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ABSTRACT

The risinj cost of sorftware has created a derdxsd Cor
metrhodoloygyies which will allow the <creation 2 Dort:ll:
software. Formal specificaticn methods have been u3ed to
incredse the portability of software, perait 2 degre. of

verification anc¢ validation, and lessen the pbarden of rmain-

=]

tenance. Zhe unlderlying tiecry for wost sjecificaeriul
nethods, however, make trhem Cifficult to use and frfejuentlr
are rot appiicable to wmany protleas. Tormal speciiicatious
Lased or initial algekras provide a frameworx for uyreciselvy
defininy proyram behavior and avoid the problems ci inforguzal
stecification methods. This thesis presents a sj;ecificaz.on
langyuage tased on initial algetras, descriies the vaclous
pacts of specification produced by the language ana
Jescrites an experimental syntax Jdirected editor woich ises

tlhe langyuagye's grammar.
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I. INTRODUCTION
]
Coftware portaiility, as defined by 200ie arl vaite ]
(kRef. 1], 1s the aeasure of the €i1se walli 2 prosrafl Sol
trarnsferred Zrom one environaent to  inother; L1 tre erisox
rejuired to mave tae progral is much less thar that Te uiro!
to implement it initially, and the eoffort Is zmail  in oan
absolute sense, then that proyram is hijhiy ;ortalle.
Software portakiiity has Lecole an ar-a of luatli:c
researca as tiie "soitware crisis" continuzs e S S
gomentum. 1Ths less portable a grogram is, the rmore =t will
cost in  teros of tixme aud @money to trausfer it te anctier J
auchine. Ore ioportant impact of the lack oi portabllitv 1 i
that there wilil be liittle incentive tO Ccreatz traly us=7
Zriendly environments since the cost of prolucine sucl 3 ]
systen carn not ke amortized over marLy RACHI D .
inplemerntations. a
There have keen npany attempts to solve thz portzibilics o
pro.lea. Many approacles Lave failed, 30Me aj ioachen v X
acnieved limited sSuccess, few hnave providel a broadiased ;|
methodclogy {or achievinj portalkility. Iigh level Zanjuages ?
were cne of the first attem,ts at rasolvincs Lo oroollea. 1
T.er, Lowuver, WeIe clither tco small to De  useTul, R ;
ccasequ=ately extended, or too larje and therefdore subsatal. 1
'; Evern if tne languade achieved a jreat deal of cornsisternc: i
over many implementation, proyrars were still designed wit. }
) nou-standard, machine dependent feitures. i
- Decorpiiers and lanJuaJe transiators wele Tvvelopud Lat -
" 4

-
lad

nelr complexity and poor reliaviiit; Jiscoura =0 Yait. o
Jevelopment

The use of specifications to define the hzthavicr o

program is 4 method which oflers a4 way to solve tne




A . . . ' 3 — .- : .
L. DOCd WOLKR 1S IZe.wlie. 1. oo

T
cification, the icscriyti L oor

[ro2 a spe PO, lul felavasl
can Le more jrecise and implementation Indeperderce is
possiktle. Complicaticns arise, nowever, whelL the Specilica-
tion larjuage is ambiguous. Fermal specification larn,uzer

iesed on mdathematical principles allevidte tuls protlor s

ofter are more difficult to use aad <Irejuently larger ¢
trne pro,rams they specify. Cespite the difliculty In tieir
use, Zormal speciliications offer the jreatest deglet oI

frecdon from iampiementation without aahbijuity.

A speciiication metlLodology based on irnitizl algelzZas

[l

proLises to be a viable answer to the portabilitv ':cc.

without the drawbacks of most forwail a0

3

ecificataic
tecun. jues.

Algekras have a wide range of ayuplicatiorns. Jan
researchers nave proposed treatin; abstract 3ata tyies a
asjerras [ERef. 2], [Ref. 3], [Ref. 4]. algyebras are paitic-

u.arly well suited for describingy data types; data t; es

(@)

consist ol Gata elements and operations on the Icta eieu. ot..

v

wilch is essentially the definition o n aligebra. Fanel,

i

£

‘

ir. his thesis [Ref. 5], noted that ir alyebras ca: o2 uow!
to specify uata types, thern the next step woull te to uase
them to specify languages; a prceyram is composei of instruc-
tions whichk car -e expressed usir; al,ecras. Fuctherrtore,
IeSed.Ch 2t the Haval Postiruluate  ScaocoL is alaed

a
aigjeiras to specify an abstract zachine. & wumiachkire can o
r

descrired using algebras since the execution of incst
ia

causes tie chine to chenge state. Algyebras are usel to
defire tie e€ffect each instruction has on the state of the

mach ine.

b

b. tut sim;ly, Ly usin; aigebras, Zormal specilicaticns can

= v i 0l v

% Ye produced wricn are trnly independernt of ar iaplementa-

5 . . . . . . .

f: tion; mau; implementations of the specificatioun car Le

= created which emulate a formal aljecraic specification. I.
L J

10

2o anl gECnt unk o g
. .
. .

.

'
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tion developel froa an aljcriraic

If the research at the Naval 2ostj;raduatc Schlaol is
successiul in specifying an abstract aacaine, software ca
taen be targeted Zor the abstract uwacinine anl freel ifrox
machine cependence. A simpler layer of sd>ftwarce will truas-
iate tne abstract nachine commands into a particular aaciin:
cole. A tremerndous savings can be realizel wiex cor lex
software, such as software that supports a uses fricuilcs
rnvironment, is taryeted for this machire. FutLernor<, 1t

may te feasible to determine if one aostract machine is

eguivalent to another because of the precise aljebraic sjpec-
ifications. Eduivalent abstract wachines would imply a way

o translatinj soitware to diiferent machires.
The intent of this thesis is to defin2 a suitacle
langyuagye for an algebraic specification which minirizes ti =
probienm withk using this amethodloyy, arnd to ifapicasni a.
experimental syntax directed editor usinyg this largua;e
Chapter two provides the backgrcund theory of specificat
based on algebras. Chapter turee descrites the vari
of an algetraic specification and the corresponling parts
the prorposed langua je. Chapter four Jdescribes a synt

directed editor Zor the lanjuage.

PO,

a

P
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II. SPECIFICATIONS BASED ON ALGEBRAS

The purpose of this chapter is to provile an introluc-

e
tion to algebras used for specifications. 30
t

3 ;Uen. €t ai's
iii work using algebras to specifiy abstract da+a types cvrovi les
- tce basis for tne langyuage resertel in the next chnapter
Ej [Ref. 2]. A review of Jjefinitions and teras use? irn the
- n

e alyebras they Jdiscuss is worthwhile berore 1irntroaucin. ti-

srecification langjuaye.

W

v

8

A. A REVIEW OF ALGEERAS

.
g AL aligjelra consists oi a set, called the carrier oI the
L! algebra, an operator defined on the carrier and Jdistin-
bf guisied elements of the carrier, called the constants. The?
Eﬁ' are normaily represented usinyg a bracketel tuple. Tor
Ey exanple, the additiorn operator on 1integers woudld be

expressed as foiliows:
KI, +,

Tte carrier set can be of any one type we wish tc TauLip-

ulate suck as real numbers, integers or chacacter strinjs.
f{v Tor the eddition operator on integers, the CJarriel SeT ..
;&: ijentified Ly the <capital letter I and the «lsneats on zue
Ef carrier set are the integers. The jistingiisa=el elezent uif I
r’~ is zero.
?{ An operation is a mapping taking one or more eler=2ats ia
,- the carrier to an element in the carrier. For example, the
' addition operator on intejers will take two lutegers and wap
f? them to an integer as shown in Ffigure 2.1 .
Ef? It is common practice to refer to a specific class of
;ji algebras. The members of a particular c¢lass have the saae
e

12

\
go
b .
¢
b T e g e s s u:aJ
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siJeaeture  or Maritv'™ in tuelr ojer.ters [Ref. 2], o
~.stance, the suotractiorn, aidition arni aalti;lica
ators oL integers are menbers ¢l the same «¢ilass since tne
rLave the same signature; they ma, +twd intejers to one

integer.

Intejers

e o — e 1 -t

Figure 2.1 Mapping of Integers.

The constants or distinguished elements of tue Caldear
usually have special properties. The nuaper zero in the
irtegers has a special property in regaris o the alliitio.
operator; any nuaber added to zero will sar vas< TJ buat
nuaker as shown 1in Figure 2.2 . Acjelraic specificaciounu
wili rnot explicitly deal witn distinguisied elements.
irstead, constant operators are used to descrile the distin-
guished elements. This is done to acaieve implexzeutation
inde;endence in the specificaticx.

2n alygyelra is not usually interestin; uniess 1t has =ca-:
specific structure. The structure is defined by aXxiohs.

as

Using tne above example, the addition operutot delinel

13
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Figure 2.2 4 Constant #dapping.
will not be useful if every application of tihe wope or

L
mapped an eleaent to the sanpe e€lement. Ihereiore raostro

',.4
[ #]

tions on the Dbelhiavior of the addition operator are definei

which limit the aapping. Later it will bLe sLhown how axioas
defire the Dbehavior of operators in arn aljekraic
specification.

B. SIGHA OR MANY SORTED ALGEBRAS

-
An algedbra with one carrier set and acpping is not

articulariy useful for tihe ,urvose 2f suecifications. Tor
t IS &

irstance, ir iefining a stack as an adstract iz

or

1 TUpe US Ly

aijebras, we would not want to Dbpe limited t& one ty,u oI
data the stack contains such as a stack of 1ntegers. Iustead

we would 1like to talk about a stack ol irtegers, rea
booleans, etc. Therefore 1in specifying an algebra roi a
stack, a 'sort' set would be Jefined. Fach ¢l 2aent of the
sort set woull Le an index to a carrier set; the sort weuall
identify the carrier set. A stack Jdata type can then pe
defined as havingj a scrt set as follows

S={integers,boolean,stack,reals}

14
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ZaS.. €leZelt 1n the Set O Le,.fesents 4 carflor, Yon Tt
possircle tc leflie @ staCh OI [€aisS, LLTe jels, IV S j

values. Notice that a stack also is a sort; o stack is a
Gifferent oiject after oparatiors are perforacl on i+, AfF &
resuit, staeck 1s also a carrier set.

In addition to tie @many scrts of an  2lella, Lt io

desirable to hdave various operators ou tie sofis. Olernt T

g or. ti.e data type are defined Ly map pin,s Ifron  zZego 20 mOre
% elemeLts from carrier(s) to an eicaent in 4 carcioer st
-
- Using tue stack exarmple, the pusn O, €Lt Ol Gal L0 aéll.c.
as:
B pusih: integer,stuck -> stack
-
[j The meaning of this operator is tuat jiven an eleaent Zro:u g
p -
", each of the <carriers identified by integer and stack, tae

L
A

push operator produces an eleuent in tie carrier identir el

Ly stack. This is depicted in Fijure 2.3 .

v

|
-l
Dl AL

Intejers

.
[JERY SN

————— —

Stacks

MM EMMEAtMIE SR AChORa ALECE DEAMEIDSMDS - DNAIMMAE

Figure 2.3 The Fush Operator.
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The o erators irn an aljeoralc speciricdtion ite jiven o7

a sortel signat

=

re, Sigid, OI O gerator lomdaii, WwLiCh L 4

family of sets. Backh set of the fapily conta..s a partic
ular dowain for a group of operators. ThesSe alili  ha

Marity" discussed in the previous sectiouxn. Usin, tre stacx
exaaple, the arity Sigua(integer staca,stacn) deifzines
domair for those operators which za; an inteyor and a stach

to a stack. The push operator woulld sHe a aeuter oI tiir

Q

comairn. Ary other goperater which took 4n Lnteger  anloa

stack and mapped it to a stack would have the sane crityv.

The pop operator would be in the set of operators given

by tiae arity Sigma (stack,stack) . If theCe was an of@zator
whici. removed two or more elements from a stack, it woull

also have the same arity. An irnteresting poiat iLers is tlat

ﬁ; the integer which is removed is a side effect which aunst o
& Gescribed in the eyuations for the operator. All oI thae
. operators defined using the sort set are coilzutives: Koow-i

- as the Sijma signature

Given the above, a specification alyekra cornsists o

e

sort set S, a Siyma sigynature on the sort set,

Sd adeu

[oJ]

operators for each signature. Aljebras Jdefinel as such ace

calied marny sorted alilgebras or 3igma algebras [Ref. 2].

C. BCOLEAN AS A SIGYA ALGEBRA

In order to explain tne use of axious, d deVealpacil O
tiie Loclean data type as an algebra is preseuted. It will
specify Low an implementation of boolean ioygyic should benave
if used in a proyranm or a machire.

An appropriate sort name for tahe boolean data type would

Le Yool and the corresponding sort set 5 wouid Le (bLool}l.

Booi is the only sort type reguired to speciiy tane Looieal

- dGata type. The carrier set that booi identifioes will contain
two elewments {T,F}. Altlouyh two specific elemerts o¢ the
[ ]

‘L _‘~7.'- '-..'." -
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Carvlier Lave Peel JesCUiled pere,  an 22, l=2DeltiI ual Poos ‘
Glfrferent cepresentations for the eleaeLts o tae carrfier; i
carrier with elemerts {0,171} would work eyualiy we

algerraic specificaiivu, the elicawents o0l the carrier are Lot

b
+
.
t-‘
ey
18]
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sg;ecifically defired so the iapgiementor @iy Choose  in
represerntation for carrier elements. Ik tials way, a

fier can acileve implementation independence. dJowever, lou

. ——

the purpose of clarity, the elements of the carrier «il. i.

uselil in the boolean example to derfine the Oop=.uitils.

L

The Zive boolean opecrators used in tL.. uoecalicat U3l

will ke as follows.

1. true - Zeturns a value of T.

A A meEEma . i

2. false - Returns a value of 7.
3. &ot - Feturns the negaticn of a value.
4. :mpiies - Implication

5. and - The logical *and' cperator.

et M A A S &t STy

The following notatiorn will be adopted Zor ojeratcis Lo

describe the operand sorts and the resulting sort. X

For Sigma(lambda, Locol) !

true : => rooil .

false : =-> pool ;

Tor Sigma(Lool,500l) i

rot: bool -> Lbool )

]

For Sigaa(bool Lool,Lko0l) ﬁ

*; anrd: bool,bool -> ool i

~9 implies: tool,bool -> nuol !

:j The notation here 1s the same as that used to, Zescsibe tho '
;f pushL operator in the last section and will Le <.2 same nota-

L. tion used in the specificatior ldR,udyje jLesenhte?!  lat-i. i
i« For the signature Sigma(laambda, bool), the notatiorn reans
ff tne "true" and "false" operatcrs produce aan element ii tae
E7 carrier set identified by Lcol. Lambda is wused in

L. .

3 17 1
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N coniunctiorn Wwit. cCoiotant vjeraturs; SulStawnd Lo Latols
: Always pLowuCe tae  sade <ledent and they appeas to Toouac:.
' somethinj from notuinyg. The "nct" operator takes ai €leudent
;

firon t.e carrier set identified Ly wool arnd produces an

el al ol A

€ieaent in tle rpocl carrier sct. Zae  Mard" and "implies"

sigrature would be 3igma (ool bcol,bo0l). Tni: aea given

ns,
two eleaerts in tie carrier set identilied Ly pool, the

£

"and" and "implies" operators produce an eiement 1n  the

carrier identified by -ool.

S B

The sigpma algyeira Zor boolean it thnis point is not very

interestirg. ThLis is Lecause the operators nave no restric-

A ISR VYW ¥ Gwwm)

tions on their Lbehevior. Conse,uently most iaglemerntations

0L Looiean using Just this specification would rnot 2 :

useiul. TFor exawmple, the "not" o erator woulld be correc: i

rt

v W
.

it toon any element in the carrier set ana prolucsd the sane
element. A more useful Sigma aljebra wouid puat restric*tion.
onr the operators. This .s accomplisked by intiondlacing
axioms or eguations on tie operators. In tne Boolizan rljoa
algebra, we would introduce the following axioms:

1. Zalse = not(true)

2. not (not(v))

BN YEORo

v

. and(true,v) v

]
]

3
" -
4. and (false,v) = false
5. impiies(v1l,v2) = not{and(vl,unot{vli}})
SJotice that the axioms were writte- withous usirs 1

eipiicit reference tc carrier se¢t eleaeucs

’
or F the uata type achieves implementation independence.
Iiaplementations of the Lcolean data type ac2 aou

rejuired to mimick the axioms when operators are agplicl.

for instance, the regation operator, "not®, unow beiaives 15
expected and any implementation wodld have to rafilect o

: on.e and two. axicm one shows tae effect "not" has  on an

element in the carrier set. Axiom two frurthel zeilines tn-:

bLehavior of "not" by showing that any eleaent in the carrier

18

o e . .. . - L el
’ . N - st ' B e . LT, W W e,

.. - ‘ SN . A . e e . . L ST T A ST S
" N LY . N N o B Ky P R W P UL VPR T N v NP DN

[ IRy LSRN | R DV ESCNERAAN | VA W




LT ik i MO A AR A A S ar . S AN P e AL AL AL A A SR AN AN ARG AR A L M - e
.

v L3 P et I T . -, e, v 1 S e .

ot WiLlC L 18 v .elalc.l CL J, = Lot J,omaal ol mo -
3

. LT . « . S I I - S e .
ORI LS S ST I BT Sy ST U I WU T YT G Sl WL I UEE. GO I §

produce the saame elenment.

The M"and" operator behaves as deg:iCteud L7 e ua*tions
turee and four; given any valuwe v1 "anled" wisw. ‘L. vis.
pcoduced from the "true'" operator will resuit oo toit v.lu-,
Iuplies is Jefined by axiom five as Leang tis coie o .

combination of "not" and "ani" operators liin, Lo

~

carrier values.

iiote thkat with tue exception of axiecan L., 1.L .
axioms involve variaples v, v1 ard v. wiich van Fe 3586 c.c
all values Zfrom the carrier set defined Zor the o 2zato.
"and" "rot"™ arnd "impiies". The axiouas fora tic oisis o7 Ll
the expressiors tiat can be «created usin; the varlaiies 4i 4

men.ers of tue carrier set. This means ti

13
et

A1
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L3

a
whichk is Lbuilt Irom other expression is jer:
3¢

‘v
{

L
reduces to an element of the carrie: t tarva:a ¢
arplication of the axioams.

To illustrate this, suppose we had an exprecsioln
not(and(not(vi),v2))

If v1 is assigned the element I ard v2 is asoidici &
element T, then the expressicn tecomes tai2 followin) o
axiom cne:

not(and (F,I))

Znis further reduces to not(F) by axioi four. Lxica ont
implies that tiis reduces to T, an element of tue carfiier.

21l the permissille expressions tnat cau fw ZOoOnsStruste:
Irom the operitors and eiements of tne carriecr ace colleo-
tively called the term algebkra. The algebra that Cepoeseat:s
all the exypressions that can le made 4, of Favislices 2
operators is called a free algelra [Ref. 2].

It is now possible to define a speciliication ar a ", tves-

entatioa”. A presentation «ccnsists of a sort set, al

12

PO ATy




al Sl Sah Sol W T ¥ T N Y e W T W W T v o v TveT et T e
-5 M e Sun Ane e dadh Sat Ael Anh Sag A Al Andl Sadl Sl tedl Mat und vl Snd Sl Sl ol Aeg Pullh i N i "l i A A A AT T AR ) .ﬁﬁ.

Civlaetol Jourin 3ljma, arnl axlods oL tae opefaboroe L L5

eLtatlon will ke tihe Ldsis for tue  SPeCLiLiCiiiv. iaLilil,e,

Sp.eclany ,presented in the the next chapter. 4 Specilcataol

eveloped from Speclarg is comprise Of 0ac Or 10re fresenta-
iorns and each jpresentation 4s Kknown as gpeciiicaticl

20
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JII. A SPECIFICATION LANGUAGE

liskov and <Zilies [Ref. 4] Lave Jeveloped criteriae

W

[

eviluating a ZIormal specification 1lanjuage. Thels oo
focuses on tie underlyinyg mechanism use? in Zorwal orcali-
cation. They compared approdches usinj ai,ebras, liugre
state machkines, aixed mathematicai Jdisciplines, e4c. Tl

criteria used irn taelr coampariscias are:

1. TForuwality - The 1larguaj e must L= JTeclme and
rigorous.
2. Corstructability - It should Le easy to <consiruct a

specification from tae langyude.

3. Couprehensible - Is the specificatiorn retativeaely eisw
to understanl?

+. Minimality - TIkLe specification .enerated shouil
define its @meaning with a @inimum nuaacer oF State-
nents. Ore flaw of forral specifications is that tie;
frecuently require more stateuents than tae projras
trhey specify.

S. applicability - Can the laiujuaje L« IS¢, L[OD a wilie

ranje of spgecifications?

o. Zxtensikility - A minimal chanje in corcept resiuts

E' ir a similar small chanhge in a specificatio..

- “ke rigyorous underlying mathematics LoC aiyw! a8 Sanicis
k. ti.e fcrrmality criteria and the axioms restZict tae auount o
- information reguired to explain desired Dbehavlors, caLus
T satisfying minimality. Also, it appeuairs that any dnsSir. .

‘

charge in behavior reyuires a minimum of additional axions

or ainpor modifications to the existing Ouecse Ao 2008 4. pilliu-

-y S AL LA e o oy

[ ] <
y Lility, algebraic speciiications are bein, useld Ior abstract
maclkines, Jata ty,es, and prograaumin, lanjuagcs, uhoich
- indicates a wide range of applicatiors.
I. ’
P - ~
4 z1
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il,ebras, i Liskovy cad Jille's o, 1nzon, &avLatriocll
0f tie albove criteria except comprehernsiiiity aLl coastract-
ability. These Jdeficiercies can be reduced to a aanageaile
level. The followinj groposed lauyjuage, Speclan;, will nini-
nizZe these ;roiblem areas. In tiis chapter, it will be shoa.
trhat a complex specification car cre podurarizeld; bHroeren irntn
smaller units wiich erhance constructasiiity a4 1
comprehensicility.

Zhere are aany underiyiny issues invoived in dsin, aije-

rras for specifications walckh aave ot bLeei  vesoivol.

Issues sucl as proving specifications correct, inrinire:
versus Iinite specificatiounus, implementation ainl ot..s

compilex issues will nct be addressed. The rcllowin —eciioias
are to familiarize tu€ reader with the grammar 1oi S,ecsdii,
parts of a specification produced <from the Speclane iCAuaars

arnd a brief explanation of the uses of tlie various rarts.

A. SPECLANG GRAMMAR

celore presentiny the varicus parts of a speciiication
constructed from Speclan,, an introduction to the Gramadar is
presernted. Appendix A contains the corplete
Speclany. The prcduction ruies iare written ii. 4 auliiliex

Lackus-Naur (BNF) notation. The meta-syzhols it the prciuc-

tiorn rules are used tc form the COLSECUCLLOL O A &, @0l iw.-
tiorn and do gnot agppear in the IZinal spwciliica*ion. an
explanation of the pmeta-symlols useld to produce *terumitas
strings in the grawmar are as fcliows:

< > - A rame encliosed by pcinted brackets indicates «
Lon-termiral in the grammar.

' ' - Strirgs in _uotes indicate terainal striugys.

{( ) - Rourded brackets indicate the scope of a audiiier

syacol.

e . .

P
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* - The Hlezhe CLlOoSUTc  WOULIlol Quay Io2109W ©oTintl oo talao
- tracrets, terninals O LOL-teCdinaiS. It 7"€ans * oot .4 7L or

more or the expressicns, terminals Or nOn=-T:T3lieis Cay !

produced.

+ - Thke alternation modifier 1s used life  tho Paee .- [oil-
fler. Tt weans that one Oor Lore OLf tle w¥PiezS.oLis

terminals or pon-terminaels may te producei.

- | - The selectior modifier irndicates o« cChalce of  non-
teruinals, terainals CL e4pLessiols. 1T Lo wuwl 2L eo: L
choascCes. In order to clarlfy the selectliclh, I'oulded 'iach-o:

ehclose the selection.

? - The option modifier indicates that tle teInlnil,

necr-terminal, or expression is cptional arnd can e excilucd.
(

-> - The production syubol indicates what the ion-teriinel

o the left hand side can produce.

A production rule consists cf a non-tertinal {olloweu LT
( a production symboi Zollowed Ly ar expressich. a. exX;LCss30n
is comprised of terminals, non-terminals, ZCdiljilly o, i.Ua,
and may include otner exyressions. The icliowii, jrowuccis.

ruie will be used as an example taroujuoui itie Lehldihlier oL

the thesis:

<aodulile_specd> -> <sgec_header>

o)

(<newline><indent><garau_nlozk>

-~

) <newlire><indent><spec_Lodiy>

Tnis rule defines a specificaticn wmodule. The wmwoudule woulil
Legin with a specification header followec by an ojpticral

expression taat contains a carriaye retarn, irlentztriorn oL

a parameter Llock. Decause it 1s an optional exjpressior, i+
may Le omittad. After the expression, -another cCarrc.age
return and icdentation occurs followed by a sjecificatict
body.

. 23
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Carrldde returns to jerwit 4 rforaatting of  tre 3
tion. Tais was lone to create a standaré zerzat which wiii,
Lopefully, increase the readalility o a spe

L speciiication is coapiete when a1l the strings 1. tic
Sspecification are terminali strings. Thils s accon;llished L7
startiag with a nonteraminal and substituting the eXpievsic.
a,pearinyg on the rigut haand side of 1its procductior ruie. T
remaliniisy nonterminals are tihen substituted until all tac
strings are terminai strings. For example, startiig st
tLe nporterziral <module_spec> and substituting tie 43 hr

nand part of its rule results ir taoe Zollowily:

<spec_ceader> (<newliine><indent><paran_.ioued)’

<newlined><indent><spec_Lody>
The rule for a specification hLeader is:
<syec_healder> -> 'SFEC' <spec_id» 'Is"

Its right hand side is substituted into thke rigut harnd siic

of tihe above strings to produce:

'5P2ZC' <spec_1id> 'IS' (Knew_line> <indentd> <pardt_L.0Ck>) 7T

<newline> <indent> <sjpec_body>

<rewline> and <indernt> can be interpreted as carrie,r retur:n

arl a tab resgectively, ei{cept when 1t {olilowe:. I 2

modifier, and make the developginy specification apjevar
Iy Y IS £t

SPEC <spec_1i4d4> IS (<newline><indeat><par«m_plock>)?

<{spec_body>

In tre iexical grammar for Speclalyg, <inéernt> is trcatcd
€ither 4s one or more tabs or spaces. This was londo to
perait thre Jeyree of indertation a specifier desires. OLoe o

inderntation hLas been selected it swoulldl e conLiinuved
[

througnout tue specification. For instarnce, if one tab is

24
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Used to irdent & iine, theh evely tiaz 1nle€rt 1S encoiunmere’
ore tab shoull be used. 2

Since <param_block> is opticnal it «c¢an be 2liminated to i
groduce: :

SPEC <spec_id> I3

{spec_rody>

The sulstitutions are continued until a&all strings are
composeé of terminal characters.

The first nonterminal strirng in specling is <copjp_s;edd>.

=g
This dernotes a compiete specification. As aentiouned i the
previous sectior a s ecification develop:4 frou SpeclalLy is
made uy of aodules. Zach module in itsslf is a specilica-
tion. To reflect this the right hand sid2 ci the productic:
rule for <coap_spec> is <module_specd+. Ir other words, a
complete specification is aade up >Of one oL dore g
specification medules. ’

B. PARTS OF A SPECIFICATION

As mentioned in the previous section, & couapleote oL;2ci-
fication is wmade up of one or more specification nalules.
ztach specification amaodule 1is aun algebraic syecificaticu,
which can be viewed as a sutspecification of the coxz;liete
specification, and has three distinct parts - 2cacer, =1 a-
ture, and axiou parts. Zacr sgecificatiorn solude

. RS
4D Taetdva

S RIAT . SRR

"primitive", "extended" or ‘"sarameterized". frimitive

modules do not 1import other specificuation woiui<s w:lle

extended modules do import other speciiicetio:n modal .z to
create a new specification. "Parameterized" podulss are
used to minimize a specificatior and can be either Loz L tive

or extended.
A speciification is started with primitive avdules. These

modules are used to create otaer nodules tirouyn the

25
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ﬁi Tochiniqdes Jescrlilel 5 tie Nelt SeCtiuls. S S S R A

Ef Lization nmodule Jdelined 1n 4 Cusipliete speciilicat i, L

t effect, consists of all the other speciiication drodu.es
since it is pullt frcm the previous uoiulcs. The Zoliowing
section cescribes and discusses each part ol a =jecification

9 module.

1. deader

The nheader identifies the nale ol t.c =
aud sometimes coatains a "wodifler™., "PriZ.tive ! ZOuUrLeL .. :

Sreclarny contain no modiiiers ard the IZcrpat is as folicw::

S2EC <spec_1id> IS

{sigrature jpart}

{axiom gartj

<{spec_1id> is a slot for tne particular rame of tiat

declared specification. The tody of the syecifica

r
[
C
>

-
%
H
I3
{

contains the syntactic and semantic part, £s5lioWs urderteata

the header. Ahen used, the modifier is directly unaer thae
healder. Its purpose is to impcrt otaher specifications i:nto
the Jeclared speciiication. Ine modirficor 13 btie Dris.ow
metiiod used to combat the conplexity of an daigevraic spec--
ficatiorn. It will be presented arfter the other ;arts o the

specification are introduced.

2. Sigrature ?

The siguature part of an algelbraic specification
contains the declarations 1Ior sorts and operators an!
defines the format and composition of tiae operaturs. it

correspornds to tue siynatures discussed ia clajpter two.
a. 3ort Declarations

In Specianyg, the rformat ror declarin; sorts il

SPEC <spec_id> IS

[ S}
jo 2

LA 20t o
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<sort_ii>;

<sort_ii>;

{sort_icC> 1is the slot Zor a particular sorrt

naae. As explained in the previous chdpter, ithe S0U% wilil
icentify the carrier (s) ased in the operators. ALl 9. -.u:
sorts declared under the header SORTS define the sort sit.

b. Operators Declaraticn

The operators declaration can contain ur to JSouc

differeat types of Jeclaratiorns:
1. Primitive
2. Derived
3. Hidden

4. Error

)
st
fat
o
+
A\

4

¢

o

‘hese operator type rnames are uswa as

each group of operatcrs declared in Speclanj. The °

I
v.
o
[¢]

format for an operator is:

<op_id> : <sort_id>, <sort_ild> ... -> {(sor

e

1

An ogperation, as exglained in chan*cer II, <cAau
- . S Ltoes s
map zero or more elements from a carrier set(i) lueLtilied

by the sort rame(s) to an element of a fCapTier sot

identified by the sort rane.

o A specification with sorts aind o, :cators woirl
;; appear as follows:

?f SEEC <identifier> IS

f 30RT

f {sort_ii>;

,® OPERATIONS

= PRIMITIVL

& <op_id>:=> <sort_id>;

) <op_id>:<sort_id>,<sost_ii> -> <sort_ii>;
@

ﬁuj 27
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0p_13>: <scrt_ii> -> <

ERECAH

n

drT_1i>;

op_id>: <sort_id> -> <sort_il>;
QERIVED
<op_1id>: <sort_iu> =-> <sort_i

[N
v

(1) 2czimitive Operators. 2rinitive Cj<Llaloi..

P

are newly udefined oferators and cannot b=z constructei Lion
auxy other operators such 43 the Cerived oDperatoLs Ceuclliie ! )
next. primitive operators may 1involve sorts frea  otler
specification modules and usually contain at ieast one siu-

irou the syecificaticn irn whici they are leciare:.

(2) Derived Jperatcrs. Jderived OVper2atdILS ale

L
operators whicin can be produced <from othar operators. T.2;
are dJdeclared so the implementcr of the sgecificatio. 1

aware that their existeuce 1ls rot essantial. 7Tof 1a3taow,
in the boolean speciiication, il tiae "not", tanli' anu MWorH

operators are defined, it is ©not necessar; to incluic an

“iaplies" operator siuce 1iiu preudicate l1o0gic "ippliies" 1S
1S P ] I3

eyuivalent to "npot"™ A M"and™ L. The verncvilt in lLaving  a

derived operator, SuCh as "iz,lies", 1 to  Giiirflze the

specification arni, in wany cdses, make the s,ecification

s e - Lo | . "o Cow

Fore coaprenersiivie. In the loolean egamj le, "igplies" is 2

well understood operdtor dnd usin; it 1n otael specification

moduZes wili amake the aodules Zcre realdable that 2 a cou!li-
= nation of "rnot" and "or" wele useld. "impiies" would be
;4 decliared under the DEFIVLD healer.
a0
[ (3) Ecror Qperators. The progetr wmandling of
: . . g . .
. €errors 1is cruciali tc a specificatios. However, 1t is
m lrequently the case that specifications Zor lanjuajes, lata
L. types, proyrans, etc. Jo rnot precisely deiiae what saoul:
b - : — . [ 1
. happen when an error is encountered. This is carte Llencae
\ for the impiementor to do what he thinks 1s appropriate. I
b
4
& 28 .
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A specification Should adiress tiose
circunstances where the operatcr rpay not make sSenge oo tie
operands nd define gprecisely how to hLandle taen. Lx
examiple, in the specification for a Jdata tyge VYetrack® or

irtegyers, the sorts arnd operators would be &s Zullows:

32 EC Stack I3

int;
stack;
OPERATIGNS
PRIAITIVE
new: stack;
rush: int, stack -> stack;
pop: stack -> stack;

top: stack -> int;

The "pew" operator creates 4L empty Stack
and the Mpush" and "pop" operator behave as wculd bhe
expected. The "top" operator allows tue user tc viev Uio to:
element oI the stack.

Prokleas occur when a user attespts to
"pop" a "new" stack or view the lIirst elenmernt oI a4 Poew®

stackx. These are valid operators siace "aow" Usturns o o%

and the "pop" and "top" operators are lelined on 1 THACK.

It wouid seem reasonablic¢ to incroduce .
value "error" to each <carrier set to defiis «~rror «cu:i-
tions. Guttay [Ref. 3] proprosed this approach. The Ceuult
would be eyuations which specify what are ciror coiditions.
AzioLs pop (new)= error anl top(rew) = eCLUL wWoliC Seolilin gl
resolve the problem. Guttay also rejuired e _ aations wiich
Jefined the propagyaticn of errors. Thereliore »usth{error,sjy =

error and push(n,error) = error would be introduced into tae

specification.
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top(push (n,error)) = n ani top (fush (u,2rror)) = CGrrLer c4n L+

[
: Tasel 013 leDonstrated fLe lnilio_Lac) oo
. tihis dproaca tEkef. 5]. Tae vali: CooaaTione

produced irom the axioms whicl imply o = error for any r.

The approaca adoptel in Speclan. is tLi=s

.

one used ty Fasel and developed Ly Gojuen [kef. 2]. Toras

3
E“
.
;

involves introducing error operators into the s, .cification.
These operators will produce error aessajes. 1. the staca

operator, we would define error operators "iopnzet  oarnl

RS, J.

"underflow" whici prodyce carfier valaes Lilz,el  Lnd =% aor

respectively ané also generate €rror aessdjes. I SLeCLing,
the error operator will pe declared under tlo evior opzcator
titie. Usirn, the stack specification, tac leclaraticn wouill

Le as follows:

SPEC Stack IS
SORI
int;
stack;
OPERATIONS

new: =-> stack;

push: int, stack =-> staici; =4
pop: stack =-> stack;

top: stdck -> iLnt;

ZhRI.0OR

toprew: -> iat;

under flow: =-> stack;

4 The axiom pecrtion of *he sSpecification
s would usec these operators to define ervor coulitions.

[

3 (4) Hidden QOperatois. Infcrturatel;, 1t ic

Lot dlways possible to have just operators for the user,

Some ojperators are required in order to lefine tue  user

LA T T Ty

operators. lajster demonstrates this with a stack

-
3 30 tj
b B
3 L
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b’ -
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. '
e
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stecilicatlol wiillih, fncliles Oielators *foat .llow  fae s

to view any elecuent 0L the stack witihlai _LivarLiLn ‘.
- 2

stack. [PRef. 6] 1In order to define these oparitors, it is

necessary to dJdefine a "current positoon' whichi point to

.
-

particular eleaent in the stack, not necessariiy the oo
€leaent. The new operators are "lowl' &liCcl movel Llo
current position Jdown oue elelent 1in the sSrazh, Moecisu?

wiulch moves tle current ositicn to the top ). t.w stach,
et

ard "read" whiclh will give tie Vaile DI thu GolweLl at Wb

the current position Iy doiiting. 2us., 9f

o}
a
S
la
<
"
(4
&
.
:
I
b

~c¢ done when the currert position 13 ol tae LU € ivai i,
Using just the operatoers availalle to the uses, Lt LJ,¢ 2o
that an infinite nuaier o0f equatidnNs are e gurvec o e 1.
the meaning of reading each element Oof tae Sstace (27 to
stack is considered ar irfinite speciiicat

foilowing are just a sample oI the eguations re_ uired:

read (pusa(nd,L) = nd
read (down (push(nd,push(ni1,L))}))) = a1l

read (down (dowL{push (ul, push {nl,pusa{nz,L};jiii) = u2

Enunerating all the reguired e.uatiorns i..
not particularly enlightening for the inplement
grosg ViCldSiOD of Iiskov ard Zilles ©rinimal
Zo solve thls poollen, hidden operators ars intrc
[Ref. 7]J. In Najster's stack, fasel propused uciny a nillen
operator "append". Agpend adds a new element to the top ol
the stack without changing the current position. If ‘the
current position is at the tof of the stack thern apyrend lus

the same effect as push followed by down:
appernd (h,new) = JdCwhL (puSL (L, nEw
append (n2,push(ni, L)) = down(pusa(n2, pusa(nl,L)))

If the current position 1is other thuau the

top, then axioms would show that apyending is unattached to
tie Icwn operator:
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£
- agpeni(n,icwi-{l)) = luwh{apperd {(a,L})

Tie readq ovpe€ratdr cun then be Getirned ir
z terns of the read and push operators:
3
[ read {push(n,l)) = n
4

read (append (u,1l)) = reali l)

Aprend would rot ve an operator availavli:
ff to tle user. Its creation was to allow a finite srecii.ca- b
F . - N . o« . , A . . . -
o tion of an otherwise 1infirite specification. Hidien ojvida-
- . - . - s : - o e
a tors like apzend would be declared unler tie neadsr BI5ITH

to alert the specifier of its special usc.

didden operators gpresent prollexzs wicon
overused. In particular, they sugjjJest an izplecentazion-
[Ref. 5]. The aj)pend operator is an example oI this. Th.

read ojerator pro-lem may be solved in ways other than usin;

M

appernd that is less suggestive in an iraplemerntation.
In Speclany, niduern operators are declale. . )
under the "HIDDEN" header.

3. Axiom Part

The axiom part implicitly dJescrives the Lehaviuc. o)

’ the previously declared operdators. It i35 the nost Jririciis

poﬂaion of a specification tc construct; deveicpiag th2

JAEW LO J0Tr+ 18

axioms tc reflect ornly the Jesired Lehavior 2

tricay. {
= . . e aes \
In Speclany, the eyuations wiich defice opevatu: y
btehavior are placed telow the header "AXICA". Tue vairiaplies i
used in the operator are assumed to be of sort tyjes 1sed Ln ;
o thie declaration of the ogperator. The format for axioms 15 '
b 1
_ as follows: :
e _ !
4 SPEC <spec_id> IS
. SORTS
. sorti; .
F OPERATIONS . !
. @
b
- 32
¢
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i

M o1 : scrtl-> sorzt iy
h AXIONMS

1]

ol (xY)

X2z;

ke ey uations are coaposed ol a left siie agi

'
-

Iy

riynt sice separated Ly an egual sijn. The egual 30,0 o:.
.ot aear the two sides are eyual. It sigpifies chaz t.oo

terus that are produced from tie operations or ocach Iile arc

in t.e sare ejuivalernce class. Althouyo tidls 1Is an iz.ortaLnct
coucept Zor the underlyinj theory ol algyeiraic Speciiica-
tions, it is not vital to the ferson developirngy a s ecifica-
tion. dnother way oI viewing e€guations is that each opcretor
is defined by an ejuatiorn tlat saows wnat happons dacn theo
operator is appiied. Tor exdmile, ia Jefirniag the "pasa®
¢,erator on a4 stack 35, we would want to show that Zor arv
element ¢, push{3,e) proluces a stack wita = on top. Tha
specifier should krnow that the top o0f a stack is daiso
rclated to the "“pop" operator. The solut-on thken ia defirirng

"ousnh" is to relaze it to the "pop" operator as follows:
fop (pusk(€,5)) = e

The iapiicit definitiorn of tenavior througsn alge-
traic axioms jprovides independence from impiementation cut

als> creates proilems inr constructing a specification.

4. ZSpeclany dodifiers

ahen developing a complex progyraii, a jrojrammer will
nodularize functions. The lenefits are a wure Leadalle
projram and the jprogram is easier to develog and maintain.
A alyerraic specification sing Specliaad 4l1sO can  be
developed this wajy.

Burstall and Goguen [Ref. 8] presented a structared '

iangyuage which effectively ©breaks a specification Latv

33




Soa Ll N et s€aLLe i it S lanlagne R
MLaeOLl [ _Lialiih," Wudifleis  whLiC. pedadl Lasm Siedilaiel bo
nolify ,revious specificatiorns. Tas<l used treir thneoljy-
tniiding moldifiers to Jeveliog ais  specification ol 1 )
pro;raa. The cronused :2diflers  to accomplish o this .era
Cout e, iniadce, edtenl 4n) Cerive. SprCeads QS€S wLiy L.

eatend Lulloiel to Cleate Specifications.

Wk

Tre cxkternd Bodliller 14ds Lew O e Lubilu,  eldd oo “
el 5Coetizes  sarts tu a specification. Tarthornore, L

eatelid wolurlelr a_'owes towe sp<cifi-r  to ~ombine two ocr nul-

=C
inported s;ecililoatlions to cCreate  the Lew i

hen two Or uole HpeclilCatidine dale coaruned, aili of

(1w}
C
[
tn
}-e
*n
9
‘ o
= =
I (@
A VRS
s
- 41". PR

sorts, 9,¢rators, and axioms are lumped wygether to Zurk tha2

new  specification; t.i.ls wmetlod is a shorthand way oI ﬁ
Z2efining the sorts, ofperations, and axioa@s wpich ainpiaize é
the srecificatio.. ﬂ
In order to snow tue use of tue 2%xtend wolllie: .y
witrout combirning, Tasel's exaaple of the Hatural ]
specification is presenteld: é
SPEC Natural IS E
S0R1TS k
nat; .
ﬁ OPERATIONS
1 Zero:-> nat;
! SUCC: nat => nat;
{
% We can extend the specification with addition and
: muitiplication to create a new specification Natplus:
L

5 SPEC lNatplus IS
5 LXTEND
{ Natural; ‘
WITH - |
OEZRATIONS
PRIMITIVE g

,ﬁ,v
Wi .. _

34
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awl: at,nat =-> nat;

mult: nat,na:-> rnai;
AXIOoHNS
add (n,0) = n;
add {succ(m) ,n) = succ(aii(n,a}) ;

mult (2,0 = 2;

The e2xterd modifier Jraws in all the operators,
axioms and sorts frouw the specification wpawe foellowla.

extend and in tuhls case froL Naturii. Additional sortus,

t!

operators, and axions are 1includeld ifolloviij Tae awalile
nyITHY,

If the extend modifier was wused to voaw i€ sSLelilo-
cations as well as include nrew sorts, ogper:*tion:, .
axioms, then Jatplus could have beer extende! witn stecliil-
cations Booiear ard Natural to produce the Icilowin:

specification:

SPEC Natplus IS
EXTEND
3oolean;
Natural;
A
OPERATICNS
PRIMITZIVE
add: nat,nat-> aat;
multipily: nat,aat =-> oooi;
equalto: nat,nat -> Loaul;
if_then_else: pvool,nat,nat =-> nai;
AZIOoNS
add (n,0) = n;
add (succ(m) ,n) = succ(addin,.j});
azultiply(@,n) = 0;
multiply(n,succ(m)) =
add(nL,muitipiy(n,m));
egualto(Jd,succ(u)) = [alse;

35
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eqalito (J,90) = true;

ejuaito(n,m) = true;
1f_then_else(T,vi,v2) = v1;
if_then_else(F,v1,v2) = v2;

Tn tlLis case we have two specificatious, 3oolearn and
tlatural, wnicn are used to deiine the Hatplus specificaticn.
All of the specifications declared ©y taz 1ideatificrs
etween "ZXTINDY™ and "WITH" are comiinel to croduce the ey
stecificatiorn. 1In addition, new sorts, operators and «<jua-
tiorns are wuefined on the corbired speciricatiorn, AL S are
Geclared following "wITH".

Although the lFatplus specification coiall lLave seel

easily defineld without tne exterd modifier, a larjer,

Fi
O
o]
a

compiex sSpecificatlon wouid Le difficult to real and pLob-
ably impossible to understaund. For exa.ple, tae
fiacrine specification described in chapter I ras o

fication module wnich represents tae £inal spreciific
Its extend wmodifier coabines fouar other suec

uodules and extends them with adapproxinmately one nunltei
cther ogerators and seventy <guatiorns. i this zachine was
descriped without the extend w@odifier, then caci ¢l tu-=
compined specification's sorts, ojerators, and azxioas woull

have to Ee inciuded in the specificatioa. Zinze eac. of i :

comiined specificaticns were aiso cxtended, 2daCh <i tae
specifications 1imported to create them would alse GLe

inciuded. The result would be a specification ccutainin

nunlreds of operators and egquations, nakingy k.-

{v

specification incomprehensible.

Sefore a specification cau use anvtner spocililitio.,
ir the modifier, the specification beiny imported nust avo
aiready Leen declared. In the above e¢xaapie, datpius,
5ooi€ear arnd Matural, would Lave alrealdy weea declared in the

compiete specificaticn.

36
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Yo Zgraf2toriseg. Zoldius :
Cre metrod of mirimizing a specificiilon is ulrodj: 3
. - A X - . |
the use of parameterized nodules. 303aen suyJ=2stel  iis T

o
tecnnigque and Ganzinger [Ref. 97 expiorel it in depti. The
tasic concepgyt 1is to use a proceaure li;

create a new speciflicatiovn. 7This is a gacticalarly 2s:72a.

A

techi igue when many siecificaticas tenl to 2e repeatel sulh

as in the case of a iist of integers, CharacrLers, Joi.
nuebters, etc. Instead of a sgpecification o a0y oo o ool i

ciement, a generic template would be dusced to desCrmic: . ow

iist of a rarticular type should benave. The

i
o
[
*y
[¢%)
1
ot
a
r
 d
il b

oy

syecification for lists can be¢ invoked oy passing the 5 ou-

ficatior for reais, integers, characters, etc. frodacin, aa

instantiation of the parmeterized specific

&
ot
+
[
8]
o
be
(@]

-
-
]

new specification.

—__7

Many issues are still urresolved 1. acd.aeterniae!
specification which will unot te addiressed ner~ [Ref. 9].
Eefore usinyg parameterized specifications these  13sues
siould be understood.

Ine parameterizel module COLSISts 0L EWO L Llaal s

parts. These are the pdranerer bLlock auld the Speliiigat oib "
Llock. Tae pacdmeter part of a speciticdation 2efines w.atb

ray come inside a parameterized module during ia iastantoa-

i a4

tion. An 1nstantiation is tue passing  of 4n aioial
sjecificatiorn to a arauweterized specifiication.

[ .

The parameters can be viewsed as the intorface to .o
L

outside @module Juich 1s invogking tie rrocedace.

. of sorts, operators, £d axicms  and 1s afnouancen b othe
Leader "PARAMETZIRS",
[ The specification part is  like tao S, weallon Lol
:. body used in primitive Specification aoddales. IfCOL Iost.. %
t ol sorts, operfators and ixio4s and is leclared ¥ tie heiae: 3
WOEFINZO 3Y". :

T W e,
ey o

T e ¥
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At the pafadeterized sSr€Ciica®tlor L5 l2VeAz ot
Zorwal jarmeter's sorts, operatols ang aXlows ale Twl Lice
£y the actual Jparaneters jassed froa the designated
specification.
In Speclany, the Zormat Jlor a parareterized

specification would appeir as Zcliows:

SPEC <idertifier> I3
PARAMZCEERS

S

-
-

O
20
6]

<sort_todv>;
CPERATICNE
<op_Ltody>;
AXIuMS
<axloa_ioly>;
DEFIEZID 3¢
SORTS

<sort_

AXI04S

{axiowm_ibouiy>,

Ganzirnger

by
(W
«

o]

iliustrated paraneterized sjpeci
L

Ly usinyg the list exanmple:

SPIC lLists IS
cAEAXETZRS
Z3IXICH
3oolean;
alTH
SCR1IS
elew;
GPZRATIGONS
PRIMITIVE
equal: eleun,elern -> bool;

38
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if-then-else: L00l,zlvi,=len => ol 2u;
AXIOX

equal(e,e) = true;

SORTS
list;
GPZRATIONS
PRINITIVE
lempty: -> list;

isempty: 1ist -> Lbool;
conc: e€lem,list -> list;
cdr: list -> l1iist;

if-then-eise: Dc¢odi,list,list >

[
+
t
‘4

-

first: list =-> 1list;
AXIOMS
cdr(l=smzty) = liemfty;
cdr (conc{e,i)) = 1;
cdr{if_then_else(L,11,12))
= if _then_else(b,cdr (i1),cir {12;)});

isempty(lempty) = true;
isempty(coac(e,1}) = false;
isenpty(if_then_else(p,11,1z)

= if_thnen_else(b,isenpty(il),isen;ty(l2));
first (ieapty,e) = e;
first(ccnc(e,l),e") = <;
first(if_then_else(L,11,12),¢)
= if _then_else(k, first (11,e) ,first (i, «);

'

This ;arameterized specificaticn is invcoked Ly using its
name and brackets arcund the specification which is to ke
used for the instantiation. Therefore, 1if a specification
for a list of natural numbers was Jesireld, Listg(Natural)
would invoke the parameterized sjyecification for iist. 1In

order for Lists to be correctly .nvokedgd, tiue  Naz

35
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specification must Mmatch! tie Iformal pdafanetess  of LliLts.
In 3pe€clany, tiuwe sSOrts are watched under the heaeler "ACIUAL
SOnRT3" ard the operators are matcned under the healer
MACTUAL OPERATIOiSY. Urder each of taese headers the sorts
and operators that are to replace the formal paradeters are
vositioned to the left of an "IS". The formal parameters tie

actual parameters are replacing are positiomed to tiae rignt

ol the MIS". In Srpeclang, the matching parameters are
announced at invocation. Using the natural namlels

invocatiorn, it would appear as follows:

Llists(Naturai)

ACTZUAL 350KRTIS
nat IS5 elen
bool IS tool
ACTUAL CFERATIONS
equal IS egual
if_then_else IS if_then_else
and IS and
not IS rot

Note that tihe parameterized speciiication na: L
extend field in the parameter bleck. When this occurs, the
paraneterized speciification wust be invoked with sorts ani
oferators tiat also match the speciiications trhLat were
imported by the extemsion. In tie List example, tie sorbs
and operators in the Boolean specification were zatcheid

trhe invocation.

 om e
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IV. SPECIFICAIION EDITCR

In orcder to facilitate writiay specifications, & syntax
directed editor was designed to formet a Specililcé®.add
created froa Speclang. The editor is based upon ileis Jron
Cavis [Ref. 10] and Hdaclernnan [Fef. 11]. It is talkle driver

in that a graamar is input ard .arsed into ceperate “Icluc-

-

tior. rule trees. Tie production trees are tusn icsl U
create a specificaticn tree. Ey u3in, the *tdallie netucd,

fiexikility 1s gjained 1in alteriny tie graumar wisious
affecting the editor. daclernnan's editor azu the 21dea
rresented by Jdavis was to create an internal tree IruL the
grammar which was annotated; the tree was in a parswd roin
wilch could be wused to dgencrate the anachine code, TLl
Specification EZditor cresented here was Jesign2d to ¢
syntactically correct specification and to mare he iift.r-
face with the wuser simple and friendly. The interaal tree
created ky the editor is rnot annotated as prescrikel &y
Javis and Macieurnan. The editor could Le modified to rncer-
porate annotations whicah could transfora the s;nrax  “r-»
created by tne tree to an annotated tree. A jramrar Jraiiarl
was developed for the parser which 1is based on ithe noedifzin?
BNY nctation yresented in charter IIZ.
~he yrammar used in tne ejitor is tie sauac as  that in
appendix A except for the followinj:
1. Couments hLave not beern ircorporated.
2. The 1input grammar cannct have sele
expressions. For exauwple, the follow
rule would not be accejtable since t

side contains an expression wita thLe seloction:

<spec_block>-> ({param_cali><cr><indent>) |<sypcc_iciyy)

41
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This restriction was imposeu Zoz Tt Ceasauind, v
fcrce a clear display selection and to Lecuce  tawe
rroLliems invclved in prograaming the rTecursive
descent parser. This restriction is not severe si:ice
the right hand side couid be rejlaced with a

selection such as <paras_calld> creatin: two rules:
<module> => (<iaram_cali>|<spec_bcdy>)
<param_call> -> <call_vblock> <Kcr> Lirlewnt>

3. Tahe rules were modified to reddce tih. Lunler orf
selections available. For example, the ruie .ur a

<rodulie_spec> is as follcws:
<mod_spec> -> <spec_header><aodiliers>Idspec_bcuy>
This was combined with the rule for <spuc_Lescer» to
create a rule:
<module_spec> -> 'SPEC' <spec_id> *'IS' <Kirlent>

<cr><modifiers>? <spec_boliy>

A. AN EDITING SESSION

This section will describe an eliting s<ssion. I

editior is 1iritiated by entering the =rame of the ed:tcor,

[P Ie

i

(2D

S;eced. A proapt aprrears re,uesting the nhase oI tre

wnere the user had stored a tree lrom a pravious L.

ir

1

s2ssion.
The screen 1is cleared and tue first production vula's
rigat rkand side is displayed on tue screen ia an "urparsol

form. The video is tihen reversed ot the first nonterminal or

tn

modifier which d4n input selection can eiffect. Al. oOf th-
strings which are displayed i:i reverse video acte re:elrel to
as the selector field.

ror example, 1if <module_spec> was the first ruie, thern

the display would be as depicted in Fijure 4.1 .
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SPIC <spec_id> IS (< aran_blccik>j?
<spec_Tody>
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SELECTIONS: -
s: select d: selcctor down u:rselector up .: it elli
b: cursor up tree f: cursor down tree

et B - mmie 8 rn e o -

Figure 4.1 Display of the Rule <module_spec>.

In this instance, the video ior <spec_id> wouli e reverse
denoting the selector, ard the bhottom of tue Jisplay woull

show the selections available.

}or-

the selector 1is directly related to a seicctica ..

-

Thog,
sel_ptr, which points to a node in the specir.cation row
being edited. The ncde at which the sel_ptr is ;olating is
referred to as the current node. The current node i =z, :luw:
at the Lbottom of the display fcelliowinj "NODE: M. Zepe.nlln
on the «current node a number oi differant sol.

available. The possible selecticns a user cai naXe ddoil, aon

1. "s" Selection

If "s" is selected and the currernt rode is a ~outor-

Linal, the node is replaced by the production rul- rlont

a o

fied Lty that nonteraminal. In the above exampiw, il <o.o:c_ 11>

is selected, then the rule for <spec_id> .i: inscerted into
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the dalstriact s ecilicetion tree, tae SCie:h xS d..atel, Ll

t..e selector is advalced.

<{spec_id> IS (<zaram_block>)?
spec_ >

o —-——— i fn . = = A g

THCDTT Zs?ec 1ia>— - -
SELECTIGNS
s:seiect diselector lown_ u:iselector up ::juit edit
biselector up tree f£: selector dowr tree
SPEC <iderntirier> 15
{param_bliock>
<spec_TElock> |
JTUE: <1aenflxler> —TTTTTTTTTTTT
‘.rlu O Q.
s: seLect d:selector down u:selector up g:,u.z £li*
biseiector up tree f: selector GowL tree
— —— ]

Pigure 4.2 Selection of a Non-terainal.

N I{ the current node is an option nLody, tunen the ugn
o sclection wiil inhkibit the display oOf the ;juistion MAaCh anl
tne  norterminals/termiuals  preceeding tae pelifier  wiil

Lecome ,art vf the dalstract specificativi tree. A sipliac
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2t a’s

TuSdot OUCULS Whel the CdfCeht fole io 4 Seleltion 1Odi .-

In
Zn tuls case, all selections whicii arfe NOo 10k el Lecvde :
alony with tie selection symbols are not displiayed whel the
desired selection is made.

Figure 4.2 snhows the tree before and aftel arn uplat:

where <spgec_1ii> and <parak_block> were seluctel.

E ) OO | FRUAEARRLARARS ) &

s
;

The "i" or insert selection is availailce onis L.

P

tiie current nodGe is ar identillier nonteralinci Jleéni_idtec L

<identirier>. tihen this selection is wmale, fhe .Jiticua -

‘-'A...L‘_-c;’

the screen where the identifier occupied is laniels 70

¢

user at this point carn then type in the identili.or ..
The 1nput characters are then checked to ensure couvrect

lexical yrammar for identifiers. If the input cnaracter ic

K ] U

Chn 00 LO SR

incorrect, it will be igyrored and the elitor will wualt LJ:

arotier input. The irnput string can Dbe terwinatea wit? 1 .

input. In acy case the string will ce terwinhatel when ita :

'
Py

ienyth exceeds twenty characters. Aftar terairating .o
input the weditor wupdates the screen and cavances UL

selector.

3. "k" and "f" Selections

L7 angd =4
!

The "b" ard "£" inputs move the sceiector up and icwn .

the screen res;ectively. N
- oo : -

Some nodes the sel_ptr stops on are not displaya..-. 3

iL these cases, all the descendants 1in the tree that are
€lij;ible are displayed via the selector. As al eYamiie, LI
<module_spec> is the current node then ali of the displuyei

characters in figjure 4.2 would le inverteld and <nodele_opec™

would be displayed at the Zcttom oL tLe ooleern  gtor
: "iODE:M.

u5s
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- 4. Mg oand "3EW Selectiorns

“he "u" and "d" selections are siallcr to  the MWLM

ar.d "f"Y selectiors; they move the selector up and down the

-:-1
. "
R
oM. - AW . s

screen. The difference 1is tiaat the "u" aani "d" selecironc
will move to the next displayable node on the screel. T hLS

facilitates moving the selector ou the screen.

ey I

TSl N

5. "mp" Selection

The "m" selection 1s used wheh the cusrent rolde 1= 2o
selection modifier node. Since the "in, non, M oyn s an
selector @movement selections will not allo¥ w@oving the
selectcr into a modifier node subtree, taue 3" cf M“uaad
selection” Xey was created sc¢ the user could zZgve tro
selector over the desired selection. IL the 3¢l
the last selection and "a" is selected, toen t

will move back to the first selection. Tus selec

remain in the selection tree until eithner a solectica

nmade or the user makes a "j" selection to jur: out ol tac

selection. g

A

6. "e" Selection :

3

The "e" selection allows the user to "erase" tae o

string the selector is on. This aeans that tas string will %

LO Longer be disiplayed on the screen. TLe Ye' selwcticl is ﬂ

availatle wien the current rnode 1s tae optiorn node <o g

nondisplayed nonteraminal. K

If the selector has an option symbol in its fielld, %

the e€rase selection will eliminate thae o tion csyrnici, .

, krackets if displayed, and the nonterminals and modiiiers in :

; the selectors field. In figure 4.2 i < araa_tiock> 4as ot ;

ﬁ desired and the selector was positiored on (<paraa_utlocx>)?, -

2 then the erase selection would yield the followiny disgplay: 5

- :

. SPEC <identifier> IS .

ﬂ <spec_body> . i
b

¢ u6

t_.
e

{

. e R S R S SR o




15 .ot a displajaeble rode,

tie strings of the screern which

JLED

at ta2 routoen S5I

the LOole inlicatel

celfdsSe wlids

the

are in

replace them witi that nolde.

! o

ir the display or a selectior ncde.
ior erase,
tion tree so that the option may be reselcectel,

selection would replace the option tree in

trec

Selector woulld

T

and the

rll

Selectior

he "r" selection is used

if thne seli_jtr

Gisplay woulid le updated

not Dbe visible in the case

thel

clinirate a

seiector's field

to

accor iingliy.

was previously erased. Tae regplace field at the lctt
tue screen would indicate the ogption to be iuscerted irt
tree.

In the case that the «cption or s<cloction aas

previously nmade,
tue ortion
that would be eiiminated are

xample, iZ the specification was as

and the

<param_bnlocxk>?,

then
or selection would Le eliaminated.
in trne selector's

followvws:

SPEC <iderntifier> IS
PARAMETERS
<{spec_uliock>
DEFINED BY
{spec_biock>
current node was the "not" lis.layed

tonen a "r" seiection would yield:

SPEC <identiiier> I3 (<param_blockd}?

{spec_block>

47

i

€

[OH

~ s

to replace an option noie
In the previous exaxnyle
was positioned irn tre specitica-
~ 1t
s

tre specifilcatioa

b
IS

where tie optlou

of

C Un =

LCen

the entire portion of the tree [ICu

The strincs

fieild,

oeption

Cr

it




R T T T N T T T Ty T T T S T S T T T T T N T Y T T T ATV T TR T T T A TR T AT AT b LT AT AT LR LRATLRLY AL T e T e T e T T T
b B. DESIGN OF SPECED ’
ZlLe editor was written in Pascal ari iap.edented on o«
Jigital Vax 11/780 under the VNS operating systemn. The
editing session Jdescribed in the preceeling scctiorn was the
oubjective Lefore tae desiyn oI the editor started.
The Jdesigyr o. tie projraz was Jdone in a top-dow: wma.lnerl.
Zhe three primary modules are as follows:
1. Initialization

PERETRD N R

2. Yain body loo,

3. Termination routirne

In order to simplify the display, certain ncenterni-

nals are treated in a special manner. The <ind=2ut> ané <cr>» #

nonterminals are immediately interpreted by the editcr.

These rontermipals mean indent and carridge retarn i

respectively. ]
The indent nonterminal, <irndeut>, pelcre & Lontcr- a

miral or expression neans that the nonteruinal arnd its

descendants will be indented Ly a preset tab or spaces 1i a

carriage return follous.

The identifier nonterminal, <iderntificrry, is treated

as a slot for inputting a string »f characters. This sStik:

H
:uL".l'l".'

- reasonable sicce all gramwmars require 1deuntiiiers. Tk )
. - . . . ~ . . . . . - . 9
- iexical «composition cf the identifier i3 Lujl+t into tho 4
- N 1
9 editor. 3
—

‘ y
- 2. Znitialization 1
- X
- Zhe first routine called by the @Rain prograa is ]
3 s e g . . . . . . &
t Initialization. This routine ir turn ca.lls a routine calle. g
?‘ opeangrasmar to input the production rules I1rcw d4 GLadwarl
.. file. Cpengrammar has a scanner that Jrejrocesses the ingut
- rules to ensure that lexically they are currec:. 1L "“1oohs™
;

q
3

43
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= ~ - - . -~ : - P N = ~a - < - ~ [ H N
fos 4 CIidCActald leil dall Slae CI 2dli. I ilec <. M=o “lio.
’ !

L Lrucketel strings, juoted strings 2. melas s w0ls. Tl

(%

t..
gramwmar rules are put into a recorl structure wiricn COLsiSts
of a left hard side aréd a rivht Land sicde of the fowucCzinn

. j.;ig

The next procedure called 1s pdrsejraoma

]

.
!

routine is a recursive descent parser. The€ [arsel is Lid

-
E‘ rules.

on a 1L (1) yramaar Jgramaar used to construct tne piuviucy Lod

rules. Tue yrammar grammar Lor tie parses 1s as “o.lowa:

Ty o e
PR .
Tl

<production_rule> -> <uvuterwinaid<ceilce_rody>

;I <rule_Lody> -> ((<ronterminald|<exjpressiond, ("x"j'+'|'2*,%;
4 <expression> =->'/' (<rule_bod ;> |<ident_list>)*;"

<ident_list> -> <nonterminal> ('|'<aouterminal>}+

Eaci procuction rule in the graRkifar grawmas i

mwiaicked by a moduie in the recursive Jdescernt parser. IvVer)
productior rule ir the gyrammar for S ecliang is
separate production rule tree which Jescribes i:g syntaciic
structure.

Figure 4.3 shows an akstract produactlonx TLul= T~ =«
for the <module_spec> productior rule.

For each jproduction rulie tree tnecre is poiater .. 4.
array of pointers to locate that rules tree. Ihe Cule toees

are located Ly searching the array for tie root »ith o ook

tuat ratches. A prodiuctiorn rule tree iz construo tol Jror
- records which have pcinter and integer fi¢iis ds Z0llows:
=
@
-
}
®

NN Y. Y. Y, VYUY

49
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- JLafafu.es = recorl

ﬂ: parent:array (1..23) of character;
t len:integer;

; child:array(1..3J) of l|jyramarules;
N par_gtr:lyramarules;

Ny ch_no:inteyer;

hi Tttype:intejer;

- num_ch:irteger;

pi disp:Loolean;

if in: integer;

end

!
aaaned

<module_spec> -> 'SPEC' <sgpec_1id> 'IS? . )
<incdernts<orr<parar_Llock>):
indent><cr><sipec_hroly>

. ———

<module_spec>

SPEC <spec_1id> <cr> ? <indent> <cr> <spec_iol7»

s
7\

<cr><indent><parm_btlock>

———— s e B e A o o

Figure 4.3 A Production Rule Tree.

o Tl T

The "parent" identifies the nawme of ru’e, string, or
L [ >

P
»

" zodifier. The fieid after parent, ".en", contains tae
R - ., . . . . -
e length of ti.e parent character string. Tkis feild is used
b
N -

o
" -
[ 3 v

. « 0 e " o et - . - - - . i . . . - . - N .. . . '.A . N et .
T e e e AT e e T e, DI A N NI S SR RS WA SR Ydw-Jous UL S S el
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in outzutting tie strin, on tae slrecl. Thae Moniia" arpal
poiits tc the descernlants ol  that rale. A4 jClitel Cdl:ie.
"iar_itr" points to the parent oif that node. This pointer
was necessary in order to move tue selection pointer arouni
the abstract tree. The 'ch_no" Zield identilies what child
numker that record node is 0 a farent rCecCcorl noce Whelé€asn

the num_ch field indicates tie rumber orf ciriidlci that ole:

Las. The ch_no and nua_ch fields were 211so created fo
facilitate selector umcvement. The "1n" Ziell 1s used oo
tue disglay screen. field tays the "ty &' ol LecoDd DOlw.

There are seven types of rodes as shown 1L Tauol

(8
-
[ ]

TABLE I
Node Types

nonterrinals

aodifiers-2,%, ,+

terminral strin

O
n

identifiier striungs
ALT node

T
1
2
3
4 eXpression a10le
4
6
7 i4jnore nodle

PR Ry

| AP

The noCe ty,e has an efrfect oi tihe selections availatie, icw
the tree is "unparsed" for disglay, and the movement of the
selection pointer.

4

After the rules are jparsed & roceduare, Ger _tlee

will opern tne file of a specification tree tiidt was storeld

aiter a [frevious editing sessicn, if tne wser inguts the
51
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Y
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Ladae oI the Jilc, I 4 user stored trec 1S LOY SUlp.i=l,
tne luitializatlion routise wioll copy the first roiIctiog
rule tree cid use it as t..e root of the specification tiee.

The final sters oI the initialization rout.u< sct up
tue display for an editing session. o pointer, prog_ptr,
will ke set to point at tue root node. I & user s,ecifilel
tree is available then tie .rog_gtr Ls scet to the 00t o
that specification tree,

The qneit step is  to cleur  tie scoresrn anli cal.l .
routline, print_tree, wolch "unjparses" tue foge Lo SLOLICe

ti.e disgliay ou the screern.

The firal step of the iritialisotion routine 1ss: 0
tie selection politer to the [ifst selection of  the io-=a,
If the initial production rule was lis lay=l the alssoace

tree woulé aupear as Zollows:
{comy_spec>
<sel_ptr> --=> +
EXF
- \
<indent><cr><module_spec>
a. 2rint foutine
The print routine, which unparses the speciiica-
tiorn tree leiny developel arnd displays it on the 3crern,
deserves Iurther exzplanation due to its complexity. It is ua
recursive procedure which does an inorder traversal of tiae
specification tree and, as it visits each node, will responl

according to that node's type.

P A A L L N T Y Y R L T U Y

el iaie st At A AR ek eI IE A O A S N Y

PSR WAL TS |
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fnitially, rtie U0 __ntr LS passed o tre panc

- - —- 'S -
routine and t.en a case otatement determines Low to hanale

e
the roct noue and ail nodes recursively passed to it. Sirnce

e
tile root noile is tue left hané side of the first

- . 1
production, .
it is rot iisplaved. Instead, it treated a:s a noOLCisSpliayedd 3

nonterminal node which is exilained beiow.

The prelcminart factor as tn whketiier or rnet

-, node rarent's field is tu be dlsplayel is the Teuord LOLleal
N e pidy

n e - o ~ - e A . - . Lo e . .

= field "disp". Oniy if tiae field is true will it o2 output o

ti.e screen.

| LIS W Y N A

Anctuer Zactor Zor displayuclillity iz the Lin-

mprer o  the Lodwe. Since the screen canh only  Glsis

v A
4 s -

Skall Lixed puuber c©i iines Cf the specilication at v
tiwe, a current line is assiyn e

dictate what nodes i the specifi

node's "1la" field is in a particular value rangde oL tlhe

display iine number then it wilil Le Jdigplajed. Otiefdlse,

" even if the disp field is true, it willi not be displajed.
Hi For example, 1if the current line is twenty, tLher all the
} specification nodes whose 1ln fieid falls in the range twenty
1 to thirty five will be displayed.

(- As menticned before, the print routine rsspcals

to a node's type via a case statement whicn has seven cazes

t.at correspond to the seven node types in Table I.

Case one handles nonteraiials. Thls case oleino

iritially to see if the noatermirul 1is o« carria,e

C
an indent. If it is a carriaye return, the scres

t
]
=
=
-
()
g . IR

number is incremented ard thke selector positiorned on the

Lext line of the screen. If the nonterwinal 1&g a4 1nient

symbol, a global indernt cournter is incremented

r

v Or¢ ans arn

| P S S A I

P ili.dent flay is set. This pechanisa is usea t Cadoe i

nonterminal and its descendants Zollowirny the indentaticu to
Fe indented.

53
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St
R
o Jefore a2 rantertirtal oc its 0 fe3coatlerts o oar
N displiayed on tie screen, 4 glotal flay is Clhecned o see i
!3 the ;recedirg cronterminal was an indentutrion. If it was,
A then the global flay 1is set to off ard a 1iodcal flaj 1is
) turned on. After the nonterminal or its descernéants are
Cispliayed, the local fiay is checked. If the £li, 15 o1, tn:
numter of immediately preceeding indentations arce sultractel
Zrom an indentation counter and tihe local flay is turaed
orf. Using tnis method, the inlentatior aifects ouly tihe
nonterminal or the expression Icllowirn, it. For example, i:
the rule for <aoluie_spec> was:
<module_spec> -> SpiIC <spec_id> IS
(<indent><cr><paran_bioci>)?
<indent><cr><spec_plock>
ILe initial display would be as follows:
SPEC <spec_1id> IS (<paraa_blcci>)?
<{spec_block>
When <param_block> is expanded the indentation 4ill aifaci
all of its Jdescendants so tnat the display would a;_ cur aas
follows:
SPEC <spec_id> IS
DARAMETERS
<spec_bLiock>
DEFINED 3Y
<spe€c_block>
dote that <spec_Lklock> is indertei by two. This happerne]
because the rule for <param_lLlock> has an <indent> at is:2
el and tre ruls for <woldule_spec> rnas an <1t deut>
P' preceeldiny 1it. If <param_Lklcck> was «eliminated, tuen
f} {spec_block> would ornly be indernted by one.
L
’k‘j
L
b
E 54
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If tie node passed to the print routise is Lot «
carrlage return or indent, Tiern the looiean ficld "ais " is

ue tnen the

a]

tested for Jdisplayakilit;. If the {fieid is t
noCe's parert Iield is writter to the screern. I the nonter-

minal is not to e displayed, then a recursive call 21s amade

f. to the print routine for each of the pointers in tae "chiid®

= field oI that nole.

f; Case two handles all the modifier nodes. i€ a
selection »rodifier node 1is encountered an2d 18 %o ¢

PR

Gisziayed, the print routire wiil display all tns selzc-
tions and place the "|" s mbol letween the chvicus. AlLl iz
other moGifier nodes will have a recucsive cali €9 tnz poins

routine on their descendants. After returaning Iroax tue

SEEA0L 3asA:
. - ‘ e 'n

recursive call, the node 1is checked to see if it is to be

displayed. This is hnow the postiixing ol tane modifiex

symbols is accomplisned.

VT W

Case three nandles the template noles., Taes: avc

TR
A

L
H

nodes that have strinys that are rejuired in the Jrazzarc.
For example, every mnodule must have the string "SpiC" an

e
fom]

tne string MIS"™ on the first 1lire. These noies have Lo
Gescendants and so tie prirt routire wili 1ot make  an;

recursive calls on the descendarts.

Y Gasra
e [ v
S e e P o S

< PR g . N
Case four dJeals with exjpress.oa nodes. an

1 expression rnode is used to point to the descewndants; 1its

v

only function is to allow the grint routire *u male¢ rCeois-

e m o e e e A a . e ———— & A e — A e — it - —

& sive calls on each descendant. If a gloial fiay is s=t irn
L; the case two condition indicating the expressio:n is folluwel
;ﬁ by a modifier, tunen rrackets surroundianyg the ex, c23sida w.il
[ Le displayed.

o Case five prints the identifier rnodes. ThLiase are
t. teruinai strings for identifiers arnl are treated 1like wuoe
y case three nodes.

; Case six deals with the M"ALI" aocles. This node
Y; i1s usedéd to store trees sduch as options aud selections alter
o

w
wn

Ty
s

——
[ ]
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these ncdes Lave lewn acted on. It 4ilso retiirs the “l-elu
and alternatiol trees. Noraally tre ALY node has rvo descwn-
dant nodes. The left one 1is for the Lranch ieading to
displayed strinys. The right one is for storiny tue option,
selection, Xleene and alternation trees or it mi1y poiut to
arother ALT node. The print rcutine will recursively call
cach of the childrea nodes.

Case seveh 15 the 1iynore case. This is used when
the node and its descendants are to bLe ignored. For e€xa:; ‘e,
in the case where tne option ncde was used and stored. T4
option expression is no longer desired <for display so 1t 1

given a type seven.
3. Mair 3ody Loop

Ihe editor, after initialization, enters a ioop iwn

tue main program body which inspects the type node at whaich
the selection poinzer is pointing amd calls one of <& .t
routines to handle that case. The routines are shown 1iu

Table II .

All of the routines which lhandlie the various node
types are essentially constructed the sanme. A procedure,
sho_slection, 1s calied in each routine which Jisplays the
various selections available in.tnat routine at the bLcitonm
of the screen. Zach routine then eunters 4 locr  whica
Cetrieves the 1nput <Irom the terminal and decarylhers 1o
lnput vida a case statement. If aa 1nvalil character io
selected, it is ignored and the routine loops for anctaer
input.

The following sections will discuss the routinzs i:
able ITI with the exception cf tihe <first section wiick
u

€5 the selector movemeLt routines,

]
U
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A
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TABLE II
Routines called by #dain Body Loop

Node Iype Routine i

Nornterminal Id_replace

? Option

Seiection
+ Alternation |
* anleene i
iderntifier Td_deselect ;
ALT altrep %
J

a. Selector dovement Ekcutines

There are four routines used to [o31tiss  fuw
selection pointer on a =node in the specificatioan  trze in
concert with tihe selector on the screen. The; eacn corre-
spohd to cne of the Ifour selections, "u®, %an, s;a . ond ¥l
available in all the routines slowa 1im Takle I1 . linea "2
or "u" inputs are receivea, cune of two routiaizs wili o
called to nmove selectiorn pointer and the selector L3 the
next displavable selection eitier Jdown or u) tu&  SCUCchg
this meaus tie selection pointer will be at a  nole Saat 1o
visilble on tie cdisplay.

The "b" or "f" inputs s@ove thne selector back.sazi
or frorward to any node in the specification tree that is
ava.lable for modiiication. These two 1inputs also have two
Scparate routines which move the selectiorn pointer in the
tree. ihe "b" and "f" selecticns allow tue i1aceridf Loles,
which are not displayed on the sScreen, to be uavaiiaule ol

alteration.
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s1i ol re  seloctor

designel so0 thaet  trney wilii 0ot poscticn the aflwCldol

poiater on "Z{2" 1nodes, wouairrier noies ,1if tacy fLavs Jesu

crased or selected, ané terminai type thre=z nodes that
contain stringys usel 1in the yragmar. Iue rondispiajyed noiji-

fier nodes are accesseé in a Jiffereut manrncer.

Sseilectior pointer is moved, the current node is cCrecked to
determine if it is on the screen. If it 1s Lot, the
screen Jdisplay line is updated to position that node i:n tao:
center line of tle screen. The print roudtine is taen caileld

to update the screer.
L. ©FHeplace Rcutine

The repiace routine acts on tyge oue rorntecaina:

noles. Iwo yenreral cases are pcssible, dependiny on wuetuer

he node is dis_ layed. In the case where the noaterminai is

displayed, +the replace routin€ enables the usec to add ¢

G

the sprecification tree tae production rulie tree indicated

r

Y
the necnterainal e

node's parent field. As wmentioned 1 th

previous section, this occurs wien an "s" is iaput. TFijur

o

4.4 shows the specification tiee before dnd after an "= 13

input and the selection f[oirnter is at <spec_id> 1. i

srecification tree.

dhen "s" 1is selected, 3 routine cal

x
_ocutes and reproduces the the groduction riis tres o0

<spec_1ii> and returns a jointer to taec repgiace routine., ke
repiace routine tben attaches the rule tree to the specifi-
cation tree. The <spec_id> "disg" field is ther set to false
to inhkikbkit its display.

It is possible that the selection pointer is it
a4 tyo€ one Lole that is not displayed; its disp fileld 135 set
to false. in this case,

the displayablie descendente <r?2

shown 1n the selector's iield. Al Option tOo erfase is Lnel

available to eliminate all the Jdescendants and restore tio
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|
{module s;e;)\\\\\\\\\
SPEC <spec_id> IS ? <indent> <cr>
<indent> <cr> <paraua_block>
<module_sgec>
/ J \4\,‘ )
SPEC <spec_id> I ? <indent> <cr> j
<identifierz////// EXP .
<indent> <cr> <param_olock> i
Figure 4.4 Selection of <spec_id>. ;
i é
rot displayed nonterminal, This is accomplish=? by Lottru: j
the current rode's c¢hild pointer to Lili and iLie alea, oledd f
to true. The "NODE"™ field at the bottom oI tie =2CI<en . .%3 ;
, . C s : 4
the not displayed nonterminai. q
- One speclal case is addressel ia tuis rodtine. X
»1 This 1is the case when the selection pointer .:s it toe oot
| - N o . . -
F" of tlLe sjecification tree. 1In this case, the Jirst [rec.uc-
. . . . . . . ‘ 4
P tioi ruie trec 1is duplicated and substituteld  wuoen tihe """
¢ selection is made. This is paramount to erasin, the eLtzirc
- tree.
2
¢
4
b ~
b~ . 53
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C. IJ_replace
The 1d_replace routine was created to aliow to= §
user to input directly on the screern the identilier nales. "

Tals rcutine is calied when the selection node type is une
and the nonterainal is <identifier>. Whern an "i" is icjput, a

case statement is executed whica deteraines tha  startiic

positiorn on the screelL by inspecting the currert :nodv's

posit fiell. A blank is written to the sScreen starting atn

(&3

t
9]

™ ASIRN]

that fpositionr. The routine then takes inpurs

terniral and places them in that node's parent Iici

- TG e

[%h

character input is checked for rroper lexical jranmar and is
echoed to tihe screen. Invalid chnaracters ace igrnored. The
inputs are terminated when either twernty characters have )

been input or a "$" is input.

SR -

d. Option Ekoutine

The option routine is «called W#hen the current

rod2 is type two and the parert field is the option uode 3

modifier. This routine will allow the user eit.er toc erasec
tue opticnal expression by selecting an "e" Or inciude tae

expression preceding the modifier Dy selecting an "s",

o»

- When the cption 1is selected or erased arn ¥ili¢
node 1is inserted iato th option node's iosition is the
tree. The ALT node 1is treated as if it ornly hLas two z.ll- 1
éren. Ine right cikild will store the option tree 350 tuat 12

the user later desires to reverse uis previous decision aLc
i

include it, he can reinsert the option tree into

positicn in the tree. The leit ci:ild of the ALI rode wil

1
T Lil if the option is erased or will <contain the expression

2 that was precediny the option modifier if the ojptiorn was Jd
t, seiected. Figure #4.% shows the tree tefore ari arter taeo %
) J
X selection of the <param_dbiock> cption. i
) .

' 1
&hn

l j
L] ‘




p o e ey e are ames ae o —p SO St s AETal Aesh e et e - TR L VLY WU Y N T T AT T TR T Ty W W e N el

M B
Y B
"QL

1
.

v

R A0 A

———— e e o

LA
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»

. - sel ptr
A
» -

<incent> <cr>

ﬁ"'ﬂ*ﬂﬂﬁ v
—
— G ——— 0

PN

<indent> <cr> <gparau_plock>

tx1
w

<module_sfpec>

N

SPEC <spec_id> IS AlT <iadernt> <cio

<{indent><cr><param_rLtiock> =EzXP

N

<indert> <cr> <paran_Ltiockd>

.
s e s G s S e < e s B o - Wt g < i e el s o S

Figure 4.5 Selection of the Option <paraa_block>.

anen the option is stored in thke rijht cilild, 1t

is assiyned a type seven so tuat the print coeudtine il

- ijnore it and its descendants.

k.o

P; e. Selection Routine

b

.- The selection routine is cailed when thLe selec-
X tion noie is type two and tie farent field is the selection
-

3

t.
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Aaoliflel. LeCdalse the selector lown Or0 SeiewCtor 2, rout

v oL

s
-

Ccan nct access tLe descendants cf a selection node oL ¢ Licr

-
P

rode, the selection routine was written to perait the use

el
to desiynate the desired striny by using tke “m" kery to

rosition tne selector over it. Fhen "a"™ is input & cuase
- statement is executed which will loop between the secleciions
untll either a selectiou is made or a "j" is eutered to jun;
out of the loop. When a pacsticular nonterminal 1s selected
tle routine behaves like the ojtion selection; an AL7 node
is inserted for tie selection node and the 3

€
ard its dJescendants are stored in the right chilid

nole. 1
£. Alterration Routire

The alternation «rcutine 1is cailed  whern 4ho q

selection pointer 1is at a type two rnode ard tre [arent is .

the alternation nodifier. The routine allows the user tou

-

duplicate tle expression or =nonterainal preceding the zcui=-

-

.. . . < . . 4
fier. ¥Yhen the %s" selectlicn is made an ALT note 1 '

+

ef

[

irserted into the tree at the alternation position. The

oy

chiid poirnts to a cloned ex;ression of thae Jdescerndants o

tue alternatiorn modifier and the right child points o zhe 1
L}

oriyinal alternation rode and dJdescendangs. Tijuie $.€ sLiws
the tree tefore and after a selectjon. ' Unlive the crrich
3

anl selectiocn routines, the rijut cailid in  tuils case will

LOt L€ tyred seven since we want to ariow tie uduer tu Lo

as many selections as e would lesire. AaAfter the user hes
made at least one selection, then the node cau be erased;
the alternation routine is written sSo that at lewst che

selection of tlhe rnonterminal or selectiorn 2ust ¢ p2lc.

:
|

Tuis 1is accomplished by checkiny 1f the dltecniationl s dil.er ;
4
g is a child of an ALT node. If alternation molif.ier is, t.erL ;
: a selection aust have teen nmade and therefore the alterra- 3
. tion tree is eligible to be erased from the Jdispiavy. Waern 1
: 3
L |
62 )
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tte routinre will Srhdajc tle wlbolrotlce

t,
rodel's ifirst Zescendant to type Sevel and i (oL fico v
false.
: .f
] ‘
i h
<axioms> : .
N i .
AXIOM + , b
\ i ]
1
EX? i 4
’ i
/ f ]
. i :
<indent> <cr> <axiug_oeuyvs i .
1 ]
- oo | w
<axioas> i -
z//// \\\\‘ ; ?
\
AXION j ]
e’// ' ]
| :
-
i L
! .
<indent><cr><axiom_body> EXP i E
| ]
! P
<inlent> <cr> <axicn_iody> g
| :
- Figure 4.6 Selection of an Alternation Expression.
g
-

-
b G. Kleene Routine
1 s C -
, "he kleene routine is executed ifi the Cuis-ne
{J
a node is type two and tue parent f£ield is the Kkleene moli-
{g fier. Like the alternation rcutine, it allows unlinitel
% duplication of the desceudants cf the modiiier. The routire
*!
3 63
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iz tie ithe same as the alternation rouatine =xae,t  thon L«
ailows tne user to erase the kleene zodifier 4rn? 1ts descen-
dants even if a selection has nct been nade. To accomylist
this, tae kieene node's display fielé is set to false and
the first descendant is set to tjpe seven.

)

n. Altrep routine

The altrep routine is called whern the seleati.ci
pointer is on an ALT node. As discussed before, ithe JL0 rol.
1s used to handle cases Ifor the optivan, selection, acii-fia- 3
tion, and kleene routines. Consequently tie aitiel rosi.n-
sindies two <cases; one case 1is whel. the ALT nnde

-

= AEN

result of action taken on an c¢ption or selectioi nod:
tiie other case is when the ALY rpode is the¢ resulit of actiorn
taken on an aiternaticn or kleere node.

If the ALT node was the resuit oif actlorn tiien

on an option or selection node tuen the case stateacit will

£

permit the user to erase the left tree, eiiminare tie ~L0
node and place the ortion or selection tree in the speciri-
cation tree in its former position. Figyure 4.7 shows iLe

result cf reselecting tiae <param_block> optio:. wiich puts
the <param_llock> option tree in its previous positiorn.

The case where the ALT node +as the vresult c:
action on an alternation or Xleecne node has two subcases.
Ciue case 1is wnere the ALT node groceeds another ALT Lol

such as foliows:

sel_ptr > ALT
o <sort_id> ALT
- / \
e ; \
- <sort_id> +\ ‘
- <sort_id>
.
. @
a8
S
L
"

s i
:"{.’-*. ". . . L
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n <1naent> oo™

)
/

SPEC <spec_ic> I

tHe—— T

———a e

<indent><cr><paraa_Lrlock>

’////’

<indeunt> <c

=t

N

<parar_bliock>

. g e

<module_sgec>

|| \\

s SPEC <spec_id> IS ? <indent> <cz> H

<1n1ent> <cr> <paran_Lklock>

1

-

L9
A v

Figure 4.7 Reselecting the <param_block> Option.

)
in this instan<e, a selection is available to eliminrate thL=

ALT node, its left child and all of tue lefit chilu's iwioen-

B A s okt M,

dants. In this way tie user may eliminate seizcticsis ..

cefore.
; The other jossibility is where the ALT nod-s iz
N adjacent to a kxleene cor alternation node as follows: .
g sel_ptr =——— ALT
& :
' !
b. -
¥ <sort id> -

<sort_id> i

t, .
; 65 N
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Tn tnlg Case, ©Ta€ sSelection tO eildiiinle tae LU 13 avnoi-
avle and i the Kleene or alterrnation node Las lLe=n eri: .l
€ selection is availabie to redisylay tue hlzeie o
ion aode and its descendauts. 7413 i dcne Lty
the alternatiorn or Kleene noie's rirst descerdanz

¢lé to seven ard tie uis, Zieid to true.

4. ZTerpination

ALter the user 1inputs a "3" to gquit the editing
sessior., the editor exits the main Lody loop anl then calls
a termination routine. This rcutine Way calil tW4o Siiferen®
routires cdepending on the users desires:

1. Store Tree

2. 2retty Print
a. Store Tree

This recursive routine perroras ar inorler trav-

ersai of the specification tree to sStore the fields of each
rode. It is called if the user arswers ye€s to a (Lot
asking if he wants to store the abstract tres. Yhen tha
rouatine is entered, a file is opened wWwith the filepace Zuput
at the peyinning of the editing sessioa. Zack rode ol the
abst;act specificaticn tree is then visited and its ficlds

stored in the file.
b. Fretty Print

This routine is called when the user answers yes
to a prompt askiny ii he desires a g retty print ile ¢l the
abstract tree. This file will le an unparsed version ol the
abstract specification tree. It is essentiaily *the saae
routine usedl for ungarsing and Jdisplaying the tiee 0L tihe

screen, e€xcept tuls routine iynores the lire nurter uscd for

display.
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V. SUMMARY

Speclan; is @ language based on aijebras wihich iAs the

facilities lor «creatiny formal specifications c.at iz

[N
criteria establisnhed Dy Liskov and Zilles. Specidanj Le€cCuces
the complexity of a specificaticn, and mares a s;ecificariorn
more readabie and easier to ccmnstruct by d¢sing e melular
hierarcuy; moGule specificaticns ers Lui.t 1. in,oC i
otner specifiication modules throuygir the extern’ wodiii.r.
Faraneterized specifications mocduies hLel, to wiraziic
specification by €eliminating redundant s;eciiication
modulies. Futhernore, indertations anl tetirns

imbedded in the grammar helg to promote a coasistent oo

Letween specifications. A corsistent formit will as=

readers ol the specifications Jdeveloped from the Spcecl.

yrammar.
Jecause there are many unresolved issues in usin; =l

rras for specifications which may effect tae forrzat

graamar oI Speclany, a table Jdriven syntax dicected «lito

Speced, was created tc assist the specifier. Its Lurpose

to create syntactically correct specifications. Furtherno

the design of the editor perzits the user to cusiiy moelx

the grammar.
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T APPENDIX A
- SPECLANG GRAMMAP
The production rulies are written in a mrolirie!
rackus-idaur (3¥F) notation. Ar. explanation o©f the reta-

symbols used to produce terminal strings in the Jratmar zie

as follows:

< > - A name enclosed by pointed brackets indicates a nor-

termiral in the grammar.

' ' - Strings in gquotes indicate terminal strirjs.

£
| 2
tn
§-4
”
ry

( ) - Rounded brackets indicate the scope of a nc

symbol.

* - The Kleene closure modifier may follow either rourdes
bracxets, terminals or non-terminals. It mears that zero or
more of the expressicns, termirals or non-terminals wmar Le

produced.

+ - The alternation nodifier is used like the Xluene wodi-
fier. It means that one or more expressicns, teraiaals or

non-terminais may be rroduced.
| - Tae selection wmodifier indicates a «cholce of rLoa-
terminals, terminals or expressions. It is usel betwecr two

or more choices. 1In order to clarify the selecticorn, routdez

trackets oust enclose the selection.

? - The option modifier indicates that the terwinai, nou-

terninal, or expression is opticnal and car be excludcd.

=> = Zhe production symbol indicates what a non-terainal caL

rroduce..
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A groluctlion rule consists ¢ a4 nou-terainal follouw=l v

v -
b 3

Lt}
W0
4]

a productiorn symiol followed -y aL e€Xpression. Ar

o]
ry
[WH

~

is coa,rised of terminals, non-terainals, modifying symt

ry

C

p-a

1]
-

ard may include other expressiors.

The graumar £for Speclang ipcludes irdentation an3i
carriage returus to Iorce a rorzattiny of the syecilicaticr.

A specification is complete wnen 4.l the strings in the
specification are termirnal strings. This is accoxpliisied Ly
starting with a nonterminal and substituting the notterciial
wiich are or the rigyht harnd side of the prodaction rule loco
it. The remaininjy ncnterminals ere then substitutel until
ail stringys are terminal strings. For eXaaspie<, stzartlrny
with the nonterminal <spec_moduie> ard suwstituting tus

rigant hand part of the rule results in the followirnj:
<spec_header> <param_rLiock>? <spec_body>

The rule for a specification header is:

<spec_header> -> 'SPEC' <spec_id> 'IS' <new_line> <indeun%>

It right hand side is substituted into tie above stiirg to

produce:
'SPEC' <spec_id> 'I5' <new_line> <indernt> <parat_clocad>:
<spec_bcdy>

<newliine> and <indent> are linteryreted as cdartiaje Let.o:

and a tab respectively, except wauen thev are iun an

[
e
oo
r,
{
Ut

it

sion followed by a modifier, and make the developing

-

[
.
m
G
ta

cation agpear as:

SPEC <spec_id> IS

<paranr_block>? <spec_block>

Siance <paraa_block> is optional it <can be elimirated to

proiuce:

SPEC <spec_id>

(2]
[ 73]
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. <spec_rouy>

The sucstitutioas are continved until all strings  arne
:t terainal strings. The first ncnterminal string in Speclaajy
o is <comp_spec>. This dernotes a complete specification. 23
meiticned in the previous section a specificatioa develo.eld
Zrou 3Speclang is zade up of modules. Zach woduie 1n itsell

is a specification. To reflect this the riygiut hand sile of

the production rule for <coap_specd> is <aodule_specdH+. I
other words, a couplete specificatioa is made 1p ¢Z oac o

more specification mcdules.

ILke production rules are as follows:
{compliete_spec> -> (<aodule_spec><aewlined<nevwlireco)

<mcdulie_spec> => <spec_healder>
(<indent,<newlined><pdaram_biock>) ?

<indent><newline><sp=2c_zlock>
<srec_header> ~-> '3DPEC' <spec_id> 'I5"

<param_biock> => *2ARAMETZIES' <indeatr<newliied
<spec_tlock>
YDEFINZD_BY* <indent>

<spec_id> -> <idemntiiier>

<{spec_block> -> (<externd_zform> <inierty <duswliped):

(<spec_sodyo> < a0an_cinld)

<spec_nody> =-> <sort_onody> <rewline>

<op_body> <aealine>

<axioa_»nody>?

= <extead_iforad -> 'EATZUD' <aewiine>

4 {inient> <extend_liist>
] 'WITH'<indert>

q » - - : '1
Ll
!
.

(. <extend_list> =-> ((<spec_id> |<paran_call>;';'<newiined>)+
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<:iafad_cadil> => <speC_1id> ' (' <spel_1id> ', ool i
<indent> 'YOUHIRZ' <oewitizr <ondz.oN

<actual_parawu>
actual__aram> =-> <actual_sorts> <newliine> <actual_ors>

<actual_sorts> -> 'ACTUAL_SORTS!
(<newline><indent><sort_id>'IS* <sort_iid>?;"+
<actual_ops> -> 'ACTUAL_OPS!
(<newlire><indent><op_i3>'IS* <op_.u>';%) +
<scrt_body> => 'SChI' <newiirne>
<indent>({<sort_id>%';"')+
<{sort_id> -> <identifier>
<or_wody> -> 'OPERATIOKS' <newlirne>
<indent,> <primitive_ops> <newliine>
(<indent> <Jerived_ops> <Ka2wlirned)?
(<indent> <error_ops> <newlined>)?
(<indent> <hidden_ops> <newlinenx'?
<priwnitive_ops> => '2RIMITIVE® <newiine»

<irndent> <ojeratio..s>

<derived_ops>» => 'DERIVED' <newline> <inleaod

© e o At —_- . - L I e . . - PN vy m de S ey =
NeIZOI_0p52> -2 'Zohun’ Chewllac> Sihawh > orcrataiunse

Ceaden_opsr => TAIDLTH' <newiiue> <iaiead

operationrs>

“opucationsy -> (Kop_foerar ';v Juewlinedr) s

{Op_lovwr =2 {o._ilx 'Y looct_lhsue? T2 Jsoct s
<sort_liist> ~-> (<scrt_il> (','<soct _id>)%)?

Caxicm_rody> => YAXIOM' <indent> (<uewliined> <axiomsd)+

71
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axices> => <expression> '=' lefpl23sion> '
<exjpressiond> =-> (<sort_id>|<cp_ex.>)

<op_exp> => <op_id> (' (' <exfression>

(",'<exgrassiond>)* *) ") 7

—— ——— o o S — —— —— i —— — ——— — — .t T o o’ D

exical grammar
<spectext> -> (<Jelimeter>+) 7 | (<lelimeter_paird>+}?

<Gelimeter> => <ccmmentd> | '"=>' | ;' | (| ) )

"l ’ 1= l .0

<non_dgelimeter> -> <identifier> | <string_constant>
<identifier> -> <letter> (<letter>|<digit>{|'_')=*
<string_coustant> => ''' <sygpol>* !
<lEtter> => 'A'I'B'I'C'l'D"'E'I'F'I'G'I'H'I'I"'J'I
'K'“L‘llﬂ“‘u\l‘o“‘?'l‘g‘ "Rl"s‘ l"_:“l
'U"'V'I'H'I'X'I'Y"'Z'I'a'l‘b'l'c‘l'&"
'e'l'f'l'g'l'h'l'i'i'j'l'R'I'l'l'm'l'n’i
‘0'|‘P|‘|5|I|r'I‘s'l.t'i'd|l'v".ull‘xi'
!yl"z|
<:llgl.t.> _> IOI'|1'II2|]|33I'ul‘l5!‘|6l|l7l"aﬂl'(:.l
<newliine> -> (<comment>|<cdarriaje_return>)+
<commernt> -> ('!'(<symbol>|<letter>)+ <carriaje_retur.d)+
<symbolid> =» <letterd>|<digitd> | |vj'Drragrrar)raey
] 'l'a'l'*"'(.l')“'-'l‘ '1040‘
A R R R RN LN RN RVAY
".I'l'l'/'l'{'l'o"'<'l'>'|';'l

<irdent> => (' '+ | <tab>)
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