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AESTIFACT

Tkis thesis ,presents a coanceptual view of a reusakle
"Software Lihrary;"‘ Issues ccrcerning the "soitwarc crisis"
and its subseguent impact cn software develo,cent dare
Icviewed., The traditicnal lirrary is descrics<d Zor :ig
fur.cse <1 compariscr witi the Sorltware lilfracy. A cartic-
uiar e€xallple of the Scftware 1likrar,, tie Proyrcam iLitrary,
is Jescrilkec as a prctetype of a reusdavie iioiui /. A Laei-
arcuaical structure £€I a PLCyrad LizTar) 15 JL3CUS364 i al

apprcach tc making the lifbrar; entities «id3lLy ACCes<igie

ard retrievabie. The role c¢f a piication Jehelr4tcIis 1n tue
Frogyram Ilitrary is described. Ine sSgecial fRaitlses < add
tt.at su.pcrt programeing liktraries are descriied. fipally,
Loa ccde prcducts in the Sottware Library dre discusseca.
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I. INIFQDOCTICN AND BACKGRQUND

The Lepartment of Defense's (DoD) Annual Report FY '81,
reported the Dol sgent over $3 biliioa on software with
these expenses Ltein¢ projected to grow to 330 ktillicn jer

year ty 155C [Ref. 1 . These estimates are alarmin,ly‘hi,h;

BN

wnat i1s (erhaps worse is the frojection that the costs o:
software maintenance wiil rise significantly acbove the ccst
¢Z origiral develojmert.

As this trend of increasing software costs ccrtirues,
two guesticrs come tc &iund; why are the costs factcrs so
dranatic: and are the reasons resolvakle with tcday's
poderr techrology? 1Tte general resgonse to tne cause c¢rL the
hijn ccst ¢i soltware usually centers on the highly pucii-
cized "scritware «crisis." The crisis ercoupasses all soft-

ware related problens, frca the simpliest to the nRcst

complex. More specifically, when rerferring to soiftware
systers, tlke reasons for the crisis focus on the issues of
the systems being norresponsive to user needs, uanreliakle,
€xcessively expensive, untimely, infiexible, difficult to
maintain and not reusable [Ref. 2]. For the most [art,
these reascas establish the symptoms of the problem, ratter
than idertify the prctlem itself. But, since the frcclem is
not well deiined, tle solution may conceivably come through
tae alleviation cf ttke symptcos.

Tc help solve portions of the software crisis, scftware
tools and technigues zust be develojed. The devedicpaent of
products is but an initial step. The emrhasis shculd be
Flaced cr the concepts associated with the software froduct.
Cne cf tle wmore prevalent concepts to be addressed is that
cf scftware reusability. Because of its broad definition
{as defined in a latter section), reusacility clcsely

9




relates tc otaer ccrcepts dike comzoaasity, portacility,
rodularity, waintainatility ard evoluticnh. These relaticn-
snips ace descrilbed uacre precisely iu [Ref. 3].

Wkat @mDakes reusalility sc crucial 1s trhe presugpticu

that a well understccd gyrasp O9f tais concept <coulé indeed

resclve scme of the .acknowledged syaptoms of the software
crisis. T1c suggest that reusakility aloue couid sclve the
crisis is ridiculous. To use the concept in conjurnction
with a [frcocven scftware metiacdoloyy woulid 3S€ed I0I€  I<daa-
istic. But there is 1little evideuace thndat akL) pLacticas -
software develoydent metinodclogy alony tiese LIL3S  wWiee o

avaiialie ir the neaxr futuare.

ike Scitware Library has leer rogos<d as a Ctuceitiauz
software prcduct designed to nelp solve aawuy o tae software

rclated ;rokiems. Before the Software wivrary can L€ intio-

duced as a  ossikle sclution tc any of tne zrowulews lacauadea
in the software crisis, it gust provide L0 Ltuc US€LD tiw
acility to identify and resolive the @2any resaeted sjyngtoas. ..

1he Software Library is nct a new or moderR CCnCE;:.

However, as prorosed in this thesis it cau pe designed as &

hierarcaical library able to respond to some of the afore-

genticred symptcms. The extent to which this scitwarle - .
froduct can resclve the bottleneck in software develo aent
is uncertain, but the jpotentiai does exist, as will be
discussed.
A. SCETWARE LIBRARIES S
1. Bistory cf Picgram lLicraries

The value of Scftware Likraries has teen recognized L
since the irtroducticn of computecrs and associated rrograizs. :}
In the early days of computers, iibraries were mainiy used fﬁf

10
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as repcsitciies for commonly used sorftware. It was Lot

|~ until the latter 196C*s and early 70's, wLen the e€ccroric
cost factors (i.e€., froduction and maintenance) of scitware
tegan to rise, that tike significarnce or the Software Liirary
recame nighly evidert. There were otlel Lactors instru-
mental in reestablislting interest in libraries: increas-
ingly ccmplex problers, {(e.g., Mmathematical), neec.Less
duplicaticn of «c¢ode ard ccde which wds 1sgal.y less trawn
reliakile. Since a large nuUmLLEr OL tue cCompoaents 2 o€
housed in tlke lifrar; were mathematicai in pature, it fecams
necessary tc produce a library that was re.iakble, Surzzal

fabie tc service a bicad ,rcupg of users) and accurate.

Jo fuifill tie rejuireaents sougyut Ly tae USeIS GL
the liiraries, the IMSL (Interaationas “datu=nmaticar and -
WA
{(Sumerical Aljorithms Group, Cxford, Zngliand) Litrari€s were

Statistical Libraries, dcuston, Texas) and tu

(V]

intcscéuced. Frcem tlese libraries and otuecs of  this e:a,

tie ccncept of the Prcgram litrary evolvea. .

-

<. A Geperal Defipition c¢f a 2royraam Liprac

The IMSL and NAG Likraries can be considered as jcod -
Software litraries, tighly effective in accoagiisalry, tneir :
desigr jcals. That is not to say, that eitasr would pocvide f
the best tasis for defining the Proyram Lisrfary envisioned
ky this author. To ¢ive an a frogriate derinition, regul:ze-
ments ccrcerning today's (1984) technolo;y must e inccrojo-
rated. Ore of the Lkasic 3demands of current users ci a
library is for «crgarized storage, searLck and rCetciievai oz
€ntities (€.g., programs and their comgoneants) witair the
library. Cther concerns include tike ability to manipulate

(i.e., modify, 1link, update and list) eatities. Ta<se T
issues are impcrtant ltecause the users of a library will im Sl
1 R
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- general te people otker than the auathor or tae crtitile
- Finally, tle litrary should have sucn assets as: s

eificierncy and eifectiveness. Tae regyuliresents 1€ut
avove, lead to a defirition of a Frojram Libragy: ") stan-
b dardized ccllection of proven entities to Le stcred,

ii retrieved ard manipulated by a user."

A review of existing Progrda lLioraries showa tirat ]
- 4

there is wide variabilit; in juality. Accordiny tc [Ref. 4] v
2 3 g J w

the SEAFE Frogral Lilrary repgresents a. dnileilddfic £CJLCe OC

software. Even thecuch the likrary proviues aai, 33c¢zul ez S
s.uareakle rcutiLnes, the numcer of <rodtlres Wwiich ZIZa.l to
work as advertized is unacceptavlly algu. On tihe ctoer

e €
TEELdas

extreme, IVSL ,rovides a liirary tnat is csij6u; s

—
O

-~
"

a

"
b

e
[
re
e}

a4 PLCCIADMEr WLC nas the rescurces of tne IMSL 1s

literally wasting time and ncney if he «cr s.2 ¢

[
r
(al
ul
i
(9]

So

tn

writirg soitware whick performs any of the proven fupcticn
suapglied Lty IMSL. L

alth the success of the 1IMSL and siailar li:raiiesz,

why has there nct Leen more widespread use 9L tThe Picgjlau -
library? Why is researck on Prograa Libraries virtuaily
nonexistent? The eccnomics invoived could te jpazt <¢f tac e

reasonin, cr possibly there is a lack of understanding oZ
what a truly quality library should ofier a aser.

4. Evaluaticn cf

irt

LoJrag likraries

arLi S
Tke sigynificance of the Program Library has Leen
€mphasized cver the past 20 c¢r so years, but still there has

not feen signs of grcwth in the number c¢f libraries. Tahcse
Frogram Lliltraries (¢r similar software tools) that. have

- .-' q.. - \.‘ Y a e -" -t ) -.' --' . - " -“ ..'-n‘~ O 0-‘ -
e e e e e e e e e ASAS A RSO S
BN I S A e S A SO IO A S I )
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Froven tc Le efiiciert and cost eifective have Joainated the
computer industry and have establisned guideliues for future
develcgmental scftware. kice and Scawetadn Sdgyge€st in
[Ref. 4], that there are at least three re,uiredests wulch
should ke present in any guality library:
1. A large supply of useful, reliable parts
2. A catalog of farts, making them easy to locate aci
evaluate, and
3. A mechanism f£cr connectiny parts togethasr, sc¢ as to

ICIL more Complex oD jects.

Usingy trese requireasents as an evalisatiaa tcad, 4l

€vaiunaticr scheme, as shown in Tarle I, can e 4323 ©€ fate

N

€xistipy likraries. The reguiremeats as ezZumerated azcve
are nct all inclusive and withcut econoamic justificaticr (i
time ard mcney) tke library; cau uwot be fuliy evaluatel

a

against these or any other reguirements. Wita estaklisiel
gethcds c¢f evaluating Program libraries and e€conomic rLeascas
justifyiry tuture deveiopments in tuis area; why GLas tuis
not teen practiced mcre widely? 1In seexiny tue answer, tcis
thesis suggests that wmany cf the amotivatiocn Zfactors (i.c<.,
reusakility, portability, generality, etc.) aave pot leern
conpletely understccd. Once tanese and ctier issues are
incorpcrated intc the evaiuaticn scaeme ror juality Prcjraa
libraries, the motivation necessar; to Jdesign these and
cther scftware prroducts can re Letter understood. Scae of
these rotivation issues will le expilained in this thesis,
hopefully, this will tenefit the future d=velopmental soit-
ware prcducts.

E. ECCHNCMICS OF THE SOFIWABRE 1IBRARY

It nas teen stated in [ Ref. 5], that by 1590 there could

ke as aany as 1.2 gillion programmers ia demand witk the
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TABLE 1
Evaluation of Prcgram Libraries

- S
N

v

——

" *
S TYPE _ REQUIRE~ | FATINGS REMA IKS :
: LIBFARY |MENZTS :
J Wwhen used with patpemati- e
1 E cal ane sStatistical
agplications
Available, Lat rot easy
IMSL 2 A to locate rouatiaes
Bas no interconrecticr -
3 P scpeme, de.ends on out- N
side rojramidin,
Fripari.y IOL mataemati-
1 E cal and Statistica
appgiicacions
Bas its own indexing e
2 E scheme, whicu 1s acCessa- -
NAC tle, partially in machire :
Ledadadle iform
Has bulit-in 1iinxing
3 E Zechanism
........ - A D D D AP - - D T . — ----—T—----—---- --—.--‘--—— ! [ -I -
Has iarje nuaber oI coui- ——
1 E mands and progycaas Lcr
Various aggriCations
‘ Available in manuais and e
UNIX 2 A KWIC indices Co
Uses pipe mechanism as an -
3 E interconnection scaenme,
Fut only for single
Streams  or characters

*Characterist.c ratings as follcws:
- ZXxcellen
4 - Averagje

FE - 2o00r e

actual supply of ca,atle progyrammers failing to rise rfast

€enough tc close the gap between suppiy arnd d=aarnd. hnile
this =situation only represents a saall pertiop of the
cverall crisis, there would s€em to be enough of a prcolen
to warrart gore concern thar is presently.exhibited. Ahat

14
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appears €ven more astcnisaircgy, 1s tane fact tadat, taese ani

cther jroilems bhave not resulted in massive <effcrts to

e

develcp scftware prodicts which c¢ould possipl; resolve scae
cL the proklemas of suppl; and demaud.

As cited on numercus occasions, the Sortware Likrac,; aas

teen arcund for a rumber of years, but yet it nas rot
sigrificantly evclved into the type of product cagpaibl= o2
resclvicg ary of the major effects v tne software crisis.,
Toais <could e Jdue tc the lack of Software Licfraries 10
industry. So, why are they so scarce? It could be trat the ) -

ccncefpt ¢ a Software library, more syecifically a :zrcyzan

library, fails to j10ject =<substantial savicygs (i.<C., ia
time, ir mcney or in croductivity) to the user. Ic ccauli
also e that each orcanizaticn is waiting £5r the cthel to ——

take trke fizst steg. Of ccurse, 1t could re due tc sone- e
taing cther than any issue discussed thus far. T¢ purazue
the guesticon even further, cne must wonder 1f tae ccrcezt of W
a reusatle frogram Iicrary willi actually reauce the azount —
cf redundancy in prcgraa writing. Or will the time sgeut '
searckicc for existirg iitrary coaponents, outwelyh ALy
savings? These are Lut a few or the issues that may anave f}f
lessered irterest in evolving the Software Iikrary. e
Altactyh the economic pitfalis of a software jproduct, in :
this case tte Software Library, wmay never Le fullj realized

cr resolived, it is still the responsibility of the desiyner, @?7
tue isjlemerntor and the user to insure that ta= mary gjues-
tions surrcunding the economic issues nave ovecen addressed.

Cnce there is a tetter understanding of reusakilicy ani
the Scftware Library, there can be a idore widespread usec of
the ccncepts. That is to say that certain issues such as - -
time spent reproduciny and testing a projram can ke Letter jﬁk
utilized. There ‘are other econoaic issgyes each affectany

the scftware crisis in some unigue manner. The eccrormic A,




issues are igportant to tue future oI soitware develcpiert,
AL upderstanding of the prceblea is Lot enouyn to sclve tne
})roolem, Ltut with thke iaplementation o£ such ccocrcegts as
reusatility, the software crisis may ke reduced tc¢ a zcrs
gsanageakle problen.

1. Feusability ard Portakility

Cf tue wmany motivatacas, diaving tae Ge€xd ISP o«
Software LlLikrary, there are two very closely relatad
poticcs. Tley are pcrtagcility; anu reusabality. In 3eenal:
a4 Celdticnskip which test e€xelFplilie€s tne Clo3ersis Cletfacszi
tne twc ccncepts, tlre follcowiny re.rescntatllci scens agjpIe-
priate:; reusdbility should ce <considereac a necessary
not sufilicient condition for jortability. 1hi3 snCws ta
relative im;ortance ¢f reusa.ility, nowaver €ach ¢

will ke discussed.

a. HReusability

keusability nas Leen identiricl as 4 key tc the
€effectiveness of the Software Likrary and as a ccncegt ier
bel;irg to solve the previcusly mentioned software c¢crisis.
Unfortunately, there is not one unigue definition tc su;.crt
the ccncept of 4 Software litrary associated with reusaile
software issues. TLerefore to e€stac.ish a basis fcr andez-
standing, the followiry definiticn will ke used: "Software
IeSQUICES Of a capital nature whica are used ir tae deveicgp-
geat cI gaintenance of software products with e€rd uses
different from that c¢f the ccmponent resources." further
ciarificaticn also prcvided by the reference c¢nccigasses any
inforgaticr generated at any time thrcugnout the softwsare
life-cycle. Algo, a component resource 1is descriled as a
sodular product of tike software life-cycle, possessing the
characteristics of bein, highiy coaesive [Ref. 6].
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In [Ref. €], the author preseats a ilist ci major
factecrs which dictate the useifulness of reusable scitware.
Tne greatest concern 1is that acceptance of a product would
rot te fcrthcomirg if the prcduct is aot understood. Taus,
if a [prcduct does nct apyear easy to use and ecorcmically
feasitle, then there would ke little desire to uaderstand
it. A prodict can nc¢t prove itself, if it is not used.

Since the concefpt cI "reusiug" sortware has rLee.
arourd Zcr so lory, technolcgical improvements 1i this rielid
should ke researcned. Tiae concejtual Progyram Likrary re;re- -

Seuts a scurce to be tsed as a gJuide for future develc,zen

(44

cf revsakle software. L

. Portability ; ,j

The concegt o portacility has existed since tne ﬁ;;.

disccvery that 1larce savinjs can be realized zIica  tae _;‘"
distrikuticr of gocd software. But, as touched or Ety Jcuu .
Fice [Ref. 7], the dissemination of gJuality software is ;f "1
cpposed ry formidable barriers, such as the derernéernc; o: . ;j;j
software cr machines and the idiosyncrasies of cokpilers and r '}
cperatinc s steas., Even though Rice was referring specifi- :;;u

cally tc rumerical conputaticn soitware, bis ccarernts 4

warrant consideratiorn by any c¢ryapization contedplating the
develciuent and transgortability ol a new software ;rcduct.

Portability deals with the designipg <¢f a i
product that will mirimize the amount of change reyuired to

gove the product from one envirorment to arcther.
rortakility alsc takes 1into consideration 3ost issues of
compatinility which affect the transportability £ a scit-
ware rroduct.

17
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The Procram Library, walie 1:0t Spscificaldy
designed as a portable software ;roduct, snould have caga-
Yilities ccnsistent witi portariliity issues. The reazcning
is that fortability issues re resent a fora of entice¢ment to
the user. After reiny influenced to use a rroduct its
Lenefits car be fketter understocod. Taas, the added facility
cf pcrtakility can be treated as a motivationai ccncegt for
Lheiping the conceptual Prograd Library resSolve some Ci tne
sCoblers inlterent tc the software crisis.

Tne envircnmeut <cf tae Progyram Licrary a4aac€ the
user siculc determire whica coucepts re_uire tie 1cst

€apaasis. in an attempt tc reiuce tae citects J2f tle s=ozit-

ware crisis oboth ccrcepts (fortapi.it; and reusacilzty)
should ke <considered essential to tae user cr tae Frcjraa

Iibrary.

2. Stapdardizaticn 9. tae Soitware Likirazy

1he efficient and eifiective uaderstanding c¢f scit-
ware (rcdscts writter by others is omne ¢f the critical pcchb-
lems in software developument. dach of tne labor exgense in
software development is invclved in the understandiny cri tiue
varicus saftware products. One approach to tihis gprckier Las
Leen tc apply standazrds to sof tware products.
Standardization allows people who are Zamiliar with jarts c.
a software product tc more e€asily become familiar witn ctaer
parts. Soze of the areas of concern to standardization
include:

Fcrmat
Dccumentation
Szecification
Test EFlaus
Error Handling
Mcdularity

18
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Tke standardizatioa or products maxes it faster (and
thus mcre efficient) to understand a sortware froduct cne
has nct seen before. Standariization 1s critical tc the
Software iLitrary:

1) if users other than the crijinator are to easily ac-
cess and retrieve iteus in the iLiktrary,

2) if items in the library are to oe incolgorated withcut
change intc otter larger standardiced software Iic-
ucts,

3} and if the library is to be buiit and =@Eeintaired

erficiently.

fince standardization Trepresceuts suca a CiiticCas
aspect ir software cCevelopment tnere snould L€ mMAaLajeient
mechanisgis established to enfcrce staadarads. These mecaa-
nisms shculd not disccuraje the use of the litrary, instcaw
tuey shculd suggest abp ease ¢f use preferaile to writiny

cne's cwp ccde.

-

3. Reldiability ir a Software Liirary

"The ever-increasing e€xpectations and necds cf large
organizaticrs and the advent cf larye, chéa, mczciies has
le¢d tc the creation c¢f ever- larger information systeus.
Cne cf the results has Leen the discovery that while a saall
system cculd often be thorouyhly tested, for all jpractical
Furpcses large systegs of interactiny nardware, software ¢nl
feorle cculd be rendered useless because of unreliatility.
Since tle physical ard ecopncsic consejuences Oi inforazatioa
systexs failure may e very great, interest .in reliariity
bas grcwr also," [Ref. 8].

Cne definiticn of reliability fcunl ian [Ref. 8]
suggests the following: "a piece of sorltware that is ccrrect
with resrect to stated regyuiresments and that, further, is

16
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avle to withstard uranticifpated demalids as w2il." exacis
for reliacility Jdate kack a nubnker of years tc waén usaze ol
I the Scftware Library tegyan. The primary cobcerus tLern weie,
that the likrary's reliacility fe exhiuited, in its accuracy

. and in its gathematical stability. 1Ice need for reliaciliit;
E in a Scftware litrary has not <cnanjed over time, Ltut there
! is little evidence tkat software develc,aent has @met th:isc
! demands with maore reliarle Software iLiktraries. Ire firao-

cial investients and researcr in soZtware develo IRLT Sce€as3

to jrcw slcwly, even though tihe reasoas justiijin, suc. a.

" investrert seem cverwieliuing.

With a rernewecé pelief that tuere 1is 2z need oI s¢c.
_ reiiarle scitware prcducts, ali taat will L< Ceidifed is 4
; product that will sug.€est eccncaic reasons rcc industry aad
N LoD tc irvest in furtlker research. The conhcCceptial Soitaar:
- library ;rcposed by this thesis will Logefuily drrluwrce
- such interest.
= .
‘ 4. Generality
; For a Software Llibrary to supgport tae ccncept of
i reusatkility, its desiyn and the design ¢f the coLgCuelts
} within its structure, must ofier a certain amount oi gener-
- ality. Parnas [Ref. 9] states that soitware can Le ccnsid-
5: ered "gereral" if it can bé used without change in a variety
;? cf =situvaticns. Thts, the ccncept of reusapility wiich )
- euphasizes modificaticn (i.e€., chanje) reypresents & ccoilict T'fi
f\ with the ccncept of generality. Parnas also state:z that ”:]
- software can be ccrsidered "flexible™ it it is easily AR
g changed tc te used in a variety of situatiomns. TIkis rcticn ’ﬁ j
E ¢ flexilkilit; is more consistent witia reusability. T
E Pased on Parpas' definitions the Dbest way of
- achievicg generality 4in a fproposed reusakle product is to
] .
; gy
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have soie fcrm of balance betueen toe CoLCcepts oI yeneraiit;
and flexitility. The actual talance is between the rur-time
costs to ke paid for generality and the design-cost inaereat
to flexikility. The designer of a soitware groduct cay rct
readily find thnis balance. But ir ke or she makes a ccrnsci-
enticuis effcrt at deciding this issue, a resulting reusatkle
froduct will be more achieveactle.

C. GENEFAL DEFINITICN OF A SCFTWARE LIEBRARY

Fcr the most part the Scitware Liorary and toe€ issges
surrcunding it have stressed code oriented goals. while tac
Software Lilrary is cdesigned tcC sSupport various Icrms c:
code, tc center on this aspect is not consistent withk tae
€xpectaticrns of the cverall scitware product. Zhe Socitware
library will serve tle user ard his organization kest iZ it
is defined in a brcader ccntext. The rirst step is to
insure tkhat the semartics of the terz "entity® include Sccu-
mentaticn, specifications, designs, regyuireaents and test
fians, as well as code.

Tke mcre general definiticon of a Software Likrary is "a
standarjized collection ¢ reusable software [frcducts
designed tc enkance economic savingys through the manigpula-
tion and modification of its reusable entities."

L. S1BUCTURE OF THE THESIS

Chapter II discusses the automated traditional 1litrary.
Since tlke user's requirewents for a traditionai likIiary dre
similar tc those for a Software library, this chajpter gives
some insight ianto tlke functions of the <conceptual Prcjran
library. Chapter 1III présents criteria ‘to assist ir




Iecoybizing quality Scitware .iktraries. It com ares varicus
€xisting Software Likraries and sujyests how they zigiut be

I used to establish c¢uidelines for <Zuture develcjrentad
libraries, specifically the Prcyram Library.

A Charter IV intrcduces a nierarchical representaticr of a
i Frograe Lilrary that is uriike most contemporary Frcgram
libraries. The discussion stresses bhow this structure car
imprcve thke likrary's operaticn with regard to scftware
reusakility. Chapter Vv descriftes a appiication jJereratct.
Its éesicn consists ¢f progral generdtors structured in 4

hierarchical fashior at a 4ievel algaei tidR the 4ljaest
level in the Progyranm library. IThis chajpter will explair icw
this,scitware pgrcduct will assist the aser.

ClLapter VI outlines an oL-.ine method of searchiny aau
Ietrievirg entities in the <frcgrawm Library. Tbe Litrary
Feference Guide Jiscussed ir this cpnapter <Iepresents a

zanacgeaktle interiace letween the librarcy aud tne use:. ih
Chapter ViI, the prcgramming larnjuaje Ada 1is provided &s an

g existirg language cajable of meeting some OL the Ieguire-
= ments of the ccncejptual Frcgram Library. Many of the
_ concefpts in Ada are still Leiny researcaed, but in gJeperal
I Ada is a lanyuage with potential userfuiness for a Prcjiaa
- library. ’

Chapter VIII discusses how the coacept of a Software

library car be exterded to non code software [prcducts.
-, lhese prcducts include: documentation, reguirements, sjeci-

ficaticns, designs and test rlans. Chapter 1IX is the

e

.
R

concludiry chapter. It presents a jeneral cverview 2<f tke

e @
R

thesis.
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AUTOMAIION OF IEHE IRADITIONAL LIBRAEY

The traditional library rerresents a wealth of kncwleage
ip the fcra of tooks, Jjournals, serials, ceports ard so
forth. Therefore tlte concept cehind the autcmaticr or such
massive TrescurLces preserts the stiflfest of challenges to
podern technologyy. The coxglexity of tne cuallenge is
increaseé kecause of the usuval cpjositica to the charjiuj oz
a so called "workirngy system." 7To address this resistarce to
caange, an aspect of automaticn iernelicial to litrarians i,

licrary vsers will be stressed.

lke asrect of interest is the application oL ccaguters
to irnfcrmation processing. A syecific corncerr, £fazxiiiar to
the Scftware Library, 1is hcw tc process the data neeael :oc
contrcl cver and for access to iniormation. Another CCILCer:
is ir tle approach tvsed py an individual to ianteract wita
the ccmguter systen. Existirg and future tecruolog) acccm-
ranied ty convertioral practices witnin the liorary should
produce prcducts altle to resgond to these and ctter
concerns. These issues are resolvaonie given an adegudte
understarding of the distinction between reguiremerts and
the actual design. The gist of the distipction is tuat
requirements are independent of any specifjc desigr for
izplexentation. To convince the skegtics of the future of
autcmaticr withir the library, the basic criteria asscciated
with existiryj 1library services should be discussed. The
traditicral library, as it stands, may not grovide all the
services expected of an automated system, therciore tc view
tone likrary in the ccrrect ;ersgective, issues other than
speed and efficiency should Le introduced. Pricr to
discussing futuristic criteria fcr an automated system, the




Wy

expected IZurctions of the lirrary, as viewed by tle user,
pust ke descrited.

-y
SE=o2=d

70 the average user, tne Automated traditicuaa
library is somewnat cf a remote concept. Thus, tc lessen
thlis se€rLsS€ 0L Trencteness, the Khowaedge ©0f frerr tae

librarian (since he <¢r sue is in constant contact witi tae
user) and tae enygireer (whc has desijn=d sany autcuatsl
systens) is reguired. Tae (puUr;0se€ 1is tcC COmOoiNe this rICwWL-
€iye intc a concerteé efrort for tie desih and ip;lcuerta-
tioun cf tte most efiective  user-rfriendly systea. fazel co
Iesearcn ¢f user needs and cp the 1intesests of tre vser,
tnere snculd be some fcra of ccamuaication networx tying tasg
tser tc¢ an automated cataliocyg and other DbiZlidoyIagpaic teiis
re.ated to a large lilrary cr a system of livrasies. OrLCe 4

text is identified there saculd be juick delivery

Ca;pi=
£ility. There saould deiinitely te soae fcrz of user irter-
acticr withk the system, thus ;rovidin, respoiosive juer;
services to the user while he or she attemyts to maxe series
¢ rapi¢ ard repeated searches. Zase of access tc ta=
information aust be provided by terminals (locai a2d

Lemote). Finally tte system should display detailed infor-
maticr cf a text and frior to responding tc a reguesc fcr a
hard coyy tre system should provide to tne user the akiliity
to view fayes of selected works, An iaportant pcint to ke
stressed is that the functions descrioed akcve are nct to be
tuought ¢f as indeperdent functions, instead certain, 1 aot
ail, are interrelated.

¥ith the recuiremerts of tae dutomated systez as
suggested atove, the selecticn of  ercormance criteria froa
the users foint of view can bcw be presented in the next
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secticrns. It must e reemphnasized taat tonese critecis ace
cnly tc e looked urca as guidance towards faifillircc the
suggjested reguirement, and as reguiremernts cianje sc¢ de the
perfcrmance criteria (tais suggests taec need Zor flexikility

in design).

Tke performarce criteria wilca are sugyested as

Yeiay, necessary to tle user, irnclude tae folicwing:

1) uvser interacticr witn ccrmguter
2) aids to browsirg textual inziormatiorn
3) a user-indexed litrar,

4) access to different levels of ipfcramaticn
5) ccrmmunication Lketweeh rexote soilices

6) extensive software tocls

7) razid response tinme

Altrough each of the aforeaentioned criteiria is a
majcr ccrcern tc the user, it 1s not within tae sccje oOf
this thesis to descrile in detail each criteria. Sc as to
remain ccnsistert with the overall purgose (i.e., the
discussicn of the «ccncegtual Prograa Likrarcy), orly cthe
fericrpmance criteria associated with  tae user interactiown
with tlte ccoputer will be discussed in any detaii.

The interacticn required betweern ti€e user arc tie
Autcmated traditional library, swodid nOt Le thought cf as
removed frcm the controi of the librarian. Inat is tc s=ay,
the lirrarian is an integral part of the automated systea.
1o ke mcre specific, the likrarian exists is a refereance
source cagakle «cf prcviding expert reference assistarce ic
specific disciplines where detailed knowledje 1is rejuared.
He or ske would alsc be expected to have access tc ctter

N
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librariare, thus increasinyg tbe Jdeyree orf detail availaile
cn a given subject. The trianyle created betw2en the user,
the litrarian and tle automated system add e<emzhasis tc tke
need fcr an effective comanunicatiocns retwork, ani tierefore,
the need fcr a user/likrarian interactioa with the CcRfputer
tecomes ncre essential.

Fresent day technology sugjyests that the termirnas
Keykoard is the most adejuate <form Of i1nteractlol Letwesa
the auvtcrated litrary system apd tae user. In Ke€jpin, a1tk

tae nctacn cf simplicity, cnly a limited nubier of teruilzaw

related furctions will Le identified. Jcis 3. SWaLsol.
[Ref. 10, a liprarian with aspirations ifor GesSi Lilj; 4
mecanarized library, presented his <coacept ¢i inteiactio:n
under thke definition ¢f "prcocyrammed interrogation." In ais

fresentatict of the term [rcgcrammed interrogyaticr, Le
Sugyests six major "rrocess ccntroi" Keys used tc previde
the user with an initial set ci choices at a console. TIuese
six keys are consistert with the terainal relatea functicens
suggested Lty this thesis. Thereziore, the ZIZunctichs
preserted will be briefly described with Swanson's ccncepts
in mird.

The £first furction ©pecessary ror a good wcrxing
€envircpment is labeled M"specific workx."™ Its purpose is to
identify the reguest fcr a specific book, journai or ieport
ky means cf auther, title, putlisher, or otker descriptive

(non-sukject) informaticn.

The next  function lakeled  "subject selectica" R
peraits retrieval of material based on sukject classifica- '
tioa, index or kejwords. It also allows retrieval of
specific information and fipally it permits krowsing cf thae oY
above iriormation. .
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Ancther function lakeied "previous selecticn" allicws

the user the ability to select ar; macterial he or anj ctier R
¢ specified person has used berfore.

The "similarity selectiorn" is another Zuxnction usea

- to initiate a chain cf Liblicgrapnic citations that satisfy

specified wcrk. w2

Tae <Lfuanctior laoeliled ‘"coabinatiorn" allcws the

linkxing ¢f any tiuo functions.

The next function is lareied "seguence display" 1cr —

its akility to step tle display from oue disglay tc anctier.

A firal function lalteled “microfi.z view" is usei to
call fcr a micrcfilm aisplay of selected ccrtiors <¢i an;
work idertified cn tke CRT disila,.

The function laoels, as described akove, arLe rot

desigyned to sugygest an ail ipclusive view of the terziral g

Xkeyicard necessary tc¢ rovide user interaction with the —

systesn. But, wnat it Joes suygest is a selection c¢i fuzc-

tions <ccnsidered kasic to the operation oi the licrary. : ﬁq;

{j Cnce tle inguiry-response interaction has been effecteld J;f
' fetween the user and tue autcrated s;sten, 4 basic fcrzat

- (possilkiy ktased on tle bibliography) can be estakblished as a
» guide c¢r training device in the use of tne system. aith »
this cuide, the user tas an exaaple of tue response received RO
from a frcperly foraulated inguiry. Issues in regards to
waether an inguiry is too broad, too narrow Oor too ambigucus
should Lecore mcre ckvious as tae interaction Leccme mcre
frequent. The underlying result is tnat, the user im;roves
cn nis or her level cf understanding. Tne Automated tradi-
tional litrary once urderstcod, coula ne used efiectively as

a tocl fcr increasing the researchn potential of the user and BRSO
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1 111. CHARACIERISIICS BELAILVE IQ A 2BOGRAY LIEBASY v

. A. EXISTING CHARACTERISTICS

M)
.

Tuc crganizations have prcduced large, jortakle, gcoa W
guality ard ipexpersive litraries. They are 1450
(International Mathematical and Statisticad Likzaries,
Houstcn, Texas) and NAG (Nukxerical Ai,orithms Grour, Cxioid, '
Ergland). Both lilraries are evaluated witi rejaarc to -

their «<xisting charactecistics aiLd tu€ characteilstica

sTimarily svited to tke reusakilaty coace.t. Althcah tae
software developed by these twc yroups cuhsists laz:ely o:
numerical subroutine, this dces not exclude the reasibility -

cfi using their ccncepts cn cther types of software [icgults
(i.€., ncn-rumerical). <.

Ir discussing tne€ licraries develoged by IA3L aacd a3, e

toe authcr is nct implying that the characteristics Iepre- - .

sented t; e€acn is better or werse than any other. 3dt tac -

objectives cI the twc libraries are close to those desizeld ke

in the ccnceptual Pregram Likrary. The characteristics cr ;f

P

lack oi will ke discussed for botn tae 1IMSL and wag -

libraries and hogefully, the concept oi tne Prograt liirary

wiil leccmpe evident tc the user.

E. TEE IMSI LIBRARY .
The IMSI library consists of over 400 hijh jualit; gach- Z§

ematical and statistical =sukroutines. These sukrcutires
represent jrograms derived frcam a variety of scucces B
(includirg cnes written by I#SI). Rejardless or the scuice,
, 411 fregrams are rewritten with a unifora (i.e., standacd)




style. Acccrding to rice [ Bef. 7], yJuality ccntrol is exer-
cised Ly: ' )

(a) chcosiny gcod scurces (the advisors, a board ot ~
12-15 experts, assist in this regard) . . .

(b) usirg knowledgeable prograpmers with Jood SUfervi-
sicp’ (some of the seniolf IMSL jeople work regularli,
cn the library frojraums) . 3

(c) testiny (reasdrakly exnaustive for w.ew [LOgrLars,
ckeck Loint testiny for maintenance or new TrTachine
vezs;cnsi .

(d) ccrtiruwal upgrading

As pr1o,csed in [Bef. 11], <the I4SL library has moved to
a fortrar ccuverter systea wonere a awaster file cortvdirns aqidl
the dipicrmation needed for eacu @machire versicr «¢f a
Frogram. Much of the standard iniormation is not ex;.lcitil,
in tte file. A converter r[froyraa then automaticaa.l:
prodcces the program for a particular targyet macnine. lhe
gaster file is itself a Fortranm grogram tiat LUNS OL Che€ O:f

the machines. Thus jortability is an attribiute of tue I¥SL _—

library. -
Tte characteristics of the 1IMSL library subroutines and

documentaticn are of major concern to a user. Aside rfrom Eﬁ{

the stancardization cf the documentation, there should te a S

good understanding of the general attributes residing irn the
library. Tle attrikutes [Ref. 12] are as follows: 3;

(a) Testing of the library sukroutines were pericraged at
sevira levels in varlious computer/caapiler envircn-
merts.

() Fcr €ach rcutire which has some error detecting
carakilities, tle user is fprotected cy default. Tta
is i1f the user chooses tc lynore errof fossibilities

a warniny, in the form of” a printed” aessage, is
issuegd.
(c) Each routine ccrforms tc establisbed conventicons ir :
ccding and documentation. -
(d) Each foutine was designed and_documented to ce wused
technical perscnnel in fieids of science, enji- Sl
néering, medicire, agriculture, . . . , and in fe- N
search activities. . _ . L -
(e) Accuracy or results, clarity of documentation and
efficiency of ccding sere yiven first przor;fy ibd
develcpmelt. 3
(£) Periodicals and books are referenced <rfor  users -
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Lace o aa e

intere d in detaiis oi algjoritald Jeveldplelt.
{y) €L, sts fcr apglicakilit; oif tae aljoritau  arLe
lied; the user 1s warpned il tae algorlitaz falis.
] fal tc te avoided ir usage are adt:ad. i
(i) A informatior pertainipy to usaje Or _one rcudtine
ip one ilace. Documentation is a_coniijuraticr of
€d material ard computer readable JoClamerntatior
. inh tre form of coamment lines). _ )
(i) Ccaoputer readatle docunentation germits on-lire ac-
CcesS to basic dccumentation. Coaplter readacle mate-
.. rial is distrituted with source cCode. i .
(j) all Egutlnes have documented exaaples <f iagut and
results.
{k) Cesigpers and progyramamers (or Id3l perscnnel iesg
sikle, for a “ccde) are dvaliacie TO aasSwWer
cuestions.
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Ite eneral attrilutes as mentioned are not aili 1rcau=~

~
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sive, <tut are enougk tc prcvide sowe undecstaading o

ct
S
m

v
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capacity of tae iibrary. To reiniorce tue integjrity

[¢]

liprary, IMSl, as tle sole scurce of an, tecitarcal inlcoza-
tioa regardinj these rcutines, assumes totdl Cesp0LSicillr;
for the ojeration «c¢i any «rcutine. To faciiitate ta:
retrieval cf tue varicus routines aud their associated docua-
gentaticn, IMSL hnas estavlisned a directc¢cy 0oL -cucires in
wnich e€ach routine has been p[piaced in 4ar alghafetizsld
categcry. IMSL aisc provide a xeyj-word-ias-context (R¥IC)
listirg which offers the user a guick reference to a rcutians
glver the wuser has kncwledge of the <title. Tais dis nat
always rLeneficial since there are wmaLy cases where the titlie
does nct accurately reflect tne contents of tue <routiaue.
However, the concept of a key word retrieval meckanisz must
Lot te overlooked.

Altacugh the IMSI library unas tae many characteristics
menticpned akove, tle retrieval and wanipulation of the
routines is yenerally hidden from the user. Should tae user
desire access to the IMSL Library, the capability does exist
and the rcutines «c¢an be inccrporated 1into the wuser's
Froyras. There are [roblems encountered when atieaptiry to
interleave a user's ;iogram with -the IMSL Liktrary; dsually




these fprcrlems are —rcre evident iu tne productict enviicn-
gsent thar ir an institutional orgjanizatioa. The reasci is
the increased jroductivity ex ected by most productici <cIrgya-
nizaticns. The I¥EI Library <can be used as a guide to
concertualize a functional Ercyram Library wita sclie exten-
sions tc its existin¢ characteristics.

C. TEE NAG LIBRARY

Tte NAG Llibrary represents a Liga guality nud<rical
aigorithm library for gencral use by univecsities. It slsc,
ty desiyr, represents a portakle systea. Tae MAG Liicar;

[Ref. 13  crerates as foilows:

Prcgrags are obtained i{rcm a contrifutor (usually
an exrert from one c¢f the ccoperatiny universities oI
reseaich €stablishgoents) wiacC Chooses the @metacd and
ther writes tests and dccuments the prograc. The
PCccran 1is then giveu tc a vaiidator wud is 4aisc aa
exgé€rt in_ the rélevarnt area. He is to_ criticalily
exagipne the merit of tne oritna and test the
usatlllty of the _frogran 2: documentaticrn., Crce

i:o,rau is valicddted fcr generdl merit, it _1s thsa
va icated by the NAG Centfral Office in Otfice 1iu
regards formatting languaye standaris, €T
Vax;cuc scftware aids 3re wused’ £dr this s<cond staje
of wvéelidation.

The NAG uses a maester likrary riie system (sigilaz to
the 1MSL master file) which contains all versions of caci
frogran. It also keeps a ccopglete aistory of the versicas
¢ each g[program. Luve to the aigh level language (i.e.,
subsets cf Fortzaﬁ, Aigol 60 and Alyol 68) and uwachine
Faraseterization, Dew machine 1aplepentations are essen-
tially autcgatic (i.€., transgarent to tuc user). 4ben an
implenentation is accepted, the frograms are returaned tc the

MG Central Office for 'inclusion in the master likrary.

(1Y)
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li.ere a.e stringent test proyrams Ior each liiwrary re
to assuvre equivalent ferformarce orf tue NAG Library versioas
[Bef. 14°. Accordirg to [Ref. 15], tae iipbrary aist
information and test grogyrams in tue master <Lile have Leen
found tseful in Jevelcpging a ncre portasie lirrary.

The NAG likrary, in a similar asagpaer t¢ cahat Of the IXSL
library, rtovides a worxkin, understawdin; of a sakrcutirns
library. with tie ccncept ¢ thae WAG Llirzrary iein, usel as
a juide, the task of estalbklisain, a P2rfograa Likrar; sioulld

seel clteinatle.

L. CYVEEVIEW OF CHARACIERISTICS

Wkiie the IMSL and NAG litraries agpear to =<t tne

guidelines ior an effective Prcyram Licrary, aeitue€r has ta=
Ccharacteristics expected of a fuictionalliy Cfeusacls FiCyLas
Iibrary as r[propcsed Lty tais tnesis. S.e€cilfically, -wct.
libraries bhave beneficial characteristics, but each neglects
tihe issuves of reusatility (e.g3., cataiojiay, Key-acrid

indexirg and retrieval, etc.).

Tke characteristics of the IMSL and NAG labraries whica
suppcrt the concept c¢f the FErogram Library :will be discussed
and presented as feasikle jualities to be associated witn a
good liltzrary. To krcaden the cerspective ci a'litrary, the
characteristics and attributes of tae IdASL and tae BAu
libraries =should be slijhtly modified aad in scze <cases
changed tc fit new gcals.

A clcser loox at the two likraries reveal the fclicwiny :
goals fcr a possible Frogras likrary: -]
(1) Ttke design and implementation oi the 2rojras Iikrazy g
should be under the auspices of a yroup of° exfrerts 5$¥

ficm a wide rarge of scurces (i.e., designers, gro- :;3
jramgers, etc.). -

L
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(¢) ite environmert of the Proyraa Liktrary umust =Ie
estaiiished ard ail testing aust be accorplisiad

r within it.
o (3) Fach entity within the likrary should be corsidered

S Lcr error detectior reguirements. Apiroiriate errocs
o hardling capakilities must be outlined.
E (4) Standardizaticn oi codinj and documentation is asnéa-

tcry, £or all entities within the litkrary cr <cvclved
fzcmw the likrary. .
(S) The clientele cr users c¢f the 2rograr Liprary siousd
:z Le identified and the likrar; aust supzort thexd.

(6) ile develcypmertal  riorities snouid ts 3¢t

b LG
- - sl o

-

ary latter tradecifs will be on aincr details iz

Cirosed to major issues.

» (7) Ike develcpmert of the entities within tae litrary is
irgortant and although the actuas. sgeciiics car ot
£te rlaced in tle library, references psroviding Kxaduw-

i? ledge of the details snculd be made accessitle tc tus

a user.

. (8) Tte library skculd represent a user-£riceudly ,rcliuct.

f;f Thus vhnen manipulating entities ia the librar; ther

. should be apprcpriate tests for applicabaiiit; tc

¢ o Mm

ta

user's regyuiresents, thereby amaxing 1t possiils ¢

guickliy identify and avcid some Of the grccblsas of
farareterizaticn.

{(S5) Tike library is to be its own best source of ipicrast-
icn. Any inguiries as to the use or tle liktrary will
Le answered Lty its owp documentation, alleviating
the need for exterior (i.e.,Looxs) informaticr. 71kis
igsplies or-lire access to Lotih the documentation and
tke cther entities as they are used in tne 1likrary.

(10)Fcr the new user of the liorary, tuere shculd be
exanple ioputs, results and formattiny cCestricticns
ard gyuidelines. '
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(11) Ike crganizaticn responsitkie for the coucept ¢ai  tae
Program Library and its desi_n aad iaplezentataon
I skould also be responsiile to tne users for ccrntinuel

ugdating and saintenance.

The aforementioned <characteristics will ;rovide a gcod

gquality likrary but what is lackuing is the characteristics

LA A
e

tnat will make the likrary reusabie to tae user aré his <o
ker crgarizatior. Sujgested additional <chacact=-1:tics

snould irclude but nct be limited to:

z {1) Tke akility tc select tke @wOSt oOptilbai entities, :or
tke accom iisktient of the user's task,
{z) Likrary iLrowsirg capalilit;, piior to the s€sccCtilol
of a comcnent withir.
;' {3) Tke ability tc locate a ccaponeat o a similar ccz-
N fcnent with tre use cr kej-words, iadexiny ard cata-
lcging.
o (4) Manipulation ard retrieval capabiliities on entities
i ‘ crce located.

{(S) Tlke akility tc modify and combine aathorized a@modules

sc as to fossilly create larjer molduies in a Lier-
o archical manner. This shcuid be accozplished wnile
keeping the parameter ;assiny process trausiarert to

tle user.

E. SUMMRRY

Aes a final comment on the INMSL and NAG Likraries,
certain ckservations seem evident. One 1s that, as nigu a
guality as the two lilraries appear to Le, there seems tc be

2 little tc indicate tlat the issue of reusability is of any
f' concern. This thesis does opot deny that a gocd likirary
- could very easily Le created frcm the image of either the

~f . IMSL cr the NAG 1library, however it could te said, that the
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fro,rac Llitrary is a "Superset" (contaiaing the ccriined
cadaracteristics) of the twe libraries. lhe @wdin irtent is
to prcvide caaracteristics ifcr a reusakle Program Iitrary,
with tre kelief tlat reusakility produces increased
productivity.
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i IV. IHE PBCGEAM LIBRARY
Tbe EFrcyram Lilrary rejpreseunts a conceptual €513L
resgcrsive to the widest range of users (Zicfom the acvice to
I the ex;ert). Tte litrary is to te estaplisasd arcuré ycals
consistert witn user's needs. To understand tne ccnceptual
dssigr ard implerentation, the ycals oI tne :frojrak iiizar;

will e iderxtified ard ex lained.

g
¥
A. GCALS CF A PROGRAF LIBRARY
- iritially, the Frcgram Likrary shoulid be lesigned s2 ac
) . . .. . . .
: to ce ci Lepefit to a wide rarnje OI users. ucluled 1n tiis
design skculd bLe cornsideraticns <for reliakility, Icilii-
ariiity, unéderstandatilit,, testasility and efiicisrcy.
i Arctkter gyoal is to Lave a jikrary that nas LiwWw=slius
capaltiiities and has the flexibilit; to £e weasil; madiriel
to fit s;ecific user needs. With tae desiyn Zeing celteield
) cn theése issues, tre potential to create usetul lifracies
i can € enkanced. This issue will be discussed ir zcre
detail ir tle followirg secticrs.
Anctler goal is tc ewphasize portability. Portarcidiry
should =stress the ginimizaticn of change as a scitware
) frodcect is moved frcix one environment to anotaer. Thus,
rortakility in the Prcyram lilrary w#ill rejuire poving frct ]
~ cne e€rviicnient to ancther, causiny CCRCeInNS OVEL Com_dati- ]
f_ kEility and jarameter ;assing issucs. Thes€e a.e 3cre ci tae o
. . . o , 1
) issues that should te dealdt with by the designer c¢f the -
. . S ) - e e
product and recognized - bty the user. The «c¢ccacept ¢i port- RO
apbility as a goal fcr tue Prcgram Library changes as tae -ﬁ{f
o type cf environment varies. That is, tne concerns invclved e
). -
- 36 .
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in mcviny ketweern twc unrelated couputer enveionaeats (i.c.,

IBY 3€C,/370 and Cyber 205) are separate Iroam tacsfe €ncoudn-
. tered irp pcving letweed envircnments located within a lar:er

eavircnaoent (e.g., tle UNIX and VHS operatiu, systems withiu

the VAX ccmguter syster).

- LI}
R

Finally and most imortantly, the issue of reusakility

l rust e addressea ard thue concept incorzocated irtc  Tuae
library (ircm the design staye tOo the users applicitiva).

The reusakility issue sgpould fte a basis <fLcr the Jdesaiia,

isplementation and use of the EFroyras Library. Tae CCLCEpt

| &

Lehind reusability skould nct ke limited 1o the 2gs3ijn
fnase, since the extension of the «concegt Jdzwn to tue Fist
pCiuitive entities ir tne likrar; wili &ai30 =iLaLCc  tae
- user's rograamning task. Most users of a sofisaze _rcauce
are inpterested in increased savings (in time ani money) ani
increased groductivity din grograuaminj. Reusavilit; is a
; sujgested fath tc tlese yoals, and if tihe 2rogyram Litrac;
' énd its asscciated ertities are to reacu the desired gcads,
i the ccrcejpt of reusakility must Le implemented.

The coals cited akove fer the Program Litrary are ij ao
i geans conclusive. They merely  rovide a conceptual cverview

I cf wkat a user shocld expect <frowm an ogerdtionald Fregykaa
' library.

“ E. A BIEBAKCHICAL VIEW OF IBE PBGGRAY LIBRARY

The Erogyram Iibrary can te descrived im a aierarctical
fasnice. Tne hierarchy of the Proyrawm Library consists of
entities emtedded in sultiple conceptual layers, e€ach layer

representing a library. An example of a alerarcaicaddy
layered model'qf tke Program Library is represented io
Figure 4.1. The layers ¢f the library represent taree
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s

' concefptual levels wlrich aake~up the Progiam Ligrar;, Iz
" tris three level exanz;le, the levers are ciassiiied as a Low
E level Llitrary (Lil), a 4id ievel Liorcdary (#4Lii) ind a@ al4.

1

level likrary (HIL). Fach level can then e descraked oy

Ve Ty

fow its asscciated rcitines arc sanipuiated (i.e., TCeused,

PR A . AR
» b

godified, €etc.) .

»

1. ke low level Llifrary

A routine or any eutity at tae  LOwest leval  is

wfitter 1n source ccie. It is a stanu=-alole =ntity oo a

i » SEEAAMEE

routire whkich calls wnc otuer i1outane. Casws Lade T
Iodtines at tuls level are nct €xclisive To any SrLe Zgutirne
CI JdCKdg€ dt a aijner ievel. In idact, =daCa I0dtlLe at fus

fijaner leveli Las access to each and every routine at a licaeco

"
>
i
r
{

level. This does nct reclude the aviiity o wodizy
routines cr manifpulate thelm as reusable SUZtware. DUT Tuels
is a implicit limitaticn on the siie (i.€¢., Lixce
¢i ccde) <¢f the rottines at tauis leve.. At thi

routine shcuid Le exjected to hardle oni, o01¢ ace

aQ

givinc validity to tie term "single action routin

-

<. 1lbe Hid level Ligrarjy

-

|

Fach entity at this level 1s cconstructed of scuarce
lanjuage ccde Jderived from the linkiry (via suktrcuciae
calis) tc lcwer level routines. Thus, tu2 lower levels cac
Ye¢ viewed as providing operaticns not availacle in existisng
(i.€e., 4id level) ccde. At tinis level tne si1ze Or the eati-
ties 1is oI major Iimgortance to tae capability oL the
lipbrary. This is evident in the fact that, even thcu;u the
size ¢f entities at this level 1s comparavlie (Lot neces-
sarily larger) to tie si1ze oi entities at tiae*liower level,
they are mcre capable because of the availakiiaty cf calls

38
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Figure 4.1 Eierarchy of the Proyram library. -
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to lcwexr lievels. Uricrtunately, at tuls and niji.€er ievels,
as trhe caraliility of the 1licrary improves, the flexitility
sufrfers. 1This is the fundamental tradeoii Letween ieveis o
a Prcgran litrary; tie increased  ower ¢I hijher level enti-
ties is available orly by decreasing ilexibaility.

. 1ke High Level Linrar,
The averaye lLser, not wantin; to «aste tiac writin,
a crcgram irom sScratch, seexs code regresertative i
!; con.lete ccmponents (i.e., dppiication  gacnaj<s). io

Satisfy this rejuest tae Progyrag LiDC&LY has a Hl.. levVel
iibrary accessibtle Ly the uscr. AS wWwith tue 1Cwer level
librarics, its ccnterts are still esseuatially modifiacrle en?
reusatle. The size of tae ap.lication gackayes AarLe€ o €-
fully szall (relative to packayges construcied L{rua uuldaj=iecd
libraries), Dbut have signiiicant capariiity. Ihis agjair
[cses the issue cf a tradecfi between cajafLility; and fizyi-
tility wsith the wuser teing the beneficiar; of the final
result. S

C. ALVANIAGES OF A BIERARCHICAL FROGRAM LIBRARY

In tke structure saown in Figure 4.2, if a erntity at tie
bignest level (level ) wants to make use of a entity at the
lowest ievel (level 1), the calliny sejuence aust Kake use
cf the ertities at tle mid level (leve. 2). And stculc tha T
zoutine lakeled B wisk to use the routine lakeled G, it aust
Fass thrcugh the routines labeled A and C, since tkey are irn ﬁif
the bierarchical calliny seyvence. Tals type design is -
similar tc the desicns that use the concepgt 0f ste wise
refinement. Therefcre tue flexibility availacle to the user K

is ligited. -
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Figure 4.2 A Hierarchical Structure.

Tke EFrcyram likrary's structure as snownh in Figure 4.3, -
Cifers ncst of the relations scught in Fiyure 4.2, tut the
tnigue distinjuishing¢ feature is tae otential tc¢ deviate
from the ncimal callirj sequence. That 1s, the princigles
asscciated with stepuise refirnezent in a hierarcaical struc- -
ture are still relevart with tais design. Taough ncw, tae
user bas the ability tc¢ perforp manipulations (i.e., calls
to rcutires) frem high levels to ilow levels without fassing
tarough tie middle 1levels, For an exanmgle, rouatiae A at -
level 3 can make use cf routines D, 2, F, or ¢ at level 1. :
Another exasngle, illustrated in the figure, rLovides tae
ability fcr two cr mcre routines at tae same level (e.g., 3
ard C cf level 2) to make use of any routine at level 1
(¢«g., L, E, F and G). A mcre indepth expldanaticn ¢i tiais
and the revious mertioned relation cau be Zcuand ir tae
article Iy Farnas [Ref. 9] cn the "uses" relatioa.

Even thcugh the frojrams in the 'multiple ievel' Prcgyran e
library may be identical tc those in a sinjle level desiga
- ‘(similar tc that of tle IMSI Likrary), giving the user guick o
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Figure 4.3 Hierarchical Structure oif a Program Liktrary.

access tc the prcgraass at the lower leveus will allcw hia or
her tc use the library more effectively. With the hierarch-
ical cesign, the user now has a largje selection of rcutires
for writing prcgrams ¢r nigh 1level applications. Ii there
is a need tc modify a high level grogram, the user crly need
to optigize the calling seguence, since tane pregJrams are
sritter in teras of calls to lower level prcyrams. Since
tue prcgramger can wscdify the frograa, he or she has the
abrlity to add or delete the cagability. Also with the tse
c¢i calls tc lower level programs the size of the higter
level fprcgrams are rnct nearly as large as thosé used ia
different designs, Finally, the hierarcnical desiyr 1is
consistert with the state-cfi-the-art technoloygy, kncwn as
“"godvlarity."

1. fower and Elexibility in a Proyram Likrary

Eoth power ard rlexitility of a Software FErcduct
tegin ir the design phase of its life-cycle and both afiect

the user's programming efficiency. The granularity (i.e.,
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size) cf the Program library stculd represect a zajcr irjre-
dient irn thke library's bid for power and Iflexisiliity. In an
attempt tc  rovide bcth conceptual joais, while keepin, tae
granulacity of the likrary's entities as small as :;cssilile, ' 23}
any and all tradeoffs should e examined. Cne anticipated ‘

exanple ¢f a tradeoff is due to the issues around eatity :
size. That is, in crder to maiptain the size of entities, a
hierarchical approach tc prcgranm creatioa ard mcdificatioa
should ke used. As the entities are raised to a Lijier
level in ttke hierarcky, the more capable the likrarcy wiid
teccrne, while the dejree c¢f rlexiiility 1is lessensl.
Altncugsn, the twwo ccncepts are equall; 1iaportact tc the
desigr and eventual ispiementation of the library, taere
will ke instances wlere one will be prefered to thLe ctacr.
The desi.ner and user c¢f the Frogram Litrary should, at all

times, seek an e€cuitable Lalance Letween Ecwer and

flexitility. o

Frcon the jprcspective of the users of the g£zcjIaa —
library, jrrogrammers of any level of proficiency will be t
akle tc write arplications easiljy. The novice zacuid o=

able tc izrlement entire applications with a minigur ruarer -
cf calls tc 1lower level rcutines. A Dpore exrericaced L;
Frogrammer should be able to generate a jreater refertcire
¢f rcutires for estatlishing apglications.
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ACDIIICN OF AN 2RELICAIION GEINERAICR

Tbke frcgram Likrary has feen descriced as a Software
Eroduct designed as & Lierarchbical structure orf likraries.
The c¢cncept provides tane designer and tne u3ser a aiyaliy
€Zfective and reusarile software tovi. Zven thecu,z  tiz
Frojrar lirrary suggjests to the user & new &nd M"ecasy'" 2ctiol
for tte idimgrovement tc prcyram groductivit,, it sciil
reguires that the Uuse€r nave scae LOIadd [LOyLaR&dl, Hlicec-
€lje. Thus, 1t is nct as "uyser-iliendds;" as eiecCt=l 7.5 4
groduct rasel or a higa level 1larn;iaje. A clca  ievel

progracaing langjuaje tnat «cculd ke used 1o S1l.v ALz

D

1Y)

succinctly express jroblems wcula be a very vaiuatle tcel
for imprcving pregramfer productivity. Oue approac. tc tlis
has Lecr tc investicate Mautcmatic Progyraawding" systeds.
faizer [Fef. 16], Jives an exarglc of a1 systez, that wc2id,
for any grcrlem, autcratically coanstruct a workiny ;rcjrac
from a descripticn ir a very hiyh level lacguage. Iois warx
Las nct yet procduced a gractical system that is easy Zor
npon-jrogjramrers to use; the difficulties in resolviry aaki-
guities ard inccnsistencies ip the probiem statenent se€eu
intractatle, in at least the near future. A seccnd
apprcach, that is fractical, 1is to work within a liazited
froklem doamain where the proklem is well defined ané there
is ar available mnotaticr tc resolve any ambiguities cr
incornsistences. These systems are cail proyram ygenerators.
As arn e€xanr;le, the froyram syntuesizer used by many irdus—
trial ccrpcrations gives the capanility to yenerate any ¢t a
whole cless of similar prograss and the user needs cnly to
input s;ecial information related to his particular agplica-
tion. Cn the basis of this input, the system outputs
reasonatly standard code adapted appropriately fcr the




N

tser's tas«. Examples of this jroduct inciude jrcgraa
generators for industria. applicatioas such as schedulizyg,
invertcry management, cr payrell.

7¢ fut the user in a pcsitiorn where he or she reed ot

e experienced frogyrammers, the designer oI a hign level
.languagye shculd furtier sigplirfy tae so0o calied "hign level
lanjuage"™ (€.g., FCeTEAN) . One uwethod of siaplifjiny a
FURTFRN like lanjuage is by tke collagsing of several lires
cf ccommcr patterns, such as tmne DO-ldcp or FCR-loo;, 1ato

just cue or two syclkols. The .angjuage APL vy 1lversicn

(1972) [Fef. 17], gJives an exatgle Oof how tuis can te dcn=.

wiile toe level of the APL langyuage Tay Lot expl€s5 ta=

level to wnich the groyram gJeperator 1s (ro os=24, it zces

give a ccnceptual view of what is expected of the jereratcr.

Ir acccrdance with tihe aierarchical modei progcsed :zor
tae Frogram Library, the prcgram generator shoald aidsc Lte
represented as a level or the hierarcay. Tone ievel sicudl
re referred to as thke application gJenerator as skewrn iz
Figure S.1. As witn the Prcgram Lilrary, it saould ircclude
varicus prcgram generators corsistent with tae orgsrbizaticas
cverall ccals (i.e., lusiness, statistical analysis, e€tc.)
Tne [frcgrar generatcrs shculd respond to the Applicatic:
Generaicr's environnert in a simiiar <fasihion to the way the
libraries respond witktin the EFroyram Library's environment.
Therefcre thke prograrm generator can be modified, and reused
in a marpner similar to that <¢I a routine. AsS the figjure
implies tie Inventory Management element c¢f the apgplication
gencratcr, teing a prcgram generator itself, omust Lte viewed
as being on the same level as all the other gerneratcrs.
Thus, e€ach wmust be cagable ¢f comaunicating down tc the
varicus Jlevels of the Projram Library. An igjpcrtant
restrictico on the pircgrau generator is that ;ts cougonepts
are nct ;ermitted tc communicate directly with each ctner.
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Figure S.1 Hierarchical Structure with Additicral
arplication generator.

%ita the very high level application jeneratcr the nierarck~
ical structure, previcusly presented, remains vaiid ard Low
tLe user has a acre tser-frierdly systenm.

A cicser look at the application gjeneratcr wiil illus-
trate cne method of writing sizilar pgrogracs. The metnci is
to segoert the reguired task into two parts, rcutine
gorticns that are ccimcn tc all projyrams at that levei ard

task~-dependent pcecrticrs that must be different for eaclt Lew

s
v % N
2 At s

froyram. 1he progras generator will resgoad as a4 prograa, TYTﬂ
that autcmatically executes the more routine porticns cf tke '

Froyram taskx and enakles the user conveniently to iLput the
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task-cependent iifcraation sc that the desired jrograr caa
ke created. More detaiied discussions c¢cn hew tiis is acccer-
Flished can ke fcund in [Ref. 18].

AERE S Yh

> Tte simglicity of this scftware _roduct recomes evident
wben the generator acts as an automatic preogram generator
I for applications specific tc a worKiny environment. The
Frogranr Gererator's efforts are aimed at ;iving the usel
wita nc traditicral rogramming expertise the atility tc
generate use¢ful prograss while working wita familiar telzs.
; The Ecvsiness Definiticn lLanguage (Bil) systen Lein: devel-
cced at IBY (Gcldkerg, 1675),; Haamer et al, 1574 aci
FROTCSYSTEM I (Martin et al., 1S74) at 417 are ejxadpies oo
an autcmatic jprcgras cenerator 1I0r tae €r's €rLVvirCruent
- {Ref. 15 , [Ref. 20)] and [Ref. 21] respectiveliy.

TIc¢ grovide a workipy exansple OI tae [frojralr gy<ie€rzstcr,

- as it irteracts wit:t the user and tue Progyras liciaig,
' Figure t.2 1is provided. The £fijure illuscrates tre £ica

i chart created by the wuser withinm an interactive gragnics
jroyram fpackage. It also 1iliustrates tLe interface tetweewn

&' the generatcr and tke Program Library. This 1interface is
. transparent to the inexperiernced use<er but the experienced

user is allowed access whenever he or she desires. ihe

diagrams as shcwn describe the progjram as it is teing

created; tlrey cculd also be thouyat of as the projrac cr at
least fpart cf it. fince this generator can be lescriked in RIS
terms ¢i arcother suchk flow chart, then from a ccnce tuail -

'
-4

standpcint, more thar one generator may be pgermitted in the
agplication generator at the higher ievel. The jemeratcr at
tnis pcirt is still ccnsistent with the aierarchical struc-

L ey

)

ture rejyresenting tkte Program 1L1ibrary and thke envircrment Lo
surrcunding it. The specific design c¢cf the prograa gener- :
ator is to mzake the tser's task as simple as possilkle, ditl _23

el
L%
et e
P

this ir mind, the fcliowing frocess, in Figure 5.2, is e
cutiined. Lo
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Figure 5.2 Example of a Program Generator.

Giver a proyrammer concerneéd witn processinyg crders, he

pust first make his objective <clear to tie interactive

Erograam gackage,

presuwably keing u4sed as the jerlpherai

i device. Ircidental to the j;rccessing oi orders, a checx of
the fprogram file is made. This is to verifiy the existence
- cf the 1rejuired program, Lut not halt the .rocess it tae

Frogramz is rot present. Once the objective has ceen identi-

> fied, the specific [fprocess of interest to the user is
o invoked Ly the Erogiam Specification Laaguage (PSL). lhe
N gecharics of the above operaticn is automatic in nature and
o transparent to the «ser. But, shouid tue user rejuire a
; gore ojtimal soluticr, he or she has the capakility of
oy ganiyulating appropriate application fpackagyes or rcutines
within the Program Iibrary. The interface Letween the
ff Frogram Gereratcr ard the Frogram Library must Fe well
b 4
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defined ard capable o¢f extendiny tiae user's wmanijulative
contrcl dcwn to tle lowest level or the hierarchical
structure.

The sigrificance of tais roduct is to intrcduce the
toticn cf simplicit; and of reusanility. By impleaerntinyg
user-friendly (high-level) langyuages with spgecial (task
crierted) cperators and forms designed tor particular ty;es
¢r ccrgutation, repetitious ccdin, of projrams mpay L€ eiinmi-
nated. These nijher 1level langjuay€s are meant tc inciude
constructs that are adapted <fLcr particular agplicaticrs and

tuat are raturai fecr conce;tualizations in the frcraiecs

domair. Hcpefully, such larnguagjes will allow thne frogsrais
to re ccpcise and efficient. Since tne yenerator c, eratel
somewlat actomaticaily, the wuser's apility t¢ jrcduce

corre€ct and reliarle prcgraas snouald be coasideraicl;
imprcved. 1This insures increased progyram jroductivity.

Fxanples of Prograu Generatcrs aud Prcjram Lilraries are
in existence and marketatle tcday, Ltut as far as it can ke
deterzined, there is not a software product oL the market
that frovides a comlined ecvircnment, as exhibited aktcve.
This is bpct to imply that similar products do not exist. As
an example of ope «crganizaticn's efiorts at bringing the
ccncepts cf the genefatcr apd the likrary together, the
fcllcuing is worth mertioning.

TtLe Irternatioral Mathematical and Statisticail
libraries, lpc. (I1MS5S1) known fcr its numerical coaputaticral
library, designed a system for a user so that:

he could have imrroved errcr coantrol; )
he cculd have a system which is designed for e€ase of
use, with the irtent of increasing “problea-~solving
;xcauCt1v1t ; ard ) )

(d) e wculd nct be restricted to a single computer
€nvircnmen t.

{gz his programming effort cculd be reduced;
c

4¢




IASL's sclution to assistir; the user is calilied "ehCITaM,"
{(for EFCgram TRANslatcr) [Ref. 22]. PROIFAN is desigped as
I a fagily of software froducts, Lailt arcund a preprccessor
. that frcduces FORTRAN code which jerrorus the actions sjpeci-
. fied Ly the user?s FrCIEAN statements. The FORIEAN, ctkLus
froduced ty the prejgiccesscr is combined with any FCFIEAX
l toe user may have written, and then it is cempiled, 1irxed,
‘ and executed. In crder to reuse the PaCIRAN frcgjrags co

different fproblems, it is Lecessary to write the frcyrai iu

such a way that new data can ke input and to insure trat thne

.

o commard file (JCL, macrc, etc.) Jdoes not Ielete the execu-
tais€e pLcykam fiie. The coordinatiou rLetween @eallral and
the 1I¥SL Lirrary offers mary advautajes to the USer, scae

. wihich are hiynly scugrt in  toe Progrda Likrary arnd adpplica-

. tion cenerator.

. 1. 2Advantajes of ERCIRAN

i Ine advantaces of FaCTIRaN are extensive, sc the

followin: suggest onl; a few cf tne more dominate issues:

- Fcrmal programming kncwledje is not rejuired fcr ap-

e gflications that can be dcne using PRCTEAN statemexnts

i alcnoe.

- FORIRAN can te e€asily irtermixed with FROTRAN state-
ments, allowing a tailcred approacn to proktlea sciv-
ing, for the Lerefit cr thne experieaced user.

) - Based on proven algoritnms from the IMSI Likrary, it
frcvides users with tested, reliable wmethods fcr fprcb-
leg sciving.

. - ERCTBRAN is powerful, flexirle and ease to use. It has

f -accurate and irformative error messages and it allcws

unrestricted access to FCRTRAN for specialized 1lccal

- . [rLeguirements.
E‘ } - It allows user to specify a programainy prcklem in
)_ altercate ways. '
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- User docudenticr in Rmachine readaiie form 1is 1
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availatle to tle s;ster iapleidecnters. This aiicws

then to generate a 'Hel_ ' facility for their users.

Tke intent c¢f this section 1is to empiuasize ttlat

there is a marketable need fcr software ;roducts, such as

the afprlication jenerator. #ore importantiy,wher cczkired

with a
product
iibrary
lesscrs

Frcsram Likrary, it grovides a nore rLuncticrail
for tne user and his WOLKILJ environment. The 1¥SL
snould Fe viewed as a froduct wiulCn (LOViCESsS 3CI:

to te learned.
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V1. INCEXING AND BEIRIEVAL ERCH

HE PRCGEAM LIEE2EY

(]

The Ercgram library offers muca to the user of a soit-
ware fprcduct., | But the sijpificance oi the liirar; is
negated, ii the usel can Lot access and [etrieve eLtit.es
much‘iaster than the time rejuired to write arL € uivalent
Frogyrat. This searct and retrieval [LOoCesSs 215t Clcélc o
wOrKkir¢ environment ccnducive tc poth erlicieacy and
tivity. Tte liprary should re designed 50 as S inlecic
entities (i.e., routire and ,Icjrams) aind Ctiosi pLugLait il
tools winich will aileviate tie need Z0or a4 uUsSer te Contilu-
aily rewrite programs IOrf €ach new agplicaticu. lhe trLu=
elfectiveress is exhibited Ly tae user's <ifagpiliarity wits:
the ent.ities that are availalle ard aow trne; are callei.
Thus, tke yoal is tc provide a Progyram LiiTary whick secvec
t¢ lccate

its fur.cse best by yiving the user a fast way

entities. The concepts amentioned are not ncew, toey save
reern studied extensively oy #elinda Theders [Ref. 23, 4ithL
results that «could make the Frcgyram Likrary aighly e€ifec-
tive. Tledens' results provide a conceptual view cchnsistent

with the idea of a Picgyram likrar;.

Tbe Frcgram Iibrery has Leen uesigned to support a lier-

archical structure ccnsisting of multiple levels of

libraries, each accessible Lty the user. Thne entities witlirn
tne litrary are well documented in a descriptive manner.
Thus, tke documentation can rte used to assist the user with
issues c¢f fcrm, frarazeter passing techuijues, error hacélinj
procedures and any otker standard features pertirent tc tie
library and its manijulation. These d4nd other features aust
ke maintained to make the 1litrary effective, out the effi-

ciency cf tte Prcgraas Library is more dependent on the speed
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witi which the likratry entities can be searcied out cy ta2
userl. Thedens sugj ests that a software product ir assccia-

tion witt the Prograr library be ised tc unelp the  uscsrs

o

€ss and retiieve the needed routines ard to exilair cacs

CcC
they stculd Lte used.

A. I1IEGARY REFEIEENCE GUIDE

[Fef. 22] introduces the ccucept o0 4 Likrir; feisrcics
Guide. Tre Referernce Guide «couid be an on-line cuer
FLo;ram, a traditioréal wanual that e€acn (Lo, ramLer €Al rnee;
ca his (cer) desk, oL a cchcination O Loth. oo tae
Furscse cL this thesis, the on-line ,uery ELo,ra2 wiii o
the tyre reference juide descriced. rthe Reference Guaide

swould te viewed as a software _roduct which prevides an

interface fetween the user and the Proyram Litrary.

;f. The Feference Guicde, iike the Prograa lLiirary, Las take.
ﬁi some ideas from thne crganizaticn c¢f tae traditional litrary. .-
Cne feature in particuiar 1is in taoe organizaticr and
indexing which functions like a card catalog. The igdex

saould ccnsist of «Keywords that are used when «callirj u; a e
selecticr of on-line files. This sbhould be easily related e
to a wuser who 1is fargiliar with such traditional irdexing V
tools as tke KWIC (key-word-in-context) which accoaganies
tne IMSL likrary. The indexing of files makes the user's
task ¢f locating entities much easier thar writing them, kut -
for tkte wuser to make use ot the Reference Guide, it acst
alsc e sigple to  use. T¢ mairntain a high degree oI
simplicity, the descripticn of what the eatities are
designed for should te organized; the organization skculd be -

sucu that the descrijtions are kept to a few lines or ste,s.

Ey maintainingy short descrigptions, tine user is rct kcjced R

down with massive awgcunts ¢f information wihich lessens the

g3
g3




deyree of urnderstanding wuile increasin, the user's ILeeliry
cf ccoplexity. The short dJescriptions can bz treated as
well Gefined modules which can Lbe modiiied to descrife the
entities tlrat have alsc reen rc¢dirfied.

With the documentation fplajying suca a fajor rcle ir the

effectiveness of the Frogram Librarg, some c¢f the ccrcerns
cbserved in [Ref. 24 snould Le¢ reiteratec. Cre CCrLcelLn 1s
that tle furctional descrijticns of how an entity jericias
its furcticr internally shculd £e niiden, =so as t¢ ailow
fiexikiiity in writicy future versions orf tne eutities. 1Th: -
documentaticn skould also «ccrtain a description or the

isputs ard cut.uts, jarticularly tne <Zforasats and ranjes o:I

values. Finally, tlte documerntation snould include Cescri -

tions of tlke side effects of usin, the entities (e.g., wnicu - -4
registers get destrcyed, wnick work fields are used ani L
waich status flags are aifected). Tie user should re aile o]
to use titese items ¢f infioruawaticn tc avoid hLaving to cxaamine
tie ccde that reriorms the fuLction. s

Thke lilkrary Reference Guide skould Dpe tasx orientel ani
the tecbniques ¢f stepwise refinement should Le useé to

descrilte the entities (from the most general to the acrLe

detailed 1levels). The imgortance placed c¢n testine the
entities of a FPFrogram Library should be extended tc the
Gocumentaticn used tc describe the lilsrary guide. The accu-

racy ¢f tke library dccumentaticn could be a decidirng foint
as tc whether the lilrary's resources are used. Tae actual
testing shculd involve checking £for omitted infcrmaticn,
informaticr present in the wrong order, typoygraghical SR

errors, and ambiguous descrigtious. Each time there is ar jﬁﬁ
update, or new additicn to tbhe gyuide, taes above nmentionei
tests shculd be accounplished. The dates of these mcdifica-
tions shculd alsc be kept on file, so as to assist the user ?jﬁ

in identifying the <chanjes as related to Lis r[articular
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task. Therefore, tie user will not be reyuirea tc reac taec
entire litkrary, just that ip unis or her area ¢f concecc.

1. Cp-line Luery Brgdram

Cne approach to ThedesLs' ocn-line juery grograa is to

bave it jperiorm searck and retrieve processes on the Ercgjraa B
Iibrary with the use of kejywords. AL exauwple sacwl 1i . j
) Figure 6.1 can be described as Zfolilows: Zrca the ers;ec~
; tive c¢f the user who reguires a routine, Sut is unfamiliac .
:: witii the specifics of the routiae (i.e., what it 1s cesigjrei RSl
jf to Jc, what are its jarau<ters, wauich rcutiues Joes it caul, f:*j

€tc.), a keyword or list of keywords carn ue extractad.

Cser's Query -

The user can tnen estaklisn a juery iroa the identi- ??j

fied (user's best selection) xeywocds. The user's querj cax o
Le organized using different sethods. One method coznsistent ;ﬁf
e

witn [Ref. 23], sugcests that every routire in tae Prcgrax
library Le described in sport senteaces cowutaining a

subject, a verb, and fossibly a modifier. Tue words ir tas :;.:
senterce wtich are nct keywcrds (e.g., ard, or, for, a, ttre, fuj
€tc.) will te deselected by the translator. Another zetiod e

is tc¢ rrcvide keywcrds with ©poolean conaectives; for o
exan;le, given three keywcrds (4, B, C), they can ke R
jrocessed ky the trarslator as A or (B and C). A scan of »
the likrary file would identify either keyword A or else
Eoth keywords B and (. A more likely strategy uses inverted e
indexes which, fcr each of the three kejwords, contain lists e
¢t the dccument references exhibitirg the rarticular L
keyword. The search frocess for the guery tnen perforuos aa o
intersecticn of the document reference lists corresgcrding ;fﬂ
to index terms B and C to idertify items apiearing on totn | :

lists. The teéulting list is thken mergjed wita the dccument

[ T
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Figure 6.1 Matching of User's Queries :j:?
Against Frogram lLibrary Entities. :

refererce list ccrresgonding tc term A to oktain all iteas *
located eitter «c¢n tke A list ¢cr on the coambined E and C :
list. Independent cf the methcd used, the tramslatcr will
te required to handle the yuery. The latter method regre-
sents a guick searchk facility, thus it will <Le us€é to -
further explain Figure 6.1.

Cuery Translatcr

The (uery translatcr's function is to fcranat
keywords {i.e., break tne yuery down into its ccbhicnent
Facrts, (individual terms and Lcclean connectives)} icr in;gt

to a temporary storace (e.g3., a memory). The translator
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must alsc maintain tlke query iptact, sSo tnat it caa te usel
iater as a check acainst the routines aad ta keywzsrds
returrced tc the user. Ine keywords are mainta.aed to allow
the resclver to rerfcim its functioas.

Keyword Storace
The keyword storage acts as a aemcry for stcring

distirct terms (keywcrds) tempcrarily in a predeZined fcraac
¥ (i.e., jarallel with =n cells fcr n terms). The XKeywcids
- should te keld in stcrage until the sSearch yprocess has reen
‘ ccopleted or until deselected by thne user. Thne fcrmat oZ )
the terms is importart to the next step of the process wnich

uses tte term ccrxparatcr.

Terr Comparatcr and Document

Tbke comparatcr matches the ideuntifjing infcecraation l_,

from tke dccument lilrrary file against the juery teras. 70 §§;

- avoid haviny to page througn the entire library file, the ﬁﬂi
' ccmparatcr receives «c¢nly tbe keywords associated «witlh the :ii
routine's function. The ccoparator shculd &e built to L.

handle truncated terzs (with @anissiny prefixes as well as

gissiry <suifixes and so-callied "don't care" characters).
With this facility the guestion of aakiguity aust ke -

addressed. Figure 6.2 shows a hierarchy of keywords, assc- P~-
ciateé with similar, tut differenmt routines. The agbiguity ﬁ{
Yecoges a factor when the routines are searched using the j?
truncated keyword, thus calling the routine INIT cr INIT* -
could return either c¢f the structures. To avoid amkbiguity L_ﬁ
the c¢cmparator will return bLoth rouatires, giving the }j;
resclver cr eventually the user, the option of selecting the f?f
agprcyriate routine. The terms returned to the ccmparator '::
are pcssilkle because, as Thedens suggests, the library guide ! K

is ccnstructed suck that each entity (i.e., Frcgraan,
- routine, etc.) is fpreceded by documentation ;nformation

consistent with a design template. The template will be
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1 .
(a) (c) ' .
INIT Fcutine tc Initialize a INITZEL
File Stac K=
Indexed Under . T
INIT FILE, . INIZI3T Sladna
Reywordas . H
INITIAILIZE, - —- INZTIALICE i
FilE i
i
{
- o —— o o . S-S, e S B2 et e 0 e et e sl e e —_—
Figure 6.z Hierarchy of Keywords.

designed with a4 ccaosistent fcrmwdt SO 4S5 tO &lliCW thé ya=ry
ErOojragx oI the procramper when regulred, to seiect tac
informaticn needed without scrcliling the entiZe LoUtil€. Al

exanile ¢i fossilkle template neadiny migut include: e

Description

Keywerd

Fcrmat
Crigiratcr/Prcject
Cn Inputs
Ch Returcr
Cn Error
gr Calls
Recuirement
Cpticrs
Sp€ecial Case
Exasples
Upcated

- Fcurd In . NS
See Also .f*
Uses '

Sg

< -
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Since the template is stacdard tonere will Le scae
routires wkich will rct use all of the on2adings, the ores
tcat ¢écn't appyly shculad pe deleted. Kith the "uses" and
“"found in" heading the search process cau take on the
appearance of a hierarchical structure. Ihis afgrcach,
spown in Figure €.3, can easily ke ada,ted fcr use witkh the
hierarchical structure used in tae 2rogram iitrary (i.e.,
the top cf the Jdocuzentaticn snoudsd coibt i&L the [ich*
directicr ard the search of subsejuent lower 1lajyers shoull
frovide mcre and more detail).

Dccumentatica
on the
Graphics Fackagye

Locumerntaticn Documentation Documentation
_¢cn the _on € .on the
gar Chart Pie Chart Histogram

Documentation
on the X-Y¥
AxXxis Relation

Pigure 6.3 Hieraxchy of Reference Guide Documentaticna.
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cU€ry Resolver

The yuery resclver Cchecks W.<ether tae CoZjpai€te user
guery statement is fulfilied oy tne Bpatchiny dccuacat
library tercs. Should a returned routine not be ccrnsistent
with the user's Juery, it is deselected. This 1eans tae
user wiil nct necessarily see all the routines selectea by
the ccmzarator. Once the checking stage nas teen completed,

tue results are sent to the output aevice (e.gye., @ termirai
ci a fine rrianter).

E: Search Cutput
Tie actual ottput will consist of a iist of rcutires
Lty nage, with a shcrt descrijptive auvstract of tne fcutin's

functicn and otrer related kejwords. SincCe tn€ Ccccuhent

liprary file only <c¢crtains the header tewplate rather tgan
tne dccumertatior plus code, the user snoulid te acle tc view
tl.e remairicg documertation ¢f the rcutine. This coculd o=
comgared tc a "rrowsing" facility waich prcevides feeliacsk
Ior guer) re€iineceant.,

Fetrieval

Cnce the user has located tne desired routine name
and is ccniident that it Jdoes the re_uired task, Le cr sae
can tday the routine tcr retrieval at tne end of tne kicwsing
sessica cr initiate the retrieval at that tine. aner the
routioe las been taj.ed for retrieval, its locatiorn witrin
the Frogjrag Library is identified (i.e., gointer directs tae
systeg tc its lccaticn in merory). Tae user car ncw be
prompted as to whetheér the routine is tc be retrieved (i.e.,
rlaced ir the user's file). At this point the retrievai
process will permit autacrized users to continue the

Erowsiag prccess dowr to the actuai source code level, it
wili alzc allow updatiny (i.e., additiorzs and deleticas) and e
gosSt any manipulatior permitted in the prograr iitrary. The -
retrieval is similar to the search process in that it
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degcencés reavily ca the names and Zunctions of the entities

in the grograa library. A zajer Jjistinctich fetween tn

o)

WO
' Ffocesses is the presumztion tkat when tae uaser invckes the
Zetrievdal process he ¢r she Kncws the identity of theé erntit’
ﬁ and is Zairly sure of its lccatioun in tae grogranz likrary.

Ericr tc usirg the retrievai aechanisa the uses

£hould e fawiliar wita the bierarcaical stiuacture oi tae
Eroy,camr Iilrary. B siuopliiied exauple of wnat tre asec
sr.ould ervision ia tlte sStructure and waat gcocelucre could ne
used tc retrieve a routine at difieceit levels will b%e

A

Freserted. First, the user should nave a jeneral vurier-

standinj cf the library's structure Zor a specific iazplezex-

P

taticn. The followirg should [fprovids a g4on:sral assessaint
cL the structure. Tle structure car bes viewed as

1
entities winica are refered to as its aewnbers. lhe 1emzZers
ci the structure are ordered hieracchically. Ike 1airn
; gemcers at the Ligler levels of tiae litrary are caiiel
i gupersets tc any menker at a lower ievel and likewisze aay
memtexr at the 1lcwer level is called a subset of the nijrer
levels.

A structure <cshould define its orgyanizaticn and the

rames of the members on each level irn the structure. A

general fcrm of the structure could include:

- the nare of the memper at the hijaest level

the nares and attritutes ¢f its aembers ana

a level identifier for eacu name tc define its level in

kierarchical crder.

Examples of this structural form car be seen in the reccrd
structure cf a PASCAI program or the structure declaratiowu -
cf a FI1/1I proyram. 1Ic illustrate what the user could expect .
woen retrieving a ircutine Ifrom tne Program Litrary the
follcuwing scenario is fproposed.
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To tey,in the scernario, a proyrabhmer 1S JiVer the
facilities (i.e., " hardware and 30ftware) of 4 rcterntial
workstaticn. ‘He or ske is exjpected to take¢ taese Iacilities
and estaklish a workstation cafpalie of assisting irL accca-
piishirn, their task cr job. Cne major asset included ir the
fac¢ilities is a Program Library. Tae likrarsy corntains the
routines tc¢ build essential Frogjraas. inese jrcecg¢rams
consist c¢f the apprcjriate rcutines to wake @ WOILXSTALild.

IS Ccnsive to the prciraaner's regyuireaents.

The <facilities prcvided to taie progyrauattel arle
simiiar tc taose of 3 SUN worxkstatiow and tuas include: tre
capalkility to operate in 4 <catch Or 4a i.teracctive <Lvizca-
rent, tle ability tc use various inpuat Jdevices (€.,., thLe
joystick, the acuse, the track wvaii and the touca &creel),
the afility to fproduice eithber color or aornccarome Adirsiliays
{iith varyiny hues ard x-y addressing) arLd tne facility to
resgcrd to  a nugber ¢f difierent software facRajes (€. .,

£bidS, Graprhics, Games and Inventory Manijareant),

The ;rogrammer must ncw estaliish the correct facii-
ities tc allow the wcrkstaticn the cagatle 0rf perfoirinyg the
desired task. The necessary data can te retrieved ifrcr the
Frogyrap litrary as sicwn in the nlerdrcaical structure ol
Figure 6.4, In the example, th€e projrammer rejuires a
craphics package, wlich is user interactive, with a color
display ccntrollaple witn a mouse. The routines which wili
give these and other features are stored 1n the Prcgzian
library vontil retrieved by the rrojraaser for insertica irtto
a ércgran.

Figure 6.5 uses Jot nctation tc illustfate How tae
Frograagzer cap retrieve routuipes froa the 2rogram lLicrary.
With the wuse c¢f a litrary; grcagt (Laibrary >) the valicus
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routires car be located and ietrieved as shcwn. The dasted
lines arcund the routines inzly taat toe preograrper stould
ke alle tc retriecve a routine directly witaout joiny thrcuji
its imgediate Sujierset. For exam; le, Likrary >
lib.Gragtics.Moveto can Le used to retrieve the lcw level
routine ¥cveto, witncut using rcutines at the Mid levels.

Amktiguities can arise when CLEIerencingy tHE IENLELS
CI a structure because tke pame ¢I a BeDLer Cdall OCCUL as the
rane tc more than cne superset. I0 resoave suacha ambigui-
ties, 4qualified naneés to reference nembers of the ilitrzary
structure, can ke used. In a gyualified pame, the denler
pame is preceded by a list ¢f rcoutine nauames in ag;rc riate
crder ty levels, €ach foliowed by a period. The oriy
routine rames reyuired are tnose that detsrmias a triue
reference tc the memler name. For example, an tihe fcilcwin
structure

1 Graghic
2 Iznteractive
3 Cclor
3 Motse
4 Fcveto
4 Iineto
4 Crawtext
2 Batck
3 Cclor
4 Lisplay
£ Mcveto

tn

lineto

n

Crawtext

o
ta)
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Library > Lib.Graphic

Interactive { > lib.Grajhic.Interactive

> Lib.Graghic.Interactive.
fouse

Crawtext Linetc Hoveto > Lib.Grapaic.ifLteractive.
fiouse.dcveto

Figure 6.5 Example of a Retrieval Process.

a reference to Mcvetc, LiLeto cr Drawtext, or Graghic.Color
¢r Sraphic.dovetc is ambijuous alony with a few other rela-
tions. The qualified rapes Interactive.Ccloz SZ

Interactive.Moveto, c¢r Batch.doveto uniyuely identify the
library routines. Tke fully gyualified names would Le

Grapkic.Interactive.Color
GCraphic.Batch.Colcr
Graghic.Interactive.Mouse.lcveto
Grathic.Batch.Disglay.Mcveto -

€ach should Lely to alleviate any ambiguities. Ic¢ sherten

the wuser's regquest truncated names can be used, Lut as
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iilustrated previousl; the cther Zorws oI amcigyuit, zust be

resclved.

E. SUMM2RY

The anticipated gcal of the Library Reference Guide is
to sizplity the search an retrieval from and d4dditiccs to
the Erecrai Litrary. Simpiicity oi Loth issues sic
imprcve c¢cn the user's efiiciercy, iessen the azount ¢f tize
wasted locxiny, for the best entity, 1X2frove tue Users

aciiity tc write prcgrams and fipally arnd aost in crLtant,

increase tae user's ;roductivity.

[T

A
et
- e
ce e
.
- -
2" g




q
o
4

BN MO

-

Dut an oy gn e Dy
o A Lt
. B

i w—f'“ '

VII. IHF ALA PRCGRAMMING LANGUAGE AND THE PROGRAM LIBEAEY
Gecguen [Ref. 25], discuscses tne cost of sorltware tcols:
"It argears that each successive Jemeraticn of software
develcpment tools has keen significantly more exgeasive traa
the revicus one. Hcwever, these tools are still asucn less
€Xpeénsive tlran ccrres;ouding hardware too.s, sucn é&s fairi-
caticr lipes.™ Ever with this knowiedgye there 1s still
great reluctance to irvest sigynificant amounts 0f LcCrey irnto

research and develo.ment for scitware toois. Iu ract, =2i.c-

it nas teen discovered that mcst of tue cost of real =systers
row lies ip soitware rataner than nardware, the LciuCtance o
invest lLeccres even nore evideat. There are sSclhe LnCreidi

€igns wnich have shcwn that the Japanese "soitwaie facto-
ries" are actually cagaple of achieving rates of reusaciiity
rangic, frcao 60% to EC% [Ref. 25]. Alsc, some U. S. ialcs-
tries ané specificall; the L[epartment of Defense (Dol} aave
kegur tc¢ invest in the field of software productivity.
LoD's €iforts have Leen extensively jeared toc the develcg-
gent c¢f the frogrammirg language "ida," wanich is desigjued in
acccocrcarnce with reguirements established by the DoD.

3

The requirements call for a languaye with considerasle
€expressive fower covering a wide appiicaticn domain. is a
result, the 1languace includes facilities offered Ly clas-
sical larnguages such as Pascal as well as facilities critexn
fourd only in syecialized lanjuajes. Thus, the larnjuace is
a mcdern algorithnmic language witn usuali control structures
and with the ability to define types and sulk.rogracs. It
also serves the need c¢f modularity, wihereby data, tjres, and
subrrccrams can ke "packaged."
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Tte fcur program tnits ¢t Ada are sukgrogjraas, fpackage
3 vnits, task units, and generic units. The twc urnits c:2
ﬁ special interest for a Software library are tne packace Janit
' and tle ceneric unit. A packaye is derined as a ccilection
= cf lcgically related entities. A gyeneric unit 1is a tez;-
- late, which is parameterized or not. Corresponding (ncrgen-
€ric) sukgrograms «c¢r jackagjes can bLe obtained <zrca tuen.
The regultiny [proyrar units are instances of tue cilcizal
generic vrit and thus, forms of “instantiatiown."

An exanple cf hew Ada supgcrts the Proyraz Licraij; 1s 14
tue way the yeneric prcgyrabh unit cal be ased. it Las Zel
sugyested tiat each ertit, in the Projraa Lilrary ccocntdai g
teadirg texzlate to re used as a weaRs 0I searcainy  and
retrieviry the entities fc¢r pessible modirficaticrn (i.€.,
deleticr, additicn arc upuatiny). Waat tne gjeueric rcyrac
urit prcvides 1is tlke ability to =act only search and
Ietrieve, kut also tc minimize the modificaticn. OLe DTetpod
in whica Ada exhibits tais is saown velow [Ref. 2], wnere a
subprecram is createéd that exchanyes twc <elemerts c¢i an
intecer tygfpe:

procedure INTEGER_EXCHANGE (F1FST, SECOND: in out INIEGER)1is
TEMECREARY : INTECGEER;

begir
TEMeCRARY := F IRET,;
FIEST i= SECCHID;
SECCNL = TEMICRARY;

T
]

end INIEGEGR_EXCHANGE;

AR

o

Cnce this application is «estavliisned cther types OfF

v or,

€iempents pay be excharged without <creating a new sukrrcgiam

)

et

for e€ach irtstance. With the algoritana oeing identical in

T
wle v
S
sl

ail cases, the similar operations uay be factored cut by
adding the followirg generic anit te the procedure
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gene€ric

type ELEMENT is grivate;
procedure EXCHANGE (FIRST, SECCND : in out ELEMENT);

The tcdy ncw beconmes:

procedure EXCHANGE (FIRST, SECCND : in out ELEYENT) 1is
TEMFCRARY ¢ ELEMENT;
begir

2 TEMECFAEY := FIRSI;
E FIFST := SECCHD;
: SECCBL  := TEMECRAAY;

end EXCEANCE;

Tke sigrificant jcrtiom of this supiZoyLaa sSgecification
;b is the addition of a jrefix, called the "jeneric part," tiat
defines all of the gereric f[farameters (irf any). The accve
two algcritims have the same identical body with thLe excez-
tion ¢f the data type which is handied by tae geueric :azt.
This frocess, as shown, allcws the projrammer the akility to
make use of the existing body of a program unit, instead of
writirg cne from scratch. Sc witn thas metacd, the mcdiii-

caticrs are mainly performed cn the specirication (i.e., thz
generic fart), hopefully minimizing the degree of clange
necessarjy. The Program Likrary would manipulate its -enti-

ties in a similar manner, making it at least as reusalle as

Ada zakes its gereric packages. :ij
Since generic urits are just templates, they are not R

executarle, and so tliey may nct be used directly. Eut ttey

create irstances of tike generic unit. Thus, the instarntia-

tion cf the generic urit makes the subprojram or the fpackage
sufficiently easy to identify and combine with other urnits. SRR
Therefcre, the gcals and concepts of tne pProgyram Likrary are ‘ .
suppcrted by the Ada program language and althouyh Ada may ' C&;

6%
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not re€;re€sent the best languaze ior the licrary, it ac=s

supscrt tihe Program Iikrary ccnce,t, sc<e { Ref. 25].

With [Ref. 25] ard [Ref. 2, tae aforemeatiored exa:i ies
are gade clear and tte Program lidbrary is estaclished as a
Fotentially feasible scftware product. Even more sug;crtave
is the reference made tc the crganization of a "Ada Ercgrac
library." 1The reference wmakes similar gro,osals tc tncse oi
this thesis in the area of litrar,; construction 2.¢ Specia-
tion. Srecifically it suggests d nlerarcalzar clasilridi-
tion sconeme, with difiereut levels ol Jdetail and icrmalisas,
and with each erntity accessicle L, Keyworus. TulS dCes Lot
irpiy tkat tae prc osals offerel are aii iccadsive oo
anywhere near ready fcr iaglewentaticn. dowev=r, tn-
ccncepts are not that rewote and at Least one orjatrizataich
{i.¢., the DoD) is wiliicg to risk tue time and zcac) tc
irnvestigate the potertial tc achieve these conceptual gcais.
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VIII. NON CODE PRODUCIS IN SOEIWARE LIEEARIES

. Even with the Software likrary representing an eiffective

reusakle scftware prcduct, one must ask it that is ercuch to
ercourage <ffective soiftware development. Tne Softwace _
library tas reen represented Ly proaucts (€.j., the rrcgram f.»ﬁ
litrary) designed tc ephance reusability of code. Altisuga .

tue nmapacement ar’ crganizatico ol code 1s critical tc tas
future development «¢f reusaltie =soxztware, taere are ctlec

software prcducts tkat are developgea 3Juring tae iile-CjcCic

trhat lLave tle potential for reuse. 1These include dccurernts,
Icgyuirezents, specifications, designs ana test plans. Jist

as reusakility in ccding can e used to reduce scitware

4
. .
NS PRSI

codirnc cests, SO can reusacility of soZtware rprcducts ir
cther pnases of the 1life-cjycle countribute to cost reduc-
tions. Each of tle concegts in tae conceptaal srcgjiaz
library can be applied to other soiftware products irn the -
life-cycle. , };:}

Tke definiticn cf reusatiliity nas placed tane esghasis on jfu
the cagital returns <¢f a scftware product. If it is mcrs S
cost effective to tse existiny desigas, specirications, '
regJirements and test plans, then taey should te reused.
Even withk this being the case, ii they are not organized in
an accessikle and retrievatle manner, they 1lcse their
reusatle nature. With reusatility being sc¢ importart, tiis
issue gust te addressed as an objective <¢f the develcpacat

process throughout the life-cycle. To reduce the cverall
cost of a software froduct, ali phases of its life-cycle
should irccrporate methods and standards which will sugpcrt
xéusahility. Ornce the software [product is postulated as

teing recsakle, the issue must be fuily addressed ther and
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rot at scze later plbase of the iire-cycie. Jowever, tae

issue ¢if reusability skould rct be <rforced on the dezignm,

[t S

specificaticn or any other [fhase not ccapatioie ttC  Tas

Lon e
.

F

rejuired a jpiication, Each rbase snouid be viewed ssia-

rately and a determination made as to wbethner reusarili

W1, !

Y
.

Tt
'y

ty
€concrically feasible. If it is then reasapility shcula e
inccrgorated, but if it is nct feasicle it saoull =sct

insistel.

Finally, since reusalle sortware _rcducts crier au
apprcacao tc lessening the eirects of tne "Sortwdis CTiz=is, ! -

€nvircnusents encompassin, tizis conce t should te estab-

lisaed. These enviicnments should Le ccncerned witi cnases

ci tie iife-cycle otlter taar code. Tiat whicCh has aileady

Feen 1learned frcu werkang with reusatcle cod= shcualé o= ———

agplieé, this avecidin; the "reinventin, of tae wheel.® s
'~~-".
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IX. CCNCLUSION

Tte M"scitware «crisis"™ is real and if the «ccmputer

industry 4is to have any dimpact on reducing its effects,

software developers 1»ust Degid making concerted efforts to

create 1reusable scitware jroducts. Ibis thesis Las
FLesenteé the Softwale liprary and its prototygce the Frcgra: .
library as gossitle reusable scitware pioducts. detncls o:f '

Zzakirzg tle concegt «¢f a Sofitware Library better unijerstcnd
, ty tle tser wele discussed. Tals was accceaplisced Ly
EE comgariscn c¢f the Scftware lifrary to a tradltional lirzar;, o
[ and Lty reiating it tc other  rogram licraries (particularly

istics whichk could le associated to a juality Scitucie

ﬁ the IFSI and the NAG). 1These cobiarisons yielded character- ,
L _
3

C librarjy.

r

if the Frogram 1likrary has a nierarchical structuyrs, 2_;;
then the entities within the likrary can ke easily accessed T
and retrieved by a user. ReUusability is thus estaclisaed as ‘ 5}§
a vialkle solution toc some of the economic groblems ir soft- :
ware ceveic,ment.

Arrlication generators with similar hierarchical struc-

ture tc the Proyram likrary car ke used to assist the igex-
perienced user perfcrm his or her task. Ine experienced
user shculé be allcwed tc podify entities in Lcth the
Frogyram likrary and thke application generator. i,f

Ap cr-line duery proyraa was discussed as an interiace e
ketween the Program library and the user. The guery fprcgraa Sl
is «cre apzroach tc tringing reusability to the scftware L
froduct. i

73

'~f.'

X ._." .

. ..
-A!.-‘.'A. _.A‘A.‘\ ‘-,--"_‘-




T T~ LI aran are oy DA S it Sl e e ot 20NS LSe me )
. . . . . . . - ANl iy

Tte Acéa proyraarin; 1lancuaje was descrived as having
features trat suppcrt the ccpcegt OL a reusakle Frcjraa
library. Future ccrcepts in tae Ada progyrauw likrary which
are ir line with the issues i1n this thesis are¢ rererenceéd.

Fipally, the Scitware ILitrary should iaciude prcducts
from rhases of tle life-cycle other thaxn ccdirg.
Tocuzentaticn, speciiicaticns, rejuiceaents, desijrps ani
test flars should e incorycrated into the <concezt ci a

Software litrar;.
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