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ORIGINAL PAGE iS
OF POOR QUALITY
INTRODUCTION

Froblem fs one of the futuwre majzor prolects aof NASA
with & long lead time., the Space Station 13 a good place to
reconsider softvware and hardware decrsesions made tn the past.
Thie 1 tact 1< being dones 1l appears Lhal Ada will  be
chosen as the praincipal or preferred programming 1language for
the Space Statiron. Given that this happerns, we still havoe
some  sigmificant  guestions to answer. What should the
bactup languauwe be, 1 caze the current doubts about  Ada
materi1alize & euperience with thise new, levrge and  wuntried
language 1% garned. khat about apectal purposes”
Certainly we should allow other languages specially designhed
for such wreas as robolbtice end arlifrcial rntelligence. And
1t we allow altertates, then we must select the right
diralect. Clewly there 1 much to rewolve 1 the language
A ETA.

History of Languages. A brref haaclory of  progrrammiing
must  star-l with asoempbly languages forly vyvears  ago. Ta
bl FORTHAN added alyebraic ENPr ReELONS. Control
ahiolraction ceme  with Algol. Fascal 1e notable  foar «
varlety of data {ypes and  the «ihntlily Lo chech theyr
coundarmity abt compile 1ime. Facscal "o b gges~L drawbacl . the
thabizlaity to vompiloe parts of & program separalcely. was tal en
care of 1n a vaeritely of Languagyes.

At Marwhall Space Flight Center., the tour most popular
lLanguges by far have been assembly . FORTRAN, HAL/S and  C.
fAossembly has been  escsential from the fuirel for real-time
applications.,  whore untal recontly there have beern no high-
order languages wilh adegquele sopul-oudput facilities  for

cummun cabing wilh cenuors and servos. FORTIKAN, the per el al
el lwhether, 1% now wsed praincaipally for  calculalions  1n
scrents fie rescar b and engirneoring desian . The <pace

shuttle gave bLirlh to HAL/S, and no doubt HAL/S will die with
it. C 1e the leasl used at HMEFC.

Language Choice. Does 1t mate a difference what
language 1s chosen™ Yes, 1t certainly does. For
surprisingly not all so-called high order languages are even
eyuivalent computationally to & primitive Turing machine:; we
discuss thie point 10 more detail i1n the body of this reporti.
For Turing-machine equivalent languages, the selection of
primitive operatione, data types and control structures can
male a big difference in the ease of programming and the
avordance of errors. Also, a variety of featuwres may
provide for more extensive error checling at compile time.
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Larmguage comes about for a variety of reascons. The bind of
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o d - 1a 3L for ong Prom anmer over a month or two.,  or at
the othier wxtireme, for more that o hundred programmers over a
S@VEr al  years ' How many programmer i —-— One pProgrammer  Cain
by S Camicih e ~loppy  and  andormal  abood direction ard

mariagomenl, e & o muwd L -pr ogramming come aind of cond tgur el on
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Fedpe hiore. The complextity of the tazl males a difference
L < heer e owe chan Tl mean 20 e rathior v e the parls of Lhe
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ORIGINAL pAGE
is
OF POOR QuaLITY

to programmerc. It 1s mandated that the Space Station:

. Shall assume a phase C/D start by or before FY
1987 ta support a flight in the early 19907 g3

. Will be shuttle-compatible for delivery,
assembly, and disascembly;

Will be supported by the Shuttle. 1nxtirally on

90 day cycless

. 5hall have a& design goal for i1ndefinite life
through on—-orbit maintenance, repair, or replacementy

Shall have modular-evolutiornary design that
permits growth and accepte new technologys

Shall consider both the i1nitial development cost
and life-cycle coste as a design driver:

Shall be user-ori1ented to the maximum extent
possible implying Fflexability and simplicity ot (LAl
interface systems and documentation:

Shall have a design goal of commonaliby for
heardwar o and software of 1dentical or similar functioris  1n
ber me. of syvslems, subsystems, and 1nter faces;

Shall incorporate on—orbit antonomouws operations
Lo maramice orew and growid invol vement as & design draver, "

MSFC Tasl s. Marshall Space Flight Centor 18
rasponstble  for Wort Paclage 1. which includes the common
module, 1he logrstics module, the laboratory module, the

oo st Ledd mareuveritwg vehitcle, and  the orbital transtor
vi-hicle. The  common module will contain the following
sy s bomes: et 4 marragement , electrical poOwWer . ther mal

cuommmtcaetlions,  envaironmental conlrol and 13 fe-support. Ety
outfatbing 3t 1 vari1ous ways Lhe common module can be turned
it Lhe logrelice, laboratory or other bind of module. The
loysetics mudule 3¢ the supply depot and will hold ftuel and
flurde, racle of solid consumables, payloads, and equipment

to cuppoarl treanszport and transfer. The laboratory module 1s
for technology and manufactuwring and 1s Lo be ouwtfitled so as
ta be «n simple as possible for the users. Marshall 1s also

responsible {for accomodating and servicing the OMY and  0OTV.
Feor more dolalls, cee LSBDPDI.

Their Programming Needs. From the contractors”
repor te(Dint 1, Table 1 and [Laiuwl, Table 1), we +ind what 18
needed 1n the way of language characteristicse to full+filld

Wor | Fact age L. Since we will be talling more about these
Pinds of malrices tn oa later section, fOr Now we summarice
their conlenbs. Needed for Worl Faclage 1, 1n addation to

the usual pramitive numerical, character, logrcal and array
data Lypoos, and ecrentific functions b lt out of these, are
machine addressibilitbty, praiority control, graphics capabalaity
and var tabile—-length recor ds, the lasl for operating systems.
In each these reporle,  these language characteristices are
correl ated  wibth  bhe perticular systems givern above, where
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Lbvezv carer tsteochodd. bbea st gty anouagh., nolhitng an {106
Jaste  menlions Lhie neod for anguages coapable of supporting
mor e ornllo oyetems cuch «w robotice o capert systems;  we
will now addr eses this.

Robotics. fvb omat 1o and robotrce ar e mandeted to play
w  stgintreant rale 1o the Space Statiorn. HNoo doubt,  thi
vWidl o drawve  the nvontion of new  compuling devices,  &and
Curreeguently, W Comput Er L Aangiages. For 1hts roadson, we

brsofly roviow the futww e od v obotos on The Spede Btealson.

The best referomnce for this purpose o~ LhkRTT. This
repor 1, Err Cpren ol by bhe Ndvancoed Taobhinol ooy fachw s sy

b

Commt Flee of BASS mal oo thirleen principal recommendatoons
Lo Mevwi, b uhor ol tote ar o e baonenl Lo wegs
fut amation wnd o obicds e whientld be e si1gns frcoant
wlomend of the Opewe SLal tons (s ogr ams
The aratral Space Gtation showld be dewl yned Lo
cvceaincctalor ool uwbon aand v owb by o1 autbomal o wned v olrel posy
he  natoadl bpacs Llalvon should ubiliro
Lr1antdicant eloments of aulomal v aned vobolrios technol aays
Metand should e ovide Fhoe mieao i @ ahd atsessacents
L ovan td e bhoe shncdoe roar o cbanabrony ared vobad e e Lhe
ipreat ¢ b ot ga

e hie TRl W [ LIS sty Ty P Haudloar L 03 L yldetd (0 I
P H oo Ut e b E oy JOF (sl i ! gued e 1
cackh tThe  sube,bems freled ti the o previous hiaplor g
Lhicrnor aguad = 4 oot Thiee Jowvedapameast ot robials, tntelizgent

ceib b ol Lo - and it b s bomss e w0 v vty ot AN TAIGE I AR

LL(’..;} Vi w

Pro erlrcrpatam o sanch curbrwvaitye 1l o would seem s vdordd
to vdemrled 0 aper wgr tat o pr ogrammeng  anguenges that weltl Lie

trocnded oW bl ondeedne o st b pirasect e, Frojoo ke naw windor weey
al b 10 aad amations and robotics ar e outbtlined on LMNARTD.

Artificial Intelligence. Eaport cystemslMoal, such an
Lhieo Lyguand dovgen T apar U wystem ol bennody Gpare Lenter e
S B ETRTCN I DY I AL Ll etz thoe mest  visibile  and sawcesoinld
ottt e dd vi thial wmor phiots body o asonor ted | nowl edye Prscivdn
ez ook bafroral amtel bigence. ihet boer r nol othoer research

(S TWTR N NYRE S FTU RS IRTRTEINE RN £ T Wi kbl evolve oviyr the lifelime of Lhie
Spewe Slatrons ynblo cgual by vetul applicatlvons 1 emainegs to be
COCita ledt cand Ty wlog cu oo advac alod and teed tor rosoar b
il comee applacatiuns because of Lhe facl of ecaplaicel conlr ol
Mz 3w o et & e cdbsact 2w the resuwlling larae search
Ztat o Causel Slow performence. SO, Lherefore, advocrate
Wead by Llere fonclyonal  loagdtad lTangiages fur resea ofi and,
whien the roeszcarch proves suceeszful, redoinyg the «lgorithm on

a procedural hingh-order Tanguage. Thiis goes along with the
findings of Schwar bty and Mellirar-SmULTSHM, pa11 Lthat Ada, as
pre sexnl Iy wlandar di ced, b, unsmtu babilbe + o ar-lificral

_— -
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intelligence applications, but that, "with relatively modest
extensiong to Ada within the spirait of the language, 1t would
be possible to translate & substantial proportion of Al
algorithme ... 1nto Ada."

CANDIDATE LANGUAGES.

Desideratum. A time scale of thirty years into  lhe
future 1z eitraordinary. The opposite, thirty years into the
past, by way of comparison, would tale us bact to 1955, the
time of the {first Univacs and I1BM =, Ernormous changes have
occured since then. Frogramming has advanced {from assembly
language Lo high-order languages, with major concepts
emergirng at least  every decade: algebraic expressions,
contral  abstraction, data tvpes and modularity (Cf. HNg and
Fall enetein 1n [55511). How can we 1ntelligently plan ain
Lthe next three decades fur breoskthroughe yvet Lo come when we
probably nrnow  have no anl ling of what some of them will be”

fruly o Hercwdewn tacl reguiring the wicdom of Solomon.

Girven  thal design and development o the space  station
Lo to breeytnr 3 J9O70508HDDI, ard that the coftware deciygn
ersiranment ohowld  presumably be an place by  about then,
Cagethieor  wilh Lhe {fact thal signifircant cottware innovations
Lypically tale around ten yvears to develop from first concept
to faimished productd, Lhen we see Lhat there 1€ not much time
for  extended experimentation. What 1% to be done” e
should sdent: {y those ceweds of conlemporary software rosearch
which are litely 1o bBlossom and bear it 1 future
languages. Example: might be: equational inference for dala
types as 1n OBJ;  more generally, relational inference as 1n
FROLOG: and fur-ther advances 11 generic detinitions.
Whatever languages are chosen must be extensible and leave
room {for such innovabione in the decades Lo come.

Candidates. We  should evaluate and compare these
lenguages: HaL 75, Forth, C., Fascal., Modul a-2, Ada, FORTRAN,
AT I LIS, and Frolog. The first seven are procedural
languages; the last three are functional. FORTRAN and AFL
are useful 1n mathem=stics, engineering and applied
mathematics. LISF and Frolog are often seen 1n artificial

intelligence.

We brieftly review the prainciple
features of these candidates.

HAL /. Block-oriented and structured with many
modern featues but also some unsafe ones. Good for real-
time applications; used only within NASA and 1ts contractors.

FORTH. A small but powerful, stensible

XXVI--9



T atngaaae originally  dexigned for  real-time  control orf
Losbeeo (s

L. Denaagned for sycslems softwares;  structur od
bul consider ed lower ~level by many. Some progreammers rind (,
an well as Forth, hard Lo resad.

Frevmg ol Highily pupd ar biod wi il demagn
defricrencien - - lewss power ful thamn a twring maching.
Structured bul no sparale compalation obf progr am unils.,

Modula . Whirth™s worthy sutcessor of  Fascal.
Uapabsd oo af muad bt Fang, i onded for dedhrcated compad er .
Mot widoly uweed s-l. weo THGT el LW L.

Fardot For ombedded ovatoem: wrthy mul bkt 1
Separatoly  cuop labile  and  yeusabile jral b oo NIRRT g
o, vec et Lirghe o dder Fosgitage Lo e
deoiyned. boete b ey Adeatwres now avarl bable o anguages

denroneed Talor, bt ver v o wadely-wesed amang 1n enig I nioer 1 ng
cirales.,

[T A O mablbematicalb by arsoenlod rolorac bave
Tavmauage with mwany power Ful porami L voed. trmited datoa  Lypes
m=ad te dat T ead b o tos we dur purposes dor whiich 1t owasz not
pitesticde.

I A T tared Bovahy oo e Lamguage Lo bres
chorwaopesd, Uees £l 1ot logrieally -orrented  problom.. Flaryy
serslGns, Lhe talter aneo of whiidh aro quuato poewiordul.

ool oy Pt onadod o Togro proar amming. whitoh
M, bOrb g an e onbralbby ol e cler prodhioed o Ced udoe,
cs ooy Daowmer Doy vt the fwnecbvonss, v B TDE vt e smper ol
Bl st v i UMD

ADVANCES IN HARDWARE

AT PR R e Prew chwed 00 hroes il a0 v Lagnit 4L et
By owodd D it o cupeat s abroud e o deooe . L S I I I Y
Protwmn s bobeen i gl vt o et o tr e tos dhibode Tueaio L
(TR Y sty e atras wnd o b s T T a beariper oot
HEWE BN ETET NS W Lodonye, Whooon for thienr wade vac o o 300 2 gy 1y .
vi vzt Lol Chveart oy tumihes i oty poation e v 1 it e
caveh Carrooguuens v prastad te b pe anen e pneg b b oo e e sl o 4 LEa,
STARRS B NN byt et e Letiin, S L b er L Chivpe cand Arual
thir et 33 nass s i Losy vl v, What ottt Lhie i desse Topmenl o
vt Ll Frovwte i bevigtiage desiagn b oo Litttle caploredirof,
oot Lo mogsgec o en wr b o baee Lee bere e, wler Comdd b Chnaree
boo pgnior oo A hiese quueesbr oo, ol e wrs onw b v wem and power
EV w predatum 1 bhie Lpeco st aliom. 11 bvhioove s v b

sncornorate har dware vmprovemonls a0 Uhiey become avottable

S an waondie, Dettr wdds apzes o o mad Ly 1l e ot and caster 4o
il weovttpets L desvgre Cthienr awn s U o s tere g the
Beorlwlo, Coerned bt ol 20 b oot coanmgay Lo sy s Mo canputher s
Witiieae  the current ertoris of SN o thits rogar . Fhiae .



hardware design no longer entirely depends on what chips are
commer cially availlable.

CRITERIA

Theoretical Considerations. It 158 often sard that all
programmi iy languages are equivalenlt 1 the sense  that
arizthing which can be computed i1in one  languays can be
canpulod in any olther. According Lo this view, any perce’ ved
differences  are straictly a matter of pertormance, specd,
MEOMOr y, OF @ase of progr anming. When pressed, an advocale ot
thie view will claim that 1t 18 obvious that all progr amming
TLanguages are computalionally equavalent to a Turing machine.
Ta the contrary, we claim Lthise 1s not obvious, 1n fact. 1L 13
falawe for some well nown anguages, for example, Fascal as
original defimned by Wirth.

Woe would odeo clarm that one musl clarify what 16 meoant
hy @ programmiing language being equivalent to & Turing
mazhia e, The siaplesl assertion-lo try to prove 1s bthat &ll
the funcltions woeh a Turing machine can compute, namely, the
pad Lied rocursive funcions,  are precisely the ones which the
Panpiage  on gques=lion can compule. BHut this 18 patently
todma rar Foeeal sancee 1L does nol allow dynamic arrays, aricd
bBence ol even compule the concatenation of an arbulrary
e ay with tlaelf,

Rub oo can puu saer this line of inguiry fuwthor, and agt
whiat 1o the common alphabet over which these functions are

Frerarig campulod, thie 1% necessary 1n order Lo tall abyonl
e LU R L VRS, When anput to hardware was o paper tape, the
aralunyy wrilh o« Twring machane with tls hypolhelically

ihfannte tape wat easy o sece.  Whalt 15 1t tuday: a 2creon, a
drec, & pranbo 7 Sinee wnleractive compuling has become so
prispentd ar . thie wor een would zewem to be the obvious medium. If
Ay Lwa bangiages are equuvalent, and one can do whatever the
clhew oo therns Lo wondd follow thet 1t should be pozsible to
wkr1le o progran wn the frrvet langusage which will male the
srreen bohave 1 such & way that an unisuspecting  progr ammer
wotld  thiand he was dealing e lusively with the second (this
L roemintsoent of hwaing’c test for artifircial intelligence).
But dows anvarne really thinl they could weille & Hasic program
whiath  would present to the anwary programmer sitting at  his
turmitial  what  would appear Lo be « bona +fide Ada editor,
compl ler arnd eageculor™

T B A thite 1e accepting the defirmition of & Turing

machine ol {face value., Bul 1rn 1ts defiraition, there 1:s no
pravisiots for Jormulating concepts having Lo do with winput-
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OF POOR QUALITY

oubtput, mul bidasling, alitd real ~time bhehiowviow . Thusz, 1L
really mat e no sense to Ltall of recent high--or der banguages

such as fda and FORTH &z being equavalant ko o Tur ing
macthine.

Ouantitative Benchmarks. In gerneral, a benchmart 35« &
2l andar-d  ar roference poilnt for measuroment. In  computer
SOOLEL ., 1t referse Lo & program which has been so w il ben as
b Compare Lumni jtatively the perfor mance  of cda {+erend
compulors,  compulers or Iabguoge.. Thet & boncehmoo b Ca o
P Lhit e 13 o sty ung [FI=E RER A TV 3o alo nooweal ot 1r
Friatl 1L 1e il diffrocull o reolabe what (14 A S WIS B
PR RY B T Lol us Jool al we e ol benichimar -,

o ear Ty e 1 Lhe Dabiooir mia, whacoh "o w0 weerghbod
av iy el wd pnbrne o trmes o refloot rrae e g e Loed of
siotearbr g ISTRTEN SIS W O Ferause The per formaent e of thrs  wmrn
peef e Ly opocut var p Lo, b parbooud e campnt o = b T Broe
et bierred fFor o wncdudy penal tzaing compud ors v Lhionh papol tniang
ard prvmetla ve {loabting point operatsone,

e Whototome benchmar T LOWI,  developeoed Loomoel Lhoess
Gloyes Ut by Lthe Compuler fgency of  Lhoe UnnLed D rngdom,

"ol bt o] v w o reral pr Ol e P b e ot bt Biruabier G clenr
gty = boteanents U hed refleclh  Lhae B equeaasy ofF ach
oot ot - P TITA L VR TT 4 BN IS BN O SR A YOO o L el it
RTSEATETINS V1R Y (OO S B s wuch, 1l te wirdoly wsed. The reult as

e wstu end o M o rnsbrac brones prer seconnd dWIbeo . Meartane
Prar et Loe wf Lo oer et thie Lact Fow verar &y, et 10T thite.
LA TS IR VI B B L BRI T2C0 B B RY boarge i sanall. WEihg an
G s Lmerd s speral 1o o wyslomse and forghe order ot o,
e nobe s the Whiolod oo daes ol Lost mad tetoa b smge ot err ot
Boasd b v, or smpud abnd caabprit,

[P STS S frer ctughid by Viedie bimeat | & 1. tvaeet Ly W el
et sl ot o e ook s benichimad | may measur e comolbinng
by f%"f'c wu! P mbal we wenshs For cotemple o Ahio benchmar b o
Fuadoansiial s aree qus e woirartove to the dogroee o opl imioaton
cid o Blee PORITEE Coamprr Tor T o thises 1o whiod we'y 0 et toor o Fatios
Glhwr v se we aime o brraud e, Conrul b bHalornt s oar bacle Lo

weree Jeind b hier T bor e mevy sl ow Lhe mely o

e

Whet  ar e Lhe vnplicatione of these studies tor choosin 1
horgin eorder damgtiagon ™ Farsi, thuere do oot appedq to be any
e bimar b 2 Lhial Lhorouwghly tecl all lhe featuwr es of the more
Pec ety Jdesigtiod labiguiaae. , cuch o as b L 5, Modula 2oand Nda.
Gecindly. drfferent  berabmarts will have Lo be dosigned to
mezacir @ i he pe for mente OfF languaues dediceatod to difforant
tasis. 0Coy.. robolics  and ar b fi1c1.al tntelligence. Her e
aualin. tnogeneral, ther e are no ready-made benchmart o, As an
coceplion,  however, herse  at Marshall YancylyYanld has used a



databaze  bernchmar ! to compare two antelligent database
machisres.

Aleo, we mention the paper of WelterslWaltl, which
discusszes whet he calls "efficacy tactors”™ of benchmarts.
These are accuracy, sensittivily, effort, and portability.
While Walters's comsents are addresesed mainly to how  these
atfect the evaluation of arclalectwes, much of what he says
e, transportable 1o other domains.

.

See Moo b for & critical account of other papers

dlecwzel g benchmarl o,

Qualitative Matrices. This 15 the most popular way to
avalitate  lTanguages for a particudar  taest. Roughly., one
cr awe . a table vwith the language candidates at the Lop. the
desired  tashs at Lhe wide,. and the evaluation 1n the body.
fhizs 1o done 1 a number of conlractors’ reports(e.g..Dlntd,
ClLawid

In practice, the procecs 18 more conplilcated. As an
inlermediary,  obe muet  postul ate the programming  features
whitch the Lol needs. A ocomples project, cuch ae the Space
Stalaion, ass malry Systems, 1.0.0, taslts. This leads 10 twe
maly 1ees: one with tasls ve. featwres, and the olhar  with
foatures v, Languages. Az an eqsample of this process we

roproduce =mall  portrons of two matrices, the firsel  from
Tabile: L v poS of Hoal and the second from Table 2 on p.8 ot
Cintl.

Table 1 - Reguirement Levels for Yarious
HOL Fesduwress in Space Statiron Applications

FEATURE/CRITIERLA GNC ECLSS ELEC THRML C&T FL oMs
Float. Ft. Arith. m m im i m m n
Fixed FL. Arath. I n n r n u i
Integer Arith in fii m M fm m mn
Bel Mamipulation w m m m m u m
Matr 13t Algebra m n " n m m n
Data Abstraction u t u u u u u
Inter facing with
other Larnguages u n n n u u n
In the preceding table, "m" stands for nil, "u" for useful,

and "m" for mandatory.
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aspects  of the languages. One can go further and test for
maintainability of the languguages by slightly changing the
gpecifications of the tasks which were just programmed to see
how easily the coding can be modified.

Thie method tales zsome care to get reliable and
reproducable comparisons. As  remart ed already., the
pr ogrammer teams chosen must be compararble in experience and
bact gr ound. We can”t use the same programmers to code the

same tasl 1n two different languages since, in recoding  the
taslh i the second |anguage., the programmers would already

brnow  the tasl and be ahead. A statistical sample of
suffrerent si1re would probably mean too many programmers.
Movertheless, we could probably learn much from such  an
eqperimenlt of small wice. For example, see LFlel.

FLANS AND COST

Flan for Analysis. In view of the facts that no baclup
Languaye for Ada has been identified., and that no languages
hhave been singled out for wort 1 robotics, automation, ard
artiiicial antelligence, and that only one of the {four
methods of testing comparing lLanguages has been done i1n depth
for more Lhan & few of 1he candidate languages, we of fer the
following advice.

Du  theorebioel worl onn the laci of eguivalence
between varitous high-or der languages. Try to {find measures
of  completty  whioh caclually separate well-lInown  languages
accor ding to owr intwitive feseling for their relative powen .

Develop and es=lablich benchmert s which evaluato
atbvai ed oy oyl amid iy conceples  such  as  wuser—defined data
bvpea, Jgened e, melli-tasking, modularity and 1nput-output
cAapabiTities.

Davelop and estabilish benchmarts for bLashks typical of
vubotio=, cauntomation and artificial intelligence.

Fer torm thece benchmart tests on ow candidate
Tanguagos.

fderntity language characteristics suirtable far
robotice and artificrial intelligence.
- . -Baretully prel a set of programmers  cemparable  1n
ability, prel a subset of the candidate languages which have
done well 1n benchmart and matrin tests as well as  scoring
Iy ghs on  theoretical grounds, and let the programmers try

their respective hande &l coding typical tasks in the various
Tanguages.

Thie  should be an ongoing scudy. There are several

Llasts appropriate for future wortl .
Vo the previous tests on languages litely to gain

XxVWI-15%
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Davoend Dowvaduabyw Doy Procgrammd tig. Fo moddent sitoart
sioand o e e far o oanmoy o el vl vt G o Lecans tor s mondt by o
o dobal o Uhr co man vean .

In-house Capability. We grive brief opaninons an Lo whiat
et i Svaloms Sodlwearea Group al Mar shall couwld  periorm
corh o the precedona tasl s, both & regards equipment and
P aireed Witlhy  the comimo anslallatlron of everal 1101
FOAY T e, and a o Vi, 1ho Sorivatl & Evedution D abor at oy at
Mar shiedd 1y 2 wel Ll cwmptlore b o wWide vad deby o
Farnguiages. Lhe Soflware Evaluastion llabior atory at Marshal
1111 soen be have oxdcelleoent egupment for per{orming  Lhisz
recearch. At to personnel, the sttuation 12 lese clear .,
and we breal these estimates down ageasn by the fouwr binds  of
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Camparisons.

Theoretical Criteria. There appears to be no one at
Marshall with these sli1lls. Ferhaps thiz could be done 1n
academl a.

Cuantitative Bernchmarl . Ae  this would involve
mimiching tasls s1milar to Lhose already done 1n previous
miceilons, the persormel at HMarshall could certainly do this.

Dualitalive Malricos. Clearly there are suificient
st adfd at MUGFC anm ALT. atitd robotice Lo draw up a matrig  of
desirable  language  features 1n these areas. Thus the

remaltitng o matr i of fealures ve. Lanyuage can be drawn up in
hrouee.

Direct Dvaluatson by Erogr amming. There are more than
enough  progranmerce at Marchall to form some matched teams.
The only question 1s whether Marehall can spare so many.

SUMMARY

Wee  have eqplored how to compare and evaluate a  variely
ot programmer Languages for the many-facelted space Station.
But  of  bthie ztudy came four Leois:  theoretical cribersa,

yuantitalive benchmarl s, el ttats ve matrices, and direct
ervadualtion by prograoninting. Mer shal l should select two  or
threoe of these ool lhivds Lo pursue i dopth. Some showld be
done at Marehall teo develop in-house oiper Liso. Others can

be contraclod out.
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