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ABSTRACT

The rising; cost oZf software has creattd a ~ or

me t h 0 o ologi es Which will dilow thtz cLeatioa :)-: or t,~~
software. Formal siecificaticn 2etHods havc! Ln 1.3i-U. to

ii~credse the portability of softwire, -, rziit a iez-.Of

verificatioa an(: validatiZon, a nd ies s en the bardkzn o2 iZ .
h t~lne e unlerlying thecry f or aiosL SIjcIIf~CdLIUr.

methods, hovever, make them~ tifficult to ust: a.-_! ~~r~
are not applicable to many problems. "Orlaj. SptCif t - i

Lased or. initial alg;eiras provide a framewoik for rc el

defininy pro, raui behavior and avoid the problems of o w

slecification metho"ds. 7his thesis presents ci~zfi;i~

lan ;uage tasel on initial a-gehras, descri~ tk.,= C3J

pa r ts of specifcaio proluced b y t he ldngua ;ke aL>:

describes an experimental syntax iirected eiitic w..icil~~s.

the language's grammar.

4
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I. iNTRQDUCTION

.oftwart; ~or ta it, as defined hy ?ooie an: .t,

ERef. 1 Jis the measure: of tPhe eise wai.:I.

transferred frow one e~nvironmt:nt to arother; tt.( e::;>

reui-retl to mave the procra smz less th, i. thI'atr. l2

to im~enent t initally, ard th.e effotnI r

albsolutt setise, then that pro, razn is h ihl I jv I~.

Softwaire )ort atilit.-I has Lecowc fln a L-2a i;t t

res ta rci a s th11e "1sof t wa re cri-4s is"1 ;o n t L i js:

zo m er.t u m. T les s jortaihle a irogram i.3, tlte mortf t w-!L.

cost in terzis of time a:Ai monEv to traaisfei it t f. a.Ct er

Machine. One im.ortant impact of the !a ;k oL' t-.tab'i1!z 1.-

that there. wiil be little incentive to create- t r u y: s~-

_:P-rdly er.17iLor ments sinre the ost of r--7r~.U

system can not be amoo rt iz ovez. mm' a r. d

impl emer.ta tior s.

:hert have been many attempts to solve ti,:? ±:ilr

pr jIem. M!any api;roac!-es Lave f ail ed, so me L L'~~~:

-aca e ved i mi ted success, e W have provici~l a -01 Il

methodcc*ocy I'or achl* vin~j portatiiity. :,Ii.~ lve

w4ere one 0o: t h,- first attem~ts at rZ-solvrn: t..; I.

.E* i~ow.veL , w.=re c~C.tco sm-all to b-. s 2

coseu:ivextended, or too larjt- and~ theref.rE sU25f;s+t-.

Eveii if the Language achieved a great deal ofI cor.si*st-2nc.

over many imiylementatiori, pro.~rac.s were still .>

riou-stanlaru, machine depend3ent fL-atures.

Decompilers aind l~n.jua je translatzrs were i't...2

4 the2ir complexity arA joor rIeliaoii'it, icor

dc-v.z::lopmtcnt

The use of specifications to define~ thte f a -7 C L -

program is d method which offers a way t'j sol ve% trt-



r~~o ~ c a sp catior.-, te I. crpto oe 0.. i-~.

can "Ie more i recise and I'mplezentatior. nc eI.kutrct- is

po s 6i tlt!. Coplicaticns arise, however, whce th sp C±:;.-

tioi. lar.juace is amLi~juous. or mnal s e i f ica t jo T i.1- L:e

Ldsed o:i mathernaticaJ. prircipies ille2a. l ti.> Ero 0 i

often. are more diffiCUlt to USE aad f r a (- J1.- i tj

trne prorams they specify. CeSpite the aifz:,ZUlt-- It tj..,i:

USE, -ormal s-ezifications 0o'-ffC t h'- :7eateSt dEL-

freom from iiapiementatiin wit.otabjiv

As,)ecifization meth'odoiogy based o i i. i t& I a 1 dS

PZOLIlseS to be a viable answer to the orttLitv Y c

withlout the drawbacks of F most f ofLai "Lsi fJI ct 1

A lJgetras have a wide range of apliction. .i

researchers h*ave proposed treatin~ abstract datatyea

a gecras [Fef. 2], [Pef. 3], (Eef. 4]. A-!,eL-as are L

alirly well s uited .for describinj data types; datat

consist of data,- elements and operations on. the iL.ta Lt..

Lhich is essentially the def ipition f: an algba ?uC c 1

in Iiis thesis [Ref. 5], niotEd that if algehra,7 ca;. -'e

to Specify "ata t pes, ther. the next stei wou':z t) as

tnem to sjiecify larnguages; a prcgram is composed of Instruc-

tlans which car. -*e expressed usir, ale -ras. ?,urtL-erF.3zP,

SC3C:.dz ' :~ Postgra:;jate Zzaool is ai ied at USity".

ai:.4,i ras to s2ecif.y an abstract mich'ine. A maclhine cdn -'-.2

described uEsing alj~ebras since the execution of instructori1-1

causes thc ztachine to change stdte. A Ije b ras dr- use. to

defir.e tihe effect Each instruction has on the state o," thz.

mtacii me.

* L~~~ut sily, ."y usinj ier, formA-a p' ~ aain

! e produced wr~ic , dre truily i ndepend'e:t of anr La LeITen '-

tion; maii, implewie~tations of th'.e s,)ecifizat io., car. e*

created which emulate a formal a1jeuraic specification. I.

01



1 i 1'.~ it is osii: -a _ moL& _~O ii : '

corzectness 0: ar. a Cenaj: Lle",je~ rrx;a.~c:Ii

specification.

ii. the research at the Naval 2ost~raduatc School.- I S

successful. in specf.fyinc an bstract mac.ine, softwar*_ can

tier. be targeted for the abstract Liaach.Le -ind free:; ro:_

racl-line Jependence. A simplwr layer of s.)ftwaze will tru., -

idto3 the abstract raachine*comioands into a Fpartizular aaii.._

co~ie. :1 trernen'OUS savinjs can be realize. wlen .CP ex

IL sofzt war e, Lsucr as; software that supports a u s k. c- r I.~.

environment, is ta.-:,eted foar this machire. Fiat errort-, 1 t

may le leasible to determine if one? a.;strazt Inachii-e is

e,,uivalent to another because of teae precise al,;ebraic :;-

ifications. Erjuivalent Lbstract wachiiie 4ould Jmp'- a wayf
otrarnslatinj sofftware to differen ahiLs

--he intent of this thesis is to define a su it i L>-

lanyua~ie for an algebraic specification which m ,,irilzes t'

pr:oblein with using this aetlodJio~y, a r.d t o , 2

experimental syntax directed Editor using this larz.j iua~

Chapter two k~rovides the backgrcund theory of specif icat-ic)r,=

based oz. al~ebras. Chapter three descrites the ve.r iou s j.r ts

of an algebraic specification and the correspor.Iing pairts i:

the proPosed languaje. Chapter four describes a s,,-.ta x

directed editor for the langiuige.

IA



II. SPECIFICATIONS BASED ON ALGEBRAS

The purpose of this chapter is to rovile an introduc-

tion to algebras used for specifications. 3oau E. et ai'

work using algebras to specify abstract data types proviles

the basis for the language -reser.tei in the next chapter

[Ref. 2). A review of definitions and terns use in th

ai~ebras thy liscuss is worthwhile before introducin- ti.

specification language.

A. A REVIEW OF ALGEBRAS

;n algelra consists o.f a set, called the carrier o7 tht,

algebra, an operator defined on the carrier and distin-
guished elements of the carrier, called the conistants. r'.'

are normally represented using a oracketel tuple. or

example, the addition operator on integers would be

expressed as follows:

<I ,+, 3>

he carrier set can be of any one type we wish to cani-

ulate such as real numbers, integers or cLa1.cdtcz strir. s.

For the ddditioL operator on integers, the rrTL-.
Sidentiied Ly the capita letter and the ieiuEnts o:: -..

carrier set are the integers. The distingaisae. elecent uf

is zero.

* An operation is a mapiing taking one or more eleer.nts ii

the carrier to an element in the carrier. For example, the

addition operator on integers will take two iitUgirs an,- iza?

0 them to an integer as shown in Figure 2. 1

It is common practice to refer to a specific ciaz;s e

, algebras. The members of a particular class have the sisa'

12

-' ' / " " ' - " ." • . * * • . • • % , , . - Q ... ,- . -*: -. - ._ - - , : . . m 
•



&. T :.tUre o. ":1rity" in t .' : tc'ts ef. 2].

Sstanc , tk:- subtractior., a Ition a l 'ILt._'-, .

ators on integers are members cf the same i:i ss s : :e- tey

have the same signature; the-i ma r two tejers to one

integer.

- - 1
integers

1+

n' p
*11

Figure 2.1 Mapping of Integers.

The constants or distinguished elenients o t e. c c! :

usually have special properties. The mumner zer-o :i tae

integers ha6 a special property in rejards -o tLe

operator; any number added to zero will .: ar - i:-tat

number as shown in Figure 2.2 . AjeLraic s, ecifiCCioj'
wil not explicitly deal witn distin gu -me e -e:,tz.

instead, constant operators are used ta descLibe the distin-
guished elements. This is done to achieve implemei tatioz

indeiendence in the secificaticn.
An aigeLra is not usually interesting unies 't has

specific structure. The structure is de2ine;d by a : osn.

Using the above example, the addition oper;.toL as deiinei

13
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In tegersi I
ni

Figure 2.2 A Constant dlapping.

will not Le useful if every app~lication of thtu upeL- t~t

* ~mapped an element to the same element. iperezore r~ti~
tLoi~s on the behavior of: the aadition oedo r ki~

W~ich limit tile inapjping. Later it will b1e sl.ow. how axioias

defire the behavior of operators in an algehraic

specificaitio.

B. SIGMA OR MANY SORTED ALGEBRAS

An algebra with one carrier set and .3E.Pjing is %or-

particularly useful for the -,ur-)ose af sjpecizficatio..s. --oz

ir.stance, ir. 1efinin-j a stack as an aistract ;A t

ai~eLras, ue woula not want to be limitedt~ + :t Y

0 data the stdck contains such as a stack of intt-!gers.

we would like to talk about a stack of i r.--ee 'r s , reals,

booleans, etc. Therefore in specifjirLg anlq.br for d

stack, a 'sort' set would be defined. Eaci ol.ment ozf thi-

sort set would he a index to a carrier ;t; the sort w I

identify the carrier set. A stack data type carn thtn btz

defined as havin4 d scrt set ais follows:

S=(inteyers,boolean~stack,reals)
14
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-A..t.. e.L-z 'U t t.: t S t t f ES tr. t -i A ~ r.~

,oss'i-le tc .efix. a Stack 0 C ,iS, 0n t . , .;,: .11.r

values. Notize that a stack also is a sort; a stack is a

differen:t oiject after operdtJors ire )ezfor-". or. it. A e &

result, stack is also a carrier set.
In addition to the many scrts af an

desirdLde to have VdZiOUS o'.d.ators o tfe 1,Uct.

or. tA.E data tj-te dre define d Ly ma _. n ,E;.ro: z ZCJ

elemer.ts froz carrier (s) to an elaent. in :. cz-ii rzr .

Using t..e stack exanjie, the iu6;i o,,trtoL .:!. : _ .

as :

push: intejer,stack -> stack

The meanin; of this operator is titat given an elear.t -ro:-

each of the carriers identified by integer aLn stack, 'hL I

push oerator produces an eleuent in the carrie[" ie:ti::w2

Ly stack. This is de~icted in Fi.Jure 2.3 .

l Stacks

P/4

Figure 2.3 The Push Operator.
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J. -he o wezz tors 3- n a:,.e . . .c-. -r . r

a sozte! si,:nAture- Siq ou, or oteratoz lomal;.,1, C 1. c

family of sets. Each set of the family conta_.,s a partric-

ular dowain for a group of operators. ihese a.L! hive th.±

"arity" discussed in the previous section. Usin- the stiv>

exampIe, the arity Sigua(integer stac.%, stac;-) d e

domain for those operators which zu an i:. tg'.- a-: a nt.
to a stack. The rush operator would B' a . Lc:er -.

domain. Any other p.rator w-- took t e r

6tack and mapped it to a stack would havu the :,ane c:ity.

The iop operator would be in the set oi Jperators give:

by tihe arity Siyma (stack,stack) . If tiiert was an ol.?ratrwr

whic. removed two or more elements from a stack, it woul

also have the same arity. An interesting point Ler is t.z

the integer which is removed is a side effect which ;'io

described in the etuations for the operator. All of the

operators defined using the sort set are co iitxvec k

as the Sigma siynature

Given the above, a s,ecification algebra zonsists oi z

sort set 5, a Sigma signature or the sort set, ana naxied

operators for each signature. Al~ebras defincl as L~ci, iz-

called many sorted algebras or Sigma algebras :Ref. 2].

C. BCOLEAN AS A SIGMA ALGEBRA

In order to exeiain tne use of axiom-, a :viOI-. I O.

the Loclean data type as an algebra is ;eseattU. .t WilI

s-ecify how an implementation of boolean logiz should Lehave

if used in a program or a machine.

An dppropriate sort name for the boolean daita type woul'

be bool and the corresponding sort set S would he jLoo'l.

Booi is the only sort type required to specify tnu boolca:.

data type. The carrier set that bool ideitifi-.; will cont iji:,

two elements (T, F. Althoujh two siecific elements o. the

16
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differen.t e stations for the ui,.aLt6 o v.re c -rri ;
carrier with eleme.ts (0,1} would work euai.: , wei. I a

algebraic specificatiui, '.. teiz ts oZ thl r 1-1nz

secificailly defired so the imeIementor way, choose IT,

represen.tation for carrier elemEnts. r. ris .;i;, a
fier can achieve implementation indepe denc.. 'I c, ',,_r, :o

the :urpose of clarity, the elements of the crrL.-

use.I in the iLoolean example to .e.ine the oj'.ztJ~s.

The five boolean o irators ased in t>, .; t C-

w-Ii Le as follows.

I. true - Returns a value of 2.

2. false - Returns a value of F.

3. i:ot - Feturns the negaticn of ai valae.

4. implies - implication

5. dnd - 'The logical 'and' cperator.
:he following notation will be adopted fo ci :rtc:. Lc

describe the operand sorts and the resulting sit.

For Sigma(lambda,bool)

true -> tool

false : -> Dool

For Sigma(Lool,bool)

not: bool -> bool

For Siyma(bool Lool,taol)

and: bool,Lool -> booi

implies: hool,bool -> xv'l

The notation here is the same as that used tj t

push operator in the last section and will be e. -

tio used in the specification lanaajt ; rz.n t
For the signature Sigma(lambda, bool), thlt :iotatio. -.

the "true" and "false" oeratcrs produce a.i ealement i.. tlie

carrier set identified by bcol. Lambda is used in

4
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something from not;niny. The "Inct" opErator tartes di. eiteuent

from t..e carrier set identifiecs -y uool and produces a n

SeemE n t I*n t:.e hoci carrier sEt. :Le "and" an d 1iFii ES"

si.jnature would be Sigma (Lool bc0,bol00) .Tna-: aeans, y iven

two elemcr.ts in the carrier set identilied Lv bool, til e

L1c "n d 11 ad "implies" oiperatozs produce in eiement in t'hei

carrier idantified by b o ol.
-L*- si,,na al,.elra -,:or boolean :it thi,- jOLint is ot VC-ry

interesti~g. This is tecause thE ojie;ators ihaie nio riestfio-

tions or, their behavior. Conse _uently most iuziementatiins

CL: 1'LULer USil, just this Specification io uld not Z

us f ul. For exa Lile , the "not"1 oaerator would b e correct- _J

It took ar~y element in the carrier set an'i prodaid the sa~o

elener~t. A more useful Sigma aljebra would.' put zestziction,

on the operators. This LS accomiish'ed by nto.cr

axioms or e ,uations on tl,'e operators. in tne Boo'Lca:: si.;a

algebdra, we would introduce the following axi:)ms:

1. f.alse = not itrue)

2. not(-ot(v)) = v

3. and(tru%-_,v) = v

4. and(false,v) = false

S. iinplies (v 1,v2) = not (a-d (v 1 , ot (v1.))

.oti ce that tI~e axioms wer-a writt-. u u.3~ 1
explicit reference tc carrier sEt el~exe',S; Lj :lot in C

or F the uata type achieves implementatioi- n dep-endenza.

laplemeittations of the Lco en dzata :),i ac> 10W

re~uired to mimick the axiobis when aoperators ar.? ajpic-,.FEFor instance, the n-egation operator, P"nit, i~ow bc'i,.ve . -1-
expected and anry imiplementation would hacv" tj r_-.A:i%?t ~i
ol-.e and two. Aixio'm one shows t.Ie t:.fect 11z~at 1 ha.3 P. a.1r

element iii the carrier set. Axiom two r urthijr2iest-

kL-havior of "not" by showing that dfly eleaent in the carrier

18



w_.icI. i£ .e t . or. " _. "i:ot" 0 et :" 0.. j _.

prTouce the 6ame ejemEnt.

7he "and" oeerator behaves as de_.cta ,u.

t.ree and four; given ar.y value v1 "a:n101" wit:. 1...1 i=.

produceC from the "true" oerator will re.nu't t:.

irplies is defined 1v axiom fivU as e the .L.. n.-

combination of "not" and "and" aperato-s :.:... .

carrier values.

1ote that with tie exception of a:o. i c.-

axioms involve variables v, v1 ar.d v whih W 3
all values from the carrier set defie,: :or te o-it.

"and" "not" ar "implies". The axiomaz for L t.l i o: -

the exlressions that can be created usinj th v aiLe i

members of the carrier set. This means that an -x>:v.
whic.h is built from other expression is I -+is l Zl:.

reduces to an element of the carriez set tir:,,, : c. .

a'-plication of the axioms.

To illustrate this, suppose we had an ex,Oh

not (and (not (v 1) , v2))

If v1 is assigned the element i and v2 iL ,.,ihi.i t.

element F, then the expressicn Lecomes ti;o fLiolvl.

axiom cne:

not (and (f,n)

7-is further reduces to not (F) by axioi four. Xi C onM'-

implies that this reduces to T, an element of ti~t cazLii++.

All the permissible expressioi.s that cat. . !:stu..:,-

from the operators and elements of the carriec arc co!,._-

tively called the term alleLra. The algebra that r( je.,z:

all the exj;ressions that can he made u, of 7aL,. -;.

operators is called a free a!e,_tra [Ref. 2].

it is now possible to define a specif.catcon . -,r a "_,-

entatioai". A presentation ccnsists of a iort set, dn

0

0.



.t~ion ili e t-, 16sis for t, e s e ifc ' ., -n,, ,

g .ec an. ,ijresented in the the next zld-ter. A

dv-Ioped from Speclang is comprise af o.i= or nore :res~nta-

tij;,s an1 ec h ,resentation is known as f c c:.
M'a, es.

2

o
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rZ ~III. A SPECIFICATION LANGUAGE

l iskov an-d Zilles [ Ref. 4] J ave deve.LOPL:d L-Zittrid Z0-'

Lz V tval Ua t n a zorma- specificatior i a 'j1a 7:-U

Ahocuses on t.*e urderlyiu mecha nisrd USe 1.) . ~

cation. Thty con ;ared approaches u s i i; a iC az;, .i!,r'

state machines, mixed matheoaticai i i SC in 1 Z, '.

*-criteriai used iin their compar-'sc:is arz::

1. Forwialitv - The Ilar. 3uae c- ust L.2 :r_

rigorous.

2. crnstructability - It shoul.d Le edisy to zonsz ruc:t

specification irom the laniuie.

3. CovprehEnsible -Is the speciftidt~o. :~zv~;~

to u.-derstani?

4. .'.iziiality - !he specif icatior. ente:rted shoju -L

lefine its miianinj with a minimum rui'er o.-- state-

rnerts. one flaw ol forc'al specificatiLo,.s is that

fr~etl,, rp-,uire more statemients th~i. tiepori

tihey specify.

5. i'p[Jicdbility -Can the laaiyuaje Lz: us-- rora lt

r ange of srecilicationis?

E.xtenasibility - A mini md! chminje in coM.:2cr'rr+s-

ir d si rr. , ma 11 cha:.; in a sje I i;.±i i.

hLe riyJorous Underlying MathematiO!. 1f0L Li.:as t.r$

th e f crmality criteria and the axioms rest.:ict taie a:dl'U;:1t 0*"

in fo ma tior, ret uired to explain desiredD b±vj: I

-satisfying miinimality. Also, it ap~pears trat iny
cliangE in kieiavior re,,uires a minimum of additL - o.~ LAx

0 or :a nor modifications tu the existin; oji s. A.- -(or a. z~i
Llity, alyiEhraic sj~ecificat ions are bi used .-j 7xL-;tract

m* mcl i nes, data tyL'Cs, and projrdwmrin,, lanjiu.1cS, 'A" ~C

indicates a wide range of applications.
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Uf the - bv .ZUlf2CLiteria IexOEpjt =Lrn~~j;i C* tL o.t:''C'

a Lil.ity. These deficien~cies can be reduced to i aya.-atale

levelJ. T1he following proposei laioyuaje, SipecIan,,, w1 .1 nnni1

m---ze these ipraL.Itm ar-zas. in this ch~eit Wjil be

t ,at a complex specificatioa car Le zodu.ldrized; r n±rc

smaller units w 14,icrh enhance coi. st r u cta .1i t aL

comprehensibility.

There are Zmar~y u.derlyin. issues irvu4.ved ir. aslr, a*je

bras frspecifEica t ons wh-ic L' av,- io t L _V

Tssues sucL as proving spec-ifications correct, I;. I~-!"

versus f;inite specificatiois, i mpiE e nt a ti .- t~

complex issues will nct Le addressed. 'he fclw.: ci.

are to fa mili ari ze t 1E reader wit; t Lie jr:a a cr -,L oiJ

* ~parts of a specification producEd from rhe Sp~L.= ;-dL.ia

and a brief explanation of the uses of tlhe various -par:ts.

A. SPECLAZIG GRAM3AR

Ze.Zore presenting t-e viricus parts ofE a _ _tcicatio:

constructed from Sicclan., an introductioni to tiie c;ramm.-r .

presented. Api enaix A cantains the Complete :ra .ar

Spec lang . The prcductior, ru.!Es are written L

Ectck us- Ndur (BNF) notation. The Meta-sy.llols ir. t h '):~C-_

tioDi. rules are use3 tc zL-orm the coirstract~~n .r , .

tion and do iiot a~pear in thE zfinai _Lcif_;a.ioa.

explandtion, of the neta-sym-hols useLd to ioco.cc teri-ia±

* strings ir. the grammar are as fcliows:

< > - A iname enclosed by pcinted bracket-.; .c~at

inon-terminal in the grammar.

* 0 Strirngs in .uotes indicate termiali Striu.

) RoundJed brackets indicate the scope 31f a modi.jier

symbol0.
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L % C-t!; ~ r EI i L~~~ 11 Zi: 0 r. 1.J- :JII

nore of the expressi cns, te rMi dIS OE ~f~:Iid~F.

?rod uce d.

+ - -he alternation modifier is us,=! ljt tLc Ye

lier . Tt 0 e a Ps t hat One Or L Dr~ tz01'. t h1t- k.XpzL14

t-.-rminals or non-tezmindls may le iroliicti.

I-The selectior modi.-fier irdizates ac.j~~c- $!

ternaina is, tridsc.C' f LT-L~ ltz&4i ~i

cllo.Aces. In order to clarif'y thE st-lectic:., roun-'-,

tehciose th,-e selection.

? :he option modifier in3i cat es t tt t~ Z~.~

noi-terminai, or expression is cptionaici ar.! canT :)e t-xcl.~

->-The production sviabol iLndicates what ti-le .- trii

or; the left hand side can r od uce.

A production rule consists cf a nntri.±

a productioin symbol followed b1y ai- expression. . e.rso.

is6 comjrised of terminals, nor-termiiais, ZcffiLn' .u1

a~ad may include other exijessions. --hei±jw:

rule will be used as an exdmpIc throu-jiut ti e ~~1f~~O

the thesis:

(nodulE si-ec> -> <spec_ heade-r>

(<neline< iner~t§~ar!i juzk>l7

<newline><in dent ><spe cbIcay>

This rule d=Eziaes a s~ecificaticn moLd ule. The .Uiu 'e

-'egin with a specification header follove by aL ol tio:aL

expression thiat contains i cairia ,L retii, L]~.ttu: A

a parainetei Llock. Btecause it is an optional xrsi ~
may be Omitted. A f tcr the exj-r ssior., anoti,.r co r r -i,

return and indentation occurs foilowed ',y a4 siccificatioh.

body.
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C.aL.:1d~t; retuhIIs to j-er it a foadr..- o .S c

tiar. This was done t raeasadr omtw~cik
iLopefully, increase the readaLiiity of a sptecifficatior.

sj~cifization iS coamFiete when. Ail Let-L'

V ~sjecificatioz are term-id!a strirgs. T7hjS - CCL .i5

star-tifi with a nonterainal and s'abstitati~j tt-C

a~ pearriL on the riftA hand sidE Of its -'roL-aCt--or ru>....

rzcinil., Lontermlinals a~re then SubStitdtEd u;. til al I

Strir, S are terminal' str i L~s. For exaajr, t art.1

the nortermir~al <-module_speo> and substit utii.., 1 e ~ n

hand part of its rule results ir~ tae loi~

<rnewline><inl-enit><zpe c body>

The rule for a specification header is:

<s~.ec header> -> 'SPEC' <siec_-d > I~

its right hand side is subjstituted into the ri~jiit a.

of the above strings to produce:

'SPC <se d IS, (<r-,ew _line> (inden-1t> <()Ctram _-Oc ,O

<newline> <iLndent> (slc cbody>

<r~ewline> d- <inden~t> can be interproted as cn a.i

and ai tab re6rectivcly, e.xc Ep t w hen1 i t o±±ow "a

moda..er, and zmake the develo,.ing siecificaltaczi a k r s

4SPEC <speLc id> IS (<newline><i ieat>(par,.rulock>) ?

<si.ecbody>

In, thE lexical grammar for SpEciaikg, <ind ent> trcatcd

eith~er us one or more tabs or spdaes. TLi SWad S lul~ to

permit the d,. ree of in-dentatiLon a specifier dt-sire., Oi.%ct-

irndertatioh has been sElected, it1-Si so aI C Oe toritinued

throughout tuie specification. For instance, if one taL is

42
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us e,. t o r- c E t j 7- vz r v ti 1I.:? I r t IS c : .'iror. tab should L used.

Since <param_block> is opticnal it can be aliminated to

prod uce:

SPEC <spec_id> IS

<spec_ tody>

TLe suIstitutions are continued until all strin s art

composed of terminal characters.

The first nonterminal striLng i, SpeclnL is <cor;._SC>.

This denotes a complete specification. Is mertio ed in thn-

previous section a secification deveioped fron SEecian. is

made ui of modules. Each module irn itself is a zi-ecLfica-

tion. To reflect this the right hand side of the productio-,

rule for <compspec> is <modulespec>*. In other words, a

complete specification is made up Df one or . or

siecification modules.

B. PARTS OF A SPECIFICATION

As mentioned in the previous section, a. coaylete *fz-

fi~ation is made up of one or more speification .

Each specification module is an algebraic so-cifizatici.,

which can be viewed as a suhspecification of the com!let

specification, ai.d has three distinct prts - i..T, :*.-

ture, and axioi parts. Each specificatior. clai, t.
"primitive", "extended" or "arameterizeC". Lri, Mit 1ve
modules do not import other specificatioo. ,vo. ii- w: ci:

extended modules do imrort other specifrcde,-,i7 ncdj ,.1 t

create a new specification. "Parameterizid" modules ar,

used to minimize a specificatior. and cia be t .

or extended.

A specifiation is started with primitiv_ nud . hal6 se

modules are used to create other modules t-A:ou. i, thi_

25
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rO ,l-- le LE te . 11) t -.;1

ef f ct, consists of all the oth er s~:~~~oA ,l~c

since it is built frcm the previous iuo*uls. 4) 1 .oW I,~

seztio. dcscribjEs and discusses each part o.-: a £c f i t .

ra1. Header

T he hea der idEntifies the name of ..

a;zd soaetimi s coztdans a 'Mo'lif lel:". "A L- .V~ z ,k

S,,eclan con~tain no modi-fiers ar.- the forliat Lz as-;.Ii

SPEC <specjid> IS

(signature kart)

(axiow Farti

<spec id> is a slot for the par-ticular L~ame of thlat
declared specification. The tody of the speci.i~ '±-Zio:'0,

contains the syntactic arid ,semantic part, Zf i.--ws '~.

the header. wihen used., the mdifier is dire--tiy unaiir thie

iieader. its purpose is to impcrt other specification~s i:.t-.

the eclred pecfication. The modifier is t r.~:'

method used to combat the complexity of an .ill ~ c e~

lizatior.. :t will be presentedl after the ot~;arts o'

sp-ecificatior, are introducel.

T.SiaLatuRe Part

The sigiiature part of an algeiraic specificati,:.

conltains t he declarations for sorts anid -)perators ir.1

defines the formiat and comi-osition of the oeatur. :t

cocrespo~ds to the sig;natures discussei iii c1.-t, zwo.

a. Sart Declarations

In Speclang, the format for decla r inJ zo r z z.

SPCKpci>I



<sort-id> is the slot fir a :art-icu.x11: S )L'T.

name. As texplained in the previous oha..)-er, tileSOCt

ideiitify the carrier (s) aised in th~e A~rtjs AI I a

sorts d=clared under the heau-er SORT-'S define th,- sort sc-t.

b. Operators Declaraticn

The ojzerators dec'Liation jan cort.ra; u- to ;oULz

Ciifferent t~pes olf declarations:

1. Primitive

2. Derived

3. Hidden

4 . Error

rJhese ok.erator tyre Lames are us:!. as :euz

each group of operatcrs declared in Sp fc a .-j T h -'a 1C

fLormat for an operator is:

<op id> <sortjid>, <sort-,ii>..- sri:

An operation, as exe.lcined Ln cra.,Itcr :,ca,.

map) zero or r-ore elements from a carritr set(-, i U:ice1,

1)y the sort n~ame (s) to an element of Ai tcurz::ir L;
i Lni~ed by the sort rame.

Ai specification WiU, sorts a-. 3~~&, 0C, L.
* appear as follows:

SPEC <identifiEr> :S

30 R T

<sor t iJ>;
0 OPERATIO NS

DR IMi Il1VE

<op id>:-> (sort _id>;

<0? id>:(sort id>,<so.:t _ii> > <sort._13>

27



<o,-il>: <scrt .Lid > <srzi I>;

ER FO -

<op- i'd>: <sort i> > <sort i->;

A)EF.IVED

W <ovil>: <sort id> > <s-art i A>

(1) Primitive O t orsE. ?riicie CLVLO .-

are newly defined operators azd cdn.t bo: cc: Ijtr UCt J7 :

a:iy otht-r operators suchl as the derived :peratz1L- :c

nCx t. Primitive oierators may involve Corts f r,- Ot.z

s! ecification MOdules and Usually contain a e~ n

fro~a the skiicdticfl ir. whic., they are lcCJ..Arc&.

(2) D!E-ived 3l~Eators. Jer;ive" rtL3A.

operators whicii can Le eroduced from oth-ar oper.ator-i. :..e

are aeclarced so the implementcr of the - czca-o.i

awart- that their existeiice is rot essaent.Lal. zr I ,3

in the hooleaa speci :icatian, if theL "not",# : ."aj c

operators are defined, it is not necessarl tu ilr.cl ui- an.

"implies" uperator since i ,. p reui cat I io ic :wi~ is

e~ivaleijt to "not'? A "ind"'I Ti..L C 1e. i it hz'. d.v. V .I

derived oj-erator, such. as "i.~s is to -i:1z%-L.

Specification arLi, in wany c ~!Se.±, adke tile S, ,E<C-L 1-dt ior.

more comirehernsi!uIe. 1r, the 'loolea.n ejamj I-, "limplieF:" is a

well understood ojierdar and uiin; it in otnt-L sic.ticdt.Li

modu~cs will make thc modaie.3- zc reaaILit: tl~a. i a cow' i-

nation of "not" dad "or" weire used!. "impl ie s wo u. b e

o d!eclared under the DEFIVED heaier.

(3) )ro era to rE. T.e 0 01 ij La nci.; f~

errors is crucial tc a si;ec if icA tioL. H 0 W V er, it iS

.:reuently the case that spec-f icatior.s f.z lan,-jit-s, I
4types, pr otra as e tc. do iLot precisely jefiae what sll-jal:

I hapL'En When an terror is encoun teriud. :h is is :uIrtc l>,:

fir the impiemc-ntor to do what he think~s ts ap.-Lro.riate. I i.

28
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A specification should ad, izE-s- ti. -st

circumstarces where t!,e operatcr may rot zake ser.~ic on. t;.e

operands and define irecisely how to 1L d , .1 taien. -

,:xa m kle, in the specification for a darta tjyE 'T~ -. CK

integjezs, the sorts and oeerators would iLa as fil.jo :

SPEC Stack 13

so Rus
int;

stack;

OP ERATION S

P R.: :I V
new: stack;

0 ush: irt, stack ->stdck;

pop: stack ->stack;

to,): stacK- int;

The "ni.ew" op erator creates ai. eannt;' stic'N

a nd the "push" and "pop" operitor behave as wouldiI be

excpectedi. The "1tap" operator allows tzie user to. vi-p ti.c to,-

element o" the stack.

?roleas occur when a user attemi.t1 to

"1pop" a "new" stack or view the -izst innto * ..

6tack. These are valid operators ic "..":tn .

and the- "poil' and "top" oj-)erators arte Iefint~d anast k

*It wouid se reasonable- to A-.,,cr o IacQ

value "error" to each carriuz set to def iz.o -- rror Lc.:,

tions. Guttag C Ref. 3] przoposed this approaco.. -he r~

would be etuations which specif y wha~t are ciro. OL,

* Axiois pop (rew) = error aril toa (rew) urLuz )

resolve the problem. Guttaj also rejuired e.liattion~s w*,.,c!-

iefinEd the projpd ;ticn of er.Lors. Thercfore push(error,s)

e rrur and push(n,erroz) =error would be introduct-d into thne

0 specif ication.
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tiis d ar . [Ref. 5]. ,va i -_ ii ..-

top (push (n,error)) = n ani top (ish (n,err r )) = crcL r can .

iproduced from the axioms whicL imply n = error- for an .

The approach adortzi in Sp~zi ,, i-- L
one used ly Fasel and developed L:( Go ien [Ref. 2].

involves introducing error operators into tr.e ScL. icdti...

These operators will produce error messajes. I : the stdcl.

operator, we would define error operators "tOpn V" a;.i

"'adtrfiow" which pzoduce carriir valaes . st .gr

rlsptctively and also generate error messajes. -uC

the error opFrator will be declared under t1--i eLoI o.3ito::

title. UJir the stack specification, the declaraticr1 W,;LI

he as follows:

SPEC Stack IS

SORI

int;

stack;

OPIEATIONS

P Fl i 71 I T 7y

new: -> stack;

push: int, stack -> st ict:

pop: stack -> stack;

top; stack -> "t

Z R 1 0 F.

toprnew: -> it;

underflow: -> stack;

The axiom pcrtion of thu s ,- . f i .

would use these operators to define eriror co:.itio.
(U) Hidden Operatois. Jnfrtunat ;, it

not always L.ossible to have just operators for the user.

Somt- oerators are required in order to lo 'f I

operators. Iiajster demonstrates this with a stacK

30
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t) vie'i alnl e~~~: tht- stacx

stack. [R~ef. 6. 1 n ord ter to de f in t hese o;- z.s it i

Knezessar:, to lefirie a "current p sit-on" whiJch- lpot t a i

particular elexueat in t he -stack, not necessa;:.l.; t:. C.
e~e~ent. -he ne:w o~urutors are ."~z>

current posi,'tioii down oiit: elezicrt i n t h st a, .,'.

wiin; moves t:-e curient ~ositicn to th a o. L- o.A ptt

ard "read" whick. will thk_ v~uiut o~t .. L at *:

the current )asitio.n~ Doi-;tin-. L2u6.., ~o n ~.

Z~done whten the cuzrer.t eosit.Loi. Is Q).i . tO2C t

Using just the op.Era tors avaiLahli= t,) th~ u..,, t

that an infinlte numi.Er of e, uati-jns are i .i c "~

the meanin.q of reading; each element of +trw .;t acl. ( t:-

stack i s cansidered anr inf inite S~i UC,;.at io-.)

following are just a sampl-e of the e ,aations rt _ ai red:

rfead~puslh(nO,L) = nO

read (down (push (nO, push(nl,L))) z

Enurnt=ratiing all the rcur uto.:I.,

not 1 articularly :?nlightening foz thc- inj.ierentor ai.nd - a

gross viclayion o f i-iskov and Zilles Tiiality cr ite-d.

-0 solve this P.:ol leen, hidden oj.eators er-- i jt- rc i .

[Ref . 7. :n :ajs3ter's stack, Tasel )ro,,ised u.,.irj a r.:;

oierator lla~peikd". Append adds a new ezltment to thie tuj' o

*the stack without changirng thE current p~osit i o.. I f th -

Kcurrent position is at the LOf of the stack thzer. aelniC 1.-s

K the same effect a~s push followed ) down:

aiper.d (,new) =Jw UL rnw

append (n2, push (nl, L)) dohn(ipusa(n2,jpusn(r.1,L)))

If the current nasitioxi is oth~er thia., the
top, then axioms would shaow that ap~.endliny is unattachd to

Clie 3cwn operator:

K 31
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-7.- .-.7. '1- 1.a. -.

,.1.;e1.: (n, CMc...)) = ")wfl (q t I :!.,,L))

'Le read o.eratar c:.: tier * cb.finEd i:

terms of the read and Fush operators:

read (jush (n,:)) = n

read (ap, pni(e i)) = rea L)

Apk.tead would r.ot ue dn operatoz avail"zi

to th-e user. its creation was to allow a finite s- -c-:

tian of an otherwise infinite Eifiation, iddtL oA'-..-

tors like a 2end would be declare- unler t:;a.r 1. a...!

to alert the specifier of its slecial use.

Hidden operators tresent r oL l c z, s -

overused. In iarti cular, they sugjest an i-z pie utta:i:)-
[Ref. 5]. The a2pend operator is an example of this. -..

read okerator pro'lem may be solved in ways other tiar us.n-

append that is less suggestive in an implementation.

In Speclan,, iiidden operators are dEL laze

under the "HIDDEN" header.

3. Axiom Part

The axiom part implicitly descriuies the ,,zu...

the previouslY declared operators. It is the ist zz ci-

portion of a specification to construct; deveioFifq the

axioris tc reflect orly the desired iehavior an., no zor= i.,;

tricky.

in Speclang, the etuations w- ich defi. e ope L:- -:

behavior are placed lelow the header "AXIOA". li e va ia Je.

used in the operator are assumed to be of sort tj 2?s i.i E1n
the declaration of the okerator. The format Lor axiors is

as follows:

SPEC <specid> IS

SORTS

sortl;

OPERATIOnS
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1 scrtl-> S53Zt!;

AXIO 1S

:L h c ua tior~s are comiostzd of a 1e-_fc S;~ d..

riy-t sitde separated Ly ai e, ual s i.1 i . hc L.Ju ti s-'.

not mnean the two sides are e 2uai. it Siyrif ies C_

t-r~s t..dt are produced from t:he o,.eratit.,s cac.. 7

in t.,e suire eijuivalerce class. Althouji, t4-I.S is in~~.

coLAcei't for the uxderlyinj theory of aLgeLraic s:ecifi.,d-

tionls, it is rot vital to the C_7-rrsaii devciopir~j a s,*eci.La-

tion. Another way of viewing eg~uatiorns i.; that each o-'czatoi:

is defined by an e'1uatior. that s,.iOWS want ilapeons YI-r.n

operator is dpp'Lied. -0or exam~l, in dle~fringi " i;h

c., e-rator on d stack 3, we would want to shoN that --or -ir.v

element e, push: (.3,e) prnluc _s d sta,:k with _e or, tm. ,.

specifier should kLow that the to Ca stack is diso

rt'lated to the "poe" operator. The solut:_on th~en i.-, Jefirix.3

"push" Is to reluze it to the "Eop" operc~tor d~s follows:

The impli,;it lefinitior of Lencavior throu,,hI al E-

hraic axioms j'rcvi,:es independence from impiementation but

a'sD c.reates -roLlems ix'. constructiri; a specification.

4-. 2Qeeldnaj lodifiters

4 ' LerL developing a complex pro.;raia, a jro~rar,!mer will,

Imodularize functiLons. The 1.enzef it s are a wiure itd,"A il11

program az..d the )r ogram is easier to develoj and maintain.
AMi alg e hLa ic sp-ci ficition u zJIIz 3e cia; ij dlso ca- bp

developcd this wal.

Burstall16 and Goguen [ Ref. 8] pri- senrtEd a structared

ldny;uage which effectively breaks d sj ecific atior. iiL,
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m Od iy krCV u S Specif icatir. ,as,_ used~ ti.eir tntozj-

huiidingj moifiers to ievk__oj is S e Cif i Cat i'3 o-. <

Sto n'M s c~1"2:w

'-At~.t .u~~ ~sei~ to .Mh' n.- two "IL Liz

it L i toU r Ea t t Ia I. ~Lc1.fC'c:.

Eirts, o~er:Atjr6, and axiims ar:E lump~ed ogetfer to Zfo(r1: tL

Ir tWS eCF s Ai.C.1t i oi t,. is m~eth~od is a s 1,j it -1a rd w a v~
e _ in in. tho- sort.;, operatioi.s , ard axiows which mii.I.L_

the s~ecificatio.

In order to show tL*te u se of tie i~ .11Z

witiout cornbir~ii., Fasel1's example of t hte L 'A Z A:

specification is )resentedi:

SPEC Natural IS

nat;

OPERAIIOI7S

zero:-> n at;

succ:. fat -> 1-i t

WE can extend the specification w ith add it ion icund

mult~liatin t cratea new~ ecification Natpius:

Natural;

OPERATIONS

PRI~IITI VE
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Lluit: ihdt,:.a:-> inat;

add (n,0) = r

add(succ(m),n) =succ(aidJ(n,nr,)

mult (,nr =

T he ext er m o if ier d ra ws in ail th-e ojE-rctors,

axioms and sorts fLroid the S~ecification 1; :Ue, 0c llUw

extend and in tihis case froL: N at ur a. A i t 1o i.aL ~t~

:z:: ra rs, and axioms are inc~luded follovi.1j t. " a:>

It the exten.1 modifiec has us ed t j A Le S A

axioms, then .*Iatplus could haVE been extendeIl 6.itf!~'~.i

cations Boolean and Natural to ij)roduce t e :c±10rWin

specif ication:

SPEC Natplus IS

EXT'END

Booltean;

Natural;

OPERATIONS

PRIMITIVE ntat- ~~

add: nat,iLat-> -,dt;

multiply: aad ol

*e4 ualto: ;,at,nat - il;

if then e'LSE. Lool,,iat,.,.at -> zat;

AXIOMS

add (n,O0) n;

* ~add (succ (m) sr. u sc,.;(dd r);

multiply(,rn) =0;

Multip1y(ni,succ(m))=

* equalto(O,succ(L)) =filse;
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* ~ ~ ~ ~ U : t - t : . t:- . s- ~

E.'Ualtotn,m) =true;

i f_ ti-er._els (T.vl, v2) =vi1

if_ then_Else(_',vl,v2) = v2,;

Iii ti~js casie we have two speciiati~ns, Booi_ an i-I

Natural, which are used to define the N~atplus specificatio.

All of44 the ,;ecif ications declared by tia ide;-tific r_-

iLetweer n ~ Z and W"j7"," ire co m .ir e 1 t o " r) d U t- z

s eci ficat ioi.. In addition, new sorts, ape:dtars and =jua-

t--ors are uefined on the cocbired siecificatiLol., 4L I, dar i

declared following "NTUH".

Although the Natplus specificati.- c..>xtl L av V

easily defined without tnit: exterd modi-fier-, d ,izjEz, z Dr.

*complex specification would Le difficult to rea, a n d pL.

ably impossible to understanid. For exa..iie, tACae dUSi-c

aiac;nne sipecification described i. chapter 1 h-as o.-E ;-

fication module which represents tae f iial s pe cifLc a t _or..

its extend modifier combines foar other s,,cificatio.%

Loduoduies and extends them with d p pr o x iiAt eIy o r, .-. l 1
other op;erators and seventy t-,uatiorns. iftis :'ac.i a

described without the extend zodifier, theni a; c t~-

combined sp)ecification's sorts, oleratars, 3,id ax i-.ns w: u

Lave to he included in the specificatioa. S.i n;ec.

com!hined s-)ecif icaticns were alsa exten 'e d , Z a C

specif icatioxis imported to create the m woulJ-d a 1 s,~:,

*included. The result would be a si.ecification ccontai::-:

hunlre'Js of operators and e 4ua ti ons, ma ki. t

specification incomprehensible.

5ef or e a s pe cif ic a t ion c,,.u u se ah itn t~I h

0 11: the modifier, the spnecificationl hein i~~~~ it.a~

already leeri decl-ared. In the above uxaa,'le, _'a t -.1,

Bool'EaL and Nlatural, would have already ijeen declared in tlle

complete specificaticx.
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Grn e -,iEt o01 mn imi zin,: d Sit=1 f( IC. 1: 16- L. )~i

the use of parameterizedi modules. 3o.>leP :su, jste E
techjt~e ad Gaziner Ref. 9: expiore- it ].n dj . h

hasic conce..t is to use a proceaurz liX p 2 1 L Li cO~ Z. .

create a 1.ew specificatiin. This is a atcjIr .xi

ttchi-iue whlen many s-ecificatic--s teni to u i~>

as in t I- C c a 6e of a 1ist of inteqk-rs, c Ii d a Z.~

n'i~ers, etc. Instead of a s~ecificatI ,)n c

eem e n t a generic template would be usL - t-).;ci

list Of a ' articular tyj)tz. should benzive. 7: p'3 -
s,'eci.fication for lists can '-c- invoked pai3s~n the

ficatior for reais, inte-jers, characters, etc. I r I , 1i

instantiation of t he Larmeterized sj~ecificati-): %rhic- 2

E new Spec if icat ion.

Miany issues are still ur~resoiveu iz* t L!

sk'ecif icati3L which will Lot le addressekd zz:rr :Ref. 9].

Eefore usin parameterized steci Licatails tfst: j.- ilsIj

stiould be understood.

The )arametezized modulte c a ,sLs t s o f to 'r.

parts. These are the pdru±m'.eterblc id e -

block. ThIe Pazamettexi part o' ' a specticaiu 'L-.:d. t1

may come inside a parameterized moduale dur-n.; in :t-

tion'. An i nstant iation is t~ dssi I, d Z

si ecif-aIor to a -arauieter IzE 1 3 ,2.--.LL'i to:

The ,aramete rs cani be viewed as the tLaxt
4 outside module d;iCh is iiivox1fl t,.- c -.I Ci S r

Of sorts, ope.'ators, ad axicns afr'J is 2oi:c 2-:.

header "PAA E7S".

The spucificatioi. part is I ike t JC

body used il, primitIvE 1.'ci JctLJ aUi~. tc~ ~..

of sorts, o,-tratojrs ana -ixi-o~s and is h*-aedL;t ii:
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by the actuaIl 2drate ers sas sd from t 1t d E.3i.z:::E'!

snecafaication,.

~n Spec lan j' the for mat for i a z :a reze rl :euj

specification- would a~peAr: as fzcll-.ws:

DPEC <idertifier> -L

(sort Lody);

4 C pLEA TIC'

(3j: _ ody>;

AXIu !S

'op bo"'dy>;

Garzzin ger i.ilustrate-d pararietzerized s2'ecifica' tiox::

hy us Thy the_ list exasple:

SPECZL .ists 7

Joolean;

SGE 771

* eleiaw

GPEZiATICNS

P R I MITCIV E

e Jual: eltec,elem -> boWL;

384



K.0 1 1 -1
A X: C)MS

egiual(e,e) =true;

DEFINED BY

so I T S

list;

Piii :U T i V B

!emp.ty: ->list;

isemp.ty: list -> L'oi;

conc: C-eei, list -> li-*st;

cdr: list -> l.ist;

if-then-else: bcoi, list, list > Ijst;

first: list -> list;

* AXIO0MS

cdr(lamjty) = lemjty;

cdr(c:)nc(e,i!))=

cdr(ifL_then-else(h,l1,12))

=if then eJlse(b ,cdr (11, , c-'L l2)

isempty(leuipty) =true;

isempty(coac(e'i)) = false;

isempty(if then else (b,l11 i-)

first (lErnj-ty,e) e;

fi4rst (ccriC (C-, 1) e;=

first (if thent 1iSE (L,.'1,i2) e)

=if then-else (b, first (l1,(e) ,first ~2~

7i.is arameterized s~ecific at ic., is i-vokea L u13i:. it

name ana brackets azcund the spt~cification wich is to h,-

uzsed for thc. inistantiation. There fior(e, if a sjecifi .ation

for ca list of Latural numbers %as desireld, 11i st-;(N a turdl

woulod invoke the parameterized si~ecificition for list. IL

order for Lists to be correctly ._nvoked, tue Na
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secificatio., muSt "2atc' t;.e fornai ,azametez C: ts..

rn JEc 1a nC, ti 1 % s)rts are FatcLed unde: the he-L'eL "ACPJAL

SORTS" and the operators are matched under the header

"ACTUAL OPERATIONS". Urder each of thiese headers the sorts

and operators that are to replace the formal parameters -re

ositioned to the lut of an ".S". The formal paaeters t- _

actual .arameters are replacing are positioned to the ri .t

of the "IS". in Speclang, the matching parameters are

announced dt invocation. Usir., the natural nu

invocation, it would appear as foilows:

Lists (Natural)

;i ERE

ACTUAL S05TS

nat IS elem

boo! IS tool

ACTUAL OPRATIO'S

equal IS e~ual

if thenelse IS if_thenelse

and IS and
not IS not

Note that the parameterized speciiZicatio ;.a.,

extend field in the parameter bloc&. When, this occurs, :ne

parameterized specification must be invoked with sorts an

operators that also match the specifications t:at wit Z

imported by the extunsion. In tLe List example, t.e,,:r :._

and operators in the Boolean specification were matchE 2.-

the invocation.
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IV. SPECIFICAIION EDITOR

In order to facilitate writin s2eciiicatoni, , sy::t a

directed editor was designed to form&t a s c.L Lc tG

created from Speclang. The editor is Lased uporn iJ a; zo

Davis [Ref. 10] and :iacLennan [Bef. 11]. it is tatie iriven

in that a raramaz is input and rarsed into cepaei.te r.

tioL rule trees. 4'e production tz es arc. t.,n t

create a specificaticn tree. B usin the tdLi- , r 7

flexibility is jained in alterinj the rzi _zmr j -
affecting the editor. 1AcLennan's e.itor n1. di: ,ae

presented by Davis was to create an internal tree fL-u_ t",..

grammar which was annotated; the tree as in d par.! :co;-,

whiich could be used to generate the machi co.

Sj ecification Editor -resented heze was designed to cr~ttt

syntactically correct specification and to mak 7L; 1. i r

face with the user simple and friendly. The iner: al .r-t

created by the editor is not annotated as pescriLe

Davis and MacLennan. T.e editor could Le modifed to i_- ,cr-

porate annotations which could transform th.e 7;nta:c. tr-....

created by the tree to an annotated tree. A ca ia: .ra. ar

was developed for the parser which is based r v-K. ',d I'

-3N7 nctdtio, resented in cha':tEr !I:.

:he grammar used in the editor is tiie saau as that i

a,pendix A except for the followin;:

I. Comments have not beer, incorporated.
2. The input grammar cannot have seiecti. vovln.

expressions. For exawple, the followin : 1ro:., j.ui,
rule would not be accejtable sirn(e tLL L'sa ..-

side contains an expression with tlc sc!£ctien:

<spec block>-> (< param calL><cr><indeint >) <sj u:_ C'>)

41
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"his rzstriction was iruoseu for t, r a',.-;

fcrce d clear sislay selectioL and to .

roL em s invclved in programming t h :cur~lve

descent parser. This restriction is n.ot s-eV :. c

the right hand side couid be rei -ac,?--, : h, u

selection such as <parax-call> zreati2 to ruits:

<module> -> (<faram caL.>j<spec bo-y>1

<(aramcall> -> <callclock> <cr> (in/eit>

3. The rules were modified to reduce th. i,..eL- z

selections available. For example, the ruie , d,

<Lodulespec> is as foilcws:

<mo spec> -> <spec_header>< odifiets> <sitc_ icu,>

This was combined with the rule for <s[.ce.er? tK:

create a rule:

<module_seec> -> 'SPEC' <spec id> 'II' <indent>

<cr><modifiers>? <spec-boy >

A. AN EDITING SESSION

This sectioii will describe an eiiting s-ssio.,

editior is initiated by entering the name of t h ed_t r,

S-eced. A prompt ap~ears re uestinj tht na.e uof th. n ..

where the aser had stored a tree :ota a ,eV<OUS e>ifi.

msession.

-he screen is cleared and tie first prodAuction, =., 's

right hand side is displayed on the screun ia an, ":rla "

form. The video is then reversed on the first ;.onternim.I o-

modifier which an inEut selection can eff ct. All of th

strings uhic. are displayed i:. reverse video ace r -trc1 t.

ds the selector field.

For examjle, if <module_spec> was the f IrSt ru!e, t-1::.
the disyl would be as depicted in Fijure 4.1
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fPZc <spec id> IS (< ara n ock>
<specfody> - i

SELECTIOiNS:
s: select d: selctor down u:selector up I
b: cursor up tree f: cursor down tree

LJ

Is4

6t

Figure 4.1 Display of the Rule <modulespec>.

in this instance, the video lor (spec id> wou.-- ), re-zErse.

denoting the selector, dnA the bottom of tle lisupla! woull

sho0w the selections available.

The selector is directly related to a se

selpitr, which points to a node in thespcw:i. >'

being -edited. The ncde at which the sel ptr .s~itni

referred to as the current node. Th e c u r en t 7,or1 d

at the bottom oJE the display fcliowirij 11.ODE:1l. D~p

on the current node a number oiL ditz:er,3nt setcii

* available. The possible selections a user ca,. make An~im :

editing session are described ir the follwiiij

1. 'Is" Selection

*If IIS" is selECted anld th e C U r e r.t nod i.'- 71o:tL

miual, the node is replaced nj the proluctLon L iL-'

fied by that rnonterminal. In the above exampl.c, if,>.c

i.5 selected, then the rule ior (spec idJ> L~inztwrttd :nto
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* t.. s~ltctozIS acivax.cec.

I SPEC <spec id> IS (<iarim_LlocK>)?
<spec "Elock>

b:selector up tree f: selector dowL tr~e-

I SPEC <idez.tifier> IS
<param block>
<spec-block>

s: seiect d:seiector down u:selector up q:lu: elit

Li::iector up tree f:selector dOWr tree~---------

F Figure 4.2 Selection of a Non-terjinal.

:f tht currc-nt iiode is an ojtl~i~o~ ~~~ i S

0 sc-lt;ctiuri will inhiLit ti~e disjlay of thL- *juc-otian ,,irf, 1:.

Ltconi. Lrt Uf the 'Atstract Sj Ecificdtiu, . A sivilaz
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Z%.;,7,! t okC .1is Wl.t'n t L ;, :C %=Ir~ t .j lz i d .3 s t- o - : d - .

-: this case, ail selection s wic: zr: no .oi. r r.c uc

along with t:e selection symbols are not dis.iayei when the

desired selection is made.

Figure 4.2 shows the tree before and dft r dr. J. .

where <srec-il> and <jaram block> were stiectei.

2. "i" selection

The "i" or insert selection is dV'tLaz o:.; .
tihe current node is an identi2ier inonter iI7,i :.e.: ..av ,

<identifier>. When this selection is made, 1:r. %f ..

tie screen where the identifier occurieU is ..a,:. b.:. "

user at this point cdr then type in th identiivr .

'he input characters are then checked to eIsure co It

lexical jrammar for identifiers. if the iniut cnaraczrr: ill

incorrect, it will he ignored and the elitor wiJl ,.iI i

another input. The invut string can D- ter.natc:i it -

input. In any case the string will Le terin.tA- w i k. z

length exceeds twenty characters. After termiL-atin. .

input the editor updates the screer and a w-a~c t.

selector.

3 11"" and "f" Selectiois

!he "b" and "f" inputs zOve tie seiector uj n .G..

the screen res-ectively.

Some nodes the selptr stops on are not dis~dy, -.

iL these cases, all the descendants in the tree that tr(-

eii~ible are displaytd via the selector. As ai.

<modulespec> is the current node then ali of the dis ]i

characters in fijure 4.2 would te inverted and i , "

would be displayed at the Lcttoz, oL t:", 7
"U ODE :".
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4."U" IA:. "d" .3c lectioi 

The "u" and "d" selections are sinl" to tl, " '

ard "f" selections; they move the selector up and dcwn the
screen. The difference is tiat tae "u" an~i "'" -

will move to the next displayable node on te sc-e.... j
f-cilitates moving the selector oL the screen.

3. "Im" Selection

The "Im" selection is usEd when the culri.t r.ode iz t_

sulection modifier node. Since the "" "I" "u"I: 1_"i

selector movement selections will not allo ovin j t:,,

selectcr into a modifier node subtree, t .e "" cz ", x i

selection" ke , was created sc the user could rove t.'

selector over the desired selection. If the selector is on

the last selection and "Im" is selected, tnen the selector

will move back to the first selection. T;e selCct:Z w:

redain in the selection tree until either : s..3c......

made or the user makes a "j" selection to jump out of th

selection.

6. "e" Selection

The "e" selection allous the user tD "eras," the

string the selector is on. This ,eans that the strin iil!

no longer be dis.layed on the screen. T,; "El' eico

dvailable when the current node is tae optior. nod= .z

nondisplayed nonterminal.

If the selector has an option symbol in its fiel,

the erase selection uill eliminate the o tion sycLoi,

brackets if displayed, and the nonterminals and modifiers in

the selectors field. in figure 4.2 ii <,aram_i.ock> da. ;.3[

desired and the selector was positior.ed or, (< arao.- lock>) ?,

then the erase selection would yield the foiiovin display:

SPEC <identifier> IS

<specbody>

46

-"-,'.-.--.v,- - "-"" ' "."'; - " I " i . " ' " " "



n tf t r, o. i licd tkA d t t e Ltc C A

is :.ot a dipiidab-e node, the erase .im. uiiiatc il. oC

the strings of the screen which are in selector's field and

replace them witL that node.

7. "[r" Selection

The "r" selection is used to replace an option :.oe

in the dispiay or a selection ncde. I thE trt:vious exajle

Lor erase, if the sel_ tr was positionE-i in tu.t sz~cifc.a-

tion tree so that the option may be reseictc,, 4h-. tXE "r'
selection would replace the ojtion tree in ti.c s.ciicitio

tree and the display would le updated accordi-. "

selector woull not be visible in the case WLE-re ta.c' opt/o.,

was previously erased. Thi replace field at the lcttcm of

tihe screen would indicate the oition to be iii: rted into cn":

tree.

In the case that the cption or szl.,ction ads .- er:

previously made, then the entire portion o th* try £.

the option or selection would Le eliminated. i~e str i:

that would be eliminated are in tsie stlector's fiei. 7c;

example, if the specification was as follows:

SPEC <identifier> IS
PARAMETERS

<s 'ec-i ock >
DZrI NED BY

<sjec_block>

arid the current inode was the "not" disd.lyed o tio o..n

<paramblock>?, then a "r" stiection would yiEld:

SPEC <identifier> IS (<Qarambioc>)

<specblock>
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B. DESIGN OF SPECED

-Le editor was written .n Pascal an": im-ementcda: cc %

Digital Vax 11/780 under the VMS operating system. ThE

editing session described in the prezeedin suction was the

oijective before the desijn of the editoz started.

-h- design o7 tie prograx was done in a top-dow-,.

:he three [rimary modules are as follows:

1. Initialization

2. Main body loo,

3. :ermination routine

1. Early Desiqn Zecisions

In order to similify the display, certainr nCntErni-

nals are treated in a special manner. The <indent> and <cr>
4 nontermiials are immediately interpreted by the c-3itcr.

These nontermials mean indent and carriage return

respectively.

The indent nonterminal, <indent>, before a nontcr-

minal or expression means that the nonterzin ! and js

descendants will be indented ly a preset tab o., -y~ces .

carriage return follows.

The identifier nonterminal, <identifiL.!, i.' ; tr-ate,.

as a slot for inputtinj a string if character:;. ?his s'

reasonable since all grammdrs reS uire i .ei i ieis.

lexical comiosition cf the identifier i3 KiW !t. into th>

editor.

2. initialization

:he first routine called by the [a-In program is

initialization. This routine in turn ;a2Is a routi6cd c ej.

opengraimar to input the production rules fzo:, 9r1L.Li"r

file. Cpenyrammar has a scanner that ertqrocttses thc i.lut

rules to ensure that lexically they are corrtnt. UL iook.:"
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5-z a :ck~ e5 l ~ i.an. si..e c2 eic. -z , - ;- .
d. .I f

t.. L r kted strin s, ]uoteJ st r ,n -, :e3.s:,, , Y

grarzar rules are put into a record structure wfic;n con i.ts

of a left hand side and a right hand si&. of th ,_-LUC-.,

rules.

The next procedure called is 0drseraai!dr.

routine is a recursive descent parser. -he rarst= iz: >.

on d iZ (1) grcia Laar grammar usdct cc)struct t iz, ucv ex.

rules. The ,rammar grammar for t .4 jars;er is ns ,

<productionrule> -> <iiuiteLiul,ai><ui= bLud->

<rule_Lody> -> (k<Lonterminal>I<exiression> ( jt+ujf>,;

<expression> ->' ,"( <rule body'>j<ident iist>) '

<identlist> -> <no nterminal> (I '<onterminad>) +

Each ?rod:uction rule in the grammar , rana L i.:

aimicked by a module in the recursive descent -azser. 2i..r,

production rule in the grammar for S.feclang is parstu i.to a

separate production rule tree which iescribes i s-. tactic

structure.

figure 4.3 shows an aistract piouact-o: ru±'L t.

for the <module_sj ec> }roduction rule.

-or each jroduction rule tree te ic ?oi..

array of pointers to locate that rule trete. he ruie tIC2eL

are located hy se&rchiing the lrray far tie root r io o t-

that Xazches. A production ruit tze= iz. cotru t-_1

records which havE crinter and integer fi, us .t ;
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iJdre r. t: a zra(1 23 oil hiracter;

chiid:array(1..30) of 1jrimmrules;

par ptr: 1,,ralwiruies;

ch _no:integer;

rM ztype in te jer;

numnch: irte~jer;

disp: Loo lean;

u~inte~er;

<module spec> -> 'SPEC'<,iSpec ii> 'I.,;

<mod ule-sec>

ISPEC <sjecid> <Cr> ? <indent> < cr > <sc.

EXP

<Cr><indent><parmLlock>

Figure 4.3 A Produ~ction Rule Tree.

0 The "parent" identifies the iawe oJ: rule, strinj, or

modifier. The field after jLarent, ".eno, cantaia6 t~ie

length of tI~e jazent character strin4. This f eid is u~ed



o- --. -m- o-

Foil-t s to the descer-Iiats of ti a t r 11 ts A i. tt C i-

_irtr" points to the parent of that no d~ his .o *rte r

was necessary in order to move ti~e selection pointer az-D

the ahstract tree. TLec i'ch no" field identii,;es wat c h~

numher that record node is of a iarent recorn node whurca';-
the num-ch field indicates tI,.e Lumoer of cihilinii: tflat

hus. hIe ch-rio and iiua ch ficids were a s 3 c r dtL c: to

faciljitate selector [cvemeflt. The "in" fiel- is usL-d-~

the display screen. field tags rt= 'ty~all : f

There are sevea tyipes of n-odes as shown . a-'~

I TABLE I
Node Tipes

Tye escri jtior.

1 nonterz-.inals

2 modifiers-?,*, ,

3 terminal strin s

4 ~exeressiol nO~k
4 ~identifier strlxiqg,

6 ALT node

7 i.1nore no0de

The node type has ani effect o;. the selectioLns aviilaLie, Li

the trete is "unparsed" for display, aind the mavement of the

selectior. 1ointer.

AAfItez the rules are jarseul a i r o L idur k-,, gc*tz,

will open the file of a specificatiozn tree t;idt W asste

after a previous editing session,, if tne u-Scr iniuts thn
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--. iacftr. tuser stirEd trE - is ~o u~>:

C-: :1 i~ i t~J rout-, e W-' .1 cop.. trrH Z L

rulte tree .":.d use it ds t-e root o-f thte SeC~if]iCA+o' 0;.ti,'E

he final stejs of- the initializazion ou:, ,t 1

t""e disela- foc an editink- seS si or. AOil, p04 :,Itr.

will hbE set to joinxt at thle root Lode. if aus a"r C

t re I s available then th-e ,rcg_,tr -S Sut to Lhe 20'to

t!hat sieciffication tree.

. 4e -5te is to cJle.z 1. scr~-

rou~t il1.- ~)EIjAt lk e , ...I"c 'U rcs IetI tou :' .:Jc

d h ziai st6 .2 th Irt.I.-t t4"10AI~ S~L

t e Ielct ion r, oiiimer to tlie lizst selacti.on of :

::, te 4 114 l prod uction rule va s .iL'i ~~ !a~ s:1

* tree would appear ;;s follows:

<corn2 -spec>

<seiptr> --- > +

EXP

<~dnt><cr><niodule

a. Print Ioutine

Th-e print routine, wihich upparses the siecifica-

tion tree leintj developel did displays it on th,- scrk2 i-

0deserves further extlanation due to its ;omplexity. it iS

recursive: jrocedurke which does ail iiloruer tra±veisal o f tAh

specification tree and, as it visits each n~ode, will res,-'ond
according to that node's type.
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I

rout'iie an, t.e a case -tate ent determines how to ha'altj

the roct noLe ind all nodes recursively passed to it. Since

tie root node is the left hand side of the first production,

it is not lisplayed. Inztead, it treate. a:; ,

norterminal :.ode which is exilained below.

The pLre..cmindLt factor as t- wLetLtz. o_ not

node jarent's field is Lu be di splayeJ is t: ,;ord .

field "dis, ". Only if the field is true w-il it b: o ti at t-,

the screen.

Another factor a r dspl ai it is the LIn

In)I[:Ler or the ..nou . 4rce the.sc,-(.. ct ,' ,.lI '3
s1iamil .xeJ nuder of Tines cf the s cificatiu. at ,

ti.e, a current line is assignEd for the di," .. 3

dictate what nodes i: the specification wlil be silowh. i

node's "In'" field is an a i:.articular value reane of

iis lin(, ziw'et then it will d isyl(e. (Ith f d q,

even if the disp field is true, it will not be disiiaicd.

For example, if the current lint is twenty, ther all the

specification nodes whose in field falls in the range twenty

to thirty five will be displayed.

As menticned before, the print routinz- ils

to a node's type via a case statement which has seven cases

t.iat corresjond to the seven node types in Table I.

Case one handles :.onterminals. ,- .- .:.

initially to see if the nonterminai is a carri,,e retu:: or

an indent. If it is a carriage return, the screer lI-Le

number is incremented and the selector positioed ,-)n the

next line of the screen. If the nonterwinal Ln t;, inIe;,t

symbol, a global indent counter is incremented ty one an , -an

i;ient flag is set. Tnis mechanisn is ust,. t0 c a . ,:

nonterminal and its descendants followin the indentaticn to

be indented.
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dis,?a (. or, t~e sczzer., d 3'oLal. f.Laj '.i ro s- A.

the -receding rontermirnal was an indentation. if it was,

then the global flag is set to aff andi a local flaj is

turned on. Afrter t he nionterminal or its des:enr.'ants- arE

Cd3splayiid, the local flaj is checked. I1 the fL ;_z, t

numhez of immediately preceediny inrdenta tions iz3:t-tact

:rom an indentation counter and the oc.;al Il a -s tuirneJ

of.Using this methodi, tLe indenitation affezts o;J, t.

nonterminal or the expression fcliowirj it. For xaj.,if

the rule -for <;nodu.e spec> was:

<mod1uie spec> -> SPEC <sj-ec id> IS

(<irndent><cr><param -b 1o z.> IK<indent><cr><spec bl.3crk>

Tie initial display would be as follows:

SPEC <spec id> IS (<param bloci>%

<spec_block>

When <param block> is expanded the indentation 4ill a f:2ci

all of its descendants so that the disjiUay -wo-,i'd c~~r

foll1ows:

SPEC <specjid> IS

<Sj EC_lj ock>

DEFINED BY

<spEc block>

Note that <siecLlack> is indertei by two. This ha1cpPerPeI

because the rule for <param_blocx> has an <indent> a t n

end and the rule for <wodule sce,;> L~a al, < 1.'.de ,t >

irece-edirg it. if <paramLlcck> wd5s eliminated, t e n

<spuc block> would :only be iniderted by one.
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If tLe 4ode passed to tLE :ntint 1:otin;, 1s :

carr7age return or indi~nt, tj e r tit L- ear rj-z ",is." i.'

tested for displayakilit.. If the field is true then the

node's parent field is written to the screen. i the nonter-

minai is not to be displayed, then a recursive cail is made

to the )rint routine for each of the pointers in tt-- "ch

field of that node.

Case two handles all the modifier nodes. i. a

selection modifier node is encountered and z C

dis .1ayed, the print routir.e will dispilay 4l.1 tl . -

tions and place the "" symboi between th choirus. A1 zh

other modifier nodes will have a recuzsive cdii to t. £.

routine on their descendants. After retirn n fr4J- t-.

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

displayed. This is how the postfixinj of toe mo,i i fz

symLols is accomplished.

Case three handles the template norh:s. ';es. an'

nodes that have strings that are reiuired i" te jzanmar.

For example, every module must have the strin "SPiC" and

tae string "IS" on the first line. These nolnes have no

descendants and so the print routine wili not ina n

* recursive calls on the descendarts.

Case four deals with expression nodes. An

expression node is used to point to the de,3cenantj; it

only function is to allow the ;rint routine t:) na>:- ..

sive calls on each descendant. If a gloLi fag is sjn iin

the case two condition indicating the expressio%, is fo.iowel

by a modifier, tiien brackets surrounding the ex ,551sMi -

Le displayed.

Case five prints the identifier nodes. " fee ue

ter ainai strings for identifiers an I are treat cd iikt 1tn'

case three nodes.

Case six deals with the "ALT" aoies. 7his node

is used to store trees such as options aid seluctions a-ter
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t he - c i ve e acted i. it aiso rt-tIi-.; the .
and alt rnatioxi treies. Nozmally the AL i~de haj r .o icn A-

dant nodes. The left one is fir the branch leading to

displayed strinys. :he right one is for storing tnue option,

selectio , Kleene and alternatiozn trees or it viy oi.,to

ar.other ALT node. The rrint rcutine wiil rezursivel ' .. :

each of the children nodes.

Case se;eii is the i-nore case. This is used wt,en
the node and its de:3cenda;.ts are to Le i nored. For exa-,

in the case where the option ncdt was used and 3to r.

option expression is no longer desired for display so 'L ;

given a type seven.

3. Main Body Loo

!he editor, after initialization, enters a 1oo- i..

tlie main program body which inslects the type nole at wnicz.

the selection pointer is )ointing and calls o: oc ,:. .. t

routines to handle that case. The routines are shown i-

Table II

All of the routines which handle the various node

type- are essentiaily constructed the same. A procedure.,

shoslection, is called in each routine which displays Li

various selections available in that routine at the bcttoT

oi the screen. ;ach routine then eniters a I ' n

retrieves the input from the terminal and ddc ;rs th

input via a case statement. If an invalil zLaractEr i.

selected, it is ignored and the routine loops for anctner

input.

The follobii:q sections will discuss the roitri,.s i"KuLle II with the exception cf tie first se,.tion w,,_cI.

discusse-s the seltctor movmk-i.t rout;Lies.
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TABLE II

I Routines called by Main Body Loop

INode _ e_ Routine

:Nonterminal Id_replace

? Oiption
I I Selection

+ Alternatio:-.
*. * leene,

I ident if ler :dJdeselect

ALT altrep

a. Selector movement Rcutines

'here are four routines used to r.o31tj.:.-.

selection pointer on a node in the specification t r.£a;-

concert with the selector on the screen. The.; each corz*'-

spond to cne of the four selections, 'ul, "ld", ", -n *,

availahle in all the routines shown in TaLle --. . "

or "ui inputs are received, cnle of two routi- ii

called to move selection pointer and the seitctoz t*" th-

next disi1avable selection either down or u. -C_ :n;

this means the selection pointer will be at a :r t.ut

visiLle on tLe display.

The "h" or "f" inputs iove the se.Lector L~c.~wzd

or forward to any node in the specification t-ce that is

available for modification. These two inputs ilso have two

separate routines which move the selection vointer in th.2
4 tree. The "b" and "f" selecticns allow the i.:iCerior notes,

which are riot dispLayed on the sccerti, to be dvaiiahlE .:or

alteration.

4
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dLi. nl.r SO t4.-t tn7 il not joJ-tCV tie C.i.

poi.ter on "E:(P" iode-s, modifier nodes ,if " .C V-

erased or selected. azdi terminal type three :,o0es t at

contdin strings use! in the graumar. :io nondi.playei moii-
fier nodes are accessed in a 3iffereLt manner. Ater t-

stlectior. pointer is m oved, the current node iS checked tCo

determine if it is on th screen. If it is ;'ot, the c-rrnt

screen display line is updated to eosition tha.t naoe i-. t.-.-

center line of the screcn. The irizt zoutine is then call

to update the screen.

L. Replace Routine

The replace routine a4ts an type onz nor.te.:.zai.

oles. 1wo generai cases are pcssible, depedJinj oL wiEte2

the node is disclayed. In the case where the no .tem.n -a! i:

displayed, the replace routine enables the use to adJ co

the specification tree the production rue tree indicated JY

the ncnterxinal node's parent field. As mentioei ii t. -

previous section, this occurs when an "s" is input. Figure

4.4 shows the specification tieE before and after ai. :':-

input dnd the selection jointer is at <spec_if > i

snecification tree.

:;hen "s" is selected, a routine c l . c>.:.

loLtes Az.: reproduces the the l rroduction rile tr r .

<spec_ii> and returns a ,ointtr to tae reklace r-)tine. ,,.

replace routine then attaches the rule tree to the specifi-

cation tree. The <spec id> h"disi" field is the:. seat to Lilse

to inhiLit its display-.

It is possihle that the selection pointer is it

c tyE on, nole thAt is not disjlayed; its disp field ij 6.t

to false. in this case, the displaablie descer.dantL "r2

shown in the selector'- field. An option to eE.I.e i - Lu':.

available to eliminate all the descendants and restore tl,-,
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- ~ ~ ~ ~ ~ ~ m d l- slec>.- -. .. - -

4

SPEC <spec-id> IS ? <indent> <cr>

S<indent> <cr> <pardw-block>

I

<module s ec>

1 /1
SP EC <specier> Is ? <indent> <cr>

I 1

<indent> <cr> <aram lock>

Figure i. Selection of <spec_id>.

not disp.lay[ed niontermina!. This is accom !Jls = , .tt3.
the current node's child poitntier to nL1 are ti. ,

to true. The "NODE1" field at the Ljottom j- il: h ,'r.- .,

the not disp layed nonterminal.

-ne special case is addressed i.- t ii ud1:
This is the case when the selection pointer i. t tn t

of the siecification tree. In this case, tLe uirst ,r ..c-

t-L,- rule trec is duplicated and substitutC ,e tL.< ".c"

sclectior. is made. This is paramount to erasin-,, thE e:.Lr

tree.

5
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4

The idrelace routine was cLeated to aiiou t.

user to input directly on the screen the identifie:r 2ams.

This rcutine is called when the selection no ie tye if, Qn=z-

and the nonterminal. is <identifier>. When an li" js iri Ut, a

case statement is executed which determines tfe st ati.

position on the screen by inspectin; the current T,.'i

posit field. A blank is written to the scree: -itrin a

that position. The routine then takes input S,

terminal and places them in that node's pareiL :. i. -

character inyut is c~iecked for rroper lexica.l 3razniar aj i.

echoed to the screen. invalid characters a:e ignored.

inputs are terminated when either twenty characters nave

been input or a '"$" is input.

d. Option Routine

The option routine is called when Lhe cu:rfet

node is type two and the parer~t field is the opti.n £.o E

modifier. This routine will allow the use: either to eras%

the opticnal expression by selecting an "e" or iIcludc t -.

expression preceding the modifier by selectiig an "s".

* When the cption is selected or erased an 'A "

node is inserted into the option node's zositio i ir ta e

tree. :he A.T node is treated as if it only has t w =.i -

dren. -he rijht child will store the Ujtioa tree- sC t t if

the user later desires to reverse !Lis previous decision anc.

include it, he can reinsert the option. tree into its prior

positicn in the tree. The leit c:*ild of the ALI .ode will he

inil if the option is erased or will contain the expressiUr

that was preceding the option modifier if the oitio.: kis

selected. Figure 4.5 shows the tree kefore a.i cittr t.<.

selection of the <paramblock> cptiozi.

660

*"



7

• sel ptr

SPEC <specIid> iS ? <indent> <or>

<indent> <or> < aia am I ock,>

SPEC <specid> IS AIT <ident> <C >

se _ptr .....- > EXP i

<ind(ent><cr><par am_ bock> XPck

<indent> <r><'1Ii
I I

Figure 4.5 Selection of the Option <param-block>.

-When the option is stored in te ri h% ciiJ, it

is assigned a type -=even so tLiat the print routi.-"

ijnore it and its descendants.

e. Selection Routine

The selection routine is called when the steec-

tion noie is type two and the Farent field is the selectio.
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o:±I. -c.:i sr t e lector 2*o-r j r Sze -L=:t OL L*.~t

Cdn not accIss t1E dEeen1dntS C.2 A sClection rflOLE1~ ~ CLiJ-C

Lod~e, the stection routine wds written to per; ait the u~ser

to designate the desired~ strinj by using the "Im" ke-i to

,ositior. the selector over it. F'h en I'm" is izpiiz,, etad

statement is executed which will loop between thi sv z~r
until either a selectioi, is ma-le jr a "j" is eiiteLOd to jum-

out of the loop. W ieL a pazticular ii ante rnmna is ect

tlhe routir~e 1Leha v~s "Like the oition selec tion; ani?:- xi. ,

is:sre or the selectio, iiole aid the zelcct o.. :.:-

anri its descendants are storEd iL the rijht c.hiid OZ; Lht: AL-.

no Ic.

A1terrat.Aon Routirne

The alternation rcutine is cailel wh'.~iAz

selection pointer is at a ty-.e two node ard tre art..7t is

the alter-natiorn modifier. The routine dllows- tI.E use: tu

duplicate tle expression or -orterminal precedlii. t~ie

f: 4 e1: When, the 'Is" selecticn is lade an ALl n o.

inserted into the tree at the alternation p~osition. :,he .1.EF t

chiitd point6 to a cloned exirEssion of the descer.,ant6 of

ti dlternatior. modAie r and the righ t clhild i oit s

ori;,inal alternation node and OEscendaa~s. .7ijui*- 4.

theL tree- before anti Aftor a st:zlectioa. * tnli? - tlc tt.-j'

a:.I -Selzecticn routine-S, the ri h't zaii in t,.is castj
not ILe ty~eL& seven since we want to a~low tho '~ to .

as many selections as he would lesire. After th',e uz-kr 1,a~

made at lthast one selection, then the rnoue ca;, bc eras(-C ,

the alternation routine- is written so thalt at ie--,t ei- e

Sel1C ti On of t I-e Lonterminal or selection. must :n 1 '

7iL1Z is dccuonp)ished h" checking if thete ~ 7~ .. L C

is achild of an ALT nodfe. If alternAtion MOdIA e r is , t..C r.

tio tre i elgibe t beerased from the display. W .en

62nmd n teeoetk~ l~rd
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1 ... U , th Ui I-e W ~Lz 3 h. .-

Lode's Lirst aesceidarlt to tn_'e SCet!i dfl ,I ~ t..L~

.fa Is e.

<axioms>

X P
I 'I

<indent> (Cr> di

AXIOM A:, T

<indent><cr><axiom body> < ,7X.

Kleene Routine

-~ ~ ~ ~ ~ h ....Egr46kleenc routine is executed if t Culi; r

nodeistptwanth paetiedith ltni

"Upicaionofthe desceidants cf the modifier. The routine
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rT

L

s z" e tht same as the alternation roatit -:. :U-
allows the user to erase the klEene modifiw - ar.- it.,- e z,..1,-

daats even if a selection has nct beer. nade. "o acco Mi1h

this, the kleene node's display field is set to fa.se az..'

the first descendant is set to ty-pe seven.

h. Altrep routine

The altrep routine is called" when tib(E-,

pointer is on an ALT node. As discussed before, th,: ! rol.

is used to handle cases for the option, selecti,., t-.;.a-

tion, and kleene routines. Consequently tLe aitre rot r,-;

:;nd es two cases; one case is w hei, the ALT 7 ode is s.e

result of action taken on an cption or selectio. nod's -n

thIe other case is when the ALT node is the 7esuit of aztio,.
taken on an alternaticn or kleere node.

If the A.L node was the result of actLor tuhe-n

on an option or selection node tuen the case stat.t:%ti.t hL.

permit the user to erase the left tree, iimindte tL .i

node and place the option or selection tree iL tie spec_11-

cation tree in its former position. Fiyure 4.7 shows :.L

result of reselecting the <paramblock> o-jtio:. w Lc.. :

the <param block> option tree in its previous ?ositior.

The case where the ALT node kas tle result o-

action on an alternation or kleene node has two suLcisu.

Ciie case is where the ALT node £ roceeds anotLt ALr :i,

such as follows:

selptr > ALT

<sort id> ALT

<sort id> +

<sort id>
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SPEC <spe c-i> 13 ALT1 (indenit> <.:r>

<in de nt ><cr ><par a m Lloc>E

<indei~t> <cr> <j ar ar o bic?>

<mOdulE SpeC>

4 1 SPEC <spec id> IS * <indent> <cz>

EX? i

<indlent> <or> <pararnL -ocr>

Figure 4.1 Reselecting the (param-block> Option.

Inthis instanc-e, a selectioii is availab'Le to eiinatr t.E

A -l node, its lefct child ini dl of tiie -ILt c~~

dants. In this Way t:,L user may elinir.dtt ec i:

Ltfore.

The other possibility is where the ALT .' 0.

adjdcent to d kleene or alternation node as follows:

seiptr -> ALT

<sort id>+

<sort _id>

65



a dia L f tae klee ie o r alteratioa noe .s i .r 2,

a lace selection is available to renIslJ v t, , 1 -1.e oy

alternation node and its descendants. This is dcnc h

setting the alternation or Kleene noie's first descer.4.nt

type field to seven ax.d the disL. fieid to true.

4. Termination

After the user inputs a "j" to uit the e1it j

sessioI., tle editor exits the maiL body loot an l the.-. ci21

a termination routine. This rcutine iii call two *z ..

routines dejending on the users desires:

1. Store Tree

2. 2rettv Print

a. Store Tree

This recursive routine eerkorms an inordoc tin.,-

ersal of the specification tree to store the ficIds of eac.,

node. It is called if the user answers yes to a

asking if he wants to store the abstract tree. When t-,

routine is entered, a file is ojened with the filenaz. but

at the beginning of the editing session. rcL node of trh

abstfact specificaticn tree is then visited anJ its f 1 .1 ;

stored in the file.

.. pretty Print

This routine is callel when the user answers yes

to a -rompt asking iE he desires a ,retty i-rint -it -h

abstract tree. This file will le an anparsed vzsicn of h

abstract specification tree. It is esser.tiaily t ht. -I-anc

routine used for unpdrsing and disilayin 9 tlh tee o: L. &

screen, except this routine ignores ti~e lix-e ni:-ccr u.c: or

display.
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V. SOMARY

Specl.n- is a language basEd ai. aijebras wh-ich i~ thce

facilit ies .or creating formal S 'eCifiCdtiORS t..at t

criteria established by liskov and Zil-les. SIpeOiar. j ,t:S
the cosplexity of a specificaticn, and ma-es a sFj'eci iCarJiOT.

more rea-lable and easier to ccnstruct L, us i...,

hie r ar cy I oddxle specificat -;Crs ar _;.ui-t .

otner specification modules tllrough, the ~xe.

Parazietezrized specifications moduies h~~tj j,~L

Specif ication by elimi-'na ti n9 redundant S 1CJCit 1.0

IL )d u 1e s. Futhermore, indentatioIxLS clrAI Ccarr>' I.Ii Ti

imbedded in the grammar help to iromote a cons:_stturtz

letween specifications. A corsistent formit wil' _ I. T.

readers of the specifications developed from th c Z t.ec I An:

gra.9mar.

BEcause there are mary unresolved issues i.- usi:-. aiit-

Lras for specif ications which may efffect tac forxat nr,

graJimar of Specidny, a table Iriven iyntax dirtc.1 C! .it.:

S,)ecrd, was created tc assist the sIcfir ts urjoc .

to create syntactically correct s.pecifications. ruten~e

the design of1 the editor permits the user to tu±sil]rcf

ti-.e grammar.
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APPENDIX A

SPECLANG GRAMMAP

The production rules are wriittrn in a m:oJife

Eackus-liaur (CBF) notation. A. ex,,Ianation of the vr ta-

symbols ised to produce terminal strinjs in the graLi -L,

as follows:

< > - A name enclosed Ly pointed brackets indicates a reo-

terminal in the grammar.

' - Strings in 5uotes indicate terminal strirngs.

Fyo - Pounded brackets indicate the scope of a mc d I t
symbol.

* - The Kleene closure modifier may follow elthe, rourU-

brackets, terminals or non-terminals. It means that zero or

more of the expressicns, terminals or non-teri*nais ra,L

produced.

+ - -he alternation modifier is used like the : ,:-re -

fier. It means that one or more expressions, terninals oE

non-terminals may be produced.

- he selection modifier indicdtes a choice of :, n-

terminals, terminals or expressions. It is used 1jttwc: two

or more choices. In order to clarify the selectior., rowu. d:e,

Lrackets must enclose the selection.

? - The option modifier indicates that the ter. inai, i'oa-

tirminai, or expression is opticnal and can be exclunj..

-> - 'Te production symbol indicates what a non-terzninal CaL
produce..
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a jroL'uctio. symLoJ -Collowed -'y a:, ex-:,-ss Jon. Ar Z>' zn.s~:

is comtrisedi of term~inals, nor- termirials, modif yi ng sym 1ois ,

arna mlay in~clude other expressions.

;7h e qiamumar for Speclang includes indeztation and

carriage rteturiis to force a zorzatti. oJ- the sicifi,_:cat. .

A specification is complete when d.Ii the striiigs iinh_

specification are terminal strings. :his is accomplis',.: ,'

startingi with a nontermindi and substituti;ng th? Anot.r'-rz..3

wl-.ich are or. the ri;,It hand side off t.iE pro-Jacti.)r. r,11z--,)I

it. The remaining ncnterminals dre thlens u s t it ut',

all str.'r,,ys are terminal strinrgs. t~ st.~t

with the nontermindl <sipec modu'le> and s u,;s t it uti;r. 3 r

right hand part of the rule results in the followin3:

4 <s1)ec~heaQCL> <paraz, Uock>? <specbady>

The rule for d specification header is:

<spec_header> -> 'SPEC' <sp~ec id> 'IS' (ew_liie> (indeint>

it right hand side is substituted into tLe above stiir.j to

produce:

'SPEC' <spec id> 'I'D' <new _line> <indent> <paiaw. 0Ioct*o:

<spec bcdy>

<.newl!ine> and <indent> are Lnterereted a s c ar L.Lii L tr.

and a taU respectively, except winen th~ey arc i;n a- exi~s

sion followed by a modifier, and make the teveloilny EtC~IZ

cation appear as:

SPEC <spec id> IS

<parair._block>? <sp~ec block>

Siace <param block> is optional it can be eliminateC to

proluce:

SPEIC <SpeCQ.d> T3
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:e su~stitutioz'.s are continued until all _., t riJ S

terminal strings. T1he first ncnterminal string in Speciazg

is <CoW' )Spec>. This denotes a complete specificatian. As~

MZnIticned in the pr%=vious section a specificatioaa develu..et~

fro.i Specang is made up of moJuies. B7ach zodu7le in imsEl'

is aspecification. 'lo reflect this the rigj:t hand si IC o-#

Cie rroductior. ruile for <comF spec> is <muodule s,;ec> +. I.

othcr words, a cowiplete specificatioi is made i>) cC ."*

more specification mcdules.

1-he production rales are- as f ollows:

<conpIetespe±c> -> (<.odUle_ ZeC><aeWline><niir.e?)

<nicdaue spec> -><s, ec header>

<i.ndent><, new line>< sp c c_-- xk >

<spec_healer> -> '2EC' <si-.ec id> 1131

<par am bioca-> -> 'ARA.IE:_FS' <indetL><newliie>

<s-ec_ Llozk>

'ZFISZD BY' <indent>

<spec Li> > <identifzier>

<s,-ec bock> ->(<extend form> <in 1-rt>

<specboiv> -> <sort ibody> <rewlin,,

4

4<nln><extend_.ist>->(<ecL>Ipacllj; nwii>+

4
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< act iaa ,arac. >

(actual_ ,aram) -> <actual-sorts> <newline> <actual_o -s>6:; <actual sorts> -> 'ACTUJAL_5CETS'

(<r.ewiine><indert><sort jcj>'TLSI (sorz ii>;)

- <actual-ops> -> 'ACTUALOPS'

(<iiew iie><ind en t opi1> I S I <op>;)

<scrtLody> -> ISG.iC' <newiine>

<sort id> -> <identifier>

<oz;_&iody> -> 'OP:E:2'ONS' KnEWinre>

<i.ndenat> 'primitive oes> <rew.i;,.t

(<indent> <J Erived op..3> <die)?

(<irient> <error ops> ?nwin>

(<inde nt > <hidden_ops> (nawline>'?

* . <orimiti ve j-s> -> 'EiTV <new'iyi,.

<ii.Jent> <ojeratio~is>

<derived-od6 > 'DEIVED' <newline> .nit

<oper~ L.~ons>

< or .tiz 4 -t> (<srr _iu u> <F ;' tnwLn>

(41xG1i ;,!ody> ->'AXICP' <inlert> (<iiewiifle> <dxiors>)
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<oF exp> -> <ap jfd> (1I ( <exjression>

(<exL.rassion>)* ))

:tc.(ical ,rcisaimur

<spectext> ->(<delimeter>+) 7 (<Ielirieterpuir>.i

< de iim Et er > -> <(comet c m-> m e; r. t >'

lot 1= *g:9.

<non-delimeter> -> <identifcier> < str.-i.gcon~tant>

* <identifier> -> (le~tter> (<letter>j~di~it>I_ )*

<string constant> -> "I* <syabol>*

<le~tter> ->'A' lI B'l 'C' '3 1E' I'F'I 'GI IHJ 'III ,,1'J'l

IUs 1 IVI' j I 'XI I 'l .f fa I b I I I 'c I'

le' A.' 1 1' ' I ' I fitj j' 0 kv I'l ' 1 'r V 1

(digit>->ll'1 2'j31 4 5' ' 7'3

<nEwiine> ->(<comnent>~ccria~e returnA>) +

<comment> (1 ('1' (<symbol> <letter>) + <Carriaje retur,.>) +

<symbol>- <letter>j< digit>li'j''11j#j'$j''T9I
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