s i c  h t a b l e s ,

~~ C u r s  w i t h  the  f o r e g r o u n d  t a s k  t ;W l e  ( B o x  3 of d i a  c r a m  A 3  12
i l l u s t r a l e d  in Sec t i O n  5 . 2 .  R . T h i s  t a b l e  i s  pr e  r d ~~d i n  c o r e  b y i t s
number of entries. This number is reset t o  xc  ro i f  t he  ope r a t o r , a t
i n i t i a l i z a t i o n , sp e c i f i e d  a ‘‘ mai n t e n a n c e  and  t e s t  1o~~d (Box  I of d i a g  r a m
A Z t . It could p o t e n t i a l l y be h an g e d  d y n a  u i  c a l l y t o  a n y  v , i lu e  a n d
then he used by the foreground dispatcher. However , i t  s hou ld  n o t
be b e c a u s e  the task table  i s  p r e s e t  and  not  I h a n g e d  d u r i n g  e x e c u t i o n .
T h e r e  is  no reason  thi s spec ia l  c a s e  c o u l d n ’t s i m p l y be imp l e m e n t e d
w i t h  a f l ag  i n d i c a t i n g  “ m a i n t e n a n t  t- a n d  t e s t .

~
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A n o t h e r  e x a m ple i s  the  c o n ve r s i o n  c o n t r o l  l i s t , ‘ a l i s t  r ,f
v a l u e s  to be c o n ve r t e d  to A y d i r  for r r ,  in  the  I n s t r u c t r , r S ys t e r r  ( I ~ ox 4
of d i a g r a m  A35 . I n c l u d e d  in  t h e  t a b l e  i s  a w o r d  s p e c i f y i n g  t h e
n u r r h e r  of  e n t r i e s .  T h i s  w o r d  is  a t u a l l y u s e d  b y t h e- c o n v e - r s i o r ,
s u b r o u t i n e  to  d e te r m i n e  t a b l e  s i z e.  A n  HOL i rrip l e r r e - n t a t i o r  o u l r !
u s e  t h i s  sa r r c- ap p r a a  h , i n  w h i c h  l e n g t h  i s  a c t u a l l y i n c  l u d e d  j r  t I e -

t ab l ’-  an d  exp l i c - i t l y e - x t r a (  t ed  b y t h e -  rou t i n e  u s i n g  i t .  A l t e - r n a t i -.- e l y .
i t  c o o l ’ !  p o’.’ i d c  ‘.- a  r ~

- i  n ~ le n g t h  ta  LI ‘- s , w h o ’  I- rr~i L~ L t be i rnp l e cr ’- r . t e r !

the  s a ri ’- w a y ,  b u t  i n v i s i b l y to t h e  u s e r .

5 . 3. 4 . 1. 4 V a r i ; , n ?  P e co r d  l ypr- s

Qfle- po s s i b i ’ -  c i s c -  of v a r i a n t  r’- ord typ e-s ’.c’ as d~ scu ssc- ’ ! n
Sec t i o n  5 . 2 . 4 , i n  c o n n e c t i o n  w i t h  t h e -  M a t h  M o d e l  Te st t r a c e  f o r m a t t i n g
(B o x  2 of d i a g r ~c rc . A 2j . Ot h e r  u se s  o c c u r  i n  t h e -  Lie - s c n t a i r i i r , g s i r
f a c e -  r a d i r , 5 t  a t i o n  ri a a ( B ox 4 of  r ! a ~‘ ra rr A 3- 32 ar  r ! r ;c ’!;i r c r  r t c - r ‘Ia
( I~~cjX I of  d i ;~g r . c r r .  ,\ 3 ~4j .  ‘T h e - s e- fil e -s c o r i f ; c ~ n d i f f e r e n t  re o r ’~ t y p e - c .
f o r  c - a c - h  r a d i o  t y r e -  o r  e m i t t e r  t y pe .

5. 3 . 4 .  1. 5 ::r ,r Dj~~t~ n c t  ( c ,n ,~~on e nt  N a m e s

1 h e r ’ -  a r c -  ri a ny  in s t a n c  ‘-S i r .  t h e  p ro~’r a m s  s t u d i e d  -.. F , c - r e

5 ’ -  ; ‘ - r a i  t ; , r , I e - s have- t h e  ‘ar r e - o r g a n i z a ti o n  a n d  k i n d s  of c r r c p c c - r ’~
Sr ‘-  or - ‘ n i  c - c ’ no t a t  on fo r  ~ c-; ~;o  1 d be u e fu I , c-  . g.  . r cr 1 . - -

214A ‘.-i s i a l  sys te - rr -:i.- . b i l i t y  c- f f c-c - ts r r o c r a o  ( l ~ ’~x -; ‘ f  rb ;j c r ir i .

A 3 354 :

TA l’~L E rICr)ATA 7: o l d  i r , — t  r o c  t o r  i r p - I ’ s
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; ‘ c lou d c e i l i n g
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Of c o u r s ’- , so n ’ -  r i c e - a n ’  o f  d i s t i n g u i s h i n g  b e - t - ’ - c - ’ - n  c ’  ~, ‘ r , e ’ t t —  of  t L ~-

t a b l e s  i s  t h c - r  r e q u i r e d .  1 b c - r e -  a r e  i n ’ - t t r  c - s  w I ’ - r e -  ‘ r . ’ - s u c h  ~l~ I e  t~~~

a s s i g n e d  t o  a c o r r e s p o n d i n g  Ofle . A o n v e - r i c - r t  n ’ t i o n  f o r  t h i s , e . g .

1-~’i1 R Y ( 1 -’I C DA T A , I) 1- . ’-~ I R Y ( V I ( : 1 ) A T A , O

or  ‘i mp l y

t;1(;r)A i A = VILJ)A ’l  A

wou ld be -  t i s e - f u l .
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5. 3. 4. 2 Operations on Structures

5. 3. 4. 2. 1 Table Assignment

As mentioned above , ass i gnment of one table to another  of
corresponding layout is sometimes required.  This occurs , for
example, in assignment of current values of variables to previous-
pass values , as in the example above f rom the v i s ib i l i ty  e f f ec t s
prog ram (Box 4 of d iagram A33 54).  In another  example , f rom the
Navigation Environment area (Box 2 of d iagram A332) ,  the se qu e n c e:

NUE FUE

NVE = FVE

NSPSHD = FSPSI

NCPSHD = FCPSI

NSINNP FSTHET

NCOSNP = FCTHET

NSINNR = FSPHI

NCOSNR FCPHI

NGALT = FHGED

NTAS = FVPKTS

NROT FRA

NSLEW = SNLSLW

NRESET = UILRF

represents assignment of a set of “nay freeze ” values to a correspond-
ing set of nav igation variabl es, and could be written as one table
assignment (with greater clarity and less chance of error). Perform-
ing operat ions on entire corresponding tables in one statement , e. g.

TABLE1 = TABLE2 + TABLE3

ind ica t ing  addit ion of all components , would also be u s e f u l .

5. 3. 4. 2. 2 Substructure Selection

Many simulator operations which might use table data for
c la r i ty  would benefit  f rom the abilit y to per form operat ions on
substructures. For example , in the Zl4A visual sys tem g a n t r y  feed-
back program (Box I of d iag ram A3352) much of the da ta cou ld be
organized into s t r uc tu r e s  with 3 en t r i e s  indexable by X , Y , and Z.
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For example ,

TABLE VGNT RY (X:Z)  5; “ gan t ry  data ”

BEGIN

ITEM VVGMF sing le fixed point ; “ve loci ty ”
ITEM VVGMI double fixed point; “posit ion ”
ITEM VVPFB double f ixed point;  “posi t ion feedback”

END

could desc r ibe  much more clearl y a set  of data which cu r r en t ly uses
15 d i f f e r e n t  i d e n t i f i e r s  in the datapool (two names are  used  for  the
two halves of the double f ixed point va lues) .  With such data s t r u c t u r e s ,
it would be necessary that the X , Y , and Z values of a g iven compon-
ent could be t rea ted  as a vector  in whatever  vec to r  operat ions  are
provided , e. g . ,  in the above example , the ass ignment

VVPFB = VVGMI Z. 5

should be possible.

In anothe r example , f rom E lec t r i c a l  Sys tems (d i ag ram A33 1 3 2) ,
comparable operat ions  a re  f r equen t l y pe rformed wi th  ‘left ’ an d ‘ r ig ht ’
values. Grouping the values  into a table or a r r a y  with two en t r ies
indexed by “LEFT” and “RI GHT” could allow a sing le operat ion to be
used. For example , the code used to set left and right generator
relay indicators is:

LRYGNL = ((EARPML. CT. 40.) . OR. LRYGNL . AND.
(EARPML . CT. 38 . ) )  .AND. LSGLON .AND. . NOT.

(EBRYGL .OR. UMLLGF )

LRYGNR = ( (EARPMR .GT . 4 0 . )  .OR. LRYGNR .AND.

( E A R P M R . GT . 38. ) ) .AN D .  LSGRON .AND. . NOT .
(EBRYGR . OR. UMLRGF)

Combining these in a single ope rat ion , e. g.

LRYGN = ( (EARPM . GT. 40 . )  .OR. LRYGN .AND,

(EARPM .GT. 3 8 .) )  .AND. LSGON . AND. . NOT.

(EBRYG .OR. UMLGF)

could improv e u n d e r s t a n d a b i l i t y  and d e c r e a s e  the poss ib i l i ty  of
typograp hical e r r o r .

_______ 
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Anothe r  i n s t ance  is the a s , i g n m e n t  in the C o mm u n i c i - a t i o n s
a rea  (Box 3 of d iagram A 3 3 2 )  documen ted  b y:

NO 11CL = (MPX 4 NO I1I S  ~ N O 2 I I S ) .I S P R I

2 2 2

3 = 3 3

4 4 4

Thi s opera t ion , which  uses  da ta  i l l u s t r a t e d  in Fi g u r e  5 - 3 , u se - s  f o u r
assi gnmen t s , one f or each cock pi t .  If the da ta  is in a doubl y - i n d e xe d
s t r u c t u r e  (b y o p e r a t o r  and  cock pi t)  as p roposed  in Sec t ion  5. 2. 5 , t h i s
a s s i g n m e n t  mi g ht be w r i t t e n :

N O C L ( l ,~:’) (MPX + NO I S(l ,~~) + NOIS (2 , - : - ) )  . ISPRI

5 . 3. 4 . 3 LFI S t r u c t u r e s

A type of data s t r u c t u re r e q u i r e d  th r o u g hout  a s i m u l a t o r  i s
that used by L inea r F u n c t i o n  I n t e r p o l a t i o n  ( s ee  Sec t ion  5 . 2 . 2. 2 . 2~ .
The data tables used to represent LFIs c o n s i st  of t a b l e s  of b r e a k  -
poin t s  and tab les  of va lues  which  c o r r e s p o n d  to the b r e a k p o i n t s .  The
p r o g r a m s  st u d i e d  employ both s i n g le and d o u b l e  v a r i a b l e -  LFIs .
T h r e e - v a r i a b l e  rou t ines  are m e n t i o n e d  but  not used .  The b r e a k poin t
t a b l e ( s )  and the va lue  table a re  both  d e f i n e d  in the p r ogr a m  as  l i s t s
of cons tan t s .  Howeve r , they appear  in separa te p a r t s  of the p r o g r a m
( s e p a r a t e l y comp iled modules)  and are used separatel y.

T yp i c a l l y ,  s e v e r a l  d i f f e r e n t  LFI f u n ct i o n s  m ig ht  hav c -  a
v a r i a b l e  in c o m m o n , and  t h e s e -  v a r i a b l e - s  mig ht h a ve  b r e a k p o i n t  l i s t s
in com mon.  For example , th e ’  I I PT a e r o d y n a m i c s  Ll-’ls ( s ee  d i a g r a m
A33 12) :

F 100 (ci , M )

F805 (c i , ~3 FW 1
F’807 ( c i

a l l  hav e  ci e s  a n  i n d e p e n d c r c t  v e r i a b l e - . In l-~I~O5 an d  i - ’ ~O7 t h e  b r e ;e l -  -

point list for ci i s  t h e  s am e - , w h i l e  F l O ( )  h a s  a d iff cr ,-ii t ci b r e - i l ’ p o i n t
l i s t .

W h en  the -  v a l u e -  of an LJ- I v~t r j i t l ) i e  i s  f i r s t  d e t c r r n i n ed
ft. g. , ~ above ), an ‘LVI  s e - a r c h ’  r o u t i n e -  i s  a l l e d  t o  s e - ; c r (  h f o r  i t s
p o s i t i o n  in any  a s S o c  i c t e - e l  h r ’ - e i ’ p o i n t  l i s t s . Thu  r e sult in g v a l u e - ,

the i c - ct e -r p ol ant , i s  u s e d i n  l a ter p r o c  e s s i n g  as  a p a r a m e t e r  t o  ( h ,
‘ L I I  v a l u e - ’’ r o u t i n e - . T h u s  o n e -  r o u t i n e -  U S C ’ S  t b -  b r - a k p o w )  l i s t  a n d
one uses the value- list . I - o r  e -x ; imp l c - , i n  t h e  U i ” !  ;l erod y r i i i i n l ( s  sys-
tem , most  b r ea k poi - t  l o o k up  UI c u r s  i n  t h e  E q u a t i o n s  of M o t i o n  m o d u l e ’
(Box 5 of d i a g r a m  A 3 3 l 2 ) ,  w h i l e  v a l u e  o m p ’ i t I t i o r l  u s i n g  t l i e 5 t ’
b r - a l ’p o i n t s  01 ( u r a  t h r o t i g l a n i t  ( l i e -  sy s t ~ - m m c .
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A double variable LFI is allocated as two break point lists ,

X and Y, and one value list , F(X , Y) .  The value l ist  is a l l oca t ed  as
a FORT RAN two-d imens iona l  a r r a y  would be , wit h X i n c r e a s i n g
f a s t e r .  In the UPT s imula tor , the b reak points  are  two-word  f loa t ing
point  va lues  but  the va lues  a re  one -word  fixed po in t .  The value
lookup subroutine , however , conve r t s  the f ixed point  value to f loa t ing
point before returning i t .  The reason for  this  i s  economy of space .
and one -word  f loa t ing  point is not ava i l ab le  on the UPT compute r .
The p rec i s ion  allowed b y the s ing le word is adequate  for  the va lues .
In the 2 14A simulato r , which uses  onl y f ixed  point , the value tables
are  al l  s ing le p r e c i s i o n ;  the b r eak po in t tab l es a r e some t i m e s  s in g le
and somet imes double p r e c i s i o n . The a lt i t ude  break poin ts , fo r  example ,
a re  double p reci s ion .  - -

A more readable presentation of LFIs would d ic tate  that  the
b rea k point  and value l i s t s  he speci f i ed  toge the r  (and thus presumab ly
be a l loca ted  t oge the r) .  There  appears  to be no logical  reason why
th i s  could not be done as long as the d e f i n i t i o n  of the s t r u c t u r e  was
made ava i lab le  to both rout ines .  A problem in suppor t ing  LFI
representation in an HOL is that each LFI doe s not  have a un ique
breakpoint list , but rather several LFIs share lists. (There are ,
of cou r se , un ique  value l i s t s  for  each. ) It would be wasteful to repeat
the b r e a k point  l i st s , and repea t ing  the lookup process  would be
intolerabl y inefficient. Perhaps the bes t  approach would  be to d e f i n e
the l i s t s  separa te ly in a g lobal data  base  and simpl y a t t e m pt  a more
readable layout which makes assoc ia t ions  c l e a r e r , e. g. , v a l u e  l i s t s
s h a r i n g  a common break point l i s t  could be grouped t o g e t h e r  un d e r
the  b r e ak point  l i s t  d e f i n i t i o n ;  th is  would not work  f o r  double  v a r i a b l e
LFIs , howeve r .

One s i m u l at i o n  HOL stud y FGo ldi ez , 1 976] g ive s  st a t i s t i c s  on
r e l a t i v e  speed of assembl~’ language and F O R T R A N  LFI r o u t i n e s .  The
FORT RAN programs took almost three times as long. This is
c l e a r l y una  cep table .  The a ut h o r ’ s c o m m e n t s  sugges t  t ha t  the
FOR’F RA N c o d e  gene ra ted  was v er y  i n e ff ic i en t be c a u s e  i t  recomputed
array subscript s excessivel y.

5 . 3 . 4 , 4 M o d e l b o a r d  Contou r Maj ,

The most complex data structure observed i n  the programs
s t u d i e d  is  the 2 l 4 A  V i s u a l  Sys tem mode lboa rd  contou r map (Box  1 of
d i a g r a m  A 3 3 5 3 ) .  Th i s  t ab le  g ives  a maximu m e l e v a t i o n  i n d i c a t o r
(a 3 - b i t  v a l u e )  f o r  e v e r y  4 - i n c h  s q u a r e  on the modelboard .  The ac tua l
elevation corresponding to the 3-bit value is  found  in  an  8 - el e m e n t
a r r a y , to w h i c h  the 3 -b i t  v a l u e  is an i ndex .  Because  many  4 - i n c h
sq u a r e s  wi l l  have  th(- same e l e v a t i o n  va lue , eac h does  not have  a
d i s t i n c t  3 - b i t  va lue  a s s o c i a t e d  w i t h  i t , The squa re s  a re  grouped
into larger blocks of 5 by 6 squ a res (20 x 24 inches). The modelboard
contains 4(8 such blocks. Only those 20 x 24 blocks which are distinct
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have an associa ted bit map. A 468-b y te vec t o r map s eac h block
into the associated bit  map. The p rog ram allows up to 25( d i s t i n c t
blocks. The bit map consists of 6 words , each containing 5 3-bit v a l u e - s .
thereb y cover ing  the 30 4 - i n c h  squares  in the block.  The bes t  data
s t ruc tu re a r r a n g e m e n t  fo r  access ing  th i s  i n f o r m a t i o n  would be
something like:

ARRA Y BLKPT R (0:38, 0:11) BYTE;  “ i n d ic e s  into BITMA P
for each block”

TABLE BITMA P ( 0:255 ) 6 ;

BEGIN

ARRAY BITARY(0:4, 0:5) bit 3 packed;

END

The double indexing (for  X and Y coo rd ina t e s )  is des i rab le  to suppo rt
calculation of the co r rec t  table value - othe rwise the p r o g r a m  would
have to compute a sing le value f rom the X and Y va lues .  The bi t
map could be represented  without  too much loss of c l a r i t y . a s  a
th ree-d imens iona l  a r r a y  having d imens ions  (0:255 , 0:4 , 0 :5) .  It is
necessary that  the bit values  be packed. The p a r t i c u l a r  size chosen
for the blocks , leading to the 5 x 6 g rouping of b i t s , is c l e a r l y based
on the word s ize of the machine  ( i . e .  , 16/ 3  5). Othe r numbers
could certainl y be used , but the dec is ion  of what size of block will  be
optimal must be based on some knowled ge of the p a r t i c u l a r  model-
board - -  it is clearly not random.

5 . 3 . 5  Union Data Type (or Ov e rlays)

In general , any necessary  over lay  capab i l i ty  required in
simulators can be logically provided through the use of s t r u c t u r e s
with v a r i a n t  record types , d i s c u s s e d  in Section 5. 3.4. 1.4. There
are ins tances  where  over lays  mi ght be u t i l i zed  to obtain a capabi l i t y
not expl ic i t l y provided by the language , for  example access ing
memory locations by address , as descr ibed in Section 5 . 2 . 7 . 2 .
These cases should really be handled in a manner which makes the
intent more understandable.
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5 . 4 Cont ro l  St ruc tu re s

There are many i n s t a n c e s  in the s i m u l a t o r s  s tud ied  in which
program understandability could be greatl y :mproved t h r o u g h the use
of modern  HOL cont ro l  s t r u c t u r e s .  In some cases , t h e p ro g ram
documentat ion r e f lec t s  an awareness  by the p r o g r a m m e r  that  such
co n t ro l  s t r u c t u r e s  a re  needed , but f r e q u e n t l y e v e n  the d o c u m e n t a t i o n
does no t tak e -  advan tage  of the enhance d  r e a d a b i l i t y  t ha t  would  be -
p rov ided .  The fol lowing subsec t ions  p r e s e n t  examp l es of p o t e n t i a l
uses  of va r ious  c o n t r o l  s t ru c tu re s in the s i m u l a t o r s  s t u d i e d .

5 . 4. 1 Cond i t i ona l  Control  S t ruc tures

5.4.  1 . 1  IF T H E N  ELSE Con t ro l  S t r u c t u r e s

Simulat ion p rograms  con ta in  comple x c o n d i t i o n a l  e x p r e s s i o n s
con t ro l l i ng  the a s s ignment  of values to va r i ab les .  Any s i m u l a t i o n
l a n g u a g e  must  provide  a readable way of w r i t i n g  such  ass i gn ment s .
The examples in thi s sect ion i l lust ra te  the range of cond i t iona l
a s s i g n m e n t  control  that  must be supported by a sui table  1—LOL.

The p r o g r a m s  s tud ied  conta in  nume r ou s examples of complex
co n d i t i o n a l  a s s i g n m e n t s  to v a r i a b l e s .  These are  f r e q u e n t l y exp re s sed
in the documen ta t i on  b y mul t i ply i ng a l og i ca l  v a r i a b l e  or e x p r e s s i o n
by the v a r i o u s  ope rands , e . g . ,  f rom Fl igh t  C o n t r o l s  (Box 1 of
d i a g r a m  A 3 3 1) :

X (15 .08 EPE W P L A Y )  + (15 .08 FERPB W P L A Y )  - 4 . 0

F x p r e s s e - d  in FORTRAN no t a t ion , thi s mig ht become :

X 15 .08 ~
- FPE - 4 . 0

IF ( W P L A Y )  X 15 .08 FERPB - 4 . 0

A b et t e r r epresen ta t ion , which more closel y r e s e m b l e s  the -  docu-
rn t - n t a t i o ’i , might be the ALGOL-l ike :

X 15 .08  ( IF  W PLA Y  T H E N  l- ’ERPB ELSE 1- ’P E)  - 4 . 0

This  fo rm mig ht a l s o  com pi l e  more  e ff i i e n t l y .

A n o t h e r  c o n d i t i o n a l  ex p r e s s i o n  examp le- i s  ( a l s o  f r o m
F l i g h t  C o n t r o l s ) :

II - ’ ( . NOT. ( l- ’l- ~LT RU .OR . F’ELTRD f l  GO TO 04

! J - ,MP OI) - 2. 25 (~TM

IF ( F ’E LT I&U)  T E M l ~ 0() - T E MPOO

1-’ ! Ri ME -:  A M I N I ( A M A X  l (F T RIME T EM P O O , -8 . 0 ) ,  25 . 0 )
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whe re FELTRU and FELTRD (which are flags indicat ing “nose up or
down ”) may both be false , but cannot both be true.  This might be
expressed using IF—THEN—ELSE , as

IF ~FELTRU OR FELTRD) THEN

BEGIN

Ii . FELTRD THEN TEMPOO 2. 25 ~ ‘ QTM

ELSE TEMPOO = -2. 25 * QTM

FTRIME A M IN 1 ( AMA XI (F T R I M E  TEMPOO , - 8 .0 ) , 25 . 0 )

END

or, with a conditional expression , as

IF (FELTRU OR FELTRD) THEN FTRIME

AMIN 1 ( AMAX 1 ( FTRI ME QTM (IF FELTRD THEN

2.25  ELSE -Z. 25) , -8 .0) , 2 5 . O )

The 2 14A Visual  System (d iag ram A335)  has many express ions
similar to:

VR . 1 744 UP - . 1744 DOWN

or, alternatively:

VF.. . 1744 (UP - DOWN)

In these cases , UP and DOWN are sing le bi ts  in the tes t  box input .
Both may be off or exactly one may be on.

Many of the condi t ional  ass i gnments  are documented  in
pseudo-FORT RAN, which le ads to incons i s t en t  and e r r o r - p r o n e
s ta tements .  For example , f rom the Communicat ions area  (Box 1
of diagram A332):

VHAUL = ((VHVCL/2) + .499)) IF LDOPP 4 (0.0) IF

(LDOPP -f RAINT + V T U N E )

Here the test of RAINT and VTUNE serves no purpose , but the
f lowchar t  i n d i c a t e s  that  the  i n t e n t  i s :

VHAUL = IF (NOT LDOPP OR RAINT OR V T U N E ) T H EN  0 . 0

ELSE VHVCL/2 -+ . 499
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Some very  complex cond i t iona l  a s s i g n m e n t s  occu r  in the
N a v i g a t i o n  Radios  area (d iagram A3323 ) .  Some a s s i g n m e n t s  a r e  so
co mp lex that  both the documen ta t i on  and  the p s e u d o -F O R T R A N  are
f r equen t l y i n c o m p r e h e n s i b l e  and of ten c lear l y i n c o r r e c t .  An example
is  the d e s c r i pt ion of the se t t ing  of v a r i a b l e  VGRE :

VGRE = ( N A V R - V G R I )  IF [ (VGPW R .OR.  . NOT . ERCOT ) .A N D .

NOT . FST ER]

VGRE ( -VGRI ) IF [ (vcPw R .OR. . NOT. E R C O T )  . AND.

FSTER
VGRE = ( 8 5 - V G RI ) IF [ ERCOT . A N D .  ( V GP W I-~ . OR. (E R T I M �

260))) .OR. .NOT. VGPWR .AND. (ERTIM ~~260)]

V GRE = ( C A AC~~
K :

~C~~ llD G IF [(ERc0T . AND. ( V G P W R  .OR.

( E R T I M  > 2 6 0 ) ) )  .OR.  . NOT. VGPWR . A N D .

( E R T I M  > 2 6 0 ) J

In th i s  example , the c o n d i t i o n s  s p e c i f i e d  fo r  the four  d i f f e r e n t
ass i g n m e n t s  are  not m u t u a l l y ex lu s i v e .  For example , t he  set of
conditions

VGPWR , ERCOT , FSTER , ( E R T I M  > 26 0)

s a t i s f i e s  the  f i r s t , t h i r d , and  f o u r t h .  E x a m i n a t i o n  of the  fl owchar t s
su g g c - s t s  t h a t  t h e  i n t en t  i s  s imp l y:

II - ’ V GPW R OR NOT ERCOT

T H E N  IF E STER 1 l I E N  V G R E  -V (~ R I ;

EL SE V G R E : N A V R  - V G R I :

ELSE II - ’ E R T I M .1 260 T H E N  VGRE = 85 - VGRI :

ELSE: VGRE C A A~~~
K C

~~ HDG .

One- problem that a l s o  oc u r s  i n  the d o c u m en t a t i o n  of these
o n d i t i o n a l  a s s i  gn r n e n t s  i s  t h a t  th e  s ame  log i ca l exp re s s i o n  a ppea r s

in  n u me r o us  e q u a t i o n s , i n s t e a d of b e i n g  t e s t e d  on ’. e ’  p r e c e d i n g  them , i . e .

A — H I F’ (:C~NI )  C I I- NOT COND

I) E IF  ( , ( )N ! )  I’ II- ’ NOT COND

C 1 1 1 1 ~ ( :ON D I  I F NOT CONE)

C M
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instead of:

IF COND THEN
BEGI N

A = B;

D= E ;

G = H;

END
ELSE

BEGI N

A = C;

D = F;

G = 1;
END

If the programmers were actually using FORTRAN rathe r than
assembly language , we assume they would not implement thi s the
way it is documented. It is not only less clear, but it is in all
likelihood much less e f f ic ien t .

Another instance in which the lack of IF—THEN—EL SE con t ro l
structures has a severe negat ive  impact  on readability occurs in the
following sequence , used to set item LNBUS ( f rom Elec t r i ca l
Systems - diagram A33 132):

IF ( .NOT. LBUSDC ) GO TO 24

IF (LPWEXT .OR. UQLBSE) GO TO 17

IF (LBAT .AND. LSWBAT) GO TO 19
LNBUS 0. 1

GO TO 25

19 IF ( U M L B T Y )  GO TO 20

LNBUS 0 .9

GO TO 22

20 LNBUS = 0. 8

22 IF (LRYGNL .OR. LRYGNR) LNBUS = LNBUS + 0. 1

GO TO 25

17 LNBUS 1.0

GO TO 25
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24 LNBUS = 0. 0

25 IF (EBRYGL . AND. EBRYGR ) LNBUS = 0. 5 * LNBUS

Evidence  that t h i s  is  e r r o r - p r o n e  may be found in the fact tha t  the
logic does not match that in the f lowchart  for  the ope ra t ion .  A more
readab l e r e p r e s e n t a t i o n  i s :

IF NOT LBUSDC THE N LNBUS 0.0;

ELSE IF LPWEXT OR UQLBSE THEN LNBtJ S 1 .0 ;

ELSE IF NOT (LBAT AND LSWBAT) THEN LNBUS 0. 1;

ELSE BEGIN

IF UMBLBTY THEN LNBUS = 0 .  8;

ELSE LNBUS = O. 9

IF LRYGNL OR LRYGNR THEN LNB US
= LNBUS +0. 1;

END

IF EBRYGL AND EBRYGR THEN LNBUS = 0. 5 * LNBUS;

Alternatively, a sing le a s s i g n m e n t  of a logical expression to LNBUS
could be used , e.g. ,:

LNBUS (IF EBRYGL AND EBRYGR THEN 0.5 ELSE 1. O) *
(IF NOT LBUSDC THEN 0.0

ELSE IF LPWEXT OR UQLBSE THEN 1.0

ELSE IF NOT (LBAT AND LSWBAT ) THEN 0. 1

ELSE ((IF UMLBTY THEN 0.8 ELSE 0.9) +

(IF LRYGNL OR. LRYGN R THEN 0. 1

ELSE 0 . 0 ) ) )

The previou s example seems more readable , thoug h this one makes
it clearer that assignment to LNBUS is the intent.
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Anothe r approach to the desc r i ption of condi t iona l  a s s i g n m e n t s
is the dec i s ion  table. For example , a dec i s ion  table d e s c r i b i n g  the
preceding ass ignment  is:

i_ B USD C 0 I I I I I I I I

LPUJE.~~T - I - 0 0 0 0 c~ 0 0 0

(.‘Q L8 S~ - - 0 0 0 O 0 0 0 0
- - 0 - I I I I I
- - - - 0 I I I J I

U P I L B T Y  - - . . - 0 0 0 I I

L t VG L ) L. - - . - C . 0 I -

. J~~Y6~JR - . - - 0 - / C -

LIJCeU S 0~0 1. 0 1.0 0. 1 O. j  0.~ 10 1.0 0’~ 0.~ 0.,

5.4 .  1 .2  CASE Contro l  S t ruc tures

Conditional processing corresponding to the CASE c o n s t r u ct
occurs primarily in the simulator support programs ( m o n i t o r ,
debugging, etc.). Instances of this include:

• foregroun d task table processing , described in Section
5. 2 .8  ( d i a g r a m  A3 12

• selection of function based on input p a r a m e t e r  by i n t e r -
computer  commun icat ions  or by back ground di spa tcher
( see  Section 5. 3. 1)

• transfe r based on interrupt number in monitor
interrupt  handlers

• I/O device routine selection by IOC coordinator
(cur ren t ly only one device  is connec ted  to thi s , but t~’-

program allow s for  more)  (see Section 5. 6

• I/O convers ion  p roce s s ing  based on symbol type in
Math Model Test  (Box 2 of d i ag ram A2 )

• select ion of co r rect  f u n c t i o n  based on f u n c t i o n
select knob in p rocess ing  Remote Decimal Readout
Unit (DRU ) inputs

7 1



An interesting type of CASE-like conditional a s s ig n m e n t
occurs  in the ground control display program (Box 6 of d i a g r a m  A35)
when s e l e c t i n g  messages  for  the i n s t r u c t o r .  For examp le , a m e ss a ge
desc r ib ing  how close the pilot is to the de s i r ed  g l ides l ope is
se lec ted  as fo l lows:

-0. 14 ° �SGTANG �0. 14 ° “ON GLIDE PATH”
0. 14° < SGTANG < 0 . 4 2 ° “SLIGHTLY ABOVE GLIDE PATH ’

- 0 . 42 ° < S G T A N G<- 0 .  14 ° “SLIGHTLY BELOW GLIDE PATH
SGTANG � 0 . 42 ° “ W E L L  ABOVE GLIDE P A T H ’
SGTANG�-0.42 ° “ W E L L  BELOW GLIDE PATH ’

An 1-TOL r ep resen ta t ion  for  this  m i ght be a CASE s t a t e m e n t  w ith r anges
(r a the r than s ing le va lues)  fo r  alte rna t ive  se lec t ion .

A s imi lar  a s s i gnment  o c c ur s  in the A e r o d y n a m i c s  a r ea
( d i ag r a m  A 3 3 l 2 ) ,  here  expressed  in the “ multi ply ing by Booleans ”
nota t ion :

X ( ( .  1155556 ~ . 000154074 * (X - 7 50j )  (RC .LT. 750.)

( . 1 9 6 9 4 4 4 -’ . 0001085184 (X-l500. )) “ (RC .GE. 75 0.
.AND. R C . L T .  1500. )

+ ( . 275556  + . 0000786 1 12 (X-2500.)) (RC .GE. 1500.

.AND. RC .LT. 2500.)

( . 3 7 0 8 3 3  + .000635184 ;:‘ (X-4000.)) (RC .GE. 2500.

.AND. RC . LT. 4000. )
-
~ (.4775 4 .00005333335 ~ (X-6000.)) ~ (RC .GE.  4000.

. AND. RC .LT .  6000. )

~ ( . 4 7 7 5 )  (RC . GE. 6000. ) ‘~ ( - 1. 0 ) - ~(FRClND . LT. 0)

5 .4 . 2 Mul t i p rocess ing  Con t ro l

Multi p r oc e s s i n g  is requ i red in the s i m u l a t o r s  s tud ied  s ince all
use  more than one CPU . Thi s sect ion d e s c r i b e s  the overal l  flow of
control  in the UPT s imu la to r  in o rd e r  to i l l u s t r a t e  mult i p roces s ing
r e q u i r e m e n t s .

The UPT sys tem uses  t h r ee  CPUs , each of w h i c h  has p r i v a t e
memory .  The re is a lso common memory  a c c e s s e d  by all  t h r e e .
The app l i c a t i o n  p r o g r a m s  a r e  d i s t r i bu t ed  among the th ree  CPUs so
as to p rov ide  the neces sa ry  speed of execut ion.  A s ing le app l i ca t ion
p rog ram (e.  g . .  flig h t )  U 8 C S  onl y the one CPU to which i t  is a s s igned .
Applicat ion p r o g r a m s  operate in para l le l  on the d i f f e rent  CPU s . but
do not i n t e r a c t  d i r ec t l y with one ano ther .  All i n t e r a c t i o n  and
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sequenc i ng is cont ro l led  by the  moni to r .  N e c e s s a r y  s y n c h r o n i z a t i o n
between the CPU s  is provided by the m o n i t o r  t h r o u g h t he  Eq u a t i o ns
of Motion (EOM) Syncin g  Funct ion , d e s c r i b e d  l a t e r  in  t h i s  se c t i o n .

Some moni tor  rou t ines  exist  in iden t ica l  fo rm in all  t h r e e
CPUs , while o the r s  exist  in onl y one . Dup li c a t i o n  of a rou t in e ’
al lows more  e f f i c i e n t  p r o c e s s i n g  (b y e l i r r i i n a t i n g  a i-iced f o r  in t e r-
CPU c o m m u n i ca t i o n )  and al lows the rou t ine  to access  p r i v a t e
memory da ta. A s i n g l e  routine , on the othe r hand , a l low s a s a v i n g
of core.  In some cases , a s ing le f u n c t i o n  (e. g. , dis k I/ O~ is  per-
f o r m e d  part l y b y a s ing le rou t i ne  in a m a s t e r  CPU and pa r t l y by
dupl ica ted rou t ines  in the other  two ‘ s l ave ’ CPUs.  For examp le ,
thi s o r g a n i z a t i o n  is used  when onl y one CPU can c o m m u n ic a t e
with a p a r t i c u l a r  peri phera l .

Mo n i t o r  execution b e g i n s  w i t h  s y s t e m  i n i t i a l i z a t i o n , i n  w h i c h
the ind iv idua l  CPUs per iod ical l y halt t h e m s e l v e s  and wa i t  f o r  r e s t a rt
by anothe r CPU. Upon completion of i n i t i a l i z a t i on , the bas i c  execu t i on
cycle is i n i t i a t e d  by a Real Time Clock i n t e r r u p t  in CPU 1.  (Count-
down was ini t ia ted b y the i n i t i a l i za t i o n  p r o c e s s . )  Thi s i n t e r r u p t
causes  execut ion of the Master  Timing  Rou tine , which in t u r n  i n t e r r u p t s
CPUs 2 and 3 , pass ing  cont ro l  to the Slave T iming  R o u t i n e s  in these
CPUs.  (The d i f f e r e n t  i n t e r r u p t levels con t ro l  the se lec t ion  of the
rout ine  to he executed , t h roug h a v e c t o r  of sub rou t ine  cal l  i n s t r u c t i o n s .

All t h ree  t iming  rout ines in i t i at e  the f o r e g r o u n d  d i s p a t c h e r s
(see Section 5 . 2 . 8 )  by i n t e r r u p t i n g  t h e i r  r e spec t i ve  CPUs.  ‘h e
d i spa t che r  calls each of the r e q u i r e d  simula t ion  p r o g r a m s  f r o m  i t s
task table. Each program r e t ur n s  to the d i spa tche r  when it comple tes .
The d ispatcher  then calls the next r e q u i r e d  p rogram.  A f t e r  the l a s t
simulation p rogram completes , the spare time subrout ine  is ca l led
to compute the spare time for  the cycle. Then the f o r e g r o u n d
dispatche r is exited and the CPU r e t u r n s  to a wait  s tate un t i l  the next
Real Time Clock i n t e r r u p t  oe’c u r s  to r e s t a r t  the cyc le .  (D i a g r a m
A 3 l 2  i l lus t ra tes  this  sequence.

Othe r processes , such as I/O and back ground p r o c e s s i n g ,  are
i n i t i a t e d  by i n t e r r u pts (e i the r ha rdwa re or sof tware  t r i g~~- r e d  which
occu r a synch ronous ly with the bas ic  cycle .  For examp le , I / O  to the
simulato r h a r d w a r e  occurs twice per f rame  on countdown of the
Interval Timer , while TTY outpu t , if a c t i v e , is t r i g g e r e d  by the
120-Hz  clock i n t e r rup t .

Communication between CPUs is p e r f o r m e d  via i n t e r r u p t s  or
via common memory.  Data may be co mmunica ted  th roug h the
common memory.  Cont ro l  flow is h a n d l e d  by in t e r r u p t s  i n to  one CPU
tri ggered by another CPU. For each CPU interface (6 in all), there
is a word in common memory in which  b i t s  a re  set i n d i c a t i n g ,  in
p r io r ity  order , the func t ions  r eques t ed  (see  Figure 5 - 5 ) .  Thu s one
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CPU requests a f un c t i on  of a n o t h e r  by s e t t i n g  a b i t  in  the appropriate
word  and t r i g g e r i n g  th e ’- i n t e r r up t .  The f u n c t io n s  w h i c h  may he’-
r eque s t ed  a re :

• h a l t  - r e q u e s t e d  if a f a t a l  e r r o r  or  power  fa i l  o c cu r s
in a n o t h e r  C P U

• ~i r m/ t r i g g e r  d i sk  i n t e r r u p t  - u s e d  by th e  s l av e  d i sk
h a n d l e r  to i n d i c a t e  to the  m a s t e r t ha t  a s lave dis i ’
t r a n s f e r  i s  orn p lete

• di sk transfe r request - sen t  by the s l ave  d i sk  h a n d l e r
to the m a s t e r  whe n a d isk  r eques t  has  been made in the
slave ’. ; sent by the mas te r  to the s lave when  the mas t e r
has  comp le t ed setu p fo r the t r an s f e ’

• T T Y / C R T  output in i t ia te  - sent  by IOC c o o r d i n a t o r  in
C P UI  to a slave T T Y/ C R T  driver to grant T T Y / C R T
output privilege

• re lease  moni tor  wa i t  state - sent  to re lease  the
r e c e~ v ing  CPU f r o m  a w a i t  s ta te ; u sed  onl y d u r i n g
ini t ia l i za t i on , where  CPU s a re  c o o r d i n a t e d  via wai t !
re lease

• EOM wait  f r e e z e  - used to re lease  EOM sync wai t ,
desc ribed below

Three  of these f u n c t i o n s  a re  in support of the I/ O  structu re of
the s imula tor  while  th ree  support  othe r con t ro l  c o o r d i n a t i o n  between
CPUs.  As ‘ha l t ’  is used onl y for  except ions  and ‘ re l ease ’ onl y d u r i n g
in i t i a l i za t ion , onl y the ‘EOM wait  f r eeze ’ f u n c t i o n  is used d u r i n g
regu la r  execut ion .

The EOM s yr e c i n g  f u n c t i o n  is r e q u i r e d  to keep  the  s i m u l a t i o n
programs runn ing  on the th ree  CPUs properl y s y n c h r o n i z e d .  In
par t icular , the re la t ionship of the Equat ions  of Motion (EOM ,  p r o g r a m
to the flig ht p r o g r a m s  must  be kept c o n st a n t , s ince  EOM i n p u t s  are
gene ’ ra ted  in f l ig ht .  Similar ly, the motion p r i m a r y  cues p r o g r a m
must  execute  a f te r  the EOM program since i t  u ses  o u t p u t  f r o m  EOM .
Figure  5-8 i l l u s t r a t e s  the des i red  eeauenc ing .  Note tha t  the f l ig ht
p rog rams  are  in CPU3 , whi le  the EOM and motion p r i m a r y  cues
(MOT n ) are  in CPU 1. The c o r r e c t  o rde r  of the EOM and MOT
prog rams is  assu red by t h e i r  pos i t ion  in the CPU ) task table .  The
EOM Sync p r o g r a m s  a re  used to de lay  the EOM p r o g r a m s  u n t i l  the
flig ht p rog rams  f in i sh .
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The CPU3 sync release p rogram immediately follows the
flig ht prog rams in the CPU3 task  table.  It invokes the i n t e r- C P U
function l is ted above which t r a n s f e r s  control  to the CPU 1 sync
release  program.  This p rog ram compute s spa re time expended
while wai t ing  in CPU !, and then te rminates  the CPU 1 monitor wai t
s tate .

5. 5 Program Development  Aids

5. 5. 1 Compile-Time Ass ignments

Values are assigned to identifiers at comp ile time for  two
purposes - - crea t ion  of program cons tan ts  and i n i t i a l i z a t i o n  of pro-
gram var iab les .  This section i l lus t ra te s the requi rements  for
p rogram cons tants  and in i t ia l iza t ion .

5. 5. 1. 1 C o n s t a n t  Def in i t ion

The s imula tors  make use of numerou s cons t an t s .  An HOL
should allow some me thod of def ining iden t i f i e rs which wil l  have
cons t an t  values , as opposed to the use  of o rd inary  va riables for th is
purpose.  The cons tan t s  used are  prima ril y nume ri c , both fixed and
f loa t ing  poin t .  For example , the 2 l4A v isua l  sys tem al t i tude  l imi t
p rogram (Box 1 of d i ag r a m  A3353 )  uses  f ixed point c o n s t a n t s  with
values  of 1/ 5  and 1/6. The p rog ram uses  octal  c o n s t a n t s  and must
descr ibe  in comments  what the y a re .  An HOL should permi t  an
unders tandable  def in i t ion  of such cons t an t s .

In anothe r example f rom the 2 l 4 A  visual  sys tem , the offl ine
data v e r i f i c a t i o n  p rog ram , which  checks  the rnodelboard contou r
map (Box I of diagram A 3 3 5 3 ) ,  uses  four  cons t an t s  p rese t  to model-
boa rd d imens ion  in fo rma t ion . XSTART . XEND , YSTART , YEND.
On the f i r s t  execu t ion  of the p rogram , the following i n i t i a l i z a t i o~i
occ u r s:

XLOW = 4~’CEIL(XSTART/4)

XHIGH 4 ’: :FLOOR(XEN D/4)

YLOW = 4 :C E I L ( Y S T A R T / 4 )

YHIGH 4 ’ :F L O QR ( Y EN D / 4 )

Thi s is an ope ra t i on  which  could be more log ica l l y done at compile  t ime .
If compile t ime express ions  are  provided , the r e l a t i onsh i p be tween  the
two sets  of va lues  can s t i l l  be expressed .

Mos t  c o n s t a n t s  used  are  in l a rge  data  tables .  Examp les of t h i s
a r e  the modelboard contour  map (Box I of d i a g r a m  A33 53)  and the
LFI tables , bo th  desc r ibed  in Section 4. A s imula t ion  HOL should
pr ovide  a c o n v e n i e n t  and readable method for  e s t a b l i s h i n g  such tables
of cons t an t s .
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5. 5. 1. 2 Variable Initialization

Use of compile -time initialization of variables occurs only in
the offline p rograms .  All ini tialization of realtime variables is done
dynamically. None of the ins tances  noted involve se t t ing  of l a rge
tables of data.

5. 5 . 2 Condit ional  Compilation

Conditional assembly (compilation) is used in the simulator
support programs to a t ta in  the r eusab il i ty  of one p rogram on severa l
CPUs. In some cases , conditional assembly is used to provide
variations between the versions. For example , the device codes
accepted by the I/O  request  handler  depend on the CPU . The data
prese t t ing  in the “ system descr ip t ion  modules ” also employs cond i t i ona l
assembly based on CPU. Condit ional  assembly is also used in the
remote digital readou t ( DRU ) prog ram , to adap t the p rogram to its
CPU. (There is a copy in each CPU. ) Its main use is in the code which
tests  the CPU select knob to see if that CPU has been selected , i . e . ,
CPU2 compares the knob value to ‘2 ’ , etc.

5. 5. 3 Symbol Dict ionary

As d i s cus sed  in Section 5. 1. 1 , the s imulators  use a g lobal
data base faci l i ty , the symbol d ic t ionary  or “datapool . ” Off l ine
programs are provided to support the use of this d ic t ionary .  The basic
capabilities of the data base system include:

• creation , update , printout , etc. of the symbol
dic t ionary  (a disk f i le)

• retr ieval  of symbols define d in the symbol d ic t ionary
during assembly

• creation , update , pr in tout , etc .  of a s y s t e m  c r o s s -
reference file

Various e r ror  detect ion capabil i t ies  are  included in these programs.
For examp le , a l is t  of symbols not re ferenced  in any module may be
printed.

The offline programs used to create  s imulator  data f i les
(e . g . ,  the malfunct ion comp iler; see Section 5. 3. 2 for a complete
list)  are also sensi t ive  to the symbol d ic t ionary ,  allowing use of
prog ram symbols in their  inputs .  For examp le , in the ma l func t ion
compiler (Box 3 of d i ag ram A35) ,  an i npu t expression might be:

LEF = ALT( 19500/2 02 00) *AZR Sp (200/ 2 10)+ T(50/)

77

- —-- . -.~.*—-—- — - - - - - - -- _______- - - — - - - - - .—- - V - — ——--
- — - -.-- S 

— -



indicat ing:

“ turn  on ma lfunction LEF when 19500 < ALT < 20200 and
200 < AIR SP <2 10  or T > 5 0 ”

The compiler  t r ans la tes  this to a binary representat ion, looking up and
inser t ing  the location and type informat ion  for  the datapool symbols
LEF , ALT , AIRSP, and T.

5 .5 .4  Debugging Support

The major debugging aids provided to support s imulator
debugging are  the remote decimal readout  unit (DRU)  program and
the Math Model Test program.

The remote decimal readout unit ( DRU) is a pe ri phe ral device
which allow s cont rol of the CPUs from remote locat ions in the simu-
lator complex. The functions it provides are:

• reading or setting of any core location in octal , scaled
fixed point , f loating point , or BAMs (Binary  Angular
Measurement)

• sett ing of a t rap add res s  at which a specif ied r e g i s t e r ’ s
contents will be pr inted (on f i r s t  execution of t rap  address
only)

• disp lay of a selected bit (onl y) of a selected location

• halting of all other tasks (i. e . ,  except the remote
decimal readout task) ,  and res tar t

Figure 5-9 i l lustrates  the DRU control panel.

The DRU program runs as a task in the foreground task table
(Box 3 of d iagram A3 12). The program tests the various switch
settings , etc. and responds according ly. No I/O is pe r formed in the
program. The DRU I /O is done in the tw ice/ f r ame  update performed
by the AST Maste r Controller  (see Section 5. 6).  This program ,
when implementing the Halt function , makes itself  the only task.

The Math Model Test  program (Box 2 of d iagram AZ) is an
offline program used for  test ing and debugging simulation programs.
It executes a card stream of input commands , which request such
functions as:

• loading a program

• setting of datapool variables  or printou t of their values
(variables are r eferenced by name , va lues a r e specified
or p rinte d acco rd in g to their type as indicate d in the
datapool)
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• set t ing  or pr intout  -gf memory locat ions  specif ied
in octal  - -

• t r a c i ng  execu t ion

• t iming  execution

• tes t ing  of a datapool var iable  to de te rmine  whether  it is
within a specif ied to lerance of a specified value;  ( the
test  o c c u r s  when the command  is encountered  -- it is
not a check during execution).

5. 5. 5 Onboard Computer Simulation

A major  i s sue  in the Tact ics  s imulat ion area  is the method
used to s imulate  other  onboard computer systems (e. g. , avionic s ,
s to res  managemen t, e t c . ;  see Boxes 2 , 3 , and 4 of d iagram A334) .
The basic  approaches available include:

• actual  use of the onboard computer

• ha rdware  emulation of the onboard computer

• t rans la t ion  of the f l ig ht s o f t w a r e  to the s imu la to r
computer

• funct ional  model l ing  of the fli ght sof tware  on the
s imulator  computer

Combinat ions  of these approaches are a l so  used .  The t r ade -o f f s
invo lved  a re  d i s c u s s e d  in {18]. Thi s is an area where use of a single
s t a n d a r d  HOL would have a si gn i f i can t  impact .

5 .6  I/ O

This section descr ibes  the I / O  s t r u c t u r e  of the UPT simulator
to i l l u s t r a t e  simulation I/ O requi rements .

Throug h the UPT moni tor , app l i ca t ion  p rograms  are  p rov ided
access  to the fol lowing devices:

• disk

• Aydin CRT -

• T T Y/ C R T
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All requests  are made throug h the I/O  request  handle r , u s ing  a
parameter  table as i l lus t ra ted  in F igure  5-4. This request  handler
passes  control to the individual device request  hand le r  based on the
TYPE f ie ld .  Each request  hand le r  mainta ins  a reques t  queue , in to
which  it link s the reques t .  (Actual ly,  the disk handler  has two chains ,
hi gh and low prior i ty. ) Othe r p rocess ing  depends on device type
and wi ll be descr ibed  b ri efl y below. Each CPU has an I/O request
handler , a disk request  handler , and a TTY request  handler .  Only
CPUZ has an Ay din reques t  handler , and Aydin requests a re  invalid
in other CPUs.

The Aydin handler  f i r s t  t es t s  the statu s of the Ay d in device .
Assuming  there  are no e r r o r  conditions (in general , e r r o r s a r e
handled by set t ing an indicator  in the I/O parameter  tab le) ,  the
request is tested to see if it is a statu s check , in which case the
routine retu rn s with the completion bit  set in the parameter  table.
The statu s is in a dedicated memo ry locat ion f rom which it may be
obtained by the caller. Otherwise the request  is added to the Aydin
request chain. If it is the only request , it is processed immediately
(b y entering in the middle of the in te r rup t  handle r) .  Othe rwise , the
request handler re turns  and the chained reques t  will be processed
af ter  an Ay din completion in ter rupt , when its tu rn  comes. When a
request  is processed , the appropriate I /O command is cons t ruc t ed
and ini t iated.  If it is a block t r ans fe r , control  is  then re l inqu ished
and it will in te r rup t  when complete. Then the completion bit  is set
in the associated parameter table and the next request on the chain is
processed.  If the request  to be processed is a read of the Aydin
regis ter , the com m and is made , and the statu s repeatedly checked to
wait for  completion since thi s function does not in ter rupt when comple te.
Then the completion bit is set in the parameter  table and the next
request  is processed.

The disk I/O process , if in the master  disk CPU (#2 ) ,  proceeds
similarly to the Aydin I /O process.  The processing required ,
however , is more complex. Both di rect  and indexed files a re  supported.
Figure 5-6 i l lus t ra tes  the indexed file s t ructure .  The funct ions
provided are direct read and write , indexed read (writes must be
made by t rea t ing  the file as a di rect  access f i l e ) ,  and extended index
read (in which two contiguou s subfiles of an indexed file may be read
into d i f ferent  parts  of memory in one request) .  Because of the com-
plexit y of this process , only CPU 2 contains a dr iver  to handle disk
request chaining , e r ro r  handling, in ter rupt  serv ic ing ,  bui lding of
command words , and indexed f ile /subfi le  searches.  (CPU 2 was
selected because it does the most disk I / O. ) CPUs 1 and 3 contain
slave disk d r i v e r s  which pass the parameter ta ble to CPU 2 , and then
pick up from CPU 2 the command words to initiate the actual block
t r a n s f e r .  This allows a saving of core and processor  time in CPUs I
and 3 . Doing the actual transfe r in the individual CPU allows the buffe r
used to be in private memory. (Note that the parameter table must
be in common memory. ) Figure 5-10 i l lust ra tes  the disk I /O control
flow.
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The T T Y / C R T  I /O is performed throu gh a device  ca l led  the
IOC coord ina tor .  Thi s device cont rols I /O  to any device which uses
single w o r d / b yte t r a n s f e r s  exclus ively. Although in thi s c o n f i g u r a t i o n
onl y the T T Y / C R T  is at tached to it , thi s would also inc lude  a card
r e a d e r / p u n c h  or line pr in te r .  Only te le type  output is a callable
f u n c t i o n .  It runs  as a back ground task , which is scheduled  for  the f i r s t
charac te r  by the TTY output handler  and t he r ea f t e r  whenever  an output
i n t e r rup t  occurs .  The input rou t i ne  is  scheduled  when an inpu t
in te r rupt  occurs .  TTY inpu t is used p r imar i ly b y the debug rou t ine ,
which t ies in d i rect l y to the inpu t rout ine .

The lOG coordina tor  i t s e l f  r e s ides  only in CPU I .  It s  execu t ion
is t r i g g e r e d  by the 120-Hz clock in te r rupt .  (An output  reques t  to the
teletype does not resul t  in immedia te  in i t i a t ion  of the output .  The
request  is simply added to the chain , to be processed  at the clock
i n t e r r u pt . )  The actual  input and output d r i v e r s  and i n t e r r u p t h a n d l e r s
exis t  in all three CPUs.  F igure  5 - 1 1  i l l u s t r a t e s  the TTY I /O  con t ro l
flow.

Anothe r type of I /O also occurs  in the moni tor .  Thi s is the
input and out put between the s imulator  h a r d w a r e  and the data  base .
This t r ans fe r is done throug h a special device cal led the AST Mas te r
Control ler .  This  device can pe r fo rm analog t o/ f r o m  dig ital c o n v e r s i o n s .
Fi gure  5 - 12  i l l u s t r a t e s thi s system. Thi s I /O  is not r e q u e s t e d  b y
programs .  It is per formed twice per f r ame  on countdown of the in t e r v a l
t imer .  At 20 msec into the f rame , special up dates (v isua l  and remote
decimal readout unit)  are made. At 45 rnsec , normal  up d a t e s
(everything) are made. A datapool module con ta ins  a c o l l e c t i o n  of
poin ters  which define a chain of data to be t r a n s f e r r e d , and t r a n s f e r
of the en t i re  chain is made with  a s ing le invoca t ion .  Each up da t e
operation , or t r a n s f e r , is preceded by the t r a n s f e r  of a test  data chain.
The test data transfe r interrup ts when complet e, allowing verification
of a successfu l test.  The actual  data up date does not inte r rup t on
comp l etion. All this occurs in CPU 1.

5.7 Machine Dependency

C e r t a i n  t ype s of p rocessing  p e r f o r m e d  in the s i m ul a t o r
m o n i t o r s  (as  in most execut ive s )  r equ i re  low-level , machine-dependent
code. Examp les of these functions are:

• se t t ing  of the sys tem clocks  (Real  Time Clock , 120-Hz
Clock , Interval Timer)

• enabl ing ,  d i s a b l i n g ,  i n t e r c e p t i n g ,  and t r i g g e r i n g  of
i n t e r r u pts

• memory pro tec t ion
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• specif icat ion of a location for  the ha rdware  add res s
t rap

• I/O (at the Lowest level)

It isn ’t c lear  how func t ions  such as these can be provided in a machine-
independent  HOL. The t rad i t ional  solution is to allow use of assembly
language  subrout ine s , possibl y expanded inl ine for  eff ic iency reasons,
Encapsulat ion of machine-dependent  code is des i rable , in order  to
facilitate reusability. (The UPT monitor uses  a macro to per form
software t r i gge r ing  of i n t e r r up t s . )

Other  machine-dependent p rocess ing  occurs  in the debugging
areas .  An examp le is the Math Model Test (Box 2 of d iagram AZ )
trace implementation. Instructions are not interpreted but are
exect ’4-ed with an Execute Memory (EXM) ins t ruc t ion .  Prior to the
EXM , ~n i n t e r r u pt is enabled so af ter  the i n s t ruc t i on  is executed ,
control will always re turn  to the t r ace  routine (i. e. , branches will not
be taken directly). Registers are recorded so changed r eg i s t e r s  may
be printed out. The recorded program counte r is used as the address
for the next EXM. Thi s sor t  of process ing could be done in encapsulated
assembly language.  A machine- independent  HOL implementation of
it seems improbable.

Another example is the process ing  of the Remote Decimal
Readout  (DRU) regis te r disp lay t rap funct i on , which work s as follows:

a. When trap is requested:

1. Save indication of which reg i s t e r  is reques ted .

2. Obtain trap address .

3. Extract contents of trap address and save.

4. Inser t  at t rap  address  a ‘BSL trap routine ’
instruction , defined as a constant in current
program. (BSL is a subroutine call. )

5. Exit.

b. When t rap address  is encountered , the BSL to the t rap
routine is executed , whereupon :

1. Register contents are saved.

2. The address  following the BSL , which was s to red
by the B S L  in the first word of the trap routine ,
is decremented.
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3. The saved previou s contents of the trap location
are restored by an indirect store through the
f i r s t  word.

4 . The des i red  r e g i s t e r  is d i sp l ayed  as it was  s tored
on entry  to thi s rou t ine .

5 . A s tandard  s u b r o u t i n e  retu rn , i nd i r ec t  b ranch
through the first word , now returns to the
interrupted rou tine to execute star ting with the
trapped i n s t r u c t i o n .

This routine is not  r een t r an t  since r e g i s t e r s  a re  not saved in a s tack
arid s ing le memory locations are used for the var iou s i n d i c a t o r s .  The
onl y implicat ion of this is that instructions within this routine may not
themselves  be trapped.  HOL subrou t ine  l inkage  mechan i sms  would
not provide thi s sor t  of l inkage , i . e .  , decrementing the return address
and us ing  the saved r e t u rn  a d d r e s s  as a po in te r .
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Section 6

DETAILED SHOL REQUIREMENTS
AND LANGUAGE EVALUATIONS

This Section presents  the hig h -o r d e r  language  (HOL) require-
ments  which should be met b y a language for  p rog ramming  fli ght t r a in ing
s imula to r s  and evaluate s the candidate  languages  with respect  to these
i~equire  mer it s .  The r equ i rement s  were  derived b y anal yz ing  the func-
tional and environmental  fac tors  relevant  to s imula tor  p r o g r a m m i n g .

Thi s Section desc r ibes  the specif ic  s imulation language  require-
ments  de te rmined  b y our detailed stud y of the application area as des-
cr ibed in Section s 4 and 5. It is in tended to serve as a def ini t ive  basis
for € . r a luat ing  how well exist ing p r o g r a m m i n g l anguages  could serve in
p r o g ra m m i n g  simulators .  The benef i ts  to be derived f r o m  this presen-
tation of l anguage  requi rements  are these:

a , The key imp lication s of our detai led stud y of p r o g r a mm i n g
requ i remen t s  are presented  concisel y and r igo rous ly .

b. Use of the docum ent  as an eva lua t ion  g u i d e  gua ran tees
that  no s imu la t i on  p r o g r a m m i n g  r equ i r emen t s  will be
overlooked.

c. The document  add res ses  spec i f ic  SHOL r e q u i r e m e n t s  as
well as general  p r i n c i ples which  m u s t  be cons idered
throughout language design or evaluation.

There is one area of r e q u i r e m e n t s  that  is not  addressed in this
document  - - exception handling (i. e . , spec i f i ca t ion  of the p rog ram action
to be taken when a routine encounte rs  some condit ion it is not p repared
to deal with , e . g. , overflow , t i m e-o u t , o r inc ons i st e n c i e s  in som e d a ta
base) .  The cu r r en t  state of the a r t  with respect  to except ion  handl ing
language f ea tu r e s  is quite undeveloped;  not much of si gn i f i cance  can be
said with  conf idence  about what m i n i m a l  except ion  h a n d l i n g  require-
men t s  should be . Moreove r , to a c c u r a t e l y  a s s e s s  these  r e q u i r em e n ts
in the s imula to r  area  would requ i re  a more de ta i led  stud y of coding and
design practices than was possible in this stud y. Consequently, we
have chosen to leave r e q u ir e m e n t s  spec i f i ca t ions  open in this  a rea .

This  Section is o r g a n i z e d  wi th  an out l ine  s i m i l a r  to t ha t  of the
IRONMAN [DoD , 1977]. However , the purpose this document serves is
somewhat different than the purpose the IRONMAN serves. In particula r .
this document a d d r e s s e s  j u s t  1-IOL r e q u i r e m e n t s  for  d e s i gn , imp l e m e n t i n g ,
and m a i n t a i n i n g  f l ig ht s i m u l a t o r  s o f t w a r e  as opposed to r e q u i r e m e nt s  of all
embedded  computer sys tems .  Consequent l y we have de l e t ed  some IR O N M A N
r e q u i r e m e n t s  that  a r e  inappl icabl e to s imula to r  p r o g r a m m i n g ,  added o t h e r s
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that are consistent  with the IRONMA N but more specifi c , and f inal ly ,
changed some IRONMA N requirements  because they were inappropriate
for the simulator p rog ramming  environ ment and app lication . Another
source of d i f ferences  between thi s document  and the IRONMA N is that
this document  is intended to describe requi rements  rather  than to guide
a language design effort . Consequently, unlike the IRONMA N , language
capabilitie s not specifically required or forbidden may be provided in
a language , although it is not expected that such capabil i t ies will make
the language more suitable for  p rogramming  flig ht s imula tors .  If thi s
document were to be used to guide a language design e f for t , some
requirements  would be specified in greate r detail and some would be
rephrased to en sure a uniform language . Othe r modif icat ion s would
depend on whethe r the design was to proceed b y modif ying a par t icular
language or was to be created without such constraints.

Some requirements  specified here are  cons idered  essential  to
support simulator programming - - i . e. , a language would have to have all
these fea tures  to be usable in programming all simulator functions. These
requirements  are marked with an as te r i sk  ( *) .  Other r equ i r emen t s  are
considered desirable but not essential. These are featu re s recommended
for inclusion in any language specifically designed for  this  applicat ion.
In recommending modifications to the candidate languages to attain a
usabl e SHOL , only the marked requirements were  jud ged to be necessary.
Other features , however , were  weig hed in de te rmin ing  the overall  suitablity
of the par t icular  language.

Each language requirements  section begin s with the statement
of a goal that describe s the overall objective s to be met b y the SHOL in
that  language area . Following the goal are several supporting concepts
that aid in the attainment of the stated goal . Finall y,  following eac~h
stated concept are one or more specific language require ments that
realize that concept. Following each set of requirements  for a particu-
lar concept , PL/I , JOVIAL J3B and J731, PASCAL , and FORTRAN are
discussed with respect to those requirements .  At the end of each section ,
language s are ranked according  to how well they meet the goal of that  section.

A precise and consistent use of t e rms  has been attempted in
stating requirements .  Potentiall y ambiguous  terms have been defined
in the text. Care has been taken to d i s t inguish  between requi rements ,
given as text , and comments about the requirements , given as bracketed
note s.

The following t e rms  have been used to indicate where and to
what degree individual requirements  app ly:

must  indicate s a required capabil i ty to be provided
is required by a language  or its t ransla tor .

______ TT~~



not required indicates  a language capabili ty that , if p resen t
in an exis t ing language , need not be used . A
language having such a capability is usable for
simulator p rog ramming ,  but is less desirable
than a language not having the capabil i ty.

not des i red  indicates  a language capabi l i ty  that  must  be
mus t  not absent  f r o m  a language (general l y beca use i ts

p resence , even if not used , would de g rade
object  code e f f i c i e n cy  or the ab i l i ty  of the
t rans la tor  to detect  p rogram e r r o r s ) .

need on l y indicate s a minima l  requi red  capabi l i ty.  A
language providing a more extensive capabi l i ty
is acceptable even thoug h the addi t ional  capa-
bi l i ty  is not needed in the s imula tor  app l ica t ion .

should indicate s a desired goal but one for  which there
is no objective test .

shall a t tempt  indicate s a desired goal but one that may not
be achievable given the cur ren t  s ta te-of-the -
art , or may be in confl ict  with othe r more
impor tan t  r equ i r emen t s .

mus t  requi re  indicates a requ i rement  placed on the user  b y
the language and its t r ansla to rs  ( l anguage  is
subject).

mus t  permi t  indicate s a r e qu i r emen t  placed on the language
to provide an option to the user ( language is
subject) .

may  indicate s a r e q u i r e m e n t  placed on the language
to provide an option to the user (user  is
subject).

6, 1 General  Des ign  Pr inc i ples

Goal

By anal yz ing  the funct iona l  and env i ronmen ta l  r equirement of
the s imulator  app licatio n area , the genera l  pr inc i p les to be observed
in SHOL des ign were  de t e rmined . These p r i n c i ples are to be fol lowed
in mee t ing  each of the spec i f i c  r e q u i r e m e n t s  deta i led in subsequen t
sec t ion s .
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Supporting Concepts

lA. A pplication Suitabiliti .

The SHOL mus t  support  the p r o g r a m m i n g  of s imula to r
software.

Requ i r emen t s

l A- i .  The language mus t  provide the func t iona l  capa-
b i l i t i e s  n e c e s s a r y  for  the product ion  of fli ght t r a in ing
simulat ion online and support  p r o g r a m s .

IA -2 . A language conta in ing  onl y f ea tu res  required by the
app lication is cons ide red  more desirable than a language
conta in ing  addi t iona l  f ea tu res . [ The intent  is to pe rmi t  a
subset  of an exis t ing  language to be used if it s a t i s f i e s  the
requi rements  and if use of the subset can be a d m i n i s t r a -
tivel y controlled. ]

Language Evaluations

Subsequent  section s d i s c u s s  the degree  to which each of
the languages  meets  s imula tor  p r o g r a m m i n g  require-
ments .  The onl y one of the l anguages  which provides  a
si gn i f ican t  n u m b e r  of unneeded fea ture s is FL/I.  Some
of these (e . g . ,  PICTURE a t t r i bu t e s )  have no in t e rac t ion
wi th  f ea tu re s  which  would be used b y the s i m u l a t o r  pro-
g r a m m e r , while o thers  m a y  r equ i r e  that the p r o g r a m m e r
be aware of them in order  to ensure  cor rec t  use (e . g.
specif iable lower a r r a y  bound).  Excess capab i l i t y ,  of
course , inc reases  t r ans l a to r  size and implementa t ion
cos t , and may  impac t  t r ans l a t i on  speed even if unused .

lB. Correctne ss.

The language must aid in the development of prope r l y -
working programs.

Requirements

1 - 1. The language  should avoid e r r o r - p r o ne  f e a t u r e s
[i .  e . , fea ture s that  a re  d i f f i c u l t  to use c o r re c t l y]  and
m a x i m i z e  a u t o m a t i c  de t ec t ion  of p r o g r am m i n g  e r r o r s .

I B -2 . T r a n s l a t o r s  m u s t  produce  exp l a n a t o r y  d i a g n o s ti c
and w a r n i n g  messages , but  m u s t  not  a t t e m p t  to c o r re c t
p r o g r a m m i n g  e r r o r s .  [ Such co r r ec t i ons  are seldom
appropriate  and encourage  undisc i plined p r o g r a m m i n g
h a b i t s . ]
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1B_ 3 . There m u s t  be no language  r e s t r i c t i ons  that are
not enforceable  b y t r a n s l a t o r s .

Language Eva lua t ions

Each of the l anguages  con tains  some e r r o r- pr o n e  con-
s t r u c t s , which are  noted more exp l i c i t l y  in subsequen t
sect i on s . The exces s  g e n e r a l i t y  of PL/I  make s it more
d i f f i c u l t  than the o ther  cand ida te s to learn  to use cor-
rec t ly .  On the o ther  hand , PL/I  provides  good f a c i l i t i e s
for  e r r o r  de tec t ion  at t r a n s l a t i o n  and e x e c u t i o n  t i m e , as
doe s PASCAL.

1C . M a i n t a i n a b i l i t y

As d i s cus sed  in Section 4. 5 , the long l i f e t i m e  of s i m u l a t o r
p r o g r a m s  make s ease of m a i n t e n a n c e  a ma jo r  desi gn goal .

R e q u i r e m e n t s

lC~~l. The l anguage  should emp has ize  readab i l i ty  ove r
w r i t a b i l i t y ,  [i .  e . , it should emp has ize  the c l a r i t y ,  under-
s t a n d a b i l i t y ,  and  mod i f i a b i l i t y  of  programs  over pro-
g r a m m i n g  ease , s i n c e  p ro gr a m s  a re  usua ll y ma in ta ined
b y p r o g r a m m e r s  who were  not  involve d in t h e i r
deve lopm en t ] .

lC -2 . Ex pl i c i t  s p e c i f i c a t i o n  of p r o g r a m m e r  in t en t  should
he possible and be e n c o u r ag e d  [e . g. , d e c l a r a t i o n s  of the
range of value s a v a r i a b l e  can have ; see 3 A _ 5 J .

1C_ 3 . Defa ults should be provided onl y fo r  in s t a n c e s  where
the defaul t  is s ta ted in the l anguage  d e f i n i t i o n , is a lwa y s
mean i n g fu l , r e f l e c t s  c o m m o n  usage , and can be exp l i c i t l y
over r i d d e n .

Language  Eva lua t ions

F O R T R A N  is the  l ea s t  r eadable , and h e n c e  l e a s t  main-
t a i nab l e , of the c a n d i d a t e  l a ng u a g e s . Sp e c i f i c  d e f i c i e n c i e s
(i . e , , lack of f e a t u r e s  s up p o r t i n g  r e a d a b i l i t y )  are  noted
in the fo l lowing  s ec t i ons .  Examples of F O R T R A N  def ic ien-
c ies  i n c l u d e  n u m e r i c  st a t e m e n t  l abe ls  (which  PASCAL has
a l so ) ,  i m p l i c i t  d e c l a r a t i o n s , and l imi ted  i d e n t i f i e r  l e n g t h .
The JOVIAL v a r i a n t s  (J3 13 and  J73 1) a re  f a i r l y r ead a ble ,
thoug h t h e i r  da ta  dc Ia r a t i o n  s t a t e m e n t s  have a somewha t
unreadab le  f o r m a t .  FL / I  and PASCAL a re  probabl y the
most  readable  of the c an d i d a t e s , overal l .
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1D. Ef f ic iency.

As d iscussed in Section 4. 4, the SHOL mus t  support  devel..
opment of e f f ic ient  object p r o g r a m s .

Req ui rem en t s

1 -1. Where  possible , fea t u r e s  sh ou ld be ch osen to h ave
a simple and e f f i c i en t  imp lementa t ion  in m a n y  object
machines , to avoid execut ion costs for available genera l i ty
where it is not needed , t o m a x i m i z e  the n u mbe r of saf e
opt imizat ion s available to t r ans l a to r s , and to e n s u r e  that
unused and constant  portion s of p r o g r a m s  wi l l  not add to
execution costs.

1D-2 . Undul y complex opt imizat ion  b y t r a n s l a t o r s  shoul d
not be requi red  tc obtain e f fi c i en t  object code .

1D-3. P rog rammers  should be able to control t i m e / s p a c e
tradeoffs  throug h appropriate  use of l anguage  f e a t u r e s{ e. g , ,  packing direct ives;  see Section 6. 101.

Language Evaluations

The excess gene ra l i t y  of PL/I  can af fec t  object  p r o g r a m
ef f i c i ency  even if the unneeded f e a t u r e s  are not used , but
in most  cases the impact of such excess genera l i ty  is only
on t ransla t ion e f f i c i ency .  None of the languages  make
explicit  to the user  which f ea tu res  are most  cost ly .

Section 6. 10 d i s c u s s e s  the control  provided  ove r t ime /
space t radeoffs  b y the va r ious  l anguages . In genera l , the
JOVIA L va r i an t s  are best  in this  respect , while FORTRAN
provides the least capabi l i ty .

1E . Simplic i ty.

Simpl ic i ty  is  des i r ed  in the SHOL in order  to enhance
readab i l i t y  and to make the l anguage  readi l y learnable  by s i m u l a t o r
p r o g r a m m e r s  (who are p r i m a r i l y  eng ineers  whose experience with
p r o g r a m m i n g  languages  is not ex tens ive , genera l l y i n c l u d i n g  onl y
assembly language and FORTRAN exper i ence) .

Req ui rem ents

1E-1. The language should use f a m i l i a r  no ta t ions  where
such use does not conf l ic t  with other goals.

iE-Z . It should have a cons i s ten t  semant ic  s t ruc tu re  that
min imizes  the number  of under ly ing  concepts.
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4
lE _ 3 . It sh ou ld be as sma ll as poss ible , cons i stent  with
the needs of the app l icat ion . [See also 1A-Z .]

lE_ 4 .  It should have few special  cases and should be
composed f r o m  f e a t u re s  that are ind iv idua l l y s im ple in
the i r  s ’m a n t i cs .

l E_ 5 .  The language  should have u n i f o r m  syn tac t ic  con-
ven t ions  and should not provide several  notat ion s for  the
same conce pt.

Language  Evaluat ions

The l anguage  which  best meets  these r e q u i r e m e n t s  is
probabl y F O R T R A N , p a r t i c u l a r l y  because s imula to r  pro-
g r a m m e r s  are a l read y f a m i l i a r  with it. A lso it is a
re la t ively  “ smal l”  language  -- i. e • , it does not contain
a large  number  of c o n s t r u c t s  or redundant  f ea tu res .
PASCAL is also a concise language , but  it deviate s from
f a m i l i a r  usage s more than any of the other candidates .
FL/ I , because of i ts emphas is  on genera l i ty ,  conta in s
a la rge  numbe r of c o n s t r u c t s  and pe rmi t s  m a n y  varia-
t ions  in nota t ion .

iF. Imp lementab il ity .

Design of the SHOL must  take into account  the i m p lementa-
bi l i ty  of the language . As d i scussed  in Section 4. 3, s imulat ion p r o g r a m
t rans la to r s  have tradit ionall y been requi red  to operate on machine s of
modest  capac i ty .

Requ i r emen t s

iF- 1. The semant i c s  of each fea ture  should be su f f i c i en t l y
well specif ied and unders tandable  that it will be possible
to predict its interact ion with other fea tures .

IF . .2. To the ex ten t  that  it doe s not i n t e r f e r e  wi th  other
requ i rements , the language  shall fac i l i t a te  the p roduc t ion
of t rans la tors  that  a re  e a s y  to imp lement  and are  e f f i c i e n t
dur ing  t rans la t ion .  [ See also l D_ 3 . j

Language Evaluation s

As all of the candidate  languages  have been imp lemented
and used , thei r  s eman t i c s  are well unders tood thoug h not
all are well documented . Because  PL/ I  has so m a n y
cons t ruc t s , there are m a n y  in t e rac t ion s between fea ture s ,
making  the language more d i f f i cu l t  to specif y and i m p le-
ment than simpler ones. Its imp licit  conversion philos-
oph y compounds this problem .
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Language Evaluation S u m m a r y

Because  of the general  and diverse  na tu re  of these r equ i remen t s ,
a n y  a t t empt  to rank languages  with respect  to them would be inappro-
pr ia te . Since these general  r e q u i r e m e n t s  f o r m  the basis  for  the spe~cifi c r e q u i r e m e n t s  in subsequent sections , in effect  the r emainder  of
the eva lua t ion  document  serve s this purpose .

6 . 2 Gene ra l  Syntax

Goal

SHOL syntax  mus t  be selected in keeping  with the goals of sim-
pl i c i t y  and ma in ta inab i l i t y ,  and with general  l anguage  desi gn p r inc ip les.
Syn t a c t i c  convent ions  mus t  encourage  the production of readable pro-
g r a m s  and m u s t  whe re possible e l im ina t e  oppor tun i t i e s  for p r o g r a m m e r
e r r o r .

Support ing Concepts

2A. Charac te r Set.

To allow p rog ram p o r t a b i l i t y ,  all SHOL t r ansla to r s  mus t
emp loy the same source cha rac t e r  set , and the c h a r a c t e r  set should be
widel y suppor ted .

Requ i remen t  s

ZA _  1. Every cons t ruc t  of the language  mus t  have a repre-
sentat ion that uses  onl y the 64 -cha rac t e r  subset  of ASCII:

!“#$%& ‘Q*+ ,_ ./
0123456789 : ;< >?
@ABCDEFG H IJ1~LI~NO
PQR STUVW XY Z \ I ‘~~

Language Evaluat ions

All of the candidate l a n g u a g e s  except  PASCAL and P L /l
are compatible with  6 4_ c h a r a c t e r  ASCII . PA SCAL uses
the charac te r ‘I ’ , and PL/ I  uses  ‘ —

~
‘ and ~ ‘. PL/I , how-

ever , is compat ib le  wi th  EBCDIC , as are  F O R T R A N  and
J3B , but not  PASCAL or J731.

2B. G r a r n ’n ~~r

The SI l O i . g r a m m a r  mus t  c o n t r i b u t e  to p r o g r a m  r e a d a l n t % t y
and ease of l e a r n i n ~. l~~ l a n g u a g e  and m u s t  make  common  s y n t ax  e r r o r s
eas y to de t ec t  and  ( I j ~ •~~ u se b y t r a n s l a t o r s .

- ‘iT - 
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2B_ 1. The language  mus t  have a free form s yn t a x  [ i .  e .
the semant ics  of c o n s t r u c t s  should not depend on their
posit ion within a l ine] .

2B -2 .  Mult ip le o c c u r r e n c e s  of a l anguage  def ined  symbol
appear ing  in the same context  mus t  not have essen t ia l l y
d i f f e r e n t  mean ings .  [ For e x a m ple , the a s s i g n m e n t  ope r-
a tor  should be d i f f e r e n t  f r o m  the re la t iona l  e q u a l i ty  oper-
a to r ;  d iv i s ion  of i n t e g e r s  y ie ld ing  an i n t ege r  resu l t  should
not  be r epr e sen t ed  wi th the same sym bo l tha t y ie lds a
real  r e su l t .

ZB. .3. The language  m u s t  not p e r m i t  u n m a t c h e d  b r a c k e t s
of a n y  kind [e . g . ,  BEGIN and END mus t  be pa i r ed  one for
one ] .

ZB-4.  All key  word f o r m s  that  con ta in  d e c l a r a t i o n s or
s t a t e m e n t s  m u s t  be b racke t ed  -- that  is , m u s t  have a
c lo s ing  as well as an opening key word . [ T h i s  require-
men t  and the previous  one hel p avoid p r o g r a m m e r  e r r o r s
due to confus ion  ove r the lexical  extent  of the v a r i o u s  pro-
g r a m  c o n s t r u c t s . ]

2 13_ 5 .  There  m u s t  be no con t ro l  d e f i n i t i o n  f a c i l i t y  [ i . e .
no means  of d e f i n i n g  new control  s t r u c t ur e s ] .

Z B _ 6 ,  The s t r u c t u r e  ( i .  e , , syn tax)  of e x p r e s s i o n s  m u s t
not depend on the type s of t h e i r  operands . [ T h i s  is  moti -
va ted  b y a de s i r e  for  l a n g u a g e  u n i f o r m i t y .

2B -7 .  The precedence  levels  ( i ,  e . , bi n d i n g s t r e n g th s) of
al l  i n f i x  o p e r a t o r s  m u s t  be spec i f i ed  in the l a n g u a ge  defini-
t ion and m u s t  not be a l te rab le  b y the user .

ZB - 8 .  The precedence  levels should be c o n s i s t e n t  wi th
s t a n d a r d  p rac t i ce .

L a n g u ag e  E v a l u a t i o n s

Of the c a n d i d a t e  l a n g u a g e s , only  F O R T R A N  doe s not have
a fu l ly  f r e e  f o r m  syntax .

None of the l a n g u a g e s  a re  c o ns i s t e n t  in a l w a y s  u s i n g  d i f f e r -
en t  symbol s for  d i f f e r e n t  m e a n i n g s .  For e x a m p le , all but
PASCAL use the same symbo l  for  i n t e g e r  and rea l  divi-
s ion.  Most  a l s o  use  compound  s t a t e m e n t s  in a v a r i e t y  of
w a y s  in c o n t ro l  s t r u c t u r e s , r a t h e r t h a n  e m p loy ing dis-
t i n c t i v e  s y n t a x .

_ _ _ _ _ _  
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FL/I , in pe rmi t t i ng  multi ple closure of blocks , permi ts
unmatched  bracke ts .  Most of the l anguages  also use
com pound st a t em en ~ s to de l imi t  the lexical  ex ten t  of key-
words , r a t he r  than p rov id ing  ind iv idua l  c los ing  ke ywords
for each.

N on e of t he lan g ua ges a ll ow th e de f in i t ion of new c o n t r o l
st r u c t u res . None allow the user  to a l ter  p recedence
leve l s of opera to r s .

All l anguages  emp loy a s t anda rd  set of ope ra to r  p recedence
levels except  for  PASCAL , which  has onl y f our leve l s and
is not cons is tent  with s tandard  pract ice .

2G. Mnemonic Iden t i f i e r s .

The language m u s t  allow the p r o g r a m m e r  to select
meaningful and i n f o r m a t i v e  i d e n t i f i e r  n a m e s . This is p a r t i c u l a r l y
impor tant  given the la rge  number  of i d e n t i f i e r s  r equ i r ed  in a s imu la to r
sys tem and the use of these iden t i f i e r s  b y groups of p r o g r a m m e r s .

R e q u i r e m e n t s

ZC- 1. Mnemonica l ly  s i g n i f i c a n t  i d e n t i f i e r s  [ more than
eig ht cha rac te r s  long] mus t  be permi t ted .

2C-Z . There must  be a break characte r for  use wi th in
i d e n t i f i e r s .  [e . g. , the unde r sco re  charac te r , as in
RATE _OF_CLIMB].

Language  Evalua t ions

All  l anguages  except FORTRAN p e rm i t  i d e n t i f i e r s  of more
than  eight charac te r s . All except PASCAL allow a break
characte r in iden t i f i e r s .

2D. Static T yp ing.

In keep ing with genera l  language design p r inc i p les and in
support  of p rogram maintainabi l i ty  and e f f i c i e n c y ,  the type s of value s
must be de te rminab le  f r o m  the source p r o g r a m .

R e q u i r e m e n t s

ZD- 1. The value type of each var iab le , a r r a y  or record
component , expression , paramete r , and func t ion  resu l t
mus t  be determinable  at t rans la t ion  t ime.  ( A  value t ype
specifies the set of values associated with a program
element. “T ype ” is used in this document  to mean value
type .]
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2 D_ 2 . There m u s t  be no imp l ic it  c o n v e r s i o n s  between
value types -- exp l ic i t  convers ion  operation s shall be
provided.

ZD _ 3 .  A r e fe rence  to an iden t i f i e r  that is not declared in
t he most  local scope m u s t  refe r to a p r o g r a m  e l emen t  that
is lexica ll y global , r a the r  than to one that  is global t h roug h
th e d yn amic  ca l l ing s t r u c t u r e . [ This  i s  the n o r m a l  block
s t r u c t u re scop ing  rule . ]

Language  Eva lua t ions

Most value type s a re  d e t e r m i n a b l e  at  t r a n s l a t i o n  t ime  in all
of the l anguages . The onl y exce pt ions  involve the a t t r ib-
utes  of f o r m a l  p r o c e d u r e pa ra me te r s . Onl y 3731 r e q u i r e s
a speci f ica t ion of pa r a m e t e r  a t t r ib u tes  of su ch p rocedu re
p a r a m e ter s , and on l y 3731 and PASCAL requi re  speci f ica-
t ion  of thei r  r e s u l t  a t t r i b u t e s . (13B does not al low pro-
cedu re p a r a m e t e r s . )

Imp l ic i t  convers ion  is p reva len t  in PL/ I , and , to a lesse r
ex ten t , in J73I. There is l i t t le  in FORTRAN , J3B , and
PASCAL. In genera l , it is r e s t r i c t e d  in these languages
to con ve r s ions  between in t ege r  and real  type s. PASCAL
allows impl ic i t  c o n v e r s i o n  onl y of i n t e g e r s  in a s s i g n m e n t
to reals .  Most of the l a n g u a g e s  r e s t r i c t i n g  imp lici t  con-
ve r sion , however , do not provide all of the exp l ic i t  con-
vers ion  operat ion s which mi g ht  be n e c e s s a r y .  For
e x a m ple , only  PL/ I  p r o v i d e s  exp l i c i t  con vers ion  f r o m
n u m e r i c  type s to cha rac t e r  s t r i ngs .

As requ i red  all the l a n g u a g e s  bind f r ee  names  s ta t ica l l y
r a t h e r  than d yn a m i c a l ly.

2E . C o m m e n t s

The SHOL must  provide a comment  f a c i l i t y  that  is easy  to
use , so comment ing  is e n c o u r a g e d .  The commen t  f a c i l i t y  should allow
c o m m e n t s  to be used with  m a x i m u m  r e a d a b i l i t y .

R e q u i r e  merits

ZE- 1. The l anguage  m u s t  allow commen t s  to be embedded
with in  p r o g r a m  text  [e . g. , a com ment b r ac k eted  b y special
le f t  and r ig h t b r a c ket  s y mbo l s , and pr eceded  and f ol lowed
b y p r o g r a m  text  on the same l ine , o r a c o m m e n t  t e rmi -
n a t e d  b y end of l ine]

ZE ..2. B r a c k e t  s y m bols m u s t  be shor t  -- no more than  two
c h a r a c t e r s .
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Language  Evaluat ion s

Of the cand ida t e  language s , o. ~~~~ F O R T R A N  doe s not  pro-
vide the r e q u ir e d  f l ex ib i l i t y in co m me n t p l a c e m e n t .  All
l a n g u a g e s  provide shor t  c o m m e n t  b r a c k e t i n g  symbo l s .

Lan g ua ge Ev a l ua t ion  Su m m a r y

The cand ida te  l a n g u a g e s  are  o rde red , a c c o r d i n g  to the deg ree  to
which  they  meet SHOL genera l  syntax  r e q u i r e m e n t s , as  fo l lows:

J3B_ Most  of the r e q u i r e m e n t s  are  met .

Def ic i enc ies  are :

• use  of same symbol  fo r  d i f f e r e n t  m e a n i n g s

• lack of c los ing  k e y w o r d s

• lack  of exp l i c i t  convers ion  o p e r a t i o n s

J73I- Most  r e q u i r e m e n t s  a re  met . Im pl i c i t  c o n v e r s i o ns
can occ ur .

D e f i c i e n c i e s  a re :

• use of same symbol  for  d i f f e r e n t  m e a n i n g s

• lack of c l o s i n g  k e y w o r d s

• imp l ic i t  c o n v e r s i o n s

• lack of exp l i c i t  conve r s ion  o p e r a t i o n s

PASCAL- Is not  ASCII compa t ib l e .  Ope ra to r  precedence  levels
are  n o n- s t a n d a r d .

D e f i c i e n c i e s  a re :

• use of same symt1l f o r  d i f f e r e n t  m e a n i n g s

• lack  of c los ing  k e yw o r d s

• not  ASCII c o m p a t i b l e

• n o n - s t a n d a r d  p r e c e d e n c e  l e ve l s

• no b r e a k  c h a r a c t e r  in i d e n t i f i e r

• lack of explicit conversion operation s
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FORTRAN..  Commen t  f a c i l i t y  and s t a t e m e n t  f o r m a t t i 1  g are
in fl exib le . Mnemonica l l y s i g n i f i c an t  i den t i f i e r s
are  not pe rmi t t ed .

Defi c i e n c i e s  a r e:

• not f r e e  f o r m a t

• use of same symbol  for  d i f f e r e n t  m e a n i n g s

• iden t i f i e r  l eng th  too r e s t r i  t e d

• c o m m e n t  pl a c e m e n t  in f l e x i b l e

PL/ I -  Is not  ASCII c o m p a t i b l e . M u l t i ple c l o s u r e  and
i m p l i c i t  c o n v e r s i o n s  a re  p e r m i t t e d .

D e f i c i e n c i e s  a re :

• not  ASCII c o m p a t i b l e

• use of same s y m b o l  for  d i f f e r e n t  m e a n i n g s

• m u l t i p le c l o s u r e

• im p l i c i t  c o n v e r s i o n s

‘~. 3 I)ata T y pes

Goal

The SHOL m u s t  p rov ide  the va lue  t y p e s r e q u i r e d  to r e p r e s e n t
s i m u la to r d a t a , m u s t  s u p p o r t  e f f i c i e n t  p r o c e s s i n g  w i t h  t h e m , and  m u s t
allow t h e m  to be used in a r e a d a b l e  and u n d e r s t a n d a b l e  n a n n e r . Nota-
t ion for  and s u p p o r t  of the v a r i o u s  type s should  be c o n s i s t e n t  be tween
types  and w h e n e v e r  poss ib le  should c o r r e s p o n d  to c o m m o n  p r a c t i c e .

~ . 3. 1 N u m e r i  T ype s

Goal

The l a n g u a g e  m u s t  s u p p o r t  i n t eg e r  and  r ea l  (b o t h  f i x e d  and  f l o a t )
n u m e r i c  t y p e s . U s e s  of n u m e r i c  d a t a  in S i m u l a t o r  pro i .~ ra mm i n g  a r e
d i s ’  u s s e d  in Sec t ion s 5 . 2 . 1 and  5 . 2 . 2 . The SI JOL m u s t  a l l o w  the  p r o _
gr a r i l mer  to use  the  v a r i o u s  rea l  n u r n 1~ r r e p r e s e n t a t i o n s  a v a i l a b l e  on
t he t a r g e t  c o m p u t e r . R e q u i  r ’ r n e n~~s fo r  t h i s  a r e  d i s c u s s e d  in St t i o n
5 . ~ . & 1 and in Se t i o n  4. 2 .
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Supporting Concepts

3A. N u m e r i c  T ype Def in i t ion s.

In teger , fixed , and f loa t ing  point type s , wi th  p r o g r a m m e r
control ove r prec is ion , mus t  be provided. R e p r e s e n t a t i o n s should cor-
r es pond to s tanda r d usa ge .

R eq ui r e men t s

03A_ 1. The l anguage  mus t  provide type s for  i n t e g e r , f ixed
point , and f loa t ing  point n u m b e r s . [ See Section s 5 . 2 . 1
and 5. 2 . 2 . ]

3A_ 2 . The m i n i m u m  a c c u r a c y  of each f l oa t i ng  point  vari-
ab le [e .g . , nu mbe r of d e c i m a l  d i g i t s ]  and the m i n i m u m
a c c u r a c y  of each fixed point  var iable  [e . g. , max i m u m
value of the least  si g n i f i c a n t  bit]  mus t  be spec i f i ed  in
p r o g r a m s .

3 A_ 3 . Such a c c u r a c y  spec i f i ca t ion s mus t  be i n t e rp re t ed
a s th e m in im u m a c c u r a c y  t o be supp or ted b y an im p le-
m e n t a t i o n  -- i t  is  s u f f i c i e n t  for  implemented f ixed  po in t
a c c u r a c i e s  to be l i m i t e d  to powers of two.

*3A..4. Var ious  s izes of real n u m b e r  r ep resen ta t ion s are
requi red . [ Section 5 . 2 . 2 . 1 d i scusses  the use of both
sin gle and double word r ep resen ta t ion s to allow a c c u r a c y
vs . space t r a d e o f f s . ]

3A-5. Dec la ra t ions  of the range  of n u m e r i c  va r iab les  mus t
be optional (see also Section 6. 10), and need only  be speci-
fied with constant  values.  [ R a n g e  sp ec i f ica t ion s make
p r o g r a m s  more unde r s t andab le  and can improve  objec t
code op t imiza t ion , but  there is i n su f f i c i en t  exper ience
with their  use to make range declarat ion s manda to ry.
Range dec la ra t ion s may also be used to specif y ( i m p lic-
itl y) the m i n i m u m  n u m b e r  of b i t s  occup ied b y f ixed point
va lue s . ]

Language  Evaluation s

Of the c a n d i d a t e  l anguages , only  J3B and FL/I  provide
both fixed and f loa t ing  point  real  number  types .  Onl y J73 1
and FL/I  allow spec i f i ca t ion  of f loa t ing  point a c c u r a c y .
PL/I allows spec i f ica t ion  in dec imal  d i g i t s , while  J73 1
requ i re s  spec i f i ca t ion  in b i t s . In ne i the r  case is the inte r-
pretation of the accuracy imp lementation dependent. Onl y
FL/I allows specification of fixed point accuracy. A gain ,
a c c u r a c y  may be speci f ied  in decimal d ig i t s , and inter-
pretation is not imp lementa t ion  dependent .
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P r o g r a m m e r s  m a y  select var ious  size s of real numbe r
representa t ions  in all of the languages  except  PASCAL
and J3B (for f ixed point) . FL/I  and J73 1 allow exp l i c i t
specif icat ion of the size. None of the l anguages  allow
exp licit  declarat ion of read va r i ab le  ranges .

3B. N u m e r i c  L i te ra l s .

The SHOL m u s t  allow the p r o g r a m m e r  to specif y n u m e r i c
l i t e ra l s  (i .  e , , n u m b e r s  of the f o r m  1, 5 .6 , etc . )  in a readable and
consis tent  mar iner .

Requ i r e  ments

~3B- 1. N u m e r i c  l i t e r a l s  are  requ i red .  [See Section 5. 2 . ]

3B-2 . Embedded spaces mus t  be pe rmi t t ed  in real l i t er a l s .
[ These woul d enhance readabi l i ty  in the long l i te ra l s  occa-
s ional ly  used in s imu la to r  p r o g r a m m i n g ,  as in the examp le
in Sect ion 5 . 4. 1. 2 . ]

3B-3 . N um e r i c  l i te ra ls  mu s t  have the same value in pro-
g r a m s  as in data . [ i. e .,  l i te ra l  value s inpu t  d u r i n g  pro-
g ram execut ion  shall have the same value as if the y had
been pr ocessed  b y the t r ans l a to r .  I
Language Evaluat ions

All of the candida te  l a n g u a g e s  provide n u m e r i c  l i t e ra l s
for  both in teger  and real t ype s. Only  F O R T R A N  pe rmi t s
embedded spaces. None of the l anguages  appear  to
requi re  that p r o g r a m  and data l i t e ral s  conver t
equivalentl y.

3C . Numer i c  Operat ion s.

The language mus t  provide a uni form set of the basic  arith-
met ic  and compar i son  opera t ions  for  n u m e r i c  types .  T r i g o n o m e t r i c
operation s m u s t  also be suppor ted .  Section 5. 2 . 2 . 2 d i s c u s s e s  simu-
lator r equ i r emen t s  for n u m e r i c  operat ions .

Require ments

3C- 1. There must be operation s [i. e. , f u n c t i o n s ]  for  con-
vers ion between n u m e r i c  value type s and for conve r s ion
from other type s (e. g. , charac te r , bit s t r i ng )  to n u m e r i c
types .  [See Section 4. 5.]
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*3C_ 2 . There m u s t  be operat ion s for add it ion , sub t r ac t i on ,
mul t iplication , division with  real [ fixed point  and f l oa t i ng
point] resu l t , and negation for  all n u m e r i c  value types .
[ See Section 5. 2 . J
3C-3 . There m u s t  be operat ion s for  integer  and f ixed
point divis ion wi th  in teger  resu l t  and r e m a i n d e r.  [A
p a r t i c u l a r  r e q u i r e m e n t  for  th is  occur s  ii, the c a m e r a!
modelboard  v i sua l  s y s t e m s , for locat ing modelboard
pos i t ions , as d i s c u s s e d  in Section 5 . 3. 4 .4. ]

3C_ 4.  There m u s t  be opera t ion s for  specif y ing the a c c u r a c y
of f ixed  and f loa t ing  point addi t ion , sub t rac t ion , mu l t i p lica-
tion , and div is ion resu l t s .

3C_ 5 . Default  sca l ing  ru l e s  for  f ixed point  ope ra t i ons  need
not produce  r e s u l t s  more  a c c u r a t e  than the a c c u r a cy  (i .  e .,
scale ) of the least  a c c u r a t e  operand.  [e.  g . ,  1. 1+20.01
may  yield 21. 1. ]

3C_ 6 . Absolu te  value and m a x / mm  func t ion s ( a l l owing
more than two a r g u m e n t s )  mus t  be provided for  all n u m e r i c
value types .  [ See Section 5 . 2 . 2 . 2 . 3.

3C_ 7.  For real value type s , square root and t r i g o n o met r i c
f u n c t i o n s  a re  r equ i r ed.  [ T r i g o n o m e t r i c  f u n c t i o n s  a re  used
in analog I/O hand l ing  and in va r ious  d i sp l a y_ r e l a t e d
p r o g r a m s  such as the map  plate comp i ler ;  see Section
5. 2 . 2 . 2 . 1. ]

~ 3C..8. There m u s t  be e q u a l i t y  { i. e. , equal  and unequal ]
and o r d e r i ng  opera t ions  [i .  e . , less than , g r e a t e r  than ,
less or equal , and g r e a te r  or equal ]  between e l e m e n t s  of
each n u m e r i c  va lue  type ; ( see  Section 5. 4. 1. 1].

3C-9. There  m u s t  be a means  of exp l ic i t l y t e s t i n g  whe the r
a numeric value is within a given range [e . g. , the c h a i n e d
c o m p a r i s o n ;  see Section 5 . 4 . 1. 2 . ]

3C- 10. N u m e r i c  va lues  m u s t  be c o n s i d e r e d  equal  and
only  if t hey  r e p r e s e n t  exact l y the same a b s t r a c t  va lue .[ i. e. , a c c u r a c y  s p e c i f i c a t i o n s  m u s t  not be t a k e n  in to
accoun t  in t e s t i n g  for  e q u a l i t y ;  o therwise  A 1 3  and  B~~C
doe s not i mp ly A~ C.]

Language  E v a l u a t i o n s

All of the languages allow exp licit conversion from real to
in tege r types , and all except PASCAL from integer to real.
Of the languages providing more than one real representa-
tion , all but J3B provide representational conversion s.
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Only PL/ I  provides  all de s i r ed  c o n v e r s i o n s  f r o m  other
types , but 3731 and J3B provide some suppor t .

All o the l a n g u a g e s  provide  the bas ic  a r i t h m e t i c  opera-
tion s r e q u i r e d , but  on l y PL!I provides  a c c u r a c y_ d e f i n i n g
spec i f i ca t ion s for the i r  r e su l t s .  Of the n u m e r i c  func t i on s
requ i red , only F O R T R A N  and PL/ I  provide  m a x / m m  fun c-
t i o n s , and on l y F O R T R A N , FL/ I  and PASCAL provide
s q u a r e  root and t r i g o n o m e t r i c  f u n c t i o n s . (FL/ I  pr ovides
more t r i g o n o m e t r i c  c a p a b i l i t y .  ) All l a n g u a g e s  have an
abso lu te  value f u n c t i o n .

Al l  of the l a n g u a g e s  have n u m e r i c  r e l a t iona l  opera t ion s
re q ui r ed , bu t  none have a ca pab i l it y for  r a n g e  t e s t i n g ,  such
as cha ined co mp a r i sons . In all of the l a n g u a g e s , n u m e r i c
compar i sons  are  exact .

L a n g u a g e  Evalua t ion  S u m m a r y

The c a n d i d a t e  l a n g u a g e s  a re  o r d e r e d , acco r d i n g  to the degree  to
wh ich  the y meet  SHOL n u m e r i c  data type r e q u i r e m e n t s , as fol lows:

PL/I -  Most ma jo r  r e q u i r e m e n t s  are met .

D e f i c i e n c i e s  a re :

• a c c u r a c y  s p e c i f i c a t i o n s  a re  imp l em en t a t i o n
dependen t

• no ran ge s p e c i f i c a t i o n s

• no embedded  spaces  in l i t e r a l s

• p r o g r a m  and da ta  l i t e r a l s  not  r e q u i r e d  to
conver t  equ iva len t l y

• no chained compar i sons

3313- Control  over n u m e r i c  a c c u r a c y  is i n a d e q u a t e . Not
all  des i red  a r i t h met ic  opera t ion s are  p rov ided .

D e f i c i e n c i e s  are:

• no con v e r s i o n s  f r o m  c h a r a c t e r  or b i t  to real

• no a c c u r a c y  s p e c i f i c a t i o n s

• no r ange  s p e c i f i c a t i o n s

• no embedded spaces  in l i t e r als
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• p r o g r a m  and data l i t e r a l s  not r e q u i r e d  to con-
ve r t equ iva l ent l y

• no real r e p r e s e n t a t i o n a l  conve r s ion s

• no accu r a c y_ d e f i n i n g  s p e c i f i c a t i o n s  for  r e s u l t s
of com p uta t ions

• no m a x / m m , sq u a r e  root , or t r i g o n o m e t r i
f unc t i ons

• no chained compar i sons

FORTRAN-  Fixed poi n t r ea l n u m b e r s a r e n ot p rov ided . M ost
other  r e q u i r e m e n t s  a re  met .

Def i c i enc i e s  are :

• no convers ions  f r o m  other types  to n u m e r i c
type s

• no fixed point  rea ls

• no accu r a c y  s p e c i f i c a t i o n s

• no range speci f ica t ions

• p r o g r a m  and data l i t e r a l s  not r e qu i r e d  to con-
ver t  equ iva l en t l y

• no a c c u r a c y - d e f i n i n g  s p e c i f i c a t i o n s  for  r e s u l t s
of computat ion s

• no cha ined  comparison s

3371- Fixed point real numbers are not provided . Not all
desired arithmetic operation s are provided .

Deficiencies are:

• no fixed point reals

• accuracy specification s imp lementation
independent

• no range spec i f i ca t ions

• no embedded spaces in li te ra ls
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• program and data literals not required to con-
vert equivalent l y

• no a c c u r a c y- d e f i n i n g  spec i f ica t ions  for  r e s u l t s
of compu ta t ions

• ma x,1min , squa re root , or t r i g o n o m e t r i c
func t ions

• no cha ined  c o m p a r i s o n s

PASCAL- Fixed point real n u m b e r s  are not provided .  Ma n y
requi red  a c c u r a c y  con t ro l s , conv e r s ion s , and
n u m e r i c  opera t ions  are not provided.

Defic iencie s are:

• no convers ions  f rom othe r type s to n u m e r i c
type s

• no fixed point reals

• no a c c u r a c y  speci f ica t ions

• no control  over size of real number
rep r e sen tat ion S

• no range specification s

• no embedded spaces in literals

• program and data lite rals not r equ i red  to con-
ver t  equivalent ly

• no integer  to real conversion s

• no a c c u r a c y-d e f i n i n g  spec i f ica t ions  for  r esu l t s
of computat ions

• no m a x / mm  funct ion s

• no chained compar i sons

6. 3.2 En u m e r a t i o n  T ype s

Goal

The SHOL must provide a status , or enumeration , data type . As
discussed  in Section 5. 2 . 3 , use of enumerat ion type s to represen t f lags ,
case alternatives , and array indices would greatly enhance program
under standability.
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Supp or t ing  Concepts

3D . E n u m e r a t i o n  T ype Def in i t ion s.

Enumera t ion  type s a re  r equ i r ed  for p r o g r a m  readab i l i t y.

Re q  iii re ments

*3D_ 1.  There m u s t  be va lue  type s that  are definable in pro_
g r a m s  b y o rde red  e n u m e r a t i o n  of t h e i r  e l em e n t s  [e . g.
t y p e  ang le (p hi , psi , t h e t a ) ] .

L a n g u a g e  Eva lua t ions

Of the c a n d i d a t e  l a n g u a g e s , onl y 373 1 and PASCAL pr ovide
e n u m e r a t i o n  t ypes .  The 373 1 f o r m  is r u d i m e n t a r y  -_
es sen t i a l l y a sequence of i n t e g e r s  w i t h  n a m e s .  The re are
no e n u m e r a t i o n  v a r i a b l e s  in 3731 .

3E . E n u m e r a t i o n  L i t e r a l s .

E n u m e r a t i o n  value s should be express ib l e  in a readable  and
n a t u r a l  m a n n e r .

R e q u i r e  mei its

3E_ 1. The ele m e n t s  of an ~~ u m e r a t ion  type m a y  be
i d e n t i f i e r s .

3E-2 . E n u m e r a t i o n  value  n a m e s  of d i f f e r e n t  e n u m e r a t i o n
t y p e s m u s t  be p e r m i t t e d  to be i den t i c a l .

Language  Evaluat ion s

In 3731, e n u m e r a t i o n  l i t e r al s  a re  l e x i c a l l y  d i s t i n c t  f r o m
i d e n t i f i e r b .  373! allow s dup l ica te  e n u m e r a t i o n  name s in
d i f f e r e n t  l i s t s , whi le  PASCAL doe s not .

3F . E n u me r a t i o n  Op era t ion s.

Opera t ions  provided for  e n u m e r a t i o n  type s m u s t  al low t h e i r
use as f l a g s , case a l t e rna t i ve s , and a r r a y  i n d i c e s .

R e q u i r e m e n t s

~:- 3F_ 1.  There m u s t  be at leas t  e q u a l i t y  and i n e q u a l i t y  ope r-
a t ions  be tween e l e m e n t s  of e n u m e r a t i o n  t ypes .  [ This  is
to ensu re  u n i f o r m i t y ;  e q u a l i t y  should be an opera t ion
defined for all types.]
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~3F-2. There must be 
successor and predecessor opera-

tion s on each enumerat ion  type . [ i.  e . , operat ion s pro-
d u c i n g  the next  and p reced ing  e lements  of an e n u m e r a t i o n
type ’ s value set;  these opera t ion s are  i n h e r e n t  in the
not ion  of an e n u me r a t i o n  type . ]

Language  Evaluation s

Both 3731 and PASCAL support  e q u a l i t y  and i n e q u a l i t y  ope r-
a t i o n s on en u m e r a ti on t ypes . Onl y PASCAL p r o v i d e s
s u c c e s s o r  and p r e d e ce s s o r  ope ra t ions .

L a n g u a g e  E v a l ua t i o n  S u m m a r y

The c a n d i d a t e  l a n g u a g e s  are  o rde red , acco r d in g to th e de g ree to
wh i c h  t hey  meet  SHOL e n u m e r a t i o n  data  type  r e q u i r e m e n ts , as fo l lows :

PASCAL- The bas ic  r e q u i r e m e n t s  are met .

Defi c i e n c ies a r e :

• du p l i c a t e  na m es ma y not  be used

3731- The c a p a b i l i t y  p r ov ided  is  r u d i m e n t a r y .

D e f i c i e n c i e s  a re :

• no e n u m e ra t i on  v a r i a b l e s

• l i t e r a l s  a re  l ex i ca l l y d i s t i n c t  f r o m  i d e n t i f i e r s

• no s u c c e s s o r and p r e de c e s s o r  o p e r a t i o n s

33 B,
F O R T R A N .
P L /I -  E n u m e r a t i o n  type s a re  not  p rovided .

6. 3. 3 Boolean Typ~

Goal

The SHOL m u s t  provide  a Boolean da ta  type . As no ted  in Section
5. 2 . 5 , Boolean data  is heav i l y used in s i m u l a t o r s , p a r t i c u l a r l y  in t he
N a v i g a t i o n  and C o mm u n i c a t i o n s  a r e a .

Suppor t ing  Con e p t s

3G. Boolean T ype D e f i n i t i o n s .

The Boolean da t a  t y p e  f a c i l i t y  in the SHOL should  c o n tr i b u t e
to p r o g ra m  r e a d a b i l i t y  and  a l low p r o g ra m s  to be s t r u c tu r e d  more c l e a r l y .
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Requ i r e  mer i t s

*3G.. 1. A Boolean data type is r equ i red  [ see Section 5 . 2 . 5] .

3G-2 . Boolean express ion s mus t  be eva lua ted  in s h o rt -
c i r c u i t  mode [e .  g. , A OR B m u s t  not cause  the evaluat ion
of B if A is t r u e ] .

Language  Eva lua t i ons

Onl y F O R T R A N  and PASCAL suppor t  an a c t ua l  Boolean
data  t ype . The o ther  l a n g u a ge s  use bit s t r i ngs  of l e n g t h  one.
Onl y F O R T R A N  requ i r e s s h o r t - c i r c u i t  evaluat ion  of
Boolean e x p r e s s i o n s .  (Thi s is  not spec i f i ed  in PASCAL. I

3H. Boolean L i t er a l s .

A useful  Boolean f a c i l i t y  r equ i re s l i t e ra l s  as well as
variables.

R e q u i r e m e n t s

*3 H_ l .  Boolean l i t e rals  ( T R U E  and FALSE) are  r e q u i r e d .

Language Eva lua t ions

Both FORTRAN and PASCAL have T R U E  and FALSE lit-
e ra l s . J3B provides  b u i l t - i n  cons tan t  n a m e s  TR U E  and
FALSE for  the bi t  s t r i n g s  ‘1’ and ‘0’

31. Boolean Operat ion s.

The s tandard  Boolean ope ra t ions  m u s t  be provided  in a
un i form manner .

Requirements

;, 3J_ 1, There  m u st  be ope ra t ions  for  c o n j u n c t i o n , i n c l u s i v e
d i s junc t ion , and negat ion  (i . e . ,  AND , OR , arid NOT) of
Boolean value types. [These are the mos t  f r e q u e n t l y used
Boolean operations; see Section 5. 2 . 5 . ]

*31..2 . There mus t  be e q u a l i t y  and i n e qu a l i t y  [i .  e .,  exclu-
sive or] operat ion s for  Boolean types .  [ The op erat ion s
are requi red  for  u n i f o r m i t y .  I
Language Evaluations

Both FORTRAN and PASCAL provide the des i r ed
operations.
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Language Evalua t ion  iummary

The candida te  l anguages  are  o rdered , a cco rd ing  to the degree  to
which they meet SHOL Bool~ .tn data type r equ i r emen t s , as follows:

F O R T R A N ,
PASCAL- All de s ir e d  capabi l i t i es  a re  provided.

33B , The re  is no Boolean data  type (33B does provide
373!, P L / I -  T R U E  and FALSE bi t  s t r i n g  l i t e r a l s ).

6. 3. 4 Cha rac te r  Type

Goal

The SHOL mus t  provide a cha rac t e r data type and associa ted
charac te r  opera t ions  to support  i n s t r u c t o r  disp lay p r o g r a m s  and offl ine
s imulat ion suppor t  p r o g r a m s . Simula tor  cha rac t e r  handl ing  require-
ments  are d i s cus sed  in Section 5 . 2 . 6 .

S u p p o r t i n g  Concep ts

33. C h a r a c t e r  T ype Def in i t ion s.

The cha rac te r  data type should be supp lied in a manner
which cont r ibu te s to p rogram e f f i c i ency ,  and shoul d not allow excess
g e n e r a l i t y  not  r equ i r ed  b y the app l ica t ion .  The fea tu re  should be na tu ra l
and eas y to use .

R e q u i r em e n t s

~ 3J- 1. A fixed length cha rac te r  s t r ing  data type is required
[ a s  opposed to r ep re sen t ing  s t r ings  as a r r a y s  of charac-
t e r s ;  a separate data type is needed to promote p r o g r a m
under s t andab i l i t y ] .

33-2 . Explicit specification of s tr ing length is requi red ,
and the length mus t  be specif ied with a cons tant  value .
[ Only use of fixed length c h a r a c t e r  s t r ings  was observed. I

*33-3 • It mus t  be possible for the p r o g r a m m e r  to define
new cha rac t e r  sets. [ Some s imula tor  peri phera ls  require
c h a r a c t e r  sets other  than the bu i l t - in  ASCII.

Language Evaluation s

All of the candidate  l anguages  except FORTRAN provide a
characte r data type . In PASCAL , howeve r , character
s t r i ngs  are represented  as a r r a y s  of single characters .
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Neithe r PL/ I  nor 3731 requi re  exp l ic i t  s p e c i f i c a t i o n  of
s t r ing  length , and PL/I p e r m i t s  s t r ings  of n o n -c o n s t a n t
length.

None of the candidate  l anguages  suppor t  the exp l ic i t  def ini-
tion of new charac te r sets .

3K. Characte r L i te rals .

A cha rac t e r  l i t e r a l  f a c i l i t y  a l lowing r e p r e s e n t a t i o n  of
charac te r  constants  for  the v a r i o u s  s imu la to r  per i phe ra l s  is  n e c e s s a r y .

Requ i rements

*3K.. 1. Fixed leng th  c h a r a c t e r  s t r in g l i t e ra l s  are r equ i r ed .

*3K-2 . The c h a r a c t e r code used for  a l i tera l  mus t  be
p r o g r a m me r-d e f i n a b l e .  [ This is n e c e s s a r y  to suppor t
the concept of def inable  new characte r sets.  }

*3K... 3. It should be possible to include unpr in tab le  charac-
te r s  in s t r i n g  l i t e r a l s . [ Format t ing  codes in s t r i n g s  for
visual  d isp lays  a re  an example of the kind of u n p r i n t a b l e
cha rac t e r s  needed here . ]

Language  Eva lua t ions

All of the c a n d i d a t e  languages  ( i n c l u d i n g  F O R T R A N )  pro-
vide cha rac t e r  s t r i n g  l i t e r a l s .  None a l low the p r o g r a m m er
to def ine  the c h a r a c t e r  code u sed.  Only FL/ I  and 3731
supports the inc lus ion  of u n p r i n t a b l e  c h a r a c t e r s .

3L. C h a r a c t e r  Op era t ions .

Characte r opera t ions  provided in the SHOL m u s t  s upport
the type s of cha rac te r  p r o ce s s i n g  p e r f o r m e d  in s i m u l a t o r s , wh ich  are
p r i ma r i l y  d i sp lay f o r m a t t i n g  and o f f l ine  data f i le  comp i l a t i o n .

Requ i re  ments

*3L_ l .  There m u s t  be opera t ions  for  s u b s t r i n g  e x t r a c t i o n
and assi gnment  (the  s u b s t r i n g  leng th  m u s t  not  be r e s t r i c t e d
to a cons tant  value) ,  access to s t r i ng  l eng th , s t r i n g  rep lica-
tion b y a constant  f ac to r , and locat ion of a g iven  sub ~
s t r ing  wi th in  a s t r i n g  (i . e. , INDEX) [ see Section 5 . 2 . 6 . iL

*3L_ 2. Equa l i ty  and i n e q u a l i t y  m u s t  be d e f i n e d  on c h a r a c t e r
types.
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3 L_ 3 . Orde r ing  opera t ions  m u s t  be de f ined  on the b u i l t - i n
charac te r set.

~3L ...4. There  m u s t  be opera t ion s for  convers ion  f r o m  othe r
type s ( e . g .  , n u m e r i c , Boolean) to c h a r a c t e r  type.  [ These
ope ra t ions  are r equ i r ed  for  comp le teness ;  it should be
poss ib le  to obta in  a p r in t ab le  r e p r e s e n ta t i o n  of a b u i l t - i n
type .

L a n g u a g e  E v a l u a t i o n s

Subst r i ri g e x t r a c t i o n  and a s s i g n m e n t  ~ ?rovided b y 3313 ,
3731, and P L /I . Onl y 3731 and FL/ I  al 1 ow acces s  to
s t r i n g  l eng th , and on l y F L / I  s u p p o r t s  s t r i n g  rep l i c a t i o n
and s u b s t r in g loca t ion . Onl y FL /I  pr ov ides  con ve r s i o n s
f r o m  othe r type s to c h a r a c t e r .

All of the l a n g u a g e s  (except  F O R T R A N )  suppor t  equa l i t y
and inequa l i t y  op era t ion s on c h a r a c t e r  types , and all
but  33B provide  o r d e r i n g  opera t ion s .

L a n g u a g e  Evalua t ion  S u m m a r y

The c a n d i d a t e  l a n g u a g e s  are  o rde red , a c c o r d i n g  to the deg ree  S

to wh ich  they  meet  SHOL c h a r a c t e r  data  type  r e q u i r e m e n t s , as f oll ows:

PL/ I-  Most  d e s i r e d  f u n c t i o n s  are provided . Exces s
c a p a b i l i t y  is support ed .

D e f i c i e n c i e s  a re :

• ex p l i c i t  l eng th  s p e c i f i c a t i o n  not r e q u i r e d

• n o n -c o n s t a n t  l eng th  sp e c i f i c a t i o n  al lowed

• d e f i n i t i o n  of new c h a r a c t e r  sets not  suppor ted

J73 1_ Fewe r of the  d e s i r e d  f u n c t i o n s  a re  p rov ided .

D e f i c i e n c i e s  are :

• e x p l i c i t  l e n g t h  sp e c i f i c a t i o n  not  r e q u i r e d

• de f i n i t i o n  of new c h a r a c t e r  se t s  not  suppor t ed

• no s t r i n g  rep l i c a t i o n  or s u b s t r i n g  loca t io r

• no c~ o n v e r s ion  f r o m  o t h e r  type s to c h a r a c t e r
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J3B- Fewe r des i red  f u n c t i o n s  are  provided.

Def i c i enc i e s  a re :

• de f in i t i on  of new c h a r a c t e r  sets not  suppor t ed

• no inc lus ion  of unp r in t ab l e  c h a r a c t e r s  in
l i t e r a l s

• no acces s  to s t r i n g  l eng th , s t r i n g  rep l i c a t i o n ,
or s u b s t r i n g l ocat ion

• no o r d e r i n g  opera t ion s

• no conve r s ion  f r o m  o ther  type s to c h a r a c te r

PASCAL- S t r ings  are  suppor t ed  as a r r a y s .  Few of the
des i red  func t ion s are  provided.

D e f i c i e n c i e s  are :

• st r i n g s  r e p r e s e n t e d  as a r r a y s

• de f in i t i on  of new charac te r sets not supported

• no s u b s t r i n g  ex t rac t ion  or assi gnment , acce s s
to s t r i n g  leng th , s t r i n g  rep l i ca t ion , or sub-
s t r ing  lo ca t ion

• no conversion f r o m  other  type s to c h a r a c te r

F O R T R A N -  There  is l i t t le  suppor t  for  cha rac t e r  data .

D e f i c i e n c i e s  are :

• no charac te r data type

• no i n c l u s i o n  of unpr in tab le  c h a r a c t e r s  in
l i t e ra l s

• no s t r ing  opera t ions  or re la t ions

• no convers ion f~ om other type s to c h a r a c t e r

6. 3. 5 Bit  Str ing Type

Goal

The SHOL mus t  provide a ‘- i t  s t r i n g  data type and associa ted ope r-
ations . These are required in simulato r p r o g r a m m i n g  for  mani pulating
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I/O va lues  and for  r ep r e s e n t i n g  vec to r s  of Booleans  such  as the f r a m e
and coc k p it mas ks and the m a l f u n c t i o n  i n d i c a t o r  vec tor . Sect ion s 5 . 2 . 4
and 5 . 3 . 1 d i s c u s s e s  uses  of bit  s t r i n g  data .

Supp or t ing  Concept s

3M . Bi t  S t r ing  T y pe Def in i t i on s.

Th e h i t  s t r i n g data  ty pe should he n a t u r a l  and e a s y  to use
and should  allow e f f i c i e n t  i m p lemen ta t i on .

Req u i re  men t S

~3M - l . A bi t  s t r i n g  data type  is r e q u i r e d  [ see Section s
5 . 2 , 4 and 5 . 3. 1].

3M_ 2 . Expl ic i t  spec i f ica t ion  of bit  s t r i n g  1en~~th is r e q u i r ed
and m u s t  be speci fied with a cons tan t  va lue . [ No use of
v a r y in g leng th bit  st r in gs was  obse r ved .

Language  Evaluat ion s

Bi t  s t r i n g s  a re  provided  in J3B , 3731 , and PL /I . Ne i t her
PL/ I  nor  3731 r e q u i r e  exp l i c i t  l eng th  s p e c i f i c a t i o n . PL/ 1
a llows s t r i n g s  of n o n -c o n s t a n t  l e n g t h . (PASCAL pr ovides
a ca pab i l i t y  s imi l a r  to h i t  s t r i n g s  wi th  the set data  type .

3N . B i t / S t r i n g  L i t e r al s .

Th ere  mu st be a n a t u r a l no ta t ion  f or spec i f y ing bi t s t r i n g
l i t e rals .

R e q u i r e m e n t s

~ 3N_ 1. Fixed length  bi t  s t r i ng  l i t e r a l s  a re  r e q u i r e d .

3N-2 . L i t e r al s  m u s t  be spec i f i ab l e  in bases  2 , 8 and 16.
[ Examples  of l i t e r a l s  in all these  ba ses  have been
ob se r ved . ]

L a n g u a g e  Eva lua t ions

All three  l a n g u a g e s  wh ich  suppor t  a bit  s t r i n g  data  t yp e
provide  bi t  s t r i n g  l i t e r a l s . PL/I  allows s p e c i f i c a t i o n  on ly
in bas e 2 , 33B a l lows only  base 16 , whi le  3731 al lows all
th ree .
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30. Bi t  S t r ing  Ope r a t i o n s .

The ope ra t i ons  provided  for  bit  s t r i n g s  mu s t  suppor t  the
c o n s t r u c t i o n  and decompos i t i on  of s t r i n g s  r e p r e s e n t i n g  I /O  va lues , as
well as the m a s k i n g  and s h i f t i n g  of s t r i n g s  r e p r e s e n t i n g  i n d i c a t o r
vectors.

R e q u i r e m e n t s

~ 3O— 1. There  m u s t  be o p e r a t i o n s  f o r  h i t _ b y - h i t  con j u n c  -
t ion , i n c l u s i v e  d i s j u n c t i o n , exc l u s i v e  d i s~ un t i o n , a n d
n e g a t i o n  [ AN !) , OR , XOR , and NOT] d e f i n e d  f o r  b i t
st r i n g s .  [ These are  the  n o r m a l  h i t  s t r i n g  o p e r a t i o n s .  I

‘~30-Z . There  m u s t  he o pe r a t i o n s  for  su b s t  r i n g  ext  r a ( t i o : j
and ass i g n m e n t ( th e subs t r i n g  l eng th  m u s t  not  be
r e s t r i c t e d  to a c o n s t a n t  v a l u e ) ,  a c c e s s  to st r i n g  l e n g t h ,
s t r i n g  rep l i c a t i o n  b y a c o n s t a n t  f a c t o r , and l o c a t i o n  of
a g iven s u b s t r i n g  w i t h i n  a s t r i n g  (i . e . , INI )EX) .  [ A  use
of b i t  s t r i n g  e x t r a c t i o n  i s  d i s ussed  in Sec t ion  5. 2 . 4 .

~ 3O— 3. Equa l i t y  and  i n e q u a l i t y  mu s t  be d e f i n e d  on b~ t
s t r i n g  type s.

30-4. There  m u s t  be o p e r a t i o n s for  l e f t  and ri gh t
s h i f t i n g  of hi t  s t r i ng s .

30-5. There  m u s t  he o p e r a t i o n s  for  c o n ve r s i o n  f r o m
o the r  t ype s (e . g. , n u rn e  ri  ~ ) to  b it  s t r i n g  t y p e . Ac U c S  s i n g
t h e  r ep r e s e n t a t i o n  of a v a l u e  i s  n e c e s s a r y  1/0 ~ nd ot h e r
co n v e r s i o n s .

L a n g u a g e  Eva lua t ion s

All t h r e e  l a n g u a g e s  w h i c h  suppo r t  b i t  s t r i n g  p r o v i de  AN!) ,
OR , and NOT ope ra t ion s . All  p rovide  the d e s i r e d  ( o n v e r-
sion o p e r a t i o n s . PL/ 1 does not p r o v i d e  XOR , w h i l e  SW
and 373 1 do . Al l  t h r e e  p r o v i d e  s u b s t r i n g  ex t  r . I I  t i~~) fl  a n d
a s s i g n m e n t , 3731 and PL/ 1 prov ide  a c’ ss t o  s t r i n g  l e n g t h ,
and o n l y  PL /1 s u p p o r t s  s t r i n g  r ep li a t  ion and  s uh s t r i r i g
loca t ion . S h i f t  o p e r a t i o n s are  p rov id ed  o n l y  in  3313 a n d
373!.

Onl y 373! and P L / l  s u p p o r t  e q u a l i t y  and i n e q u a l i t y
opera t ion s.
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Language  Evaluation S u m m a r y

The candidate languages are ordered , according to the degree  to
which  they meet SHOL bit s t r i ng  data type r e q u i r e m en t s , as follows:

3731- Most  r e q u i r e m e n t s  are met .

D e f i c i e n c i e s  a re :

• exp l ic i t  l eng th  spec i f i ca t ion  not r e q u i r e d

• no s t r i n g  rep l ica t ion  or s u b s t r i n g  loca t ion

J3B- Fewe r capab i l i t i e s  are provided .

Def i c i enc i e s  are :

• no base 2 or 8 l i t e ral s

• no access  to s t r i n g  length , s t r i n g  rep l i c a t i on ,
or s u b s t r i n g  location

• no e q u a l i t y / i n e q u a l i t y  o p e r a t i o n s

PL/ I -  Several d e s i r e d  c a p a b i l i t i e s  are not  p rov ided .

Excess capabilities are supported .

D e f i c i e n c i e s  are :

• ex p l i c i t  l e ng t h  s p e c i f i c t i o n  not  r e q u i r e d

• n o n - c o n s t a n t  l eng th  s t r i ng s  p e r m i t t e d

• no base 8 or 16 l i t e r a l s

• no XOR or s h i f t  o p e r a t i o n s

PASCAL.. Some s i mi l a r  c apab i l i t i e s  are provided  b y t h e set
data type .

F O R T R A N -  Bi t  s t r i ng s  are  not  suppo r t ed .

( . 3. ( P o i n t e r  T ype

Goal

A p o i n t e r  da ta  type  (see Sec t ion  5 . 2 . 7) is needed to suppor t
c e r t a i n  type s of p r o c e s s i n g  pe r fo rmed  in s i m u l a t o r  e x e c u t i v e s (e .g .
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I/O request queues) and for  use with d ynamical ly  allocated storage ,
which might be required in a di g ital image generat ion v i sua l  sys tem.
The facility provided should meet these requi rements  without  providing
excess  gene ra l i t y  at the expense of e f f i c iency .

Support ing Concepts

3P. Pointe r Typ e Defini t ions .

The pointer  data type mus t  be provided in a manne r  con-
s i s t en t  wi th  the s ta t ic  typ ing of the SHOL , thereb y suppor t ing  p r o g r a m
m a i n t a i n a b i l i t y  and reduc ing oppor tun i ty  for e r r o r .

Require me nts

3P_ I. A pointe r data type is required .

3P-2 . Explic i t  specif icat ion of the type pointed to must  be
required for each pointer definition .

3P..3, Explicit de re fe r enc ing  of the poin ted_ to  value shall
be required. [Dereferencing is the opera tion of a cces sin g
the ob j ect  poin t ed t o b y a pointer  value , e . g. , P— 4 A in
PL/I , P 1.A in PASCAL , or A(P)  in J3B. R e q u i r i n g
expl ic i t  de re fe renc ing  con t r ibu tes  to p rogram unders tand-
abil i ty.

~3P-4. It mus t  be possible to define objects  which  are
dynamical l y al located.  [ See 3R- 1 below.]

Language Evaluations

A pointe r data t ype is provided b y all of the candida te
languages except FORTRAN. PASCAL pointer definition s
do not specif y the type pointed to , and in J3B such speci-
f icat ion is permit ted  but not required.  The onl y languages
which require  explicit  de re fe renc ing  are 33B and PASCAL ,
thoug h it is available in 373! and FL/ I  also.

Only PL/ l  and PASCAL support  d yn amic  allocation of data
objects.

(Note that 3731 poin ters  are declared and represented as
integers . There is not an actual  pointer  t y p e . )

3Q. Pointer Literals.

The concept of a null pointe r must be representable in a
distinctive and readable manner. Pointer constants specif ying addre sses
of data objects are also required by the uses of pointers  in s imulator
executive s [se e 3R_3] .

I I ?
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Requ i remen t s

3Q..1. There shall be a NULL pointer l i teral .  [ This is the
literal normally provided for pointer type s.]

Language Evaluation s

Of the l anguages  suppor t ing  pointers , only 3731 doe s not
provide a NULL pointer  l i tera l .

3R . Pointe r Op era t ions .

Pointer  operation s suppor t ing  s imula to r r e q u i r e m e n t s , as
d i scussed  in Section 5. 2 . 7 , mus t  be provided in a manner  compatible
with the goal of object code e f f i c i e n c y .

Req ui r e men t s

*3R- 1. There must  be operations for the allocation and
deallocation of dynamic storage. [Explicit deallocation is
required as opposed to garbage collection , because of the
negative impact  of garbage collection on e f f i c i e n c y . ]

3 R_ 2 . Ident i ty  and non ..identity re la t ions  mus t  be def ined
on pointer  type s. [ These are the equa l i ty  operat ions  for
the pointe r type . ]

*3R-3. There mus t  be an op eration for conver t ing f rom
$ i n teger  to pointer value s. A p rogram using this operat ion

mus t  be flagged by the t rans la tor , so use of this capabi l i ty
can be admin i s t r a t i ve ly  controlled. [ This capab i l i ty  is
needed to provide some SHOL support software , as
described in Section 5. 2 , 7. Since its use can impa i r  pro..
gram understandability, its use should be highlighted.
Such highlighting would not be possible if the capability
were provided b y an a s sembly  language subroutine (see
lOC) .J

Language Evaluations

Only PASCAL and PL/I provide operation s for allocation
and deallocation of dynamic storage .

All of the languages which have pointers except 3731 pro-
vide i d e n t i t y/n o n_ i d e n t i t y  operation s. (3731 simpl y uses
integers as pointers , so relational operators are available.)

None of the languages support explicit conversion from
in teger  to pointe r . (In 3731, since po in te r s  are in t ege r s ,
the desired capability is , in a sense , provided. )
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Language Evaluation S u m m a r y

The candidate  languages  are  ordered , accord ing  to the degree to
which they meet SHOL pointer  data type r e q u i r e m e n t s , as follows:

PL/I-  Most r equ i r emen t s  are met.

Def i c i enc i e s  are:

• exp l ic i t  d e r e f e r e n c i n g  not  r e q u i r e d

• no convers ion  f r o m  in teger  to po in t e r

PASCAL- Most  r equ i remen t s  are met .  Po in t e r s  are  not
bound to a type .

Def ic ienc ies  are :

• pointer  def in i t ion s do not specif y the type
pointed to

• no convers ion  f r o m  in teger  to po in te r

J3B- No d yn a m i c a l ly a l located data ob jec t s  a re  provided .

Def i c i enc i e s  are:

• spec i f i ca t i on  of type pointed to not r e q u i r e d

• no d yn a m i c a l l y  al located objec ts

• no convers ion  f r o m  in t ege r  to po in te r s

3731.. Po inte r s  are reall y i n t e g e r s . D yn a m i c a l l y a l loca ted
objects are not provided .

D e f i c i e n c i e s  are :

• po in t e r s  are  i n t e g e r s

• explicit dereferencing not required

• no d y n a m i c a l l y  a l loca ted  ob jec t s

• no NULL l i t e r a l

F O R T R A N -  There  is no suppor t  of po int e r  da ta .
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6. 3. 7 Procedure  T ype s

Goal

The SHOL m u s t  provide p rocedure  va r i ab les  in o rder  to suppor t
cu r r en t  methods  of fo reg round  task d i s p a t c h i n g ,  as de sc r ibed  in Se ct ion
5 . 2 . 8. This  f ea tu re  m u s t  be provided in a manner  t h a t  does not  inc rease
the l ikel ihood of p r o g r a mm e r  e r r o r  nor  add unneeded  comp l e x i t y  to the
language .

Suppor t ing  Conce p ts

3S. Procedure  T ype Def in i t i on s.

Spec i f i ca t ion  of p rocedure  va r i ab les  in the SHOL m u s t
express  c lear l y the in ten t  of the p r o g r a m m e r .

R e q u i r e m e n t s

3S-l .  A p rocedure  data type is r equ i r ed .

3S..2. Expl i c i t  spec i f i ca t ion  of the n u m b e r  and t y p e s  of
a r g u m e n t s  shal l  be requi red  for  each p rocedu re  va r i ab le
def in i t ion  and m u s t  be cons ide red  par t  of the va r iab le ’s
value type . [ Hence , p roc edu re s having  d i f f e rent  n u m b e r s
or type s of a r g u m e n t s  cannot  be ass igned  to the same
procedure  va r iab l e ;  see 2 D _ 2 . Sp e c i f y i n g  the a r g um e n t
type s hel ps to p reven t  e r r o r  and makes  p r o g r a m s  more
unde rs tandab le .]

Language  Eva lua t i ons

Onl y FL/I  suppor ts  p r o c e d u r e  va r i ab le s . Exp l i c i t  specifi-
ca t ion of p a r a m e t e r s  for  such  va r i ab les  is not r e q u i r e d ,
however.

3T. Procedure  Op era t ion s.

Opera t ion s provided for  p rocedu re  v a r i a b l e s  m u s t  meet  the
r e q u i r e m e n t s  of the task d i s p a t c h i n g  op e ra t ion  (see Section 5. 2 . 8) and
mus t  be cons i s ten t  wi th  the r e s t  of the l anguage .

R eq ui r e men t s

3T-l .  There m u s t  be e q u a l i t y  and i n e q u a l i t y  ope ra t i on s
between e l e m e n t s  of p r o c e d u r e  type . [ These o p e ra t i o n s
are required for uniformity. ]
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Language Evaluation s

PL/I provides equal i ty  and inequal i ty  operat ion s for  pro-
cedure types.

Language Evaluation Summary

The candidate languages are ordered , according to th e de g ree to
which they meet SHOL procedure data type r equ i r emen t s , as follows:

PL /I- Provide s p rocedure  var iable s.

Inadequac ies  are:

• paramete r spec i f ica t ion  is not par t  of the
variable ’s value type

FORTRAN ,
J3B , 1731,
PASCAL- Procedure var iable s are not provided.

6. 3. 8 A r r a y  T ype s

Goal

The SHOL must provide arrays , or composite data types  with
indexible components of homogeneous  t ype . A r r a y s  mus t  be supported
in a manner  which cont r ibu te s to p r o g r a m  u n d e r s t a n d a b i l i t y  and effi-
c iency,  and which meets s imulator  pr o g r a m m i n g  needs as discussed in
Section 5.3.3.

Supporting Concepts

3tJ . A r r a y  T ype Declarat ion s.

A r r a y s  of the var ious  data type s mus t  be specifiable in a
manner consistent with other t ype def in i t ion s in the language .

Requ i r emen t s

~3U_ 1. Arrays with components of any scalar [including
procedure] or composite type shall be definable. [Arrays
of procedure s are  requi red  to suppor t  c u r r e n t  methods
of fo regroun d task d i spa tch ing . ]

3U..2. Accuracy specification s [see 3AJ shall be required
for  components  of appropr ia te  n u m e r i c  type .

3U-3. The numbe r of dimension s for each array variable
must be specified in programs and shall be determinable
at translation time. [No need for a variable number of
dimension s was observed. ]
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*3 U_ 4 . At least  three d i m e n s i o n s  a re  requ i red .  [ Requi red
for 3_ var iable  l inear  f u n c t i o n  in te rpo la t ion . 1

~3U-5 . The r ange of s u b s c r i pt va lue s for  each d imens ion
mus t  be speci f ied  in p r o g r a m s  and need only be determi-
nab le at t r ans l a t ion  t ime  [i .  e . , speci f ied  with  constant
va l ues ;  howeve r , see 7E -2 for  a r r a y  p a r a m e t e r s . No
need for  a r r a y s  with vary ing  bounds was observed. ]

3U _ 6 .  The range of subsc r i pt va lues m us t be r est r ict ed
to a con t iguous  sequence of i n t e g e r s , the e lements  of an
o rde red  e n u m e r a t i o n  type , or a sequence  of s ingle  char. .
a c t e r s .  [ These type s of s u b s c r ip t s  are su f f i c i en t  for
s i m u lato r needs . ]

3U..7. The lowest  bound of a sequence of in tegers  def in ing
the range of subsc r ip t  value s m u s t  be l anguage_ def ined ,
rathe r than p r o g r a m m e r-d e f i n a b l e . [ This s impl i f ies  the
langua ge , makes  s u b r o u t i n e  inte r faces  more e f f i c i en t , and
is adequate for  the s imula tor  app licat ion. ]

Language  Evaluat ions

All of the cand ida te  l anguages  provide an a r r a y  data type ,
and all allow at least  the r equ i r ed  three d imens ions .  All
languages pe rmi t  any  of their  scalar  type s as a r r a y  com-
ponents. (Hence a r r ay s  of p rocedures  are  supported onl y
in PL/I . )  Onl y PASCAL and PL/ I  allow a r r a y s  of a r r a y s .
33B allows onl y o n e-d i m e n s i o n a l  a r r a y s  of records , while
other  l anguages  provide more genera l  support .  All
languages  r equ i r e  the same n u m e r i c  a c c u r a c y  spe cifica-
t ions  as are requi red  for  scalars  of the same t ype .

The number  of d imens ions  is f ixed at comp ile t ime  for  all
languages. All require that subscri pt ranges be determin-
able at comp ile t ime except PL/I , which de t e rmines  range s
for  au toma t i c  and control led s t o r age  at t ime  of allocation.

Of the candidate  l anguages , onl y PASCAL allow s subscr i pts
to be of enumera t i on  type or to be single c h a r a c t e r s .
PASCAL also p e r m i t s  Boolean subscr i pts , which  are not
des i red . Only F O R T R A N  and J3B have a l anguag e-de f ined
lower bound .

3V. A r r a y  L i t e ra l s.

The language  m u s t  suppor t  the i n i t i a l i z a t i o n  of an a r ra ’ .
with cons tan t  va lues,  This  is n e c e s s a r y  to c rea te  such data s tr u c t u :  c
as the LFI b reak point  and value l i s t s .

122 

_  _

_~~~~~~ 1



Requ i remen t s

3V- 1. A cons t ruc to r  o p er a t i o n  [i .  e. , an operation that
cons t ruc t s  an e lement  of a ype f r o m  i t s  c o n s t i t u e n t  p a r t s ]
is required for a r r a y  type s .

Language Evaluat ions

None of the candida te  l a n g u a g e s  provide an exp l ic i t  a r r a y
cons t ruc to r  operat ion.  (Al l  except  PASCAL allow ini t ia l i -
zat ion of a r r a y s  with l i s t s  of cons tan t s . )

3W. A r r a y  Operation s.

Operation s mus t  be p rov ided  to allow the use of ind iv idua l
array components and of subarrays of arrays of records. Operations on
entire arrays represent ing m a t r i c e s  and vec tors  are  also requi red , for
reason s d i s c u s s e d  in Section 5. 3. 3.

Requirements

‘~3W..l.  A value acces s ing  opera t ion for  i n d i v i d u a l  a r r a y
components is r equired . [ This is a f u n d a m e n t a l  a r r a y
operat ion. ]

*3W_ 2 . A s s i g n m e n t  to indiv idual  a r r a y  components  mus t  be
permit ted .  [ This is a f u n d a m e n t a l  a r r a y  opera t ion . I

~3W_ 3 .  Operation s for  value access  and a s s i g n m e n t  of sub-
a r r a y s  consis t ing of a comp lete d imens ion  of an a r r a y  of
record components  are requi red . [ This allows group ing
of related record data , all of which is indexible by the
same en umera t ion  type, into a single array, while still
allowing vector operation s on a subarray. Section 5. 3. 4. 2. 2
i l lus t ra te s th i s  concept .  Note that  a un i fo rm language  will
provide for selecting comp lete d i m e n s i o n s  of a n y  a r r a y
type as well.]

3W..4. There must be arra y opera t ions  for  m a t r i x  a d d i t i o n
and sub t r ~~ction , mu l t i p l i ca t ion  of a m a t r i x  b y a s ca l a r ,
mul t i pl icat ion of a vec tor  b y a scalar , vec tor  c ro s s-p roduc t ,
and vec tor  dot p roduct .  [ Such op era t ions  are  heav i l y used
i~ s~~i u l a to r s , p a r t i c u l a r l y in the Aerod y n a m i c s , V i sua l ,
anu Tac t ics  s y s t e m s .

3W..5. Eq u a l i t y  and i n e qu a l i t y  op era t ion s on a r r a y s  are
required .
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Language Evaluat ions

All of the l anguages  provide  value access  and a s s i g n m e n t
for  ind iv idua l  a r r a y  componen t s . Onl y PL/I  p e r mi t s  selec. .
t ior A of s u b a r r a y s  c o n s i s t i n g  of a comp lete d imens ion  of an
a r r a y  of r eco rds . None of the l a n g u a g e s  provide  e q u a l i t y /
inequa l i t y  opera t ions  on a r r a y s .

Mat r ix  and vec to r  o pe r a t i o n s  are  supported only  b y F L / I ,
and it  suppor t s  onl y a d d i t i o n and s u b t r a c t i o n .

Language  Eva lua t ion  S u m ma r y

The c a n d i d a t e  l a n g u a g e s  are  o r d e r e d , a c c o r d i n g  to the degree  to
which they  meet  SHOL a r r a y  r e q u i r e m e n t s , as  f oll ows:

PL/ I-  Most r e q u i r e m e n t s  a re  met ,

D e f i c i e n c i e s  a re :

• sin gle c h a r a c te r s  no t  u sab le a s su bsc r i pts

• lower  bound of s u b s c r i p t  r a n g e  d e f i n e d  b y
pro g r a m me r

• no a r r a y  c o n s t r u c t o r  o p e r a t i o n

• no e q u a l i t y / i n e q u a l i t y

• no m a t r i x  m u l t i pli c a t i o n ope r a t i o n s

PASCAL..  More s u b s c r i pt t y p e s a re  p e r m i t t e d . Fewer ope ra-
t ions are  p r o v i d e d .

Def i c i e n c i e s a r e:

• p e r m i t s  B o o l e a n  s u b s c r i p t s

• lower  bound  of s u b s c r i pt r a n g e  d e f i n e d  b y
p r o g r a m m e r

• n o a r r a y  c o n s t r u c t o r  o p e r a t i o n

• no su h a r r a y  s e l e c t i o n

• no equa l i t y / i n e q u a l i t y

• no m a t r i x  and vec to r  o p e r a t i o n s
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33B - Several des i red  capabil i t ies are not provided .
More restriction s are imposed .

Deficiencie s are:

• only one-d imens iona l  a r r a y s  of s t r u c t u r e s
p e rm i t t e d

• no a r r a y s  of a r r a y s

• sing le ch a r acte rs not usable as subsc ri pts

• no a r r a y  cons t ruc to r  operat ion

• no s u b a r r a y  selection

• no e q u a l i t y / i n e q u a l i t y

• no mat r ix  and vector  opera t ions

J731.. Several des i red  capabilit ie s are  not provided .
A r r a y  lowe r bound is p r o g ra m m e r-d e f i n e d .

Def ic i enc ies  are:

• no a r r a y s  of a r r a ys

• no single charac te r or e n u m e r a t i o n  type
subsc r i pts

• lower bound of ~ubsc r ip t  range def ined  b y
progr mmer

• no array constructor operation

• no subarra , selection

• no e q u a l i t y / i n e q u a l i t y

• no matrix and vector operations

F O R T R A N-  As s t r u c t u r e s  are not  supported , there  a re  no
a r r a y s  of s t r u c t u r e s .  De si r ed subsc r i pt type s
are not provided as data type s. Desired opera..
tion s are not provided.
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Deficiencie s are:

• no a r r a y s  of a r r a y s

• no e q u a l i t y / i n e q u a l i t y

• no ma t r i x  and vector  opera t ion s

6. 3.9 Record  T ype s

Goals

The SHOL must  provide records , i. e .,  composite data type s with
labelled components  of he terogeneous  t ype [e , g . ,  PL/ I  s t r u c t u r e s ] .
Simulator data organizat ion could be great l y improved b y the use of
record s, as illustrated in Section 5. 3.4.

Supporting Concepts

3X. Record  Type Declara t ions .

Records  shall be provided in a uniform and cons i s t en t  man-
ner ,  A var ian t  record type fac i l i t y  is requi red  for  some s i m u l a t o r
func t ions .

Requirements

*3X_1. Records with components  of any scalar  [ i nc lud ing
procedure]  or composi te  type are required. [Res t r i c -
t ions on component  type s degrade language  u n i f o r m i t y ,

3X-2 . A c c u r a c y  specif icat ion s mus t  be g iven for  each
component  of a real n u m e r i c  type . [ This is for  u n i f o r m i t y
with declara t ion of s imple variables . I

*3X_3. It must be possible to define type s as alternative
record s t ruc tu r e s  (i . e . , var ian ts ) .  [ V a r i a n t s  are used
in s imu~lators , for example , in the radio s ta t ion and radar
emitte r data files.]

3X-4. The s t r u c t u r e  of each var iant  mus t  be determinable
at t rans la t ion  t ime . [ This is inheren t  in the va r i an t  record
conc ept.]

3X-5. Each var iant  mus t  have a tag f ield (i. e . ,  a compo-
nent  that can be used to d i s c r i m i n a t e  among the va r i an t s
during execut ion) .  [ This is inheren t  in the va r i an t  record
concept.]
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3X..6. The tag field m u s t  not be d i rec t l y a s s ignable .
[ A s s i g n m e n t  to tag f ie lds  changes  the t ype of the va r i an t .
For rel iabil i ty and unde r s t andab i l i t y ,  such a s s i g n m e n t s
mus t  be r e s t r i c t e d. ]

3X-7. The tag field m u s t  be s tored in the record , an d i t s
s torage pos i t ion  m u s t  be cont ro l lable  b y the p r o g r a m m e r .
[ Since var ian ts  are used to descr ibe  input  data r eco rds ,
the p r o g r a m m e r  m u s t  be able to specif y the tag field posi . .
tion in the input record . No use of un tagged  record  vari-
ants  has been observed . ]

Language Evaluation s

All of the candidate l anguages  except F O R T R A N  provide a
record data type . All allow components  of a n y  scalar
type , and all except 13B and 3731 allow components of
ar ray  and record type s. All require accuracy specifica-
tion s as for scalars of the same type . Var ian t  record
types  are supported exp licit l y b y PASCAL , and less
di rec t l y b y J3B and 3731 through an over lay  f e a t u r e .
~PL /I’ s over lay  capabi l i ty  provides  some s imi l a r  func t i ons ,
but less exp l ic i t l y.

Onl y PASCAL’s v a r i a n t s  have a tag f ie ld .  However ,
PASCAL does not r equ i re  that the tag be s tored in the
record , and if it is , the p r o g r a m m e r  has onl y p a r t i a l
control ove r its pos i t ion .  PASCAL doe s not p r o h i b i t
a s s i g n m e n t  to the tag f ie ld .

3Y. Record  Li te ra ls .

The language mus t  support  the i n i t i a l i z a t i o n  of a r e c o r d  wi th
cons tan t  va lues , in o rder  to allow the c rea t ion  of data tables  such  as the
c a m e r a / m o d e l b o a r d  al t i tude l i m i t  bi t  map (see Section 5. 3. 4. 4).

R e q u i r e m e n t s

3Y_ 1. A constructor operation [i. e . , an ope ra t ion  tha t
constructs an element of a type f r o m  i t s  c o n s t i t u e n t  p a r t s ]
is req ui red for all r ecord  t ype s . [ Such an opera t ion  is
used to in i t i a l i ze  record v a r i a b l e s . ]

Language Eva lua t i ons

None of the c a n d i d a t e  l a n g u a g e s  provide an exp l i c i t  r ecord
constructor operation.
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3Z . Record  Op era t ions .

The SHOL m u s t  provide  opera t ions  to allow the use of
ind i v i d u a l  componen ts  of r e c o r d s .

R e q u i r e m e n t s

~ 3Z.. 1. A va lue  a c c es s i n g  ope ra t i on  for i n d i v i d u a l  r eco rd
co mponen t s  is r e q u i r e d .  [ This  is a b a s i c  ope ra t ion  of the
type . ]

~ 3Z..Z. Ass i g n m e n t  to i n d i v i d u a l  r ecord  co mp o n e n t s  t ha t
have a l t e rable  value s [ i . e . , all except  the t ag  f i e ld ]  mus t
be per mi t t ed . [ Th i s  is a bas ic  ope ra t ion  also.  I
Language  Eva lua t ions

All of the c an d i d a t e  l anguages  provide access  and a s s i gn . .
ment  to ind iv idua l  r ecord  components.

Language  Evaluation S u m m ar y

The c a n d i d at e  l a n g u a g e s  a re  o r d e r e d , acco rdi r i ~r to the d eg r e e  to
w } i i c L  t h e y  meet  SHOL r e c or d  r e q u i r e m e n t s , as fol lows

PASCAL.. Most b a s i c  c ap a b i l i t i e s , i n c l u d i n g  v a r i a n t  r e c o r d
type s , are  p rov ided .

Def i c i e n c i e s a r e:

• tag  need  no t  be sto red

• lack  of pr o g r a m m e r cont r ol ove r t ag sto r a ge
pos i t io n

• tag f i e l d  a s s i gnable

• no r e c o r d  c on s t r u c t o r  ope ro t i on

J3B , J731.. V a r i a n t s  a re  not supported as r e q u e s t e d . Compo-
n e n t  type s a re  l i m i t e d .

l)e f i c  i e n c i c s  a r c :

• no com p o n e n t s  of a r r a y  or r e c o r d  type

• 1,0 v a r i a n t s  ( o v e r l a y s  i n st e a d )
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PL/1- An overlay capab i l i t y  is p rovided .

D e f i c i e n c i e s  a re :

• no record  v a r i a n t s

F O R T R A N-  Records  are not  provided .

Section S u m m a r y

Rankin g the languages  b y how well the y sa t i s f y t he data  t ype
require  merits g ives the fol lowing orde r ing :

PL/I . .  acceptable suppor t  for  all type s but  Boolean and
e n u m e r a t i o n

PASCAL- major  de f i c i enc i e s  are lack of f ixed point , bi t
s t r i n g ,  and procedure  types ;  and poor c h a ra c t e r
support

33B.. acceptable  support  for  all type s excep t  Boolean ,
e n u m e r a t i o n , and p rocedure

3731- l a d -  s adequate s upport  for  f ixe d point , e n u m e ra-
t ion , Boolean , pointer , and p rocedure  type s

F O R T R A N-  fa i l s  to meet  mos t  r e q u i r e m e n t s

6. 4 Expression s

Goal

Expres s ions  in the SHOL should be provided in a u n i f o r m  m a nn c r .
A ppearance and in te rp re ta t ion  of express ion s should cor respond to
common usage when this does not confl ict  with othe r r e q u i r e m e n t s .  The
FORTRAN background  of s imula to r  p r o g r a m m e r s  is a c o n s i d e r a t i o n  in
the desi gn of th is  f e a t u r e .

Supporting Concept s

4A. Side Effects.

Expres s ion  evaluat ion  should not a l te r  the e n v i r o n m e n t  of
the express ion (i .  e , ,  repeated evaluat ion of the expres s ion  should pro . .
duce identical results). If not , such  p r o g r a m s  are more  d i f f i c u l t  to
understand and , hence , mainta in  c o r r e c t l y.
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Requirements

4A-l. During expression evaluation , a s s i g n m e n t  must
not be pe rmi t t ed  to any  variable.  [ Note that this  pro..
hibi ts  func t ions  f rom having assi gnable (i. e , output)
p a r a m e t e r s . ]

4A..2. A f u n c t i o n  mus t  not be permi t t ed  to change vari-
ables that are non-local  to the func t ion . [ Note this
make s func t i ons  f ree  of side e f fec t s  -_ two calls with
the same a r g u m e n t  va lues  will always produce the same
resu l t .  This  means  comp iler op t imize r s  can produce
much more e f f i c i en t  code for p rog rams  conta in ing  func-
tion calls.  If a side ef fec t  is desi red , a p r o g r a m m e r
m u s t  use a p rocedure  with inpu t /ou tpu t  a r g u m e n t s . ]

Language Evaluation s

None of the candidate language s prohibi t  func t ions  f rom
having ass ignable  pa rame te r s , and hence f r o m  a l te r ing
the envi ronment  of the expression containing the funct ion
call.

4B. Allowed Usage .

Language u n i f o r m i t y  d ic ta tes  that express ion s , variables ,
and constants  be usable in the same contexts  as one another (whereve r
such usage is sensible) .

Requi re  men t s

4B..l .  Express ion s of a given type mus t  be permi t ted
whereve r both constants  and variable s of that  type are
allowed . [ This is a u n i f o r m i t y  i s s u e . ]

Language Evaluation s

FORTRAN fails to meet this requirement . For example ,
variables  or cons tan t s  are requi red  as loop s t a r t , incre-
ment , and end val ues .

4C. Constant Valued Expression s.

Con stant  va lued  express ion s suppor t  p r o g r a m  u n d e r s t a n d a -
b i l i t y  and c o n d i t i o n a l  comp il a t ion , as d i s c u s s e d  in Sect ions 5. 5 .1 .  1 and
5 .5 .  2 .
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Requirements

4C.. 1. Constant valued expressions (i. e,, expressions
whose operands all have a constant value or Boolean
expression s having a constant value independent of the
value of variables contained in the express ion , e. g . ,
B OR C where C is a constant  name having the value
TRUE)  mus t  be permi t ted  whereve r cons t an t s  of the
type s are allowed. Such expr es s ions  m u s t  be evaluated
at t r ans l a t ion  t ime , w i th  t a rge t  machine a c c u r a c y.  [ The
use of constant expression s is d i scussed  in Section
5.5 . 1. 1.1

4C_ 2 . Express ion s con ta in ing  func t ion  calls  with cons t an t
a rg u m e n ts  need not be cons idered  cons tan t  valued expres-
sion s. [ Thi s c o n s t r a i n t  is to make compi l e - t i m e  evalua-
tion of express ion s s imp l e r . ]

Language Evaluation s

None of the candidate languages provide full con stant
expression evaluation . J3B pr obabl y prov ides i t to a
greate r extent than the others. For examp le , only .138
supports translation time evaluation of real and pointe r
expressions. None of the languages provide evaluation
of enumeration type or character cons tan t  express ion s.
Only J38 and 3731 provide evaluation of constant bit
string expressions.

None of the language s appear  to require  that  con stant
expressions be evaluated with target machine accuracy.

Language Evaluation Summarj~

The candidate language s are ordered as follows, accord ing  to
the degree to which the y meet SHOL requirements for expressions:

J3B.. Provide s more constant expression evaluation
than others.

Deficiencies are:

• functions can assign to parameters

• incomplete constant expression evaluation
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3731- Some cons tant  express ion evaluation is provided.

Def ic ienc ies  are :

• funct ion s can ass ign  to p a r a m e t e r s

• i n c o m p lete c o n s t a n t  e x p r e s s i o n  e v a l u a t i o n

PL/I ,
PASCAL ,
F O R T R A N-  Li t t le  or no cons t an t  express ion  evaluat ion .

D e f i c i e n c i e s  are :

• func t ion s can a s s i g n  to par~ me te r s

• expression s sometime s forbidden where
constants  and var iables  can be used

• no t r an s l a t i on  t ime evaluat ion of cons tan t
expressions

6. 5 C o n s t a n t s , Va r i ab l e s , and Declara t ion s

Goal

The SHOL m u s t  al low dec l a r a t i on  of c o n s t a n t s  and v a r i a b l e s  in
a manner  suppor t ing  p r o g r am  unders tandab i l i ty .  These f e a t u r e s
should be d e s i g n e d  to f a c i l it a t e  t r a n s l a t i o n-t i m e  detect ion of e r r o r s
and to al low genera t ion  of e f f i c i e n t  object  code . These i s sue s are
d i s c u s s e d  in Section 5. 5. 1.

S u pp o r t i n g  Conce pts

5A . Dec la ra t ion  of Cons t an t  N a m e s .

A c o n s t a n t  d e f i n i t i o n  f a c i l i t y  a l lows  p r o g r a m me r  i n t e n t
to be e x p r e s s e d  more  exp l i c i t l y,  en h a n c i n g  m a i n t a i n a b i l i t y .

Req  ui r e men t s

~5A- 1. The a b i l i t y  to a s s o c i a t e  i d e n t i f i e r s  w i t h  c o n s t a n t
va lue s of n u m e r i c , Boolean , h a r a  t e r  s t r i n g ,  bi t  s t r i n g ,
a r r a y ,  and  r ecord  type s i s  r e q u i r e d .  [Se e Sect ion
5. 5. 1. 1 . 1
5A..2. T ype n a m e s  m u s t  be i n t e r p r e t e d  as  abb rev i a t i on s
for  t h e i r  va lue s [ i . e . , two record type name s having the
same d e f i n i t i o n  shal l  be c o n s i d u  red eq u i v a l e n t .  This
ru l e  is motivated by language design considerations. It
l eads  to a s i m p ler  use of a l a n g u a g e .  j
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Language Evaluations

Of the candida te languages , only 13B and PASCA L allow
constant names. Each allows them for  the scalar type s
of the language , but nei ther  allows the m for  a r r a y s  or
records .

SB. Declaration of Variables .

I~ the in terest  of p rogram u n d e r s ta n d a b i l i t y  and mainta ina-
bility, all variables should be explici t l y declared .

Require  merits

5B. . l.  The value type of each variable m u s t  be specified
explicitly. [Readab i l i t y  is more important  than wr i tab i l i ty
because of main ta inab i l i ty  considerat ions;  see Section 6. 1.]

5B_ 2 . The value type of loop control variables must  be
specified as part  of the loop control statement.  [ This also
is an understandability consideration. ]

Language Evaluation s

All of the candidate languages  provide a mean s to declare
the types of var iables , but FORTRAN arid FL/I  do not
require explicit declaration s for all variables. None of
the language s allow the type of the loop control  variable
to be specified in the ioop control state ment . (PASCAL
and J731 require that it be declared explicitly in the same
manner as other variables. )

5C. Scope of Declarations.

Name scoping rule s should not be more complex than
required by the simulator application, in order to allow efficient
implementation.

Require ments

5C-1. It must be possible to declare var iab les  whose scope
is at most an entire subrout ine bod y.

5C-2. The scope of explicit declarations (except for loop
control variables) is not requ i red to be a uni t smaller  than
a subroutine . [This simp l icat ion appears to be adeq ua te
to meet simulator needs, considering the current use of
FORT RAN. ]
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5C-3. The scope of a loop control variable must be the
loop control statement arid loop bod y [ see also 6F] .
[I-raving this rule pe rmi t s  ef f ic ient  loop code to be gen-
er a ted wi t h less  com plex opt imizat ion process ing .  J
Language  Evaluations

All of the candidate  languages  permi t  the declaration of
variables  whose scope is a subrout ine  body. PL/ I  pro-
vides smaller name scope uni ts , a f ea tu re  which  is not
req ui red.

ANSI FORTRAN loop control var iables  are accessible
only within the loop. This is not t rue of any  of the other
languages.

SD. Res t r i c t ion s on Value s,

The type s of value s ass ignable  to variable s should be those
n e c e s s a r y  to support s imula tor  p rogramming .  (For example , as indi-
cated in Section 5. 2 . 8, procedure variable s are neces sa ry  for  the fore. .
ground task dispatcher . ) Excess gene ra l i t y ,  at the expense of e f f i c i e n c y
and r e l i ab i l i t y ,  is not des i red .

Require ments

5D-l. Labels and state ments must not be assignable to
variables , computable as values of expression s, or usable
as parameters to procedures or func t ions .  [ Having the

-

5 

forbidden capabi l i ty  encourages  complex centra l  flow ,
making programs more d i f f i cu l t  to unders tand.  I
5D..2. Procedures  and funct ion s are not required to be
usable as p a r a m e t e r s  to procedure s or funct ion s , or
re turnable  as funct ion values.  [ The need for  subroutine s
as parameters  was not observed in our examinat ion of
simulator programs.]

Language Evaluations

FORTRAN allows the assignment of labels to variable s
in the ass igned  GOTO state ment. 3731 allows labels to
be used as parameters . PL/I provides a general label
variable type , with use as expre ssion value s , par ame ters ,
function values, etc. , PASCAL and J3B permit none of
these undesired uses of labels.

3731, PASCAL , and PL/I allow procedure parameters ,
which are not required. None of the languages allow pro-
cedure s as func t ion  values.
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5E. Storage Classes.

A s described in Section 5. 1 , both static and a u t o m a t i c
storage classes are required to suppor t  s i m u l a t o r  data o rgan iza t ion
techni ques.  These fac i l i t i e s  should resemble those in other commonl y-
used languages  and shoul d fac i l i ta te  coord ina t ion  between me mbers  of
the p r o g r a m m i n g  group.

R eq u i r e me n t s

5E- 1. The abi l i ty  to s ta t ica l l y al locate var iab les  local
to comp ilation uni ts  is not requi red . [Some s i m u l a t o r
c u s t o m e r s  specif y that s tat ic s torage not be used . I
SE ..2. It must  be possible to s t a t i ca l ly  al locate s torage
for variables which are external to comp i la t ion  u n i t s .
{ Such data is requ i red  to support  the ‘datapool’ concept
used in s imulator  development , in which data i.. ava ilable
to the var ious  comp ilation un i t s  c o m p r i s i n g  the s y s t e m ;
see Section 5. 1. 1.

5 E_ 3 . It must  be possible to have storage for  va r i ab le s
local  to a subrou t ine  i n i t i a l i z ed  (and poss ibly  a lloca ted)
on each e n t r y  to the subrou t ine .  [ Value s of such va r iab les
are not p reserved  f r o m  one execut ion of a scope to the
next; see Section 5. 1. 2.]

Language Evaluations

All of the candidate languages except PASCAL provide
static storage exte rnal  to comp ilat ion un i t s . (The F O R T R A N
COMMON and PLII external data concepts are not as simi-
lar  to the ‘datapool ’ f a c i l i t y  as is the JOV IA L COMPOOL
concept. )

All of the lang uages also provide automatic storage local
to subroutines . (FORTRAN provides this only in the sense
tha t  e n t i t ie s  wh ich  a re  not i n i t i a l i z ed  and w h i c h  a re
ass igned  to in the subrout ine  are unde f ine d  on R E T U R N
f r o m  the subrout ine . The storage is s ta t i ca l ly  a l l o c a te d . )

5F. In i t i a l  Value s.

Since knowing the initial value of a var iab le  is  of ten
important in understanding programs , a method of specif y ing  i n i t i a l
values should be provided.
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R e q u i r e m e n t s

S F — i .  There m u s t  be no d e f a u l t  i n i t i a l  va lue s for  v a r i a b l e s .
[ Defau l t  i n i t i a l i z a t i o n  can r e q u i r e  unneeded  object  code. I
5F . .Z . It need  on l y be po s s i b le to i n i t i a l i z e any  va r iabl e
wit h a c o n s t a n t  va lue . [ I n i t i a l i z a t i o n  w i t h  e x p re s s i o n s
whose value is  on ly  k n o w n  at r i n . . t i m e  i s  an u n n e e d e d
capabi l i t y. I
L a n g u a g e  Eva lua t i ons

None of the ca n d i d a t e  l anguage s i n c l u d e  d e f a u l t  i n i t i a l i z a -
t ion of v a r i a b le s  (excep t  in a few i s o l a t e d  c a s e s , e . g.
PL /I AREA da ta ) .  All  of the  l a n g u a g e s  excep t  PASCAL
provide  a m e a n s  of exp l i c i t l y  i n i t i a l i z i r g  v a r i a b l e s .

5G. ~ perat ion s on V a r i a b l e s .

It m u s t  be pos s ib l e  to a s s i g n  and use va lue s of v a r i a b l e s
in a u n i f o r m  m a n n e r .

R e q u i r e m e n t s

~5G- 1. The a s s i g n m e n t  ope ra t i on  and an i m p l i c i t  v a l u e
a cc e s s  o p e r a t i o n  sha l l  be a u t o m a t ic a l l y de f i n e d  for  each
va r i ab l e . [ Note t ha t  t h i s  i n c l u d e s  s cala r , a r r a y ,  ar,d
r eco rd  v a r i a b l e s .  This  r e q u i r e me n t  is  f o r  l a n g u a g e
u n i f o r m i t y .

Language  E v a l u a t i o n s

All of the l a n g u a g e s  provide assi gn men t and va l ue a c c e s s
ope ra t i ons  for  s cala r  type s . Onl y PASCAL and P L / I  per-
m i t  a s s i g n m e n t  to a r r a y s .  These two l a n g u a g e s  a l so  per . .
m i t  a s s i g n m e n t  to r eco rd  v a r i a b l e s , w h i c h  is p rov ided
in only a l i m i t e d  m a n n e r  in 3313 and 3731. ( F O R T R A N
doe s not have r e c o r d s . )

L a n g u a ge  Eva lua t ion  S u m m a r y

The ( a n d i d a t e  l a n g u a g e s  a re  o r d e r e d , acc or d in g to t h e de gr ee
to w h i c h  t h e y  meet  SHOL r e q u i r e m e n t s  fo r  c o n s t a n t s , v a r i a b l e s , and
d c 1a~~a t ion s as fo l lows:

J313.. A l m o s t  all  ma jo r  r e q u i r e m e n t s  a r e  met.  A s s i g n . .
m en t  to c o m p o s i t e  t ype s i s  not  fu l l y suppor t ed .
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D e f i c i e r ~~ies  a re :

• n o c o n s t a n t  N a r ! j t - s 1 , r  a r r a - ~s ~ r re o rd s

• ~~~~ v a r i a ~~l ’ r~~~t d i -c  l~ red in l~~ ’p . .~r t r o l
S t a t  t f~ Y ,

• l ’~’p  va  ri . . t  I ’ -  t~~~’ luca l  t~~ l~~’ ; ~

• r e  i ss ; , n n t - r ’ t ’~ ( o r 1~es i ’ . v a r i d t ~l . - s

J73 1_ (_ u i ~~~t . i i ’ r a t eS a n  r d , ?  p r u v i ’ : ’- d .  L a h~~l p a r . ’n . - ’ I r s
a n  a l l e v . i d .  A~~ss i~~ r rner1 ’ t e  c r i r r . p ’ s it ’ -  t v p i S
y~~ ,’ f u l l .  s A p p or t e d .

• f l( ,  ( ‘ r  S~ a r~t t a r t  i 5

• 1e~~ v a r i a b l e  not  dec la r ed in loop ‘ , r i t  t e l
state ment

• loop v a r i a b l e  not  local to loop

• Ia ’~i - 1  p a r a m e t e r s  t ed

• t o  a s s i g n m e nt to composite  v a n i a b i  s

PASCAl. .. ( e r s t a n t  n a n - i c - s  a re p rov ided .  The r ’  i s  n ’ . s la ’
• r ~~ ’ c- c - x r , - r ~,a l  to  orn p i l a t i e r  u n i t s . P . r ’  i~~
way ‘ i r i t i a l i , c  v a r i a b l e s .

e n  l ’ s  a r ’ :

• nO u n s t a r i t  n.. ’nes  t , r  a r r . ay s  o r  r ’ - c o r ’ : S

• loop va rta i , le  r ’ t  di l a r c - ’ ~ i n  l )’,1~ 
( e r l t r o l

st .~ I i -  m e n ’

• loop van s t~I ‘ $  I a i  t ‘~ I ’ ’

• r i o  e x t e-  m a )  storage

• no i n i t , a l i z a t i o ’

P L / I —  C o n s t a n t  n a m es a re  n et  s up p or t s - d . l r r p l i  i t
declarations are pe r n-il t t ed . I r i des  i red ( ~i 1i ;~b i l i t i e s
are prov ided .
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Deficiencies are:

• no constant  names

• imp lici t  declara t ions

• loop var iable  not declared in loop cont ro l
s ta tement

• loop var iable  not local to loop

• label var iables  ( thoug h some uses of these
provide a needed capabi l i ty ,  in the absence
of a CASE s ta tement )

F O R T R A N. .  Few of the de s i r ed  capabi l i t ies  are provided .

Defic iencie s are :

• n o cons tan t  name s

• imp lici t  dec la ra t ions

• a s s i g n m e n t  of labels to var iables  pe rmi t t e d

• no au tomat ic  s torage  allocation

• no assi g n m e n t  to a r r a y s

• loop var iab les  not declared in loop control
state ment

6. 6 Control S t ruc tures

Goal

The SHOL mus t  provide control  s t r u c t u r e s  for  condit ional ,
i t e r a t i ve , and sequent ial  con t rol. These are  r equ i r ed  b y the types of
process ing  pe r formed in s imula to r s .  Condi t ional  p roces s ing  is
particularly prev alent , as d i s c u s s e d  in Section 5 .4 .  1. Cont ro l  struc-
tures should be des igned to support  s t r uc tu r ed  programming and
enhance readabi l i ty , and should allow p rogrammers  to express  concepts
in a notation which is natu ral to them. Each control  s t r u c t u r e  should
prov id e a s ing le capabili ty.
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Supp ort ing Concepts

6A. Bas ic  Control Fac i l i ty.

The set of control s t r u c t u re s  should be s imple , unde r ..
standable , and ea sy  to learn to use e f fec t ive l y.

R e q u i r e m e n t s

6 A_ i .  B u i l t - i n  cont ro l  m e c h a n i s m s  should be of m in im a ’
n u m b e r  and comp lexi ty .  [ This  is for  s impl ic i t y. I
6A..2. Each mus t  be d i s t i n c t i v e l y in t roduced  and de l imi ted
[e .g . , IF -ENDIF , CASE..ENDCASE; this  t ends  to make
the s t r u c t u r e  of p r o g r a m s  more r e a d i l y  perce ivable .

6A..3. N es t ing  of control  s t r u c t u r e s mus t  be allowed .
[ This provides a na tu ra l  p rogram s t r u c t u r e . ]

Language Evaluat ion s

All of the candidate languages provide a r ea sonab l y  s imp le
set of con t ro l  s t r u c t u r e s . F O R T R A N ’ s control  mecha-
n i s m s  are the least  comp lex , but they do not provide the
desi red capabi l i t ies . F O R T R A N  is also the only  l anguage
which doe s not  allow n e s t i n g  of control s t r u c t u r e s  (except
for loops).

All of the l anguages  are  d e f i c i e n t  in the s y n t a x  used to
def ine  the lexical  ex t en t  of cont ro l  s t r u c t u r e s . PASCAL
requi re s a t e r m i n a t o r  for  CASE c lauses , hut  it  is not
distinctive . PL/I requires a non ..distinctive t e r m i n a t o r
for loops. All othe r control structures are defined by
compound statements , which are , of c o u r s e , not d i s t i n c t i v e .

613. Sequential  Control .

The method of indicating successive statements to be exe-
cuted should encourage  a u n i f o r m  p r o g ra m m i n g  s t y le and should  m in i . .
mize chances  for  p r o g r a m me r  e r ro r .

Requirements

6B.. I . There m u s t  be exp l i c i t  s t a t e me n t  t e r m i n a t o r s  [ a s
opposed to statement separa tors  as in PA SCAL , or no
statement delimiters as in FORTRAN. Statement termina-
tors have been shown in e x p e r i m e n t s  to be less  e r ro r -
pron e than separators .
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Language Evalua t ions

F O R T R A N  does not have any s ta tement  d e l i m i t e r s . In
PASCAL , the d e l i m i t e r  separate s ra ther  than t e r m i n a t e s
s t a t emen t s. The other candidate  l anguages , J3B , 3731,
and PL/I , all have the requi red  s t a t emen t  t e r m i n a t o r s.

6C. Cond i t i ona l  Cont ro l .

The re m u s t  be f a c i l i t i e s  for  se lec t ing  among  v a r i o u s  con-
trol paths based on a condi t ion .  Such fac i l i t i e s  should suppor t  struc-
tured  p r o g r a m m i n g  p rac t i ces  and enhance  p rog ram m a i n t a i n a b i l i t y .
Complex conditional a s s i g n m e n t s  are  needed , for r ea sons  d i s c u s s e d  in
Section 5.4. 1. 1.

R e q u i r e m e n t s

6C_ 1. The condi t ional  control  s t r u c t u r e s  mus t  pe rmi t
select ion of a l t e rna t ive  control  paths  depend ing  on e i the r :

• the value of a Boolean express ion [ I F_ T H E N ,
IF_ THEN..ELSE; this is the bas ic  condi t ional
s t r u c t u r e ]

• a computed choice among  labelled a l t e rna t ive s
[ indexe d CASE; see Section 5 . 4. 1. 2 ] .

6C_ 2 . The language  m u s t  spec i fy  the control  action for
all value s of the d i s c r i m i n a t i n g  condit ion used to select
a l te rna t ive s. [e . g. , in an indexed CASE s ta tement ,
there  must  be a l a n g u a g e_ d e f i n e d  act ion co r re spond ing
to any  possible value of the index for which the p r o g r a m. .
mer  p rov ides  no specif i c act ion.  Sp e c i f y i n g  the action
e n s u r e s  s t anda rd i za t i on  among imp lementa t ions .  I
LC..3. The user may  supp ly a single control path to be
used when no othe r path is exp licit l y selected. [e .g .
in an indexed CASE s t a t e m e n t , an a l t e rna t ive  m a y  be
spec i f ied  which  is se lec ted when the CASE index does
not match the label of a n y l a b e l l e d  a l t e rna t ive ; such an
alte rna t ive  can c o n t r i b u t e  to p r o g r a m  re adab i l i t y .

6C-4. Index value s m a y  be of an e x a c t l y  r ep resen tab le
scalar  type [ i n t e g e r s , e n u m e r a t i o n  e l ement s , c h a r a c t e r
s t r i n g s , or b i t  s t r i n g s )  and m u s t  be c o n s t a n t  va lues .
[ The use of e n u m e r a t i o n  type s as CASE i n d i c e s  is dis-
cussed in Section 5. 2. 3. 3. ]
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6C_ 5 .  Al te rna t ive s may  be a s soc ia t ed  w it h sever al i n dex
value s or with  a range of index values.  [ This  capabi l i ty
is often convenient  and c o n t r i b u t e s to p r o g r a m  readab i l i t y . ]

Language  Evaluat ions

N one of the c a n d i d a t e  langua ges pr ovide al l of th e r equ i red
condit ional  control  f a c i l i t i e s .  Only  3731 and PASCAL have
a CASE s ta tement .  PL/I and 3313 have no CASE state ..
ment , and F O R T R A N  has nei the r a CASE s t a t e m e n t  no r
an ELSE component  for  IF-THEN state ments . The indexed
CASE s ta tement  of PASCAL meets the r e q u i re m e n t s  more
closel y than that of 3731 b y r equ i r ing  exp l i c i t  l abe l l ing  of
alte rnatives with the index value . Onl y the 3731 CASE
statement  allows spec i f ica t ion  of a control  path to be taken
if no other CASE path is expl i c i t l y se l ecte d , b ut suc h a
specif icat ion is not requi red .

The PASCAL CASE s ta tement  pe rmi t s  an index value of
any exactl y representable  scalar type , whereas  J7 31 ’ s
vers ion  doe s not. Specif ical l y, c h a r a c t e r  value s are  not
p e rmi t t ed  as ind ices  in 3731. Both l anguages  allow an
alte rnat ive  to be assoc ia ted  with  severa l  i ndex  va lues , bu t
only  3731 p e r m i t s  index r anges .

6D. Condit ional  Express ions .

It m u s t  be possible to c le a r l y  and e f f i c i e n t l y  se lect  al terna-
tive operands within a r i thmet ic  exp res s ions , based on a condi t ion .
Simulator des ign  and d o c u me n t a t i o n  involve s ex tens ive  use of such a
feature , as d i scussed  in Section 5 .4. 1. 1.

R e q u i r e m e n t s

*6D_ 1. Cond i t iona l  expression s , allowing selection of
alte rnative expression value s based on the value of a
Booleari express ion , are requi red . [ See Section 5. 4. 1. 1 .)

6D-2 . The language  mus t  r equ i re  the spec i f i ca t ion  of the
express ion to be selected for  all value s of the d i s c r imi -
na t ing  condit ion [ i .  e. , IF-THEN-ELSE] .

6D..3. Nested condi t iona l  expr ess ions  are not  des i red
[e.g. , IF (IF. .. THEN, . . ELSE) THEN. . .ELSE. . . ;
such  expressions quickl y become unreadable].

Language Evaluations

None of the candidate  l anguage s allow cond i t i ona l
expressions.
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6E . Condi t iona l  Comp ilat ion.

A s d i s c u s s e d  in Sec t ion  5 . 5. 2 and in Sections 4. ~ and
4. 7 , it  should he possible to specif y inc l u s i o n  or exc lusion  of sec t ion s
of code based on i n fo rma t ion  avai lable at t r a n s l a t i o n  t ime .

R e q u i r e m e n t s

L E. .  1. When the selected case for  any  cond i t iona l  state-
men t  is d e t e r m in ed b y a cons tan t  express ion  [ see 4C , it
i s  r e q u i r e d  tha t  onl y the se lec ted  p ath be comp iled . This
is a mean s of obtain in g con d i t i o n a l co mp i la t ion capab i l i t y . ]

6E-2 . When the selected a l t e rnat ive  of a condi t iona l
exp re s s ion  is  d et e r m i n a b l e  at t r an s l a t i o n  t ime , it  is
r e q u i r e d  that  onl y the se lected a l t e r n a t i v e  be comp iled .

*6E_ 3 . A method of cond i t iona l ly  comp i l ing  dec la ra t ion s is
r equ i red .  [ This suppor ts  p rogram por tab i l i ty ;  see Sec..
tion 4. 7.~ I
Language  Evaluat ions

Some fo rm of condi t iona l  comp ila t ion is p r o v i d e d  b y thre ’~of the candida te  l a ng u a g e s  .... J3B , 3731, and P L / T . Only
3313 supports  condi t iona l  comp ilat ion as speci f ied  in the
r e q u i r e m e n t s , i. e , b y n o r m a l  condi t ional  e xp r e s s i o n s
with  a l ternat ive s de t e rminab l e  at comp ile t ime.  3731 and
PL/I  provide special  comp i l e_ t i m e  f e a t u r e s  for  th is  pur-
pose . Howeve r , the 3313 f a c i l i t y  doe s not allow condi t ional
compi la t ion  of dec l a ra t ion s , while those of J73 1 and PL/I
do.

6F. I t e ra t ive  Control .

An i terat ive control  (e. g. , loop) facility is necessary to
suppor t  the general  i te ra t ive  process ing  r e q u i r e m e n t s  of s imula to r  pro-
g r a m m i n g ,  a n d to pr ov ide a com plete set of s t r u c t u r e d  p r o g r a m m i n g
m e c h a n i s m s.

R e q u i r e m e n t s

*6F- 1. There must be an i t e r a t i ve  cont ro l  s t r u c t u r e  that
p er m i t s  a ioop to be t e r m i n a t e d  before or af te r each
execut ion of the loop body.  [ T e r m i n a t i o n  at  o ther  points
may  be usefu l  but  is  not r e q u i r e d ;  the need for  t h i s  con-
trol  f a c i l i t y  is  derive d f r o m  genera l  l a n g u a g e  des ign
cons ide ra t i on8 . )
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*6F.. Z . There m u s t  be a control s t ruc tu re  tha t  i t e r a t e s
over enumeration type s or over subranges of inte gers
[e . g . ,  the FORTRAN DO-LOOP; such a s t r u c t u r e  is
used qui te  commonly ] .

6F- 3. The value of the control  variable mus t  be accessible
only  as a cons tan t  wi th in  the control  s t r u c t u r e .  [ Th is
makes  it  eas ier  to op t imize  loops and avoids  e r ro r s
dependent  on knowled ge of the control var iable ’s va l ue
when the loop is exi ted. ]

6F-4 . The control  s t r u c t u r e  mus t  pe rmi t  zero i t e r a t i o n s
to be specified [e . g .  , DO FROM 1 TO N , where  N is less
than one ; not prov id ing  this  capabi l i ty  is a si g n i f i c a n t
FORTRAN f a i l ur e ] .

Language Evaluat ions

All of the candidate  l anguages  provide i te r a t i on  over sub-
range s of i n t ege r s , and all but FORTRAN provide an
indef in i te  i terat ion f ac i l i t y  (e . g. , WHILE or UNTIL) .  Only
J731 and PASCAL have an e n u me r a t i o n  data type , so on ly
these l anguages  inc lude  i terat ion over e n um e r a t i o n  t ypes .

Onl y PASCAL and F O R T R A N  loop control  va r i ab le s  are
read-only within the loops . In o ther  l a n g u a g e s , the con-
trol variable may be a s s igned  to expl i c i t l y. All cand ida te
languages  except F O R T R A N  p e r m i t  zero loop i t e r a t i o n s
to be specified.

6G. Explicit Control Transfe r.

A “go to” state ment is necessary, but its use should he
restricted to encourage programs with an understandable control flow.
Other type s of explicit control transfers are not desired , for reasons
of language simpli city.

R e q u i r e m e n t s

*60_i. There must be an explicit mechanism for control
transfe r [i. e. , the “ go to”; the need for this feature is
derived from general language design considerations ].

6G-2. The “go to” must not permit transfe r into loops or
out of procedures. [ P e r mi t t i n g  such t r a n s f e r s  is e r ro r -
pro ne.

60-3. The “go to ” must permit transfer from one case
const itu ent  to another. [ This can make i t  easier to get
ef f ic ien t  obj ect code . ]
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6G-4.  Con t ro l  t r a n s f e r rn(~c h a n i sm 8  in t he  f or m  of s w i t c h e s ,
d e s i g n a t i o nal exp r e s s ion s , label v a r i a b l e ’ s , label pa r a m et er s
or a l t e r  s t a tem e n t s  art ’  not d e s i re d . [T h e se  a r e  ( o n s i d e r e ’d
to be er r o r -p r o n e  in t h e i r  use and c o n t r i b u te  to comp lex
pr o g r a m  c o n t r o l  f lows  t h a t  a re  h a r d  to  u n der s t a n d .

~~~~~~

Al l  of the  c a n d i d a t e  l a n g u a g e s  in c lu d e  .~ ‘‘ go to ’’ s t a tem e n t .
None  r e s t r i c t  i t s  u se S t e  t h e  e x t e n t  r e q u i  red. In p a r t i c u l a r ,
J7  3! , P A S C A L , and  PL/ 1  . il l uw  t r a n s f e r s  n u t  of pr e  t - d u r e s ,
and  FOR TI~A N  and J ~~ . i l lo w I r.~n s f t -  r s  i n t o  ioops.

Both  l a n g u a ge s  w i t h  C A SE  r en t  m l  S t r u t  t u r t - s  (J7 3 !  and
PASCAL)  allow t r a n s f ’-  r s  f r o m  one  case  ( ‘ i r i s t i t u t ’n t  to  a n o t h e r .

Onl y PASCAL and  373 1 l i t n i  t ex p l i c i t  u n t r o l  t r a n s f e r mech-
a n i s m s  to t h e  “go to . ” FO1~ T R A N  and  3311 allow s w i t c h  or
i ndexed  “go to ” co n s t r u c t s , and PL/ 1 has  label  a r r a y s .
These  f e a t u r e s  a re  p m o v i d .d to  suppl y t h e  c ap a b i l i t y  w h i c h
is  supp l i ed  by t h e  CASE s t a t e r m - n t  in PASCAL and  373! ,
so they  ar t ’  not r e d u n d a n t .

1~ an ~~~~j~~~ Eva 1u a ( i o n  S u m m a ry

1 In -  t a n d i d a t c  l a n g u a g e s  a re  o r d e re d , a c c o r d i n g  to the  d e g re e  i n
wh i  Ii  t h ey  me e t  SIIOL c o n t r o l  s t r u c t u r e  r e q u i re m e n t s , as f o l l ows :

J73 1-  Al l  m a j o r  f u n c t i o n s  e x c ep t  c o n d i t i o n a l  e xp r e s s i o n s
a re  p rov ided .

D e f i c i e n c ie s  a r t ’ :

• n o n - d i s t i n c t i v e  sy n t a x

• e xp l i c i t  I a h r - l l i n g  of CASE a l t e r n a t i v e s  n o t
r e q u i  red

• C A S E  i n d i ce s  of c h a r a c t e r  t y p e  not a l lowed

• ii ond i t  i onal e ’xpr  r - s  S I ons

• c o n d i t i o n a l  c o mp i l a t i o n  not  i m p le m e n t e d  in
r e q u i r e d  m a n ne r

• a s s i gn m en t  t o  loop u n t r o l  v a r i a b l e  p e r m i t t e d

• t r a n s fe r  out of p r o c e d u r e s  p e r m i t t e d

1- ’ASC A I , - A l l  r r i . r ~ n r  f u n c t i o n s  .xc ep t  c o n d i t i o n a l  ex p r e s s i o n s
-‘ r ’ p r ov i d e d .  C o n d i t i o n a l  c o m p il a t i o n  is  not SU~~~~O r t  ed.

flef i t  i t r n i ’ ’ s  a r e :

• n o n - d i s t i n c t i v e  s y n t a x

• s t a t e m e n t  sep ar a t o r s  r a t h e r  t h a n  t e r m i n a t o r s
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• no way to specif y ‘ELSE’ c o n t r o l pat h in CASE

• CASE a l t e r n a t i v e s  cannot be a s s o c i a te d  w i t h
i ndex ranges

• no condi tional exp re s s ions

• no condi t io nal  c o m p i l a t i o n

• t r a n s f e r out of proc .dures  p e r m i t t e d

3311- CASE s t a t e men t s  and c o n d i t i o n a l  e x p re s s i o n s  a r e
not p rov ided . (Switches  p r o v i d e  a cap abi l i ty  s imi l a r
to the  CASE s t a t e men t . )  C o n d i t i o n a l  c o m p i l a t i o n  I S
suppor te d by the  c o m p i l e - t i m e  d e t e r m i n a t i o n  of
al t e r n a t i v e s  in regular  c o n d i t i o n a l  con t ro l  s I m n t ~-t u r e s .

Def i c i enc i e s  a re :

• non-distinctive syntax

• no CASE s t a t e m e n t s  ( s w i t c he s  i n s t e a d )

• no conditional expressions

• no cond i t iona l  compi l a t i on  of d e c l a r a t i o n s

• i t e r a t i o n  over  e n u m e r a t i o n  types  not ava i l ab le
(because t h e r e  a re  no e n u m e r a t i o n  typ s)

• ass ignment  to loop contr ol v a r i a b l e  p e r m i t t e d

• t r a n s f e r in to  loops p e r m i t t e d

P L/ l -  CASE s t a t e m e n t s  and cond i t iona l  exp re s s ions  ar c
not provided . (Labe l a r r a y s  provide a capabili t y
simila r to the CASE statement.) Conditional
compi la t ion  is not p rov ided  in the  r e q u i r e d  way.

Def i c i enc i e s  a re :

• n o n - d i s t i n c t i v e  syntax

• no CASE s t a t e m e n t s  ( label  a r r ay s  i n s t e a d )

• no condi t ional  express ions

• condi t ional  compilation not impl e men t e d  in
the r equ i red  m a n n e r

• i t e r a t i on  over enumera t ion  types  not ava i lab l e
(because t h e r e -  a r e  no e n u m e r a t i o n  types)

• t r a n sf e r out of p rocedures  p e r m i t t e d

FOR TRAN-  CASE s ta tements , condi t iona l  express ions , and IF-
THEN-ELSE s t ruc tu res  a re  not provided and th e
object of IF - T H E N  may onl y be a sing le s ta tement .
Condi t ional  compilat ion is not supported.
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Defic iencies  are:

• non-d is t inc t ive  syntax

• no s ta tement  del imiters

• no CASE state ments (indexed ‘go to’s’ instead)

• no ELSE component in IF-THEN

• no conditional express ions

• no conditional comp ilation

• no indef in i te  i tera t ion fac i l i t y

• iteration ove r enumera t ion  types not available
(because there are no enumerat ion  types)

• specification of zero loop i t e ra t ions  not
permi t ted

• t rans fe r into loops pe rmi t t ed

6. 7 F u n c t i on s  and P rocedu re s

Goal

The SHOL must  allow the specif icat ion and use of sub programs
(i. e .,  func t ions  and subrout ines).  This fea ture  is n e c e s s a r y  to support
modular p rogramming  and is required by simulator s y s t e m  organiza-
tion , as d i scussed  in Section 5. 2 . 9. It should be provided in a manner
which contr ibutes  to program unders tandabi l i ty  and which faci l i ta te s
the production of efficient object code .

Supporting Concepts

7A. Function and Procedure  Def in i t ions .

The subprogram capabilitie s provided should support  cur ~
rent prac t ices  of s imulator organizat ion.

R e q u i r e m e n t s

~7 A -l .  A means of def inin g and invoking func t i ons  (which
re turn  value s to express ions)  and procedures  (which  can
be called as state ments )  shall be provided.
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7A-2 . Nei ther  r ecurs ion  nor the n e s t i n g  of func t ion  and
procedure  defini t ions is required.  [ Such usage was not
observed and not considered neces sa ry .  I
7A-3. Reen t r an t  procedures  are requ i red . [ These are
used b y cer ta in syste m subrout ine s in s imula tors , e . g.
conversion rout ines.  }
Language Evaluation s

All of the candidate  language s provide f u n c t i o n  and pro-
cedure  capabi l i t ies .  All except FORTRAN provide more
capabi l i ty  than is requi red . In pa r t i cu la r  3731, PASCAL ,
and PL/I allow nes t ing  of defini t ions;  and J3B , J731,
PASCAL , and PL/ I  allow recurs ion . (In 33B , onl y pro-
cedure s des ignated  as reen t ran t  may  be called r ecu r s ive ly . )
Onl y 33B , 3731 and PL/I have reentrant  p rocedures .

7B. Function Declaration s.

Function s need only re tu rn  those value type s r equi red  in
simulator p rog ramming ,  and shoul d not add unneeded implementa t ion
complex i ty  to the language.

R e q u i r e m e n t s

7B.. 1. If a funct ion resul t  is a composite value or a bit
s t r ing ,  then r e s t r i c t ing  its size to a cons tan t  value is
su f f i c i en t  to meet SHOL requi rements .  [ This s i g n i f i c a n t l y
s implifie s a l anguage . ]

~7B..2 . Funct ion resul t s  of all scalar  type s excep t charac-
ter  s t r ing  and procedure  are required . [ Func t ions
r e tu rn ing  characte r s t r ing or procedures  p resen t  some
imp lementat ion problems . The need for such f u n c t i o n s
is not s ign i f ican t  in s imula to r  p r o g r a m m i n g .

7B-3 . Funct ion resu l t s  of label or p r ocedure  type s are
not  desired.  [ Languages  p e r m i t t i n g  such type s are  sig-
n i f i can t l y more comp lex in thei r  se m a n t ic s  and use of
these func t i ons  can eas i l y lead to p r o g r a ms  that  a re  hard
to unders tand .

Language Evaluat ions

All of the cand ida te  l anguages  except  373! allow fu n c t i o n
resul ts  of all scalar type s in the l anguage  (except  charac-
ter  s t r ing and p rocedure ) .  (Of course , not all of the
languages  have all of the scalar  type s r equ i red  by the
SHOL. )
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P U !  a l lows  f u n ct i o n  r e s u l t s  of Labe l  type , WI - l i t - h a r e  n o t
d e s i r e d .  M a n y  of the l a n g u a g e s  p rov ide  r e s u l t  type s n o t
s p e c i f i c a l l y  r e q u i r e d  (e . g . ,  c h a r a c t e r  s t r i n g ) .

7G. F o r m a l  P a r a m e t e r  c l a s se s .

R e a d _ o n l y and r e a d / w r i t e  p a r a m e t e r s  should  be d i s t i n g u i s h -
ab l e  f r o m  one an o t h e r , in s up p o r t  of p r o g r a m  r e a d a b i l i t y  and r e l i a b i l i t y .
The l a n g u ag e  should  pe r m i t  im pl e m e n t a t i o n s  to p rov ide  e f f i c i e n t  c a l l i n g
s e q u en c e s  for  c o m m o n  c a s e s .

R e q u i r e m e n t s

7C_ I .  Two ( - l a s ses  of f o r m al  p r o c e d u r e  p a r a m e t e r s  a re
r e q u i r e d :

a) In p u t  p a r a m e t e r s , w hi c h a c t  as c o n s t a n t s  th at  a r e
i n i t i a l i zed  to the  va lue  of the c o r r e sp o n d i n g  a c t u a l
p a r a m e t e r s  at  the t i m e  of the cal l  [ i. e . , ass i gn men t
to su h p a r a m e t e r s  is not p e r m i t t e d ;  t h i s  hel p s to
red u ce e r r or s and can co n t r ib u te to ob j ec t  code
e f f i c i e n c y .

I) ) i np u t - o u t p u t  p a r a m e t e r s , w h i c h  e n a b l e  a c c e s s  and
a s s i g n m e n t  to the  c o r r e s p o n d i n g  a c t u a l  p a r a m e t e r s .

7C~~2 . For i n p u t - o u t p u t  p a r a m e t e r s , the  c o r r e sp o n d i n g
a c t u al p a r a m e t e r mu s t  be d e t e r m i n e d  at  t i m e  of c a l l  and
m u s t  be a v a r i a b l e  or an a s s i g n a b l e  c o mp o n e n t  of a
c o mp o s i t e  t yp e . [ T h i s  i s  to r e d u c e  e r r or s  and e n s u r e
e f f i c i e n t  i mp l e m e n t a t i o n s .

7C~~3. The lass  of a p a r a m e t e r  m u s t  be d i s t i n g u i s h a b l e
in the f o r m  of the  cal l  s t a t e m e n t .  [ T h i s  i s  to e n h a n ce
u n d e r s t a n d a bi l i t y .

7C~~4 . The l a n g u a g e  m u s t  p e r m i t  i np u t  p a r a m e t e r s  to be
s a f e l y p a s sed  e i t h e r  b y v a lu e  or r e f e r e n c e , de p e n d i n g  on
w h i c h  m e t h o d  i s  d e t e r m i n e d  to be m o s t  e f f i c i en t  b y an
i m pl e m e n t a ti o n .  [ T h i s  m e a n s  t h a t  even  w h e n  p r o ce d u r e s
a re  s ep a r a t e l y comp i led , i t  m u s t  be poss ib le  to d e t e r m i n e
w h e t h e r  the  v a lu e  of an a c t u a l  i np u t  a r g u m e n t  can be rnod i-
f i e d  b y a s s i g n m e n t  d i r e  tl y to  t he  v a r i a b l e  s e r v i n g  as the
in pu t  a rg  U m en t .

L a n g u a g e  E v a l u a ti o n s

Onl y 3313 , 373 1, and PASCAL a l low s p e c i f i c a t i o n  of f o r m a l
p a r a m e t e r s  as  r e a d - o n l y  or r e a d / w r i t e  (i .e . , i n p u t  or
i n p u t - o u t p u t ) .  In PASCAL , the d i s t i n c t i o n  is not a p p a r e n t
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in the call s t a t e m e n t , however .  Onl y J3B p e r m i t s  the
imp lementa t ion  to se lec t  between call  b y va lue  and refe r-
ence for  input  p a r a m e t e r s , bu t  it does not  do th i s  safe l y.

7D . Paramete r Sp e c i f i c a t i o n s .

R e l a t i o n s h i ps between a c t u a l  and f o r m a l  p a r a m e t e r s  shou ld
be ex pressed  r eadab l y in t he l anguage . P a r a m e t e r m a t c h i n g  r u l e s
should agree  w i t h  the t yp ing  ph i l o sop h y  of the l a n g u a g e .

R e q u i r e m e n t s

7D- 1. P r o c e d u r e  p a r a m e t e r s  m u s t  be p o s i t i o n a l  [ i . e .
co r r e s p o n d e n c e  between f o r m a l  and ac tua l  p a r a m e t e r s  is
d e t e r m ined b y pos i t ion  in the p a r a m e t e r  l i s t .  Op t i ona l  and
ke ywo r d p a r a m e t e r s  are  not r e q u ir e dj .

7D-2 . The syn tax for  d e c l a r i n g  type s and a t t r i b u t e s of
f o r m a l  p ar a m e t e r s  m u s t  be e s s e n t i a l l y  the same as tha t
for  v a r i a b l e  and c o n s t a n t  d e c l a r a t i o n s [ t o  p romote
u n i f o r m i t y ] .

*7D.. 3. Pa r a m e te r s  m a y  be of a n y  type , but  p r o c e d u r e
p a r a m e t e r s  are not r e q u i r e d .  [ See 5D_ 2 .

7D-4.  The a c c u r a c y  of each f o r m a l  p a r a m e t e r  of appr opr i -
ate n u m e r i c  type m u s t  he spec i f i ed . [ This  is u n i f o r m  wi th
the r e q u i r em e n t  for  a c c u r a c y  s p e c i f i c a t i o n  in o the r
c o n t e x t s .

7D-5 . The value type of each  a c t u a l  p a r a me t e r m u s t  ma tch
tha t  of the c o r r e s p o n d i n g  f o r m a l  p a r a m e te r .  [ T h i s  imp l ies
that  the l anguage  m u s t  be desi gned so that  th i s  check can
be p e r f o r m e d  at comp i l e-t ime , s ince t ype i n t e r f a c e  e r r o r s
are d i f f i c u l t  to d i scove r  d u r i n g  p r o g r a m  deve lopment  and
maintenance . ]

Langua ge Eva lua t ions

All of the l anguages  have pos i t ional  r a t h e r  than k e yw o r d
p a r a m e t e r s , and none allow opt ional  p a r a m e te r s .  Al l
r equ i re  a dec la ra t ion  f o r m a t  for  p a r a m e t e r s  wh ich  is
s i m i l a r  to t ha t  r equ i r ed  for  va r i ab l e  and c o n s t a n t  declara-
t i ons . S imi l a r  a c c u r a c y  spec i f i ca t ion s are  a l so  r equ i r ed .

In genera l , the l a n g u a g e s  allow pa rame ters  to be of a n y
type available in the language . All language s except  3311
allow procedure  pa rame ters , which  a re  not  r equ i r ed .
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All  of the l anguages  r equ i re  some degree  of co r r e spondence
between the type s of f o r m a l  and actual  pa r amete r s. PL/ I ,
which  allows n u m e r o u s  imp licit  convers ions  between
p a r a m e t e r  type s , d i v e r g e s  most  widel y f r o m  the requi re-
m e n t s  in th i s  area . 3731 also allows such imp l i c i t  conve r-
s ions . F O R T R A N  and J3B es sen t i a l ly  r e q u i r e  exact
m a t c h in g be tween f o r m a l  and ac tua l  p a r a m e t e r s . (The
PASCAL language  s p e c i f i c a t i o n  does not  d e f i n e  pa r ame te r
ma tch ing  r e q u i r e m e n t s .

7E. Fo rma l  A r r a y  P a r a m e t e r s

It should he poss ib le  to pass  a r r ay  p a r a m et e r s  e f f i c i e n t l y
as lon g as the f l e x i b i l i t y  necessa ry  for  s i m u l a t o r  p r o g r a m m i n g  is
su pported.

R e q u i r e m e n t s

7E- 1. The numbe r of d imens ion s for  f o r m a l  a r r a y  p a r a m_
e t e r s  mu s t  be spec i f i ed  in p r o g r a m s  and f ixed  at t rans la-
tion t i m e .  [ See 3U-3 .]

*7E-2 . The l a n g u a g e  m u s t  al low the d e te r m i n a t i o n  of the
s u b s c r i p t  range  for  f o r m a l  a r r a y  p a r a m e t e r s  to be de layed
un t i l  e x e c u t i o n  t ime , and to v a r y  f r o m  cal l  to ca l l .  [ T h i s
is required for Linear Function In te rpo la t ion , as d i s c u s s e d
in Section 5. 2. 9. 3.2. 1
7E_ 3. Subscr i pt r an ges m u s t  be accessible w i th in f un ct ion
and p rocedu re  bodies w i t h o u t  be ing passed as an exp l i c i t
a r g u m e n t .  [To avoid e r r o r s .

Language  Evaluat ion s

All  of the candida te  l a n g u a g e s  r equ i r e  that  the n u m b e r  of
d imens ions  for  formal  a r r a y  p a r a m e t e r s  be specified and
fixed at t r ans l a t ion  t ime . Only FORTRAN and PL/ I  p e r m i t
the d e t e r m i n a t i o n  of the s u b s c r i pt range to be de layed  un t i l
execu t ion  t ime . Onl y PL/I  makes  the subsc r i pt r ange
access ib le  wi th in  the p rocedure  ( th roug h the HBOUND and
LBOUND f u n c t i o n s )  wi thou t  r equ i r ing  that  it be passed as
an ex pl i c i t  pa rame te r .

Language Evaluat ion S u m m a r y

The cand ida te  l a n g u a g e s are  o rdered , acco r di ng to t he de g ree
to which they meet  SHOL func t ion  and p r o c e d u r e  r e q u i r e m e n t s , as
follows:
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F O R T R A N-  P a r a m e t e r  a c c e ss  r e s t r i c t i o ns  c a n n o t  he spe i f i e d .
Array parameter subscri pt range (‘an vary. Exact
p a r a m e t e r  m a t c h i n g  is r e q u i r e d  ( t h o u g h m a n y  t y p e s
r e q u i r e d  b y the SIIOL are  not s u p p o r t e d ) .  E x c e s s
c a p a b i L i t i e s a re  m i n i m a l . R e e n t r a n c y  is  no t
p r ov ided .

D e f i c i e n c i e s  are :

• no p a r a m e t e r access  r e s t r i c t i o n s

• s u b s c r i pt r a n g e  of a r r a y  p ar a~n e t e r s  m u s t  be
passed as a p a r a me t e r

• no r e e n t r a n t  p r o c e d u r e s

J3B- Al l  major  r e q u ir e m e n t s  e x ce p t a r r a y p a r a m e t e r s
of e x e c u t i o n - t i m e  d e t e r m i n ab l e  s u b s c r i pt r a n g e
are s a t i s f i e d .  Exac t  p a r a m e t e r  m a t c h i n g  is
r e q u i r e d .  Excess  c a p a b i l i t i e s  a r e  m i n i m a l .

D e f i c i e n c i e s  a re :

• a r r a y p a r a m e t e r  s u b s c r i p t  r an g e  i s  ~.;~cd a t
com pi le  Li  t i l e

• does not  p e r m i t  safe s e l e c t i o n  b e t w e e n  v a l u e
and r e f e r e n c e  p a r a m e t e r  p a s s i n g  b y the
i m p l e m e n ta t i o n

J73 1_ A r r a y  p a r a m e t er  s u b s c rip t  r a n g e  is  not  d e t e rn i i
nab l e  a t  e x e c u t i o n  t i m e .  Imp l i c i t  o n v e r s i o l i
o c cu r s  in p a r a m et e r  p a s s i ng .

D e f i c i e n c i e s  a r e :

• imp l e m e n t a t i o n  c a n no t  s e l ec t  be tween  a l l  b y
va lue  and c a l l  b y r e f e r e n c e  f o r  i n p u t  p a r a m e t e r s .

• i m p l i c i t  c o n v e r si o n  in  p a r a m e t e r  p a s s i n g

• a r r a y  p a r a m et e r  s u b s c r i pt r a n g e  f i x e d  at  oni-
p i l e  t i m e

PASCAL_  A r r a y p a r a m e t e r  sub s .  r i pt r a n g e  i s  n o t  d e t e r n i i -
nab le at  e x e c ut i o n  t im e . P a r a m e t e r  mat  l on g
rule s a r e  u n d e f I n e d . P a r a m e t e r ac ess  r c s t r i * .  -
t ion s  a re  not d e t e r m i n a b l e  A n the call statcoicri t .
R e e n t r a n cy  is not  p rov ided .

151

.5 — -



D e f i c i e n c i e s  a re :

• p a r a m e t e r  a cess  r e s t r i c t i o n  not a p p a r en t  in
call

• i m p l e m e n t a t i o n  canno t  s e l e c t  be tween  ca l l  b y
va lue and ca l l  b y r e f e r em  c- f o r  i np u t  p a r a m e t e r s

• p a r a m e t e r  m a t c h i n g  r u l e s  u n d e f i n e d

• a r r a y  p a r a m e t e r  s u b s c r i pt r a n g e  f i x e d  at  c o m -

p i l e t i n -Ic

• no r e e n t r a n t  p r o ce d u r e s

PL/ 1-  A r r a y  p a r a m e t e r  s u b s c r i p t  r a ng e s  can  v a r y .
I mp l i c i t  c o n v e r s i o n s  o c c u r  in p a r a m e t e r  p a s s i n g .
P a r a m e t e r  a c c e s s  r e s t r i c t i o n s  c a n n o t  he s p e c i f i e d .
Excess  ( - a p a l J i l i t i e s  a re  p rov ided .

D e f i c i e n c i e s  a r e :

• l a b e l s  p e r m i t t e d  a s  f u n c t i o n  r e s u l t s

• no p a r a m e t e r  a c c e s s  r e s t r i c t i o n s

• i m p l i c i t  c o n v e r s i o n  in p a r a m e t e r  p a s s i n g

H I n p u t _ O u t p u t  Fa - i l i t i e  s

( ~ nit I

S1 r n u l a t o r  p r o g r a m m i n g  r e ( I u i  r es  f i l e  — l e v e l  I / O  as  wel l  as  low —
leve l , p r i m i t i v e  I/ O .  Se c t i o n  5 . 3. 2 d i s c u s s e s  s i m u l a t o r  f i l e  u S a g e
Sc t j o n s  5 . 5. (~ and  5 . 7 dea l  w i t h  l o w_ l e v e l  I/ O  r e qu i  r (  i n e n t s . F i le  I / O
shou ld  he p r o v i de d  t h r o u g h  the  SI1C ~~~~, b u t  l o w_ l ev e l  I / O  i s  p r o b a b l y
bes t  p r o v i d e d  b y t h e  (Ic v e l op m en t  of a p p r o p r i a te  as  se t y W l  y I ar  g LI . i  ~ ‘(

l i b r a r y  su b r u l i t  in e s .

S up p o r t i n g  C o n c ep t s

HA . F’ t i c  Leve l  I n p u t  — O u t p u t  Op e r a t i o n s .

O pe’ r a t i o n s  f o r  m a n i p u l a t i n g  Iog i a l  f i l e s  mn ~~st  be p r o v i de d
i n  .i m i . t n n c r  s i p p o r t i t I g  p r o g r a m  p o r t . t l ) t l i t y .

R e q  ii re m en t  S

~8 A — l .  H . i n d ar d  l i b r a r y  s ub r o u t i n e s  f o r  log ica l  f i l e  I / O
m u s t  he p r o v i d e d . These  in u st tm I ude op e r a t i o n s  for
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c r e a t i n g ,  d e l e t i n g ,  op e n i ng ,  c l o s i n g ,  r e a d i n g ,  w r i t i n g ,  and
pos i t ion in g log ical  f iles .  (. The need for  all these opera-
tion s was obse r ved .]

8A_ 2 . L i br a r y  s u b r o u t i n e s  for  f o r m a t t e d  I /O m u s t  be pro~
v ided . [ F o r m a t t e d  I /O is u s e f u l  in of f l ir i e w o r k ;  see Sec-
t ion  5 . 3 . 2 . ]

8A_ 3 .  B i n a r y  r e c o r d  f i l e s  of t y p e s  s e q u e n t i a l , i n d e x e d ,
and d i r e c t  a re  r e q u i r e d . { Use  of all  these  fi le t y p e s  was
obse rved. J
8A_ 4 .  Blocks  of f ixed or v a r i a b le  l e n g t h  a re  r e q u i r e d .
[ The need for  var i ab le  length  b locks  is c o n s i s t e n t  w i t h  the
need f or var ian t r e c o r d s . ]

8A_ 5 .  Files m u s t  be access ib le  in r e a d_ o n l y ,  w r i t e _ o n l y ,
or up da te m ode . [ Use of these modes was  observed. ]

8A_ 6 .  Shared f i le  opera t ion s are  not  d e s i r ed . [ Unneeded
com plex i ty . ]

L a n g u a g e  Eva lua t ion s

53B and 3731 provide no f i le  I /O c ap a b i l i t y .  The PASCAL
file  I/O fea tu re  is a p r i m i t i v e  one w h i c h  doe s not real l y
m eet any of the r e q u i r e m e n t s .

F O R T R A N  and P L / I  both provide  f i l e  I/ O  f ac i l i t i e s .
F O R T R A N  suppor t s  onl y sequen t ia l  f i l e s , not  indexed
or di rect .  Both l anguages  suppor t  f o r m a t t e d  I /O .

F O R T R A N  suppor ts  onl y f ixed length blocks and does not
allow spec i f ica t ion  of f i le access  r e s t r i c t i o n s  ( i .  e . , read-
only ,  w r i t e-o n l y ,  upda te ) .  P L / I  suppor t s  shared  fi le
op erat ion s , whicl~ are  not  d e s i r e d .

8B . Operat ing  Syste m Independence .

In support  of p r o g r a m  p o r t a b i l i t y ,  the SHOL m u s t  not
a s sume  the presence  of an opera t ing  s y s t e m .

R equ i r e m e n t s

8B _ l .  The f o r m  and mean ing  of b u i l t - i n  and s t andard
l i b r a r y  de f in i t i ons  shall not be r e s t r i c t e d  to any  given
opera t ing  sys te m ’ s capab i l i t i e s , if one is p r e sen t .  [ Note
that func t ion s and opera to r s  of the l anguage  can be imp le~
mented as opera t ing  syste m cal ls  where  the opera t ing
Byste m is compatible with  the func t ion  or opera tor
def in i t ion .
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Language  Evalua t ions

None of the candidate  l anguages  I/O f e a t u r e s  r equ i r e  the
presence  of a p a r t i c u l a r  opera t ing  sys tem.

Language Evaluation S u m m a r y

Th e c a n d i d a t e l angua ges a r e or de red , acco r d i n g  to the deg ree
to which  t hey  meet SHOL I/O r e q u i r e m e n t s , as f oll ows:

PL /I -  All r equ i r ed  f u n c t i o n s  are  provided .

Def i c i enc ie s a r e :

• suppor t  of shared f i le  opera t ions

F O R T R A N -  Some requ i red  f u n c t i o n s  are provided.

Def ic ienc ies  are:

• no indexed or d i r ec t  f i l e s

• no var iab le  length  blocks

• no fi le access  r e s t r i c t i o n s

PASCAL- Lit t le f i le I /O  suppor t  is provided ( t h o u g h  the
p r imi t i ve s could be used to bui ld  the d e s i r e d
f u n c t i o n s ) .

Def ic ienc ies  a re :

• file ~/O suppor t  is too p r imi t i ve

33B , 3731- No I/O is provided.

6. 9 Parallel  P rocess ing

Goal

The SHOL mus t  support  the use of mul t i p le p roces so r s , as th i s  is
n e c e s s a r y  to achieve the exe cution speed requ i red  for  s i m u l a t i o n .  Simu-
lator execu t ives , which handle i n t e r-C P U  c o m m u n i c a t i o n  and data
shar ing ,  should be p r o g r a m m a b l e  in the SHOL. However , s ince th i s  is
an evolving area  of language des ign  w i t h  l i t t le  consensus  on how SHOL
r e q u i r e m e n t s  are  best suppor ted , s a t i s f y ing both these s p e c i f i c  require-
men t s  and the genera l  r e q u i r e m e n t s  (Sect ion  7. 1) may  be beyond the
cu r ren t  s t a t e - o f-t h e -a r t .
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Supp orting Concepts

9A. In t e r -CPU C o m m u n ic a t i o n .

The l anguage  m u s t  suppor t  cont ro l  flow between CPUs
necessary for simulators , as d e s c r ibed in Section 5 . 4 . 2 .

R e q u i r e m e n t s

~9A- 1. It m u s t  be poss ible  to i n i t i a t e  e x e c u t i o n  of a speci-
fied p r o c e d u r e  on a n o t h e r  CPU , to ha l t  a n o t h e r  CPU and
to release ano the r  CPU f r o m  a wai t  s ta te  [ see Sect ion
5.4.2].

Language  E v a l u a t i o n s

PL/I  is the onl y one of the cand ida te  l a n g u a g e s  to provide
any  para l le l  p roces s ing  p r i m i t i v e s . The y a re , however ,
p erhaps  too hi gh-level  to meet the s p e c i f i c  r e q u i r e m e n t s .

913. Mutua l  E x c l u s i o n  and Sy n c h r o n i z a t i o n .

Processes e x e c u t i n g  on d i f f e r e n t  CPUs m u s t  be able  to
access  s y s t e m  data  in a n o n _ c o n f l i c t i n g  m a n n e r . There  mus t  be s u p p o r t
for  s y n c h r o n i z a t i o n  of p r o c e s s e s  e x e c u t i n g  on d i f f e r e n t  CPUs , as dis-
cussed in Section 5 . 4 . 2 .

R e qu i r e m e n t s

*9B_ I . There  m u s t  be m e c h a n i s m s  for  m u t u a l  cx c  lu s i o n
and s ync hr oni z a t i o n  of p r o ce s s e s  e x e c u t i n g  in p a r a l l e l .
[ These are  the HOL f o r m s  of p r i m i t i v e s c u r r e n t l y d e f i n ed
i n a s s e m bly  l a n g u a g e .

*9 B _ 2 . D u r i n g  s p e c i f i e d  p o r t i o n s  of i t s  e x e c u t i o n , a
para l le l  p rocess  m u s t  be able to se ize  and re lease  c e r t a i n
p r o g r a m  d e c l a r e d  o b j e c t s .  [ Th i s  is  to  e n s u r e  t h a t  v a r i a b l e s
a r e  r ead and u pda ted  i n a c o n s i s t e n t  s t a t e .

t 9B - 3 .  The m e c h a n i s m s  p rov ided  m u s t  be ~;u f f i c i e n t l y
genera l  to p e r m i t  u se r  c o n s t r u  t ion of more  spe c i a l i z e d
m e c h a n i s m s  tha t  exp loi t  knowled ge of the ove ra l l  b e h a v i o r
of the s y s t e m  be ing  p r o g r a m m e d  [e . g. , t ha t  p r e _ e r n p t i n g
an e x e c u t i n g  p rocess  m ay  not  be r e q u i r e d  b e c a u s e  in te r -
rup t s  a re  t r e a t e d  on a polled b a s i s ;  t h i s  r e q u i r e m e n t  is
to e n s u r e  tha t  the n e c e s s a r y  level  of e x e c u t i v e  e f f i  i en c y
can be ob ta ined] .

155

—.5- . - 
‘-

~~~~~

- _
~ I- -~ - ~~~~~~~~~ 

— -

~~~~

‘. —---- -- - -. - - —---

-

—--- 

-



L a n g u a g e  E v a l u a t i o n s

A ga in , on l y P L/ I  p r o v i d e s  any  s up p o r t  in t h i s  a r ea , t h r o u g h
i t s  EVENT v a r i a b l e s  ari d a s s o c i a t e d  SI G N A L  and  W A I T
st a t e m e n t s .

~)C . Re ;i I —Ti roe Cim I~

c es s  t o  a r e a l - t i m e  c l o c k  is  n c c c s s . ir y  to  s u p p o r t .  t }iC

c vc l i  OI .5e r a t i o n  of S i  r i i u l a t o r  p r o g r a m s . A c c e s s  s}~o u I d  be- p r ov i d e ( 1  U

a m a c : h i i e _ ~ n d ep e n d e nt  m a f ln e r .

R e q u i  r e n ) e n t s

-~ ) C _ l .  T h e r e  r ou s t  l , e-  n e a n s  of a c c e s s i n g  a r e a l _ t i n i e I~~ I’ .
R e a l — t i m e  c l o c k s  a r e  u s e - ]  f o r  v a r i o u s  p u r p o s e s , as (Ii  s~

c u s s e d  in S e c t i o n  5 . 4 . 2 .

9 C-2 . T h e r e  m u s t  be t r a n s l a t i o n - t i m e  c o n s t a n t s  t o  c o n v e r t
b e t w e e n  t h e  i mp l e me n t a t i o n  u n i t s  and  the  p r o gr ~i r n  u n i t s
f o r  the  c lock  [ su p p o r t s  p r o g r a m  p o r t a b i l i t yj

L a n g u a g e  E v a l u a t i o n s

The 1~L/ I  ‘rJrvl E f i n c  t i m  r e t u r n s  the  t i m e  in ri);
i r d e p e n d c n ~ u n i t s  (h o u r s , m i n u t e s , sec  o nd s , a r i d  r o i l l i —
sec  o n d s ) .  H o w e v e r , t h i s  f u n c t i o n  p r e s u m a b l y .~ e s s e s
a t i m e — o f — d a y  ( I c i ~ , r a t h e r  t h a n  a r e - - t l _ t i r n e  lo ~ (w h o  h
c a n  he set  to a sç - - i f i  t i m e  a n d  w i l l  i n t e r r u p t  on u mp l e_
t i o n )  a s  d e s i r e d  1r  s i m u l a t o r  p r o g r a m m i n g .  The I ’ L / I
D E L A Y  s t a t e n j e r ’ , a l l o w i n g  a t a s k  to be d e l ay e d  i o r  a
s o m -  i f i i d  t i m e  i n t r - v ; t1 , p r o v id e s  rn ’,r c  n e a r l y t } . .~ d s i re d
c a p ; i h i l i t y .

I .5 ;i n~ ’ I ~ ;1~ o I~’~’ ; t I ’ i a t i o n  S’ i r i i , i ~~y

; t r i c ] i ’ i a t  l ; in ~.’ i a ge~ . arc ’  o r d e r e d , ~i ( o r d in ~ to  t i ~ I i i

v.’li i  I t I n y e m t  S l I ( ) I ~ p a r a l l e l  p r m  e s S i c i g  r i q u l r e r l l e t s , a s  t e l l  w s :

A l l  r i o~u i r e r - n t s  a r m  su p p o r te d  t~~ S O l IC e x t e n t .

I ( T (  i 4 ~ S •~ r

• s 1J ) p ) r t  m y  be t oo  h i g l i — l e v c l

• n i l — t i n e f m m t n i r e s  h a y  not p r o v i d e  t h e  di s i r e d
o m i t  m l
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J3B , 3731,
PASCAL ,
FORTRAN- No parallel  p rocess ing  suppor t  is provided.

Def ic ienc ie s are :

• no suppor t  for  i n t e r-CPU c o m m u n i c a t i o n

• no suppor t  for  mutua l  exc lus ion  and
synchronizat ion

• no rea l -t i m e  clock access

6. 10 Speci f ica t ion of Object  R e p r e s e n t a t i o n  and Opt im iza t ion

Goal

The SHOL mus t  provide p r o g r a m m e r  control of and access  to
the object code rep resen ta t ion  of p r o g r a m s . Control of object  repre-
sentat ion allow s the p r o g r a m m e r  to make t r a d e -o f f s  between t ime and
space e f f i c i e n c y ,  as d i scussed  in Section 4. 4. A c c e s s  to object repre-
sentation s fac i l i t a t e s the product ion  of por table  p r o g r a m s , a s d e s c r i bed
in Section 4.7.

Supp ort ing Concepts

b A .  Packing of Composite Type s.

Control over packing of composite type s mus t  be provided ,
in order  to allow the p r o g r a m m e r  to make t i m e_ s p a c e  t r a d e - o f f s . T h is
should be mach ine- independen t  when possible , to allow p r o g r a m  porta-
b i l i t y .  The log ical g roup ing of record  data componen t s  should  be inde-
pendent of the record’ s ph ys ica l  s t r u c t u r i n g .

R e q u i r e m e n t s

*lOA .. l , The language mus t  pe rmi t , but  not requi re ,
p r o g r a m m e r  spec i f i ca t ion  of degree  of pack ing  [ e . g.
ti ght , dense , m e d i u m , unpacked]  in a m a c h i n e-
independen t  m a n n e r  for  composi te  data  t ype s [ a r r a y s
and r e c o r d s ] .

*l OA _ 2 . For record  type s onl y, the l anguage  m u s t  pe r-
mit , but  not requ i re , m a c h i n e-d e p e n d e n t  pack~ng speci-
f ica t ion s [ i . e . , b y a c t u a l  b i t  positions. This is neces  -
s a r y  to allow d e s c r i pt ion of s imula tor  I/O  data . j

1OA-3 . It must be possible to specify the order in
which components of record type s are sequenced in
s torage , i n d e p e n d e n t  of the order  in which  the components
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are  listed in the record declarat ion.  [ This can con-
tribute to unders tandabi l i ty  b y permi t t ing  logicall y
related components to appear close together in p rog ram
text even thoug h they mig ht be phys ica l l y separated . ]

1OA-4. For two objects to be of the same value type ,
the y must  have the same ph ysical  representa t ion .  [ Thus
packing changes the type of a variable for  purposes  of
parameter  passing or a s s ignment , i. e. , a fo rma l  and
actual parameter mus t  have identical ph ysical  repre-
sentation specification .,]

b A-S . The defaul t size of n u m e r i c  data must  be
dependent on the range specif icat ion , if given , and other~
wise must  be implementa t ion-dependent . [ Thi s is a
consequence of making range specif icat ion s op tional.  I
Language Evaluations

Of the candidate language s , only 3313 , 3731, and PL/ I
provide p r o g r a m m e r  control over packing of composite
t y p e s . Of these , only J731 and PL/I pe rmi t  speci f ica t ion
of array packing. Only 33B and 3731 provide machine-
dependent packing of record types. N ei ther  pe rmi t s
the specified packin g to be separated f r o m  the logical
s t ruc ture  of the record , thoug h serial  or parallel organi-
zation may be specified.

Both 3731 and J3B require  that composi tes  have the same
packing to be of the same type . PL/I  does not meet this
requi rement .

lOB. Translat ion Time Constants and Function s.

Environmental  enquir ies , providing p r o g r a m m e r  access
to cha rac te r i s t i c s  of the object program representation , are needed
to allow the development of more portable p rograms .

Requirements

l O B-i . ‘li language must  permi t  the spe ..~~~~~~~ I c ri of
object rnic c~~1ne confi gurat ion constant s i n d i c a t i ng ,  for
example , r ~achine model , peri pheral  equi pment , m e m o r y
size , word length , etc.  [ These are used~to state what
environment  a program is intended to execute in. ]

1OB-2 . The language mus t  supp ly t rans la t ion  t ime con-
stants  and funct ions  which access implementation informa-
tion including:
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• m a x i m u m  and m i n i m u m  in teger  value s

• negat ive  n u m be r  representa t ion

• fixed point a c c u r a c y

• f loa t ing  point  p rec i s ion , rad ix , and exponen t  r a n g e

• m a x i m u m  s t r ing  l eng th

• d e f a u l t  cha rac t e r set

• bi t s  per c h a r a c t e r

L a n g ua g e  E v a l u a t i o n s

Onl y 373! and PASCAL prov ide  a n y  er .v i r o n m e n t a l  e n q u i r y
capabi l i t ies . Sp ec i f i ca l l y,  J73 1 p rov ides

• word l e n g t h

• m e m o r y  size

• b i t s/ w o r d

• b i t s / c h a r a c t e r

• b i t s / p o i n t e r

PASCAL provides  on ly  the m a x i m u m  i nt e g e r  va lue .

b C .  Code I n s e r t io n s.

A s s e m b l y  l a n g u a g e  i n s e r t io n s a re  n e c e s s a r y  to i m p le m e n t
mach ine_ dependen t  s imu la to r  func t ion s (see Section 5. 7) and somet ime s
to achieve the n e c e s s a r y  e f f i c i e n c y  in c e r t a i n  a reas .  Such i n s e r t i o n s
should be eas i l y i so la ted  f r o m  othe r code , in o r d e r  to suppor t  p r o g r a m
por tab i l i t y .

R e q u i r e me n t s

~ 1OC-l . The l a n g u a ge  m u s t  p e r m i t  the d e f i n i t i o n  of sub-
rou t ine s  in sem~~ v l a n g u a g e . [ See S e c t i o n  5 . 7 . ]

I O C — 2 . t i ’  1 . ‘ w I l y l a n g u a g e  i n s e r t i o n s are  no t
d e s i r e d . r . , ,  n ’  t i o m i  of a s s e m b l y  l a n g u a g e  to sub-
r o u t i n e s  a l l oy  c t i f r o l  over  the da ta  a c c e s s e d  w i t h i n
the asse mbl y cod e .

1OC-3. The language must minimi ze the need for code

i n s e r t io n s  [ b y  p r o v i d i n g  s u f f i c i e n t  f l ex i b i l i t y  and power
in the L I O L I .

I c~q

- ----— - . —.-- - .5 ____-

~~~

_ _ _ _ _ _ _ _  
.5



.5 .5 . — -

Language  Evalua t ions

None of the cand ida t e  l a n g u a g e s  provide  a n y  assembl y
l a n g u a ge  i n s e r t i o n  f a c i l i t y .

1OD. Inl ine P rocedu res .

In o r d e r  to suppor t  p r o gr a m m e r  cont ro l  over s p a c e_ t i m e
e f f i c i e n c y  t r a d e-o f f s , the l a n g u a g e  m u s t  a l low s u b r o u t i ne s  to be e i t h e r
expanded i n l i n e  or called as a c tu a l  s u b r o u t i n e s .  Section 5 . 2 . 9. 2 dis-
cusses  the va lue  of such  a f e a t u r e  in s i m u l a t o r  p r o g r a m m i n g .

R e q u i r e m e n t s

O 1OD _ 1. The l anguage  mus t  p e r m i t  s u b r o u t i ne s  to be
de f in ed as ‘in l ine ’ -_ that  is , the code is  to be i n s e r te d
d i r e c t l y  in to  the p r o g r a m  at the point  of cal l , ra the r
than called th roug h a subrou t ine  call m e c h a n i s m . [ See
Sec t ion  5 . 2 .9 . 2 . J
b O D - 2 . The ‘inl ine ’ s p e c i f i c a t i o n  m u s t  be pa r t  of the
def in i t ion  or in a s e p a r a t e  d e c l a r a t i o n  ra the r than  p a r t
of the call .  f I d en t i c a l  ca l l s  for  the two k i n d s  of s ub-
rou t in es f ac il i t a t e  t u n ing  for  the de s i r ed  t i m e - s p a c e
t r a d e-o f f s , as on l y the d e f i n i t i o n  need be changed .

1OD_ 3.  Inl ine  s u b s t i t u t i o n  m u s t  not change  the log ical
e f f e c t  of a p r o g r a m , but  where  s u b s t i t u t i o n  of a c t u a l
f o r  f o r m a l  p a r a m e t e r s  p e r m i t s  c o n d i t i o n a l  comp i l a t i o n
of in l ine  code , th i s  m u s t  be done. f e .  g. , if F (X)  is
de f ined  as IF X >  3 T H E N .  . . E N D I F .  then F (2 )  would
re su l t  in no code being comp iled. Th i s  e n c o u r a ge s  the
m o d u l a r i z a t i o n  of p r o g r a m s  and suppo r t  r e u s a b i l i t y ;
see Section 6. 6 . ]

Language  Eva lua t ions

Only  J3B p rov ides  i n l i n e  s u b r o u t i n e s . The ‘in l ine ’ speci-
f i c a t i on  is not in the d e f i n i t i o n  or the cal l , but  in a
sepa ra t e  ‘ in l ine  d e c l a r a t i o n .  ‘ This  s e r v e s  e s s e n t i a l l y
the same purpose  as spec i f i ca t ion  in the s u b r o u t i n e  defini-
t i o n .  J3B p e r f o r m s  c o n d i t i o n a l  comp i la t ion  of in l ine
code w h en pa r a m e t e r  sub st i t u t io n pe r m it s , as r equ i r ed .

b E . Op t i m i z a t i o n .

The l a n g u a g e  sha l l  p e r m i t  e f f i c i e n t  code o p t im i z a t i o n s .
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R e q u i r e m e n t s

b E-i .  Range  spec i f ica t ion s , when given , shall  be
a s su med to be s a t i s f i ed  when p e r f o r m i n g  code op t imiza-
t ion .  [ This will encourage  the use of range  dec l a r a t i on s . I
Language  Eva lua t ions

The only cand ida te  language with  any  range  s p e c i f i c a t i o n
capabil i ty  is PASCA L , w ith in te ger su b ran ges . The
ef fec t  of such speci f ica t ion  on op t i m i z a t i o n  is not def ined
b y the l anguage .

Language Evaluation S u m m a r y

The candidate  languages  are ordered , acco r din g to th e de gr ee to
which the y meet SHOL r e q u i r e m e n t s  for  spec i f i ca t ion  of object repre-
sentat ion and opt imiza t ion , as follows:

J3B- Most  major  r e q u i r e m e n t s , inc lud ing  that  for  inl ine
procedures , are  met. A r r a y  pack ing  cannot  be
spec i f i ed .

Def i c i enc ie s are :

• ph ysical  s t r u c t u r e  of r eco rds  not  s p e c i f i a b l e
independen t ly  of log ical s t r u c t u r e

• a r r a y  packing  not specif iable

• no e n v i r o n m e n t a l  e n q u i r i e s

• no as sembl y language subrou t ines

3731-. Major r e q u i r e m e n t s , except that  for  i n l i ne  pro-
cedures , are met.

Defic iencies  are:

• ph ysical  s t r u c t u r e  of records  not speci f iable
independentl y of logical s t r u c t u r e

• all des i red env i ronmenta l  e n q u i r i e s  not
provided

• no assembly  language subrout ines

• no inl ine procedures
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PL/I-  No mach ine-dependen t  packing or inl ine p rocedures
are  provided .

Defi c i enc ie s  are :

• no mach ine-dependen t  packing

• ph y s i c a l  s t r u c t u r e  of records  not  spec i f iab le
independent l y of log ica l st r u : tu re

• records  with d i f f e r e n t  packing  are of same
t y pe ( i .  e. , imp l ic i t  r ack ing  conve r s ions  are
p e r f o r m e d)

• no env i ronmen ta l  e n q u i r i e s

• no a s s e m bl y language subrout ines

• no inline p rocedures

PASCAL- Packing spec i f ica t ion s are not provided.  Most othe r
func t ion s are also not provided.

Defi cie n c ies  a re :

• no packing  speci f ica t ions

• li t t le  env i ronmenta l  e n q u i r y  capabi l i ty

• no ass embl y language subrou t ines

• no in l ine  procedure s

F O R T R A N-  Few of the requi red  funct ion s are provided .

Def ic ienc ies  are :

• no packing  spec i f i ca t i on s

• no e n v i r o n m e n t a l  e n q u i r i e s

• no as sembl y la n gu ap e  su b r o u t i n e s

• no in l ine  p r o c e d u r e  i

6. 11 L i b r a r i e s  and Sep ara te  Comp i l a t i on

Goal

As d i s cus sed  in Section 4. 1, the SHOL mus t  support  development
of simulato r systems by larg e groups of programmers.
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Support ing Concep t s

llA. Library Entries.

The language  m u s t  p rov ide  for  the use of c o m m o n  (or
global) data d e f i n i t i o n s , s u b r o u t i n e s , e tc .  b y the v a r i o u s  i n d i v i d u a l s
develop i n g  the sys te m .

R e q u i r e m e n t s

: 1  lA _  I . The l a n g u a g e  m u s t  suppo r t  the  use of an e x t e r n a l
l i b r a r y .  [ Such l i b r a r i e s  a rc  c u s t o m a r i l y in use t o d a y .

1 lA _ 2 . L i b r a r y  e n t r i e s  m u s t  i n c l u d e  i n p u t - o u t p u t
p a c k a g e s , c o m m o n  pools of sha red  d e c l a r a t i o n s , app li-
ca t ion  oriente( 1 s o f t w a r e  p a c k a g e s , o t h e r  sep ; r a t e l y
comp iled s e g m e n t s , and mac hine  .m ~f ’  e i i r a t i i

s pec i f i ca t i ons .

Language  E v a l u a t i o n s

The 3313 and 3731 COMPOOLs meet t h i s  r e q u i r e  m n e n t
most  c l o s e l y .  Other  l a n g u a g es  provide  some s i m i l a r
c a p a b i l i t i e s  t h r o u g h t h e i r  suppor t  of s e p a r a te  c o mp i l a t i o n
(see 1 113). F O R T R A N ’ s COMMON f a c i l i t y  p r o v i d e s
s h a r i n g  of common data  d e f i n i t i o n s .

1113. Sep arately  Comp iled  S e g m e n t s .

The l anguage  m u s t  a l low sepa ra t e  comp i l a t i o n  of p r o g r a m s ,
and m u s t  suppor t  the i r  i n t e g ra t i o n .

R e qu i r e  ments

~ l l B _ l .  The l a n g u a g e  m u s t  suppor t  the i n t e g r a t i o n  of
separately comp iled program segments into an operational
program.

I bB-2. The language m u s t  a l low d e f i n i t i o n s  m ade in one
segmen t  to he used in a n o t h e r .  ( T h i s  s u p p o r t s  th e  d a t a -
pool concept; see Section 5. 1. 1 .

Langua ge  E v a l u a t i o n s

J3B and 3731 suppor t  the  use of s e p a r a t e l y  comp i l ed ~ &.g
m e n t s  via the COMPOOL f a c i l i t y .  The othe r c a n d i d a t e
l a n g u a g e s  p rov ide  exp l i c i t  ‘e x t e r n a l ’  d e c l a r a t i o n s  to a c c e s s
ex t e rna l  name s ( t h o u g h in PASCAL th i s  is an e x t e n s i o n  to
the s t a n d a r d  l a n g u a g e ) .
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11C . R e s t r i c t i o n s  on Separate  Comp ila t ion .

In suppor t  of p r o g r a m  i n t e g r a t i o n , the l a n g u a g e  m u s t  pro-
h ib i t  i n c o n s i s t e n c i e s  a m o n g  the s e g m e n t s  be ing  i n t e g r a t e d .

R e q u i r e  ments

~ l IC-  1. Sepa r a t e  com p i la t ion  m u s t  not change  the m e a n i n g
of a p r o g r a m .  r This  s i m p l i f i e s  the l a n g u a g e , m a k i n g
sepa ra t e  comp i l a t ion mere l y a de v e l o p m e n t  a id . I
1 l C_ 2 . T r a n s l a t o r s  m u s t  he r e s p o n s i b l e  f o r  the  i n t e g r i t y
of object  code in a f f e c t e d  s egmen t s  when any  s e g m e n t  ~s
m o d i f i e d .

1 L C _ 3 . T r a n s l a t o r s  m u s t  ensure  that  shared  d e f i n i t i o n s
have c o m p a t i b l e  r e p r e s e n t a t i o n s in all  s e g m e n t s . [ This
is  of cons id e r a b l e va l ue i n p ro gr am deve lop m e n t  and
mai nt e n a n c e .

L a n g u a g e  E v a l u a t i o n s

33 13’s and J73 1’ s c he k i n g  of p r o c e d u r e  p a r a m e t e r s  in the
COMPOOL and PASCAL’ s e x t e r n a l  r e f e r e n c e  c h e c k i n g
provide  m o r e  e n f o r  e m e n t  of c o mp a t i b i l i t y  than  do the
F O R T R A N  and PL / I  f a c i l i t i e s . It does not  appear  tha t
se p a r a t e  c o mp i l a t i o n  a f f e c t s  m e a n i n g  of p r o gr a m s  in a n y
of t h e l a n g u a g e s . It  a l so  does not  a p pe a r  t h a t  a n y  of the
l a n g u a g e s  r e q u i r e  t h a t  t r a n s l a t o r s  g u a r a n t e e  i n t e g r i t y  of
objec t  code in  a f f e c t e d  s e g m e n t s  when  a s e g m e n t  is
m o d i f i e d .

L a n g u a g e  E v a l u a t io n  S u r n r i a r y

The cand ida te  l a n g u a g e s  a r e  o rde red , a cco rd ing  to the degree  to
which  they  meet  SHOL l i b r a r y  and s e p a r a t e  compi l a t i on  r e qu i r e m e n t s , as
fo l lows :

J3 13, J73 1_ COMI ’OOL f a c i l i t y  p r o v i d e s  most  of the r e q u i r e d
f u n  t i o n s .

D e f i c  H f l c i e S  a r e :

• i n t e g r i t y  of a f f e c t e d  s e g m e n t s  no t  g u a r a n t e e d
w h e n  a s e gme n t  is m o d i f i e d

PASCAL- T h e r e  is  no C O M P O O L_ l i k e  f a c i l i t y .  Parameters
a rc  checked  in external procedure declarations.
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De f i c i e n c i e s  a re:

• inadequate  f a c i l i t y  fo r  shar ing  common
d e f i n i t ions

• in te g r i t y  of a f f ec ted  segm ents  not  guaranteed
when a segmen t is modi f ied

PL / I ,
F O R T R A N -  There  is no COMPOOL-like f a c i l i t y .  P a r a m e t e r s

are not speci f ied  in external  p rocedure  dec lara t ions .

Def ic ienc ies  are :

• inadequa te  f ac i l i t y  for  sha r ing  common
def in i t ions

• integrity of affected segments not guaranteed
when a segment  is modif ied

• external  procedure  pa rame te r s  not checked

6. 12 Language Evaluat ion S u m m a r y

A s u m m a r y  of the language evaluat ions  is contained in Table 1.
For each area of the r equ i remen t s , each language  is given an overall
rating based on how well it sa t i s f ie s the r equ i rements .  Languages  that
sa t i s fy  the essent ia l  (i. e . , the s ta r red)  r e q u i r e m e n t s  a re  rated hig her
even if they  do not satisf y the non-essent ia l  r e q u i r e m e n t s , since the
purpose of thi s  evaluat ion is to decide which u n m o d i f i e d  language  best
sa t i s f ies  s imu la to r  r e q u i r e m e n t s . The Table ind ica tes  tha t  PL/I  and
J3B are most suitable , a l thoug h no l anguage  is perfect l y suited (a pe r fec t
language would have a score of 90). Of the two language s , PL / I  is the
more wide ly  known , a l thoug h ne i t he r  PL/I  nor J3B is s ign i f i can t l y
supported b y m a n u f a c t u r e r s  of c o m pu t e r s  used in t r a in ing  s imula tors .
Also , nei the r language is approved b y DoD for use in new e mbedded corn-
puter application e f fo r t s . Onl y FORTRAN and JOVIAL 3731 are approved
languages . From an Ai r  Force v iewpoin t , JOViA L 3731 would there -.
fore be the best  choice if it were  more widely  available . On technical
grounds alone , howeve r , PL/I or J3B are somewhat superior to J731.
The onl y language that is clearly inferior is FORTRAN •

Since all of the languages have some important deficiencies , in
the next Section we will discuss what language is most suitable for
modification and how well the modified language would meet simulator
requirements.
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TABLE I

EVALUATION SUMMARY

PL/I F O R T R A N  PASCAL 33B 3731

General Syn tax * *** *** ***** ***
N u m e r i c  Type **~ ** ~~~~~~~

Enumera t ion  T ype . . ***** •
Boolean T ype ***** ***-**
Charac te r  T ype ~~~~~~~~~~~~~ • ****~ *****
Bit String . . * *** **~~**Pointer ***~ • ****~ ***
Procedure  . .

A r r a y  *** ***
Record *** • ****~ **~ z
Express ions  * **-*
Declarat ions * *** **~
Control Structures  *** * ***** *** *****
Procedure s *** ***** *** ***

*
Parallel Process ing . . . . .5

Object P rogram Cntr l  *** * * ***** **~
L i b r a r y  Faci l i t ies  *** ***** *****

54 29 47 51 46

Good , ~~~~ = Medium , * = Poor , . = Nonexistent
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Section 7

LANGUAGE MODIFICATION GOA LS

Since none of the languages are entirely suitable for simulato r
programming,  we will consider  what language is best  suited for modifica-
tion and what modificat ions should be made. In se lec t ing  a language for
modificat ion, in determining the modifications to be made , and in actuall y
modif y ing the language , several  goals must be given considerat ion.  These
goals are discussed in the following subsections.  Specific m odif icat ions
to each of the candidate languages are  discussed in Section 8.

7. 1 Minimal Cost

It is , of course , des i rable  to minimize the costs associated with
language modification, i. e. , the desi gn , implementation, and re t ra in ing
costs.  Thi s considerat ion dictates that possible modifications be evaluated
with respect to their  value and necessi ty for simulator programming vs .
their cost before they are recommended. Each modification selected adds
to the cost of producing the SHOL. In addition to the individual cost of
implementing each modification, as the number of modif ica t ions  increases ,
the complexity of the overal l  modification task multip lies.  Thi s is because
of the effect  of each addition or deletion on the remainder of the language.
There are many interre la t ionships between the features of a language
which must be carefu l ly considered when delet ing a fea ture  and which
must be defined when adding features .  With a la rge  numbe r of modifica-
tions , in terac t ions  can become so complex that it might no longer be cost
effec t iv e to modif y an exist ing language as opposed to simp l y developing
a new one.

Another  area of cost considerat ion is the ava i lab i l i ty  of ex is t ing
support for  the language selected as a basis for modif icat ion.  If trans-
lators for the chosen language for the des i red  t a rge t  machines (or some
of them) alread y exist , the cost of imp lementing a set of SHOL t r a n s l a t o r s
is grea t l y reduced. (Even if no such t r ans l a to r s  a re  avai lable , howeve
the cost of implementing the SHOL through modi f ica t ion  of an ex i s t i ng  lan-
guage should be less than that of develo ping a new language. This is
because language design should be less d i f f i c u l t  and because ex is t ing
knowled ge about imp lementing the language can be employed. )

Quality of exist ing documentation for the se lected base language
is ano the r cost fac tor .  In establishing the SHOL as the lang’i~’g e used by
simulator programmers, a si gnificant r e t r a i n i n g  e f f o r t  w i l l  be requi red .
This will require tutorial and user documentation of exce l len t  qua l i ty .
The degree to which existing base language documentation can be adapted
to this purpose has a significant impact on cost. Another cons idera t ion
involving documentation is the availability of a detailed and accurate
language specification for the chosen base language. Such a document
facilitates the design (and specification thereof) of the language built on
that base, thereby reduc ing  language desi gn costs.
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In view of these f ac to r s , we have cons ide red  onl y language modifi-
cat ions satisf ying either of the following cri teria:

a. They a re  e s s e n t i a l  to s a t i s f y func t iona l r e q u i r e m e n t s
of si g n i f i c a n t  im p o r t a n c e  in  s i m u l a t o r  p ro g r a m m i n g ,
e .g . , f ixed  point a r it hme t i c .  These a r e  the require-
ments  a s t e r i s k e d  in Section 6.

b. They  a re  r e l a t iv e l y easy to provide  and a rc  of
si gn i f ican t  benef i t , even th roug h not absolute l y
essential  to meet s imulato r needs.

A language that  is modif ied  accord ing  to th e s e  c r i t e r i a  w i l l  be opt ima l in
the s e n s e  that  the benef i t s  of the m o d i f i c a t i o n s  p r o b a b l y outwei g h the
d i f f i cu l ty  of mak ing  them.

7. 2 Syntact ic  In teg r i ty

It is neces sa ry  when modif y ing a language to con fo rm to i ts  exist-
ing syntac t ic  convent ions , i. e. , added fea tures  must emp loy a syntax
which is compat ible  and consis tent  with  that of exi s t i ng  fea tures .  For
example , if condit ional  express ions  (e. g . ,  x = IF condit ion THEN y
ELSE z) a re  added to a language , the i r  syntax should con fo rm to the
language ’ s ex i s t ing  I F - T H E N - E L S E  cons t ruc t  as much as poss ib le .
This would not be at al l  possible in FORTRAN , which  does not have an
ELSE component in i ts  IF statement .  In gene ra l , the more the base
language d i f f e r s  f rom the des i red  Language , the more d i f f i c u l t  it is to
maintain syntact ic  i n t eg r i ty .

When se l ec t i ng  a langu age  for  mod i f i ca t ion  then , it is i m p o r t a n t
to cons ider  how closel y the syn tac t i c  convent ions  of the language  cor res -
pond to those cons idered  des i rab le  for  the SHOL. Fu r the rmore , the
goal of consi s t ency  wi th  exis t ing  syn tax  must p lay an impor tan t  par t  in
the actual  desi gn of the SHOL.

7. 3 Non - I n t e rf e r e n c e  wi th  Exis t ing  Language Features

A s i m i l a r  goal to that  d e s c r i b e d  above is the avoidance of complex
or u n d e s i r a b le  i n t e r a c t i o n s  between mod if i ca t i ons  and e x i s t i n g  f e a t u r e s .
As di scussed  prev iousl y,  this p rob lem is compounded as the extent  of
modi f i ca t ion i n c r e a s e s .  Delet ion of f ea tu re s  cons ide red  to be u n de s i r a b l e
can have a severe  impact , since the f e at ur e  may be needed in the semant ic
d e f i n i t i o n s  of o ther  aspec ts  of the language , perhaps  in a manner  which is
not immed iat e l y apparent .  For examp le , de le t ion  of a data type  can have
an impact on the implicit conversion algorithms emp loyed in the language.

Additions must also be evaluated with  r e spec t  to t h e i r  i n t e r ac t i o n s
with the rest of the Language. For example , if file I/O is to be added to
PASCAL, it  should be added in a manner cons is ten t  with  PASCAL’ s exist-
ing I/O capab i l i ty ,  which is v e r y  low- level .  Perhaps the low- leve l
p r imi t ives  would be used to build the f i le  I/O f ea tu re .
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Addi t ions  should not i n t roduce  excess ive  redundancy  in to th e
language. For example , if a CASE cons t ruc t  is to be added to PL/I , it
mi ght be des i rab l e to eli minate labe l ar r a y s , wh ich  now se rve  somewhat
the same purpose.  On the other hand , it mi ght be p r e f e r a b l e  to conclude
that PL/I’ s label  a r r a y s  a re  adequate for  the pu rpo se  of s imulato r
programming,  thus avoiding both the addi t ion  and the delet ion cos ts .

7. 4 Upward Compatib i l i t y

A p oss ib le  goal in develop ing the SHOL is upward  c o m p a t ib i l i t y
with the base language.  This means that the base language is a p roper
subset  of the new Language .  (This , o f course , ru les  out the de l e t ion  of
f ea tu res  f rom the base language.

A r equ i r emen t  for  upward compa t ib i l i ty  i nc r ea se s  the  d i f f i c u l t y
(and hence the cost )  of modif y ing the language. It is somet imes quite
complex to extend the language syntax to i nco rpora t e  des i red  addi t ions
without a l t e r ing  syntax of exis t ing  cons t ruc t s , especia l l y if any de g r e e
of syntac t ic  integr i t y is to be preserved .  As an example of this problem ,
consider  the d if f i cu l ty  of adding to FORTRAN an IF-THEN-ELSE
const ruct  which allows groups of s tatements  as objects  of the THEN and
ELSE , and which s t i l l  accepts  such FORTRAN s ta tements  as “11
(J. LT. 10) Q R + S

The p r i m a r y  advantages to upward c o m p a ti b i l i t y  a re  that
programs in the base language wi l l  be accepted  (and c o rr e c t l y t r a n s lat e d )
by the t rans la to r of the new language and that  p r o g r a m m e r s  t r a i n e d  in
the base language can conver t  more readi l y to the new language.  These
advantages , however , a re  onl y r ea l i zab le  if t h e r e  is a si gn i f i can t  body of
existing code in the base language which is to be reused in s y s t e m s  built
with the new language and if p r o g r a m m e r s  are  a l r ead y e x pe r i e n c e d  wi th
the base language. (Of course , it may be that  p r o g r a m m e r s  s k i l l e d  in
the base language would show re s i s t ance  to the new f e a t u r e s , and hence
take longer to become prof ic ien t  in the new langu age than those p r e v i o u s l y
unfami l ia r  with the  base.

The major impact of the issue of upward compa t ib il it ,’ is on the
actual task  of language modi f ica t ion .  In g e n e r a l , i t i n c r e a se s  costs  and
de t r ac t s  f rom the un i fo rmi t y of the r e s u l t i n g  language  and should onl y i t

required if s igu ificant benefi ts  wi l l  be obtained.
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Sect ion  8

LANGUAGE EVALUATION AND MODIFICATION SUMMA RIES

Since all of the l anguages  would benef i t f rom m o d i f i c a t io n s  to
make t hem more  su i t ab l e  fo r  s i m u l a t o r  p r o g r a m m i n g ,  in t h i s  Sect ion
we d i s c u s s  t he m o d i f i c a t i o n s  c o n s i d e r e d  most  cos t  e f f e c t i v e .  For each
lan gua g e , we wil l c i te  its ma jo r  a d v a n t a g e s  and then  d i s c u s s  the modi-
f i c a t i o n s  tha t  a re  recommended .  The m o d i f i c a t i o n s  have  been s e l e c t e d
based  on t he anal y s i s  in Sect ion 6. In genera l , m o d i f i c a t i o n s  needed to
make a l a n g u a g e  s a t i s f y e s s e n t i a l  SHO L r e q u i r e m e n t s  a re  spec i f i ed .
Other  m o d i f i c a t i o n s  that  a re  re la t ively s imp le to make and that  would
be of s i g n i f i c a n t  va lue  are also proposed .

Each m o d i f i c a t i o n  is eva lua ted  in t e rms  of it s  d e s i g n  and
implemen t a t io n co mplexi ty .  Design complexi t y is i n c r e a s e d  if the
m o d i f i c a t i o n  r equ i r e s  changes  to many pa r t s  of a l anguage , i . e .  , if
i t  a f f e c t s  the syntax a n d/ o r  s eman t i c s  of a s i g n i f i c a n t  p ropor t ion  of
c o n s t r u c t s  in the l anguage .  Design comp lexity is d ec r eased  i f a
mod i f i ca t ion  is loca l ized  wi th  r e spec t  to the capab i l i t i e s  a l anguage
provides  and if the m o d i f i c a t i o n  does not en ta i l  d i s c a r d i n g  e x i s t i n g
l anguage  f e a t u r e s .  Imp l e m e n t a t i o n  comp lexi ty  is  c oncerned wi th  the
am oun t of e ff o r t  n e e d e d  t o modi f y o r c r ea t e  a co mpiler  that  suppor t s
the m o d i f i c a t i o n .  The des ign  and imp lementa t ion  complexities a re  not
always the same , fo r  reasons  that  will  be noted in d i s c u s s i ng  the
modi f i ca t ions .  A f t e r  r e c o m m e n d i n g  m o d i f i c a t i o n s  to all the l anguages ,
we will  s u m m a r i z e  the e s t ima ted  d e s i g n  and implem enta t ion comp lex i t i e s
of the mod i f i ca t ions  and d i s cus s  which  language  is bes t  su i t ed  for
mo d i f i c a t i o n  and s u b s e q u e n t  use .

Th e desi gn an d im plemen ta t i on  complex i t i e s  a re  e v a l u a t e d  on a
scale  of 1 to 5 , wi th  I i n d i c a t i n g  that  the modi f i ca t ion  is s imp le and 5
i n d i c a t i n g th e modi f i c a t i o n  i s co mplex.  A m o d i f i c a t i o n  of the fo rm:

(3 , 5)~ add f ixed point

means  tha t  the d e s i g n  compl e x i t y  f a c to r  is  3 , the imp le m e n t a t i o n  com-
plex i ty  is 5 , and the r e q u i r e m e n t  fo r  f ixed  point  was c o n s i d e r e d
e s s e n t i a l  in Section 6.

FORTRAN M o d i f i c a t i o n s

The ma jo r  a d v a n t a g e s  of F O R T R A N  are  that  it  ‘s available on
m a n y  s i m u l a t o r  t a r g e t  m ach ines , many  s imula to r p r o g r a m m e r s  are
experienced in its use , i t  is well  documen te d ( m a n y  t u t o r i a l  p u b l i c a t i o n s
exist), and it is on the DoD list of approved languages (DoDI 5000. 31).
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Its major d isadvantages  are its lack of fixed poi nt and r ecord t ypes , its
lack of control over data represen ta t ions  and its weak control  s t r u c t u r e s.

The recommended  modif icat ion s to FORTRAN are:

(1 , 3) increase  iden t i f i e r  length

The c u r r e n t  length is inadequate to provide readable  and
meanin gful iden t i f i e r s .  Making iden t i f i e r s  longer  is a
simple language change , bu t woul d re qu i r e  reor gan i zat ion
of a bas ic  part  of a FORTRA N comp iler , the symbol table.

(3 , 5)* ad d f ixed point

Fixed point a r i thmet ic  capabil i t ies  are  complex to des ign
and complex to support because  of optimizati on r equ i r emen t s .

(3 , 2)* add enumerat ion types

As new data types are added to FORTRAN , the me thods of
declar ing variables gets more awkward , necess i t a t ing
pe rhaps more design e f fo r t  than in other languages .  The
implementat ion of enumera t ion  types is re la t ive ly s t r a i ght-
f o rward , however.

(3 , 3)* add charac te r  data type and opera t ions

Thi s should be s t ra i ghtfo rward  in detai l , althoug h the number
of de ta i l s  to be des igned ra tes  in comp lexity as 3.

(2 , l )~ unprintable characters  in s t r ings

Deciding h ow t o do th is in a wa y that is cons i s t en t  with the
res t  of the language will requi re  some thoug ht , but i t s
implementat ion should be easy.

(3 , 2) * abili ty to def ine  new cha rac t e r  sets

The des i~ n is d i f f i cu l t  ( i t  has not been done except in the DoD
Common Language d e s i g n s )  but s ince  the des ign  dec is ions
are localized to one type in the language , we rate it a 3 in
language  complexi ty. The implementa t ion  r a m i f i c a t i o n s  are
potentiall y no more complex than handling packed a r r a y s , a
capability required for  othe r reasons as wel l .
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(3 , 3)~’ add b i t s t r ing  type and operation s

We general ly rate a d d i n g  a completely new t ype and opera t ion
as complexity level 3.

(2 , 3P~ add pointer  type

The syntax and usage  of po in t e r s  can be r e l a t ive ly s t r a i g ht-
fo rward  to design as a modi f ica t ion .

(1 , 3)* add dynamic allocation

Providing simple dynamic allocat ion ope rators  poses no
d i f f i cu l t i e s , but  the r u n - t i m e  support  is more of a compl ica t ion .

(4 , 3) ’~ add record  data type

The r eco rd  type is comp lex and so we rate  it 4.

(3 , 3) add constant  express ions  eva lua ted  at  compi le  t ime

Modif y ing syn tac t i c  rules  so cons tan t  express ions  a r e  pe rmi t t ed
in every  context  c u r r e nt l y pe rmit t i ng  l it e ra ls  makes thi s
mod i f i ca t i on  more complex than might o therwise  be expected .
The implementat ion is complex because  of the need to s imula te
t a r g e t  machine a r i thmet i c , po tent ia l ly ,  or at  l eas t  to compile or
i n t e rp re t  express ions  being evaluated  at  compile t ime.

(2 . 1) c o r r e c t  n o n - u n i f o r m i t i e s  in use of exp re s s ions

The c o n s t r a i n t s  on use  of exp re s s ions  as subsc r i pt i nd i ce s  can
be eas il y removed , improving  the u n i f o r m i t y  of the l a n g u a g e .

(2 , 2)~ add c o n s t a n t  name s

Thi s is r e l a t ive ly s t r a i g htfo rward .

(4 . 3) add au tomat ic  s t o r a g e  c lass

This is a signi f ican t  change to FORTRAN but is w o r t h w h il e  in
simplif y ing s to rage  al location problems for wha t  a re  c u r r e n t l y
t r e a t e d  as temporary  common data  loca t ions .

(4 , 2) p e rmit  nes ted  I F - T H E N - E L S E  s t a t e m e n t  f o rm s

Thi s is a s i g n i f ic a n t  change  to FORTRAN and r e q ui r e s  de l e t ing
the c u r r e n t  FORTRAN fo rm to avoid dup l i c a t i o n  of c a p a b i l i t i e s .
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(2 , 3) add CASE statement

This is a significant change to FORTRAN concepts , since it
adds the concept of a compound s ta tement  to the l anguage ,
but given that the concept is alread y needed for  I F - T H E N - E L S E
sta tements , the additional e f for t  for  a CASE s ta tement  is not
g r e a t  insofa r as the language  d e s i g n  goes.

(2 , 2)~ add condit ional  express ions

The semant ic  rules are  s t r a i g h t f o r w a r d  if both a rms  of the
conditional are reqt~ired to be of the same type , e. g. . if IF B
THEN 3. 0 ELSE 2 is forbidden.

(2 , 2) add condit ional  compila t ion

Given that IF-THEN-ELSE statements are in the language ,
th is  is not a si gn i f i can t  amount of work to add and it is very
use fu l  for  reason s d iscussed  in Section 4. 7.

( 2 , 2)~ add indefinite loop i t e ra t ion

Adding DO WHILE loops is f a i r l y  s t r a i g h t f o r w a r d .

(2 , 1) add cons tan t  p a r a m e t e r s

This is an easy change to the language  spec i f i ca t i on  even
though it is a s ignif i c ant change  to the capabi l i t ies  of FORTRAN.

(2 . 4) add indexed and d ir ec t  access  f i les

These can be added as l ib ra ry  procedures  ari d , i ndeed , have  been
made available in thi s way in some FORTRAN impl e m e n t a t i o n s .

(2 , 3)’~ add parallel processing support

Simple primitives can be added as procedura l  ex tens ions .

(3 , 3) ’~ permi t  p r o g r a m m e r  packing spec i f i ca t ions

The v a r i e t y  of packing spec i f i ca t ion s requi red  and the i r  use
throughout the language is complex because of the widespread
impact  on the language .

(1 , 2)~ add assembly language  and in l ine  subrou t ines

This is s t r a ig htforwa rd once the decis ion  about  how to 3o it
is made.

(3 , 2)~c add fac i l i t y for shar ing  common datapool de f in i t ions .
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The F O R T R AN  COMMON f a c i l i t y  is usable for  sha r i ng  data
locat ions , but a more rel iable method of s h a ri n g  de f ini t ion s
s i m i l a r  to JOVIA L COMPOOL f a c i l i t i e s  would be a wor thwhi le
change .

The r e c o m m en d e d  mod i f i ca t ion s have an es t imated  desi gn com-
plex i ty  of 61 and an e s t i m a t e d imp l e m e n t a t i o n  comp l e x i t y  of 63 .

PASCAL Modi f i ca t i ons

The major  advantage of PASCAL is that  it is des igned  wi th
s im pl i c i t y  anti rel iable p r o g r a m m i n g  in mind.  The numbe r of PASCAL
t rans l a to r s  is i n c r ea s i n g ,  but the y a re  not well cont ro l led , leadin g to
t r a n s l a t o r-d ep e n d e n t  PASCAL dia lec t s . V e r y  l i t t le  m u s t  be ~fe le ted
f r o m  PASCAL to make it acceptable  as a SHOL , but m a n y  capabil i t ie s
m u s t be added . The most  si g n i f i c a n t  PASCAL di s a d v a n t ag e s  are  i ts
lack of f ixed point  a r i t h m e t i c , i t s  lack of separate  comp ila t ion fa c i l i t ies ,
and its lack of provision for cont ro l ling  data represen ta t ion s ,

R e c o m m e n d e d  modif ica t ions  to PASCAL are :

( 1 , 1) add a break  c h a r a ct e r in i d e n t i f i e r s

B r e a k  c h a r a c t e r s  p e r m i t  more  readable  i d e n t i f i e r s  to be used
in p r o g r a m s.  The change  is a s imp le on e to ma k e .

(1 . 1) add MAX/MIN and t r i gonomet r i c  f u n c t i o n s

Provid ing  these capabi l i t ies  in a l i b r a r y  is s tra i gh t f o r w a r d .

~3 , 5 ) 4 ~ add fi xed point (see F O R T R A N  d i s c u ss i o n )

(1 , 1) p e r m i t  dup licate n a m e s  for  enumera t i on  e lements

This  is a re la tivel y s imp le change  requ i r ing  that  some method
of resolving ambigu i t i e s  be provided. Several language desi gn
options are possible .

(2 , l) * unprintable charac te r s  in strings (see FORTRAN)

(3,2)* permit new characte r sets to be def ined  (see F O R T R AN )

( 1 , 1)* incorpora te  a s t r ing  data type

This  is j u s t  a sy n t a c t i c  change , since the r ep r e s e n t a t i o n  of such
a type will be the same as the c u r r e n t  s t r i ng  r ep resen ta t ion ,
name l y, a r ra ys of c h a r a ct e r s .

(1 , l)* provide base 2 or base 8 literals

This is a simp le syn tac t i c  addi t ion.
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( 1 , 1) type-safety of variant records

PASCAL currently p e r m i t s  tag f ie lds  of v a r i a n t  r e c o r d s  to be
a s s i g n e d  d i rec t l y. Th i s  c a p a b i l i t y  is not r equ i r ed  in s i m u l a t o r
p r o g r a m m i n g .  Removing  tn i s  capab i l i ty  is s imp le .

(3 , 3) add cons tan t  e x p r e s s i o n s  eva lua ted  at comp il e t i m e
(see F O R T R A N )

( 1 , 1) add cons tan t  r eco rds  and a r r a y s

Since PASCAL alread y suppor ts  co n s t a n t  n a m e s , ex te n din g th e
capab i l i t y  to r e c o r d s  and a r r a y s  is s t r a i g h t f o r w a r d .

(3 , 3) add exte rnal  s ta t ic  s torage c lass

Since PASCAL does not s upport  separa te  compi la t ion , this  is
a significant change.

(1 , 1) add in i t i a l i za t ion  of var iab les

This is a s imp le l anguage  change . The imp l e m e n t a t i o n  com-
pl e x i t y  is a l so st r a i gh t f o r w a r d .

( 1 , 1) add an ELSE a l t e r n a t i v e  in CASE s t a t e m e n t s

(3 , 2) p e rmi t  range s in CASE s t a t e m e n t s

P e r m i t t i n g  r a n g e s  in CASE s t a t e m e n t s  wil l  r e q u i r e  a l t e r i n g  the
CASE s t a t e m e n t  s ynt a x  in a w a y  tha t  r e q u i re s  some t h o u g ht .
A d d i n g  an ELSE clause  is s t r a i g h t f o r w a r d , h oweve r .

(2 , 2 ) *  add condi t iona l  express ions  (see F O R T R A N )

(2 , 2)* add conditional compilation (see FORTR ’~N)

(3 , 3)* p e r m i t  a r r a y  pa rame te r s u b s c r i pt s  to be n o n - c o n s t a n t

This  is a s i g n i f i c a n t  change  to the l a n g u a g e  c a p a b i l i t y .  I ts
in teg ra t ion  with the res t  of the l a n g u a g e  r e q u i r e s  c a r e f u l  des ign .

(1 , 1) define paramete r matching rules

This co r r ec t s  an ove r s ig ht in the c u r re n t  l a n g u a g e  s p e c i f i c a t io n .

(2 , 4) * add d i r e c t  and indexed  a cc e s s  f i l e s  (see F O R T R A N )

(2 , 3)* add pa rallel  processing support

Simple pr imi t ive s can prob abl y be added as  p rocedura l
exten sions.
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(3 , 3)* p e rm i t  p r o g r a m m e r  packing  spec i f i ca t ions  (see F O R T R AN )

(1 , 2) * add assembl y l anguage  and inline subrou t ines  (see
.5 

F O R T R A N )

(4 , 4)* add f ac i l i t y  for  sha r ing  common datapool def in i t ion s

PASCAL c u r r e n t l y has no se pa r ate com p i la t ion  capab i l i ty .
Desi gning one for  PASCAL and imp lementing it is t h e r e f o r e
more  com plex than for  the o ther  l anguages .

The r e c o m m e n d e d  modi f i ca t ion s have an e s t i m a t e d  d e s i g n  com-
plex i ty  of 46 and an imp le m e n t a t i o n  com plex i ty  of 49.

3731 Modi f i ca t ion s

The major  advantage  of J731 is that  it mee t s  mos t  of the essen-
tial SHOL r e q u i r e m e n t s  and it is on the DoD l i s t  of HOLs approved for
use in develop ing new DoD sof tware . Its major  s h o r t c o m i n g  is the
lack of a f ixed point  data type and v a r i a n t  r eco rds .

The r e c o m m e n d e d  m o d i f i c a t i o n s  to 3731 are :

(3 , 5) * add f ixed point (see F O R T R A N)

( 1 , l )* add M A X / M I N  and t r i g o n o m e t r i c  func t ion s (see PASCAL)

(4 , 3)* add e n u m e r a t i on t y p e an d ope r a t i on s

This add i t i on  is more d i f f i c u l t  than for  the othe r l anguage s
because  the c u r r e n t  s t a t u s  type capab i l i t y  mus t  be modi f ied ,
i. e , , the m o d i f i c a t i o n  r e q u i r e s  both a dele t ion and an addit ion
to the l anguage .

(3 , 2) * add Boolean data type  arid opera t ions

A d d i n g  the Boolean data  type  will  r e q u i r e  r e m o v i n g  the p re sen t
method  of c o m p u t i n g  Boolean r e s u l t s  f r o m  the l anguage  ( n a m e l y ,
the use of b i t s t r in g s  to get the e f f e c t  of Boolean opera t ions) .
A l t h o u g h a d d i n g  the Boolean type to a l anguage  not hav ing  it
would be ra ted  a 2 in des ign  comp l e x i t y ,  s ince th i s  change to
373 1 r e q u i r e s  modif y ing an e x i s t i n g  c a p a b i l i t y ,  we rate the des ign
complexity as 3. Implementation complexity is 2 because the
Boolean ope ra t i ons  are  a l r ead y p r e sen t  in the l anguage ;  it’ s
j u s t  the  s yn t a c t i c  and s e m a n t i c  c o n s t r a i n t s  t ha t  m u s t  be changed .

(3 , 2) *  a b i l i t y  to d e f i n e  new c h a r a c t e r  s e t s  (see F O R T R A N )

(3 , 3) make p o i n t e r s  a d i s t i n c t  data type
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Pointers in 3731 are considered integers. This use of integers
doe s not contribute to reliable p r o g r a m m i n g .  Addin g poin ters
as a distinct data type is therefore equivalent to adding a new
type to the language.

( I , 3)* add dynamic allocation (see FORTRAN)

(4 , 4) pe rmi t  record va r i ant s  to be def ined

Adding this capabil i ty r equ i res  modif y ing 3731 to forbid the use
of OVERLAYs to obtain record va r i an t s  and so this  change is
somewhat more complex than simply in t roducing record  v a r i a n t s .

(4 , 1) pe rmi t  record component s of array or record type

This capability require s a s ignif icant  redes ign  of the JOVIAL
record capabilities.

(2 , 3) expand constant express ion  evaluation capabi l i t ies

No constant expression capabil i ty is cur ren t l y provided except
for b i t s t r in g express ions.

(2 , 2)* add constant  names  (see FORTRAN)

( 1 , 2) * pe rmi t  as s ignmen t  of a r r a y s  and records as a whole

3731 alread y pe rmi t s  such assi gnments  for records  that are
elements of arrays. Extendin g the capability to comple te a r r a y s
and records is not d i f f i cu l t .

(3 , 2)* add conditional express ions  (see F O R T R A N )

(3 , 3) requi re  exp licit  labeling of CASE alternatives

Requiring that CASE alternatives be labelled explicitly will
si gnif icant l y inc rease  the reliable and unders tandable  use of
CASE s ta tements .  However , it is a more complex change than
might be thought, since ranges of labels must be provided as
well as simple constants.

(3 , 3)* permi t  ar ray pa rameter subsc ripts to be non-constant
(see PASCAL)

(3 , 5)* provide an I /O capabili ty

Even thoug h I/O can be supported by defining procedure s ,
deciding what the routine s should be and implementing the m is
a significant task.
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(2 , 3)* add parallel  p rocess ing  support  (see F O R T R AN )

( 1 , 2)* add assembl y language subrout ines  and inline rout ines
(see F O R T R AN )

The recommended modi f ica t ions  have an estimated design
com plexi ty  of 46; the es t imated  imp lementa ti on com plex i ty  is 49.

J3B Modi f ica t ions

The major advantage of J3B is that  it has al read y been prove d
suitable for  use in app lication s r equ i r ing  e f f i c i e n t  object code. Also ,
it  meets  mos t  major  SHOL requ i r emen t s .

R e c o m m e n d e d  modi f i ca t ions  to J3B are:

( 1 , 1) add MAX/MIN and t r igonomet r i c  function s

(3 , 2) * add enumera t ion  type s and operat ions

(3, 2)* add Boolean data type and operat ions (see J731)

(2 , l)* unprintable cha rac t e r s  in s t r i ngs  (see F O R T R A N )

(3 , 2) * abi l i ty  to define new charac te r sets (see F O R T R A N )

( 1 , l)* add base 2 and 8 lite rals

( 1 , l) * permi t  b i t s t r i n g  equa l i t y / i nequa l i t y

( 1 , 3)* ad d d ynamic  s torage allocation (see F O R T R AN )

(4 , 4)* p e r m i t  record var ian t s  to be defined (see 373 1)

(4 , l)* permit record components of a r r a y  or record  type
(see J731)

( 1 , 2) extend expre s sion evaluation

Change the language so relational comparisons (e. g., A = B)
are considered constant expressions if A and B are constants .

(1 , 1) add constant name s for arrays and records

Since J3B already supports con stant names , this is a s imp le
modif icat ion .

( l ,2)* per m it assignm ent of ar r ays and records (see 3 731)

(3 , 3) add CASE statement and remove SWITCH
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This modi f i ca t ion  will improve the control  s t r u c t u r e  capabi l i t ies
of the language .

(2 , 2)* add condit ional  express ions  (see FORTRAN)

(3 , 3)* p e r m i t  non-con s tant  a r r a y  p a r a m e t e r subscr i pts
(see PASCAL)

(3 , 5)* provide an I/O capability (see 3731)

(2 , 3)* add para l le l  p r o c e s s i n g  support (see FORTRAN)

( 1 , I ) *  p e r m i t  spec i f iab le  a r r a y  packing

(1 , 1)~ p e r m i t  a s sembl y l anguage  s u b r o u t i n es

The r ecommended  modi f i ca t ions  have an e s t ima ted  desi gn com-
plex i ty  of 41 . The estimated imp lemen ta t ion  comp l e x i t y  is  also
41.

PL/I  Modif ica t ion s

The major  advan tages  of PL / l  are that it is the mos t  wide l y .5
used of the candidate  l a n g u a g e s  o ther  than F O R T R A N , it is well  docu-
mented , and it  provides  most  of the f e a t u r e s  r equ i r ed .  The ma jo r
shor tcoming  is that PL / I  is more comp lex than is r equ i r ed .

Specif i c r e c o m m e n d a t i o n s  for  mod i f i ca t i on s are:

(3 , 2)~- add e n u m e r a t i o n  t ype s (see F O R T R A N )

(3 ,2)* add Boolean data type and operations (see J731)

(2 , 1)* unprintable characters in string literals (see F O R T R A N )

(3 ,2)* abilit y to def ine  new cha rac t e r sets (see F O R T R A N )

( 1 , 1)~ add base 8 and 16 b i t s t r i n g  l i te rals  (see 3313 )

(1 ,2) add pa ramete r spec i f i ca t ion  for  p rocedure  va r iab l e s

Since PL/I permits procedure variables , it is  i m p o r t a n t  to
improve the reliability of this capability by permitting the types
of the parameters to be specified .

(4 , 3) permit record variants to be def ined

Fitting the concept of record v a r i a n t s  into PL/I will probably
requ i re  a complete redesign of the PL / I  record  type , but the
usefu lness  of va r ian t  r ecords  is s u f f i c i e n t l y g rea t  to make t h i s
change worthwhi le .
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(3 , 3) add cons tant  express ion  eva lua t ion  (see F O R T R A N )

(2 , 2)* add constant  names  (see F O R T R AN )

(3 , 3) add CASE s t a t e m e n t  and remove label a r r a y s  (see J3B)

(2 , 2) * add condi t ional  express ions  (see F O R T R A N )

(2 , 1) add constant  pa rame te r s  (see F O R T R AN )

(3 , 3)* p e r m i t  p r o g r a m m e r  packing  s p e c i f i c a t i o n s (see  F O R T R A N )

( 1 , 2) * add assem bl y language  and inl ine s u b r o u t i n e s  (see
F O R T R A N )

The r e c o m m e n d e d  mod i f i ca ti ons  have an e s t i m a t e d  d e s i g n  com-
plex i ty  of 33 and an e s ti m a t e d  i m p lementa t ion  comp l e x i t y  of 29.

Overall S u m m a r y

The e s t ima ted  desi gn and imp lementa t ion  comp lex i t i e s  for  the
r ecommended  language s are s u m m a r i z e d  below:

L a n g u a g e  Desi gn I m p l e m e n t a t i on

F O R T R A N  61 63
PASCAL 46 49
3731 46 49
J3B 4 1 41
PL/I  33 29

Af te r the r ecommended  m o d i f i c a t i o n s are  made , each of the l anguages
will be app r ox ima te l y equal  in s u i t a b i l i t y  for  p r o g r a m m i n g  f l ig ht s imu-
la tors .  Since PL/ 1 is the s i mp les t  to m o d i f y ,  it  is a good choice as a
bas e , e spec i a l ly  s ince i t  was also eva lua ted  as a sui table  u n m o d i f i e d
language .

Of the two l anguages  approved b y DoD for use in i n-ip lement i r g
new s y s t e m s , n a m e l y ,  J73 1 and F O R T R A N , 373! is  c l ea r l y more suit-
able in both modi f i ed  and unmodi fied  f o r m . More p r o g r a m m e r s  are
f a m i l i a r  wi th  FL/ I  than 373!, howeve r , and there  a re  also more t r a i n-

.5 ing m a t e r i a l s  for  FL/I.  On technica l  g rounds , then , PL/ l  is the
optimal  choice for  m o d i f i c a t i o n ,  However , the choice  of 3731 would
not be unacceptable and would be more likely to be accepted within the
A i r  Force env i ron ment .

In the next  section we d i s c u s s  imp l e m e n t a t i o n  c o n s i d e r a t i o n s
for  a s t a n d a r d  si m u l a t o r  HOL based on modif ying FL/I.
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Section 9

IMPLEMENTATION CONSIDERATIONS AND
RECOMMENDATIONS

The fol lowing subsect ion s d i scuss  va r ious  approache s to
developing a workable  SHOL fac i l i t y to support s i m u l a t o r  p r o g r a m.
rning. Previous sect ions  hav e ju s t i f i ed  the se lec t ion  of FL/ I  as a
base and have descr ibed  the modi f ica t ions  recommended to develop
the SHOL.

Sel f -Hos t ing  vs. Cross -Compi l a t ion

Flig ht s imulator  sys tems have t r ad i t i ona l l y bee n based  on a
var ie ty  of d i f fe rent t a r g e t  machines - - g e n e r a l l y commerc ia l ly -
available computers  of modera te  size.  It is a s sumed  that  th is  p rac t i ce
will cont inue  once the SHOL is in use.  It has also been the custom
to develop all sof tware d i rec t ly on the intended t a rge t  machine. That
is , language p rocessors  (assemblers  and compi l e r s)  run on the t a r g e t
machine i tself , and all program debugging is ca r r i ed  out on thi s
machine.  The main advantages to this approach are:

• there  is no add i t iona l  h a r d w a r e  cos t  over  that  r equ i r ed
for  the actual  s imula tor

• prog rams may be modi f ied  (and reassembled or
recompi led)  at f ield loca t ions  where  onl y the t a r g e t
machine is avai lable

.5, Another approach to simulator software development would
be to use  a sing le l a rge-sca le  host computer for  t r a n s l a t i o n  and for
much of p rogram checkout.  Thi s computer  would have c ross -comp ilers
and debugg ing suppo rt tools for  the various ta rge t  machines .  There
are many advantages to thi s approach , inc luding:

• the g rea te r  power of the host computer  can be used  to
advantage  in the t r an s l a t i on  and support  programs

• much of the code in the c r o s s - c o m pi l e r s  can be
reused in the var ious  ta rge t  machines

• more sophis t i ca ted  debugg ing  support  can be provided

• more powerful  f a c i l i t i e s  for  ed i t ing , f i le  ma in tenance ,
t im e -sh a r i n g ,  etc. a re  ava i lab le  for  p rogram
development
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These advan tages , of course , must  be wei ghed agains t  the
disadvantages  of the added cost of the host computer  and its
unavai lab i l i ty for  onsi te  modif icat ion.

The decis ion  made with respect  to se l f -hos ted  compil ing
vs .  c r o s s - c ompiling will have considerable  in te rac t ion  with othe r
aspects  of SHOL development , which will be d iscussed  in la ter
subsect ions .  It is recommended that the c ros s -compilation approach
be ado pted for  the SHOL. The language to be implemented is suf f i c ien t l y
complex that  a more powerfu l computer  is des i red  to support  trans-
lat ion.  Thi s will allow development of a more sophis t ic at ed t ra n s l a to r
which can produce super ior  object code (in t e rms  of space and time
ef f i c i ency )  to that produced b y a t r a n sl a t o r  operat ing on a small
machine.  Thi s is an important  advantage  since ef f ic iency  is vi tal
in this applicat ion area.

Anothe r major reason for  c ross-compilation is the decreased
cost of t r a n s l a t o r  development. Compilers for  each of the desired
targe ts  can share the same machine-independent  portions ( f ron t  ends)
and will require  only the development of new code genera to r s .  Code
gene ra to r  development is s igni f icant l y less costly than total compiler
development.  As will be discussed later , thi s approach also faci l i ta tes
language  s t anda rd iza t ion  by inc reas ing  the likelihood that all t r a n s l a t o r s
acce pt the same language.

A major concern with thi s approach is the ini t ia l  cost of the
host computer and of development of the f i r s t  c ross-compiler.
Customari ly simulator purchasers  have not had to pay for  separate
development computers or for  the product ion of language t r ans la to r s .
It would not be reasonable to assume that the f i r s t  purchaser  of a
simulator  wr i t ten  in the SHOL should bear  all of these initial costs .
If the recommended cross-compilation approach is to be adopted , it

.5 will probably be necessary  for  s imula tor  developers to obtain some
specifi c support for  the creat ion of a SHOL fac i l i t y. Anothe r problem

.5 is that onsite simulator modi f i cat i on  cannot  be readi l y supported
except throug h appropriate t i m e - s h a r i n g  in te rac t ion  with the host
facility.  Both of these problems are significant, but the current  trend
of DoD thinking,  as ref lected in the common language e f fo r t , is to
provide such cen t ra l ized  support to DoD programming  e f f o r t s .
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Language Development

We have recommended that the SHOL be developed by
modif ying the FL/I  language. Modif y ing an existing language leads
to a simpler  design effor t  than developing a new language.  Reasons
for  thi s include:

• Most needed featu re s are alread y avai lable  in the
base language and need not be designed expl ic i t l y.

• Syntactic and semantic defini t ions of f e a t u r e s  a l read y
in the language are  available , and are  (hopeful l y) f r ee
of undes i rab le  i n t e rac t ions .

• Exis t ing l anguage-def in ing  documents can be expanded
to define the new language.

Implementat ion of such a language is also simpler than implement ing
a new language , as discussed in the next subsection.

The modifications to PL/I which have been recommended were
discussed in Section 8. All the modif icat ions specif y addit ion s to PL/I .
This indicates that desi gn of a SHOL which is upward-compat ib le  with
PL/I might be reasonable to at tempt , thoug h it is not c lear  w h e t h e r
thi s is a wor thwhi le  goal. The usual motivation for upward -compa t ib i l i t y
is the reuse of exist ing code in the base language.  As the re  is probabl y
little or no exist ing simulato r code in PL/I , thi s would not  be a
signif icant  concern .

However , it may be des i rable  to develop a SHOL which  is
upward-compat ible  with PL/I for reason s of economy. As d i s c u s s e d
in Section 7 , the cost of development increases  when fea tu res  a re
deleted or when the i r  syntax  is al tered , as well as when they are  added.
Thus it is probabl y most cos t -e f fec t ive  to leave ex i s t ing  PL/ I  f e a t u r e s
as they a re .  Thi s is pa r t i cu la r ly t rue  if use can be made of ex ist ing
PL/I  t r ans l a to r  code in developing the new t rans la to r .

If a more extensive language des ign e f f o r t  is to be under t a ke n ,
.5 a language sat isf ying more of the SHOL requ i r emen t s  can be developed .

Many of the features of such a SHOL requi re  s igni f icant  change s to
the basic syntac t ic  and s eman t i c  convent ion s of the P L / I  l an g u a g e
(e . g .,  s t rong typing) ,  and i n c o r p o r a t i o n  of such f e a t u r e s  in to  PL/ I
would not be p r a c t i c a l .  PL/ I  a lso  con ta ins  many f e a t u r e s  which  a re
superfluou s fo r  the SHOL. If a language exact l y me e ting the s t a t ed
requi rements  we re to be develope d , i t  would probabl y be p r e f e r a b l e
to des ign  an en t i r e l y new language  r a t h e r  than a tt e m p t i n g  such d r a s t i c
modif ica t ion to PL./I . Such an approach has not been r ecommended .
however , because  it is ve ry  cost l y and so is not  an opt ima l way of
providing a use fu l SHOL.
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T r a n s l a t o r  Development

The recommended approach to SHOL development  r e q u i r e s
adding fe atures to PL/I .  This i n d i c a t e s  modif ying an ex i s t i ng
t r a n s l a t o r  is a possible approach.  Fac to r s  in f luenc ing  thi s dec i s ion
include:

• whe the r  PL/ I  compi l e r s  for  the d e s i r e d  hos t  a n d / o r
t a rge t  computers  a re  avai lable

• whether  the language  to be implemented r equ i r e s
relatively few changes to the base

• wh e ther  the c ompi le r  cons ide red  for  modi f i ca t ion
is we l l -documen ted  and is implemen ted  in an appropr ia te
l anguage  in a readable  and modi f iab le  m a n n e r .

We have recommended that SHOL t r a n s l a t o r s  execute  on a
sing le l a r g e - s c a l e  host machine.  Thi s requi res  that  the par t  of the
compi ler  which  is i n d e p e n d e n t  of the t a r g e t  m achine  be implemen ted
onl y once , while m a c h i n e - d e p e n d e n t  port ions (code g e n e r a t o r s )  will
be developed for  each t a r g e t  computer .  This is  a more  cos t  e f f e c t i v e
approach to the development of a set of SI-TOL t r a n s l a t o r s  for  all
i n t ended  t a r g e t s  than is the development  of a s e l f - h o s t e d  compi le r
for  each t a r g e t . F u r t h e r m o r e , it al lows p r o g r a m m i n g  of the compi l e r
in any  language  available on the hos t  computer  r a t h e r  than  r equ i r ing
implementa t ion  in assembly l anguage  or FORT RA N , which a re  l ikel y
to be the onl y choices  avai lable  on most s imula to r t a r g e t  mach ines .

.5 if a host  is se lec ted  which  a l r ead y has a compi l e r  for  the base l a n g u a g e
( P L/ I ) ,  the SHO L compiler  can be implemented in the base l anguage .
(If the SHOL is d e s i g n e d  to be upward compat ible  with  P L/ I , the
compi ler  would the n  e f f e t t i vel y be w r i t t e n  in the  SHOL , and could
compile i t s e l f .

Thu s , if the compi ler  is u l t i m a t e l y to be w r i t t e n  in the SHO L
itse l f  a r i d / o r  if it is deemed wor thwhi le  to make use of ex i s t ing
t r a n s l a t o r  code , it would be des i rab le  to ser ious ly c o n s i d e r  s e l e c t i n g
a host f a c i l i t y  which  a l ready has a FL / I  compiler ( g e n e r a t i n g  code for
the host m a c h i n e) .  It is un l i ke l y t h a t  the se lec ted  hos t  would have
FL/ I  c r o s s - c o m p i l e r s  a l r eady  ava i l ab le  for  any s i m u l a t o r  t a r g e t
compu te r s , but ex i s t i ng  comp i l e r s  could be used  for  SHOL comp i l e r
impl e m e n t a t i o n  and e x i s t i n g  comp i l e r  f r o n t e n d  code could be adap ted
to the v a r i o u s  c r o s s - c o m p i l e r s .

An imp l e m e n t a t i o n  me thod  wh ich  mig ht a l so  be c o n s i d e r e d
is to use  a p r e p r o c e s s o r  tha t  would t r a n s l a t e  p r o g r a m s  w r i t t e n  in
the SHOL i n t o  the  base l a n g u a g e .  These p r o g r a m s  could then be
compi led  u s i n g  a comp i l e r  fo r  the base  l a n g u a g e .  However , thi s
approach is most  va luab le  if comp i l e r s  for  the i n t ended  t a r g e t s  a l r e a d y
exis t  f o r  the base  l a n g u a g e .  Thus  i t  m g ht be reasonab le  if FORTRA N
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were the selected base , but it is probabl y not for PL/I .  (Of
course , the large  number of modif icat ions which would be necessa ry
to extend FORT RAN to a SHOL make the use of a preprocessor
unreasonable . )

Another consideration in develop ing a SHOL faci l i ty  is the
possible ini t ial  implementat ion of a “quick and d i r t y ” SHOL t r ans l a to r
to use in t es t ing  the feas ibi l i ty  of the language for  s imulator  program-
rning. Such a t r ans l a to r  would t r an s l at e  and execute SHOL programs
for  tes t  pu rposes onl y. This might be of some use in dete rmining
whethe r the language includes  the cons truc ts  necessary  for  the
programming of s imula tors .  However , it would not tes t  the sing le
most important  requirement  of the SHOL t rans la to r  - - whe the r  it
generates  object code which is ef f ic ient  enoug h for  the app l icat ion.  It
is likely that a SHOL based on the  sugges t ions  in this report  will meet
the funct ional  re quirement s of s imula tor  programming,  and bas ing
the SHOL on a widely -used  language such as PL/I should guaran tee
its overall usabili ty,  so the test t r ans l a to r  approach is probably not
jus t i f ied .

SHOL Programming Support

In addi t ion to a language t r ans la to r  for the SHOL , ce r t a in
support  tools are neces sa ry  to f ac i l i t a t e  the development of s imulator
systems. These tools genera l ly aid in the in tegra t ion  of individual
simulator  programs into a total system, and in the debugging and
val idat ion of individual  programs and of total systems.  Section 5. 5
discusses some such tool s cu r r en t l y in use at Singer-Link .

Support programs may be divided into those which operate on the
the p rogram development (host)  fac i l i t y and those which operate on
the actual s imulator  ( t a rge t )  fac i l i ty.  (Even if the same machine is
used for  both , such a conceptual d iv is ion  is reasonable. ) It is in tended
that the SHOL be usable for  the p rogramming  of all ta rge t -based
support  tools as well as for  the programming of the simulator
appl ica t ion  programs.

Support tools which ope rate on the host machine should be
cons idered  part  of the overa l l  SHOL fac i l i ty .  In some cases , they
may be incorpora ted  in the SHOL t r a n s l a t o r s , thoug h they are  not
properl y cons idered  pa rt of the language i t se l f .  Tools which might be
developed as components of the SHOL fac i l i t y include:

• editors

• program s t a t i s t i c s  col lectors  (e. g. , i n s t r u c t i o n  usage
counts , t ime e s t ima tes  for  designated i n t e r v a l s )

• documenta ti on a ids
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• se t/u sed  file capabi l i t ies

• link edi tors  ( for  c rea t ion  of t a rge t  machine load
modules)

• program maintenance tools

• application l i b r a r i e s

• program op t imizers

• target  machine s imu la to r s

Targe t  machine i n s t ruc t i on - l eve l  s imula tors  are a pa r t i cu l a r ly valuable
prog ram checkout tool made poss ib le  by the use of a separate host
computer.  Many debugging f e a t u r e s  which are d i f f i cu l t  to provide on the
actual  ta rge t  c omputer can be imp lemented easil y in a ta rge t  machine
s imula tor .  Examples of f e a t u r e s  such a simulator can provide are:

• mnemonic t r ac ing

• in te rva l  t iming

• i n t e r r u p t  modcll ing

• disp lay of values of specif ied var iables  at specified
time or location in the program

• trapping at a speci f ied  t ime or location

• sett ing of values of specif ied variables

• loading of tes t  data sets

Debugging tQols should encou rage debugging in te rms of symbolic
program entit ies rathe r than machine values and addresses .
Variables to be set or displayed should be referenced by name rathe r
than by machine address , and values should be entered  or disp layed
in units appropriate  to the var iab le , ra ther  than in octal or hexadecimal
form. Recognizing that machine- level  debugging is sometime s
necessary, however , some support for thi s should be included.

Thoug h some of the hos t -based  support tools will diffe r f rom
one ta rge t  machine to anothe r ( e . g .  , m~ hine s imulators , link e d i t o r s ) ,
u se r  i n t e r f a c e s  to the tools should )~ w i ’i s t en t .  This is dictated b y
the goal of creat ing a unif ied SHOL de ’. i l op m e n t  f a c i l i ty ,  ra the r than
a miscel laneous collect ion of support p rograms .
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Language Standardizat ion

One of the major  reason s for  the development of a SHOL is
the desire  for program portabil i ty .  As discussed in Section 4. 7
there is par t icu la r ly high potential  for program portabil i ty in the
simulator application area.  Thoug h the re are  some diff icul t ies  in
at ta ining this goal (also d iscussed  in Section 4. 7), it can only be
approached if the SHOL is st andard ized .  That  is , a l l  SHOL t r a n s l a t o r s
(i. e .,  for all t a rge t  machines)  must  accept the same inputs  and must
produce equivalent resul ts  for  ident ical  inputs .

Complete language s t andard izat ion  is d i f f i cult  to achieve.  The
major pre requis i te  for  language s t anda rd iza t ion  is a complete and
rigorous language specif icat ion document.  An app ropriate  syntac t ic
def in i t ion  can be developed fa i r l y s t ra i gh t f o r w a r d ly ,  but , as ind ica ted ,
full semantic specification is d i f f icu l t .  S tandard iza t ion  of the SHOL
will be faci l i ta ted by select ing a base language with good def in ing
docu me ntation , and by limiting modificat ion to that  language. As
mentioned ear l ier , use of c ros s - compi lers  with  the same machine -
independent  pa rt ( f ront  end)  gua ran tees  syn tac t i c  equ iva lence .

If language s tandardiza t ion  is to be usefu l , it  mus t  be possible
to va l ida te  that  t r ans l a to r s  do in fac t  conform to s y n t a ct i c  and
semantic specif i cat ions.  This requi res  development  of a ri gorou s set
of acceptance programs to be used with  all t r a n s l a t o r s .  The tes t s
must not only ensure that programs compile without  syn t ac t ic  e r r o r s ,
but also that their  semantics  is as specified.  This set of tests  must
be developed as a part of the SHOL design and s p e c i f i c a t i o n  e f f o r t .

Establ ishing SHOL UsaEe

Clear ly there  is litt le to be gained by developing a SHO L fac i l i t y
unless  it will then be used .  Also , thoug h it will decrease  development
and ma in tenance  costs on any sing le e f fo r t  for  which it is u sed , the
full benefi ts  of the SHOL will onl y be realized if i t  is used in all
simulator programming.  Only then will program reuse  be a
possibi l i ty ,  and only then will p rogrammers  become skilled in the
use of the language.

While it is possible to guaran tee  use of the SHOL b y s im p ly
requi ring its use when procur ing  s imulators , it is  des i rab le  to back
up t h i c  requirement  by making the SHO L fac i li ty  a s u f f i c i e n t l y a t t r a c t i v e
a l te rna t ive  that  p rogra m m ers wil l  pref r : ‘ e  i t .  Once p r o g r a m m e r s
become conve r san t  with the language , L i l e  ij , c : e a s e d ease  of p rogram-
ming in the SHOL should be adequate mot iva t ion  fo r  i t s  c o n t i n u e d  use.
Initially,  however , othe r fac to r s  wi l l  e n co u rag e  the transi t ion.  These
include:

• superior program development and debugg ing tools

• application l ib ra ry  p r o g r a m s  ava i lab le  th roug h the
SHOL faci l i ty
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• hi gh-qual i ty  documenta t ion  or ien ted  to programmer
back g round

• wel l -planned t ra in ing  e f fo r t

The impor tance  of  t r a i n i ng  and of use r  documenta t ion  in
easing the t r a n s i t i o n  to SHOL usage cannot  be overemphasized ,
p a r t i c u l a r ly in view of the l a rge  number of p r o g r a m m e r s  involved.
In addi t ion to acqua in t ing  p r o g r a m m e r s  with the use  of the f ac i l i t y ,
a se r ious  t r a i n i n g  e f fo r t  a s s u re s  them of management  commitment
to the changeover .

All  tu tor ia l  ma te r i a l  for the SHOL should inc lude  n u me r o u s
examples i l l us t r a t i n g  how common s imula to r  func t ions  can be
programmed in the SHOL. This will  not onl y make SHOL usage
eas ier  to learn;  it will also d iscourage  excessive dependence on the
assembly language subrout ine  capabi l i ty .  (It may be neces sa ry , at
least ini t iall y ,  to at tempt to limi t the use of thi s fea ture  to func t ions
for  which it is  reall y required.  Section 5. 7 d i s cus se s  these
requ i r emen t s .

Relat ion to the DoD Common Language  Effo rt

The DoD is cur ren t ly conduc t ing  an e f for t  which  wil l  r e su l t
in a Common Language to be used for  the p r o g r a m m i n g  of embedded
computer  sys tems, inc luding  fl ig ht s imula to r  sys tems .  The
I RONMAN spec i f ica t ion  defines the func t iona l  r equ i rements  to
be met by the Common Language.  The 1RONMAN satisfies most
of the essential  SHOL requirements.  The significant discrepancies
between the IRONMAN and SHOL requirements  are:

• IRONMAN doe s not require conditional expressions.

• IRONMAN doe s not requi re  procedure var iables  and
a r rays.

• A non-exact fixed point representation is prefer red
0 to the exact representat ion r equi red  b y IR O N M A N .

• IRONMAN requires  garbage collection of dynamically
allocated storage , which adds unaccep table overhead .
Explicit allocation and deallocation are  desired and
would have to be supported by extension to the
IRONMAN language .
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• IRONMAN does not require multiple fixed point
precisions (which allow space-accuracy t rade-of f s ) .

• IRONMAN does not restrict assembly language use
to subroutines.

• IRONMAN I/O and parallel  processing fea tures  may not
provide the required functions.

• IRONMAN extensibility and encapsulation fea tures  are
considered unnecessar i ly  complex for simulator needs.

A language satisf ying the IRO NMAN , however , will probably be usable for
programming most simulator functions and will satisf y more of the SHOL
requirements than any of the modified candidate languages considered in
this study. Furthermore , the DoD backing should ensure the development
of the support facilities and training efforts  recommended for a smooth
transition to the SHOL in previous sections of this report.

A~’ of May 1978 , work on two Common Language designs was in
progress. Some modifications to the July 1977 IRONMAN were being
made , based on the results of four preliminary design efforts completed
in February 1978. Although final designs are scheduled for test and
evaluation beginning in April 1979, it is currently unclear how suitable
these designs will be for embedded computer system program m ing.
Assuming that further redesign will be needed , it is unlikely that
production compilers for flight simulator computers will be read y for
use in less than 5 years.
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Section 10

SUMMARY AND CONCLUSIONS

The main objective of this  study was to define higher order  language
requirements for programming flig ht training simulators. A subsidiary
objective was to develop a general approach for determining HOL require-
ments in a given application area and then to apply this approach to the
simulator area. The approach we devised analyzes three sources of lan-
guage requirements-- the  programming environment, the functions to be
programmed, and language desi gn principles. Requirements  pertaining
specifically to flight simulators were determined by analyzing a variety of
simulators developed by the Link Division of the Singer Company. Using
this information, we developed a generic model of the programming tasks
relevant to simulator development. A detailed analysis of language require-
ments was keyed to this model.

Based on this anal ysis , we prepared a detailed specification of
simulator HOL requirements, using the requirements structure of the
IRONMAN (a specification of HOL requirements for a common DoD program-
ming language). We then analyzed PL/I , FORTRA N , JOVIAL J3B , JOVIAL
J731, and PASCAL to see how well each satisfied the simulator HOL require-
ments  we had developed. Our analysis showed that PL/I and JOVIAL J3B
were best suited for simulator programm ing, although only FORTRAN
was clea rly the least suitable language.

Since all the languages failed to satisf y some of the simulator
language requirements, we considered what language modifications would
make them significantly more useful as simulator programming language s.
Our analysis of the difficulty of modif ying each language indicated that
PL/I was the most easil y modified , and rewmmended modifications were
described.
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Appendix A

SIMULATOR MODEL

This A ppendix descr ibes  the var ious  p rogramming  tasks pertaining
to fli ght simulators.  The tasks  to be performed and the i r  re la t ionships
are described using SADT notation [Ross , 1977J . An index to the model is
presented in the following pages. In thi s index , the notation A33 1, for
examp le , represent s a task composed of the tasks A33ll , A33 12 , and A3313.

A page number is indicated for those tasks that are decomposed into more

detailed tasks.  The number  indicate s the page on which the decomposition
will be found.
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Appendix A

SIMULATOR MODELSection Pa~~
A0 Simulat e an A i r c r a f t  196

A l  Build Simulator 197

A l l  Create  System Data Base

A 12 Code Modules

A 13 Comp ile Modules

A14 Link Modules

A Z Test Simulator

A 2 l  Test Execu t ive

A2 2  ~Test Simula t ion  Programs

A2 3 Test Whole Simulator

A3 Simulate 199

A 3 1 Monitor Execution ZO O

A3 11 Control  In it ial izat ion

A3 12 Cycle Throug h Simulator  Tasks  201

A3 12 1  Select F rame

A 3 ]2 2  Select Cockp it

A3 123 Schedule Tasks  for F r a m e  & Cock pit

A3 124 Sum Task Times for Frame

A3125 Sum Fram e Times for Cycle

A313 Compute  Spare  Time for Cycle

A32 Init ial ize Data Base

A 3 3  Model A i r c r a f t  Funct ions  202

A33 1 Model Fli ght -203

A33 11 Model A i r c r a f t  Flig ht Control s

A 3 3 12  Model Aerod y n a m i c s  204

A33 121 P r o c e s s  Atmosp her ic  Data

A3 3 122  Compute Wei ght & Balance

A33 123 Comput e Aerod y n a m i c  Coef f i c i en t s

A 33  124 Compute  Ground Reac t ions

A 3 3  125 Compute Eq u a t io n s  of Motion

A 3 3 1 3  Model A c c e s s o r y  Sys t ems  205

A33 13 1 Model Fuel  System

A 33 132  Model E l e c t r i c a l  System 206

A 3 3 13 2 1  Compute E lec t ri ca l
System Power

A33 1322 Compute Bus Loads
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Section Page

A33 133 Model Hy d r a u lic System 207

A33 1331 Compute Hyd r a u lic
Flow & Pressure

A33 1332 Model Secondary
Hy draul ic  Control s

A33 1333 Model Landing Gear

A33 134 Model Engine System

A33 135 Model Miscellaneous
Accessories 208

A331351 Model Engine Fire
& Overheat System

A33 1352 Model Ice/Dc-Ice
System

A33 1353 Model Canopy &
Ejection Seat System

A33 1354 Model Oxygen System

A332 Model Navigation & Communications 209

A33 21  Model Communications

A3322 Model Navigation Equipment

A3323 Model Navigation Radios 10
A332 31 Model Compasses

A33232 Model Attitude System

A33233 Model Radio Stations

A3324 Look Up Radio Station

A333 Model Motion

A334 Model Tactics 211

A3341 Model Airborne Radar

A3342 Model Armaments

A3343 Model Electronic Warfare

A 3344 Model Weapon Delivery

A3345 Model Tactical Environr ‘-nt

A3346 Model Avionic Displays

A335 Model Visual 212

A3351 Process Flight Data 2 13

A33511 Compute Attitude

A 33512 Compute Position & Velocity

A3352 Drive Gantry 2 14

A33521 Process Gantry Feedback

A33522 Control Gantry
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Section 
V - 

Page

A3353 Dri4i&Probe 215

A3353 1 Compute Al t i tude  Limits

A33532 Control Probe

A3354 Produce Visual Image 216

A33541 Process Instructor &
Student Controls

A33542 Determine Image Focusing

A33543 Produce Cultural Lig hting

A33544 Produce Visibility Effects

A34 Do I/O to Simulated Cockpit

A 3 5 Communicate with Instructor 217

A35 1 Record /P layback Mission

A352 Set Initial Conditions

A353 Set Malfunctions

A354 Disp lay /Update Datapool Values

A355 Display Te r r a in  Map

A356 Plot A i r c r a f t  Position and Track
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