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Abstract

There is a geneml consensushat the paradigmshift to
component-basesoftwae developmenshouldbe accom-
paniedby a correspondingparadigmshiftin theunderlying
appmoad to specificationand reasoning Work in modu-
lar specificationand verification has shownthe way, and
following its lead, in this position paper we outline our
appmoad to specifyingand reasoningabout components,
which usesa novel notionof correctness.

1 What is this paper about?

As thetitle suggeststhis paperis aboutan approacho
formal specificationof softwarecomponentsThe purpose
of suchanapproachs to allow formalreasoningboutcom-
ponents.The ultimate goal of Component-base8oftware
Development(CBD) is third-party assembly To achieve
this, it is necessaryo beableto specifycomponentén such
away thatwe canreasormabouttheir constructiorandcom-
position, and correctnesshereof,a priori. Work in mod-
ular specificationand verification, e.g. [9, 14] hasshawn
the way, andour approachfollows its lead. However, our
approachis novel andhencedifferentin the way we define
correctness.In this paper we will discusshow we spec-
ify componentsandin particularhow we defineandreason
aboutcorrectnessandwhy thisis usefulfor CBD.

2 SpecifyingComponents

Ideally componentshouldbe black boxes in orderthat
userscan(re)usethemwithout knowing the detailsof their
innards.In otherwords,theinterfaceof acomponenshould
provide all the informationthatusersneed. Moreover, this
informationshouldbe the only informationthatthey need.
Consequentlythe interface of a componentshouldbe the
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only point of accesgo the component.lt shouldtherefore
containall the information that usersneedto know about
thecomponens opefations i.e. whatits codedoes,andits
contet dependencied.e. how andwherethe component
canbe deployed. The code,on the otherhand, shouldbe
completelyinaccessiblgandinvisible), if a components
to beusedasablackbox.

The specificationof a componenis thereforethe spec-
ification of its interface which must consistof a precise
definitionof thecomponensoperationsandcontect depen-
denciesandnothingelse.

3 Reasoningabout Components

To reasormaboutcomponent@&ndtheir constructionand
compositionwewill coinaphrasea priori reasoningwhich
is essentiafor CBD to achieseits goalof third-partyassem-
bly. Asits namesuggesta priori reasoningakesplacesbe-
fore the constructiortakesplace,andshouldthereforepro-
vide anassembhguidefor componentomposition.

For CBD, a priori reasoningvould work asfollows:

e it requiresthatit is possibleto shawv a priori thatthe
individual componentsn questionare correct (wrt
their own specifications);

(This enablesus to do componentertification see
below.)

o it thenoffershelpwith reasoningaboutthe composi-
tion of thesecomponents:

— to guidetheir compositionin orderto meetthe
specificatiorof alargersystem;

— to predictthe precisenatureof arny composite,
so that the compositecanin turn be usedasa
unit for furthercomposition.

(Thisenablesusto do systenprediction seebelow.)



4 Predictable ComponentAssembly

A priori reasoningaddressean openproblemin CBD,
viz. predictablecomponenassembly|t doessobecauset
enableszomponentertificationandsystemprediction.

ConsiderFigurel. Two component#\ andB eachhave
their own interfaceandcode. If the compositionof A and
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Figure 1. Predicting component assemb ly.

B is C, canwe determineor deducethe interfaceandcode
of C from thoseof A andB? Theansweliesin component
certification.

4.1 ComponentCertification

Certificationshouldsaywhatacomponentioesin terms
of its context dependencigandshouldguarante¢hatit will
dopreciselythis (for all contextswhereits dependencieare
satisfied).A certifiedcomponentj.e. its interface,should
thereforebe specifiedproperly, andits codeshouldbe ver-
ified againstts specification.Therefore whenusinga cer
tified componentywe needonly follow its interface.In con-
trast,we cannottrusttheinterfaceof anuncertifiedcompo-
nent,sinceit may not be specifiedproperlyandin ary case
we shouldnot placeary confidencen its code.

In the context of a priori reasoning a certifiedcompo-
nentA is a priori correct This meanghat:

e A is guaranteedo be correct,i.e. to meetits own
specification;

¢ A will alwaysremaincorrectevenif andwhenit be-
comespartof acomposite.

Thisisillustratedby Figure2, wherecomponeni hasbeen
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Figure 2. Component certification.

certified,sowe know how it will behare in the composite
C.

However, we do notknow how B will beharein C, since
it is not certified. Consequentlywe cannotexpectto know
C’sinterfaceandcodefromthoseof A andB, i.e. wecannot
predicttheresultof theassemblyf A andB.

4.2 SystemPrediction

For systenmprediction,obviously we needall constituent
components$o becertified(a priori correcf). Moreover, for
ary pair of certifiedcomponent# andB whosecomposi-
tion yieldsC:

e before putting A and B together we needto know
whatC will be;

e andfurthermorewe needto beableto certify C.

Thisis illustratedby Figure3. The specificationof C must
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Figure 3. System prediction.

be predictableprior to composition.Moreover, we needto
know how to certify C properly andthushow to useC in
subsequentomposition. A priori correctnesss just what
we needin orderto do systemprediction.

5 Modular Specificationand Verification

Currentapproachet modular(formal) specificatiorand
verification, e.g. [9, 14], usemodularreasoning This is
specification-basedeasoningthat tries to say beforerun-
ning the softwarewhetherit will behare asspecifiedor not
(subjectto relevantassumptions)This s illustratedin Fig-
ure 4. Beforea compositemoduleC is deployed, we can

Scc) = [(swclrA) + [sis)
c| Al 8]
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Figure 4. Module composition.

predictwhetherit will work accordingto its specification.
For example,if componentnodulessayA andB, areto be
usedin C, the correctnes®f C is establishedasedon the
specificationof A andB (evenbeforeA andB have been
implemented).The componentA andB arethenverified
independentlyThecontexts of A andB aretakenin account
whenusingandverifying A andB.
Thusmodularreasonings a priori in nature.lt predicts
correctnesshasedon specification.This kind of prediction
is we believe subtly differentfrom the predictionthat we



intendto corvey in Figure 3, which predictsspecification,
basedon (certified)correctnesgwe will discusghisin Sec-
tion 11).

6 Our Approachto SpecifyingComponents

In therestof this paperwe outline ourapproacho spec-
ifying componentssothatwe cancarryoutapriori reason-
ing abouttheir constructiorandcomposition.Ourapproach
differsfrom currentwork in modularspecificatiorandver-
ification, however, in thatwe usea novel notion of a priori
correctness.

Diagrammatically our componentooks like Figure 5,
andin the subsequergectionswe will explain the key in-

Name

CONTEXT(ITy, TI, . ..)
Signature: ...
Axioms: o
Constraints: .. .;

INTERFACE
Operations:

specifications;

. opl(m), op2(my), .. .;
Dependencies: 11y, Iy, ..., 7,7, .. .;
constraints;

CODE
Code for opl, op2, ...

Figure 5. Ingredients of a component.

gredientsyiz. the contet andtheinterface andtheir spec-
ifications.

We shouldpoint out thatthis is work in progresssowe
do notyet have all theanswerssoto speak.

7 Context

A componentis definedin a problemdomain or a con-
text. We will represeng contet asafull first-orderlogical
theorywith anintended(mathematicaljnodel.

7.1 Signature and Axioms

A contxt C = (X, X) is composedof a signatue X
(containingsort symbols functiondeclarationgndrelation
declarationsianda finite or recursve set X of ¥-axioms.
A contet axiomatisesa problemdomainandthusenables
usto reasoraboutit. More specifically a contect contains
theabstractdatatypes(ADTs) andall the conceptghatare
neededo build a modelof the applicationat hand. A con-
text is thusa (first-order)theorywith anintendedmodel.

We distinguishbetweerclosedandopen(or parametrig
contexts. A context C = (X, X) is closedif its signatureX
doesnotcontainary parametersin thiscase(’saxiomsX
have onefixed model. By contrast,a context C = (%, X)

is openif its signatureX containsparametersin this case,
C’s axioms X have mary potentialmodels,dependingon
the parametern thesignaturex.

Example 7.1 A simpleexampleof aclosedcontext is first-
orderarithmeticNAT = (Xpa, PA). Xp4 containsthe
unary function s (successorpand the binary functions +
(sum)and=x (product). PA containsthe usualPeanas ax-
iomsfor s, 4+, * (andall the instanceof the first-orderin-
ductionschema).

CONTEXT NAT;

SIGNATURE:
Sorts: N;
Functions: 0 [1—=N;
s : [N]—=N;
+,% : [N,N]—= N;
AXIOMS: {s} Ve : N.-s(z) =0;
Va,y: N.s(z)=s(y) 2z =y;
{+} Ve:N.z+0=uz;

Ve,y: N.z+s(y) = s(z+y);
{*} : Vz:N.zx0=0;
Ve,y: N.zxs(y) = (x*y) + .

Thestandardstructureof naturalnumberss theintended
modelof NAT.

Example 7.2 A simple exampleof an opencontet is the
following, which axiomatisedists with genericelementsX
andagenerictotal ordering<i on X.

CONTEXT LIST(X,<: [X, X]);

IMPORT: NAT;
SIGNATURE:
Sorts: X, L;
Functions: mnil : []— L;
|+ [X,L] > L
nocc : [X,L] = N;
Relations: pos [X,N, L)

AXIOMS:
{nil,|} : Vo,y,2: X, Vj,k,1: L.
(pnil=z|jA(ylk=2]l 2 y=2AEk=1));
{nocc} : Vr : X . noce(z, nil) = 0;
Ve,y: X, VI: L.
x =y — noce(z,y.l) = noce(z, 1) + 1;
Ve,y: X, Vi: L.
-z =y — noce(z, y.l) = noce(z,1);
{pos} :Vx:X VI:L.
(pos(z,0,l) =+ Fy: X, j: L.l=ylj Az =y);
Vz: X, Vi:L.
(pos(z,s(i),) < Jy: X, j: L.
L =ylj A pos(z,i, j)).



Thecontext (ADT) NAT is imported,togethemwith its
signatureX p 4 andaxiomsPA.

nil and| arethe constructos for the sort L of lists of
elementsof sort X. (For an elementz anda list y, z|y
standdor thelist with headz andtail y.) Their axiomsare
thelist constructoraxioms(plusstructuralinduction).

pos(z,i,l) meanghattheelementr occursat positioni
in thelist [, wherepositionsstartfrom 0.

noce(z, 1) is thenumberof occurrencesf theelemente
in thelist [.

7.2 Constraints

In an opencontet, someof the parametersn the sig-
naturemay not be instantiatedjust aryhow. In fact their
instantiationrmustbe subjectto strictly definedconstraints.

Example 7.3 In thecontext LZST (X, < : [X, X]), in or-
derto ensurethat < is a total ordering,we have to addthe
following constaints

CONTEXT LZST(X,<: [X, X]);
IMPORT: NAT;

SIGNATURE:
Sorts: X, L;

)

Functions:
Relations:
AXIOMS:
CONSTRAINTS: Vz,y,z: X . (z<yAy<z) <>z =1;
Ve,y,z: X. (s <yAy<z) = z<z;
Ve,y,z: X .z <yVy<uz.

The purposeof constraintds to filter outillegal param-
etersof the context: only parametershat satisfy the con-
straintsareallowed. For example,if in the context LZST (
X, < : [X,X]), wewantto substituteX by thesort N' of
naturalnumbersandthe ordering<t by < on N, thenwe
canexpresghis asaclosue (or instance:

CLOSURE NATLIST oF LIST(X,< : [X, X]);

CLose: X BY N,
< BY Vr,y:N.(z<y<+z<y).

This closureof the context LZST (X, < : [X, X]) sat-
isfy the constraint®of the context since< is atotal ordering
onN.

In this example,we have closedX and< within LZST
itself, for simplicity. In general,of course they couldalso
be closedwithin anothercontet C, afterimporting LZST
intoC.

Obviously constraintdefinecontext dependencies.

8 Interface

Theinterfaceof acomponents definedin the context of
the component.The interfaceis the only part of the com-
ponentthatis visible to the users,andit shouldprovide all
the informationthat the usersneedin orderto deploy the
component.Sincethe interfaceis definedwithin the con-
text, the latter shouldbe regardedaspart of the former. As
we alreadymadeclear, theinterfaceshouldcontainspecifi-
cationsfor the operationsandthe context dependenciesf
thecomponent.

8.1 Operations

In theinterface,operationarerepresentedly their spec-
ifications.In acontet (X, X'}, aspecificatiorof anew (re-
lation) symbolr is a setof axiomsthat definer in terms
of the symbolsof the signatureX. For example,supposen
LIST wehaveoperationgor sorting,suchasinsertionsort
andbubblesort Thespecificatiorfor thesetwo operations
areasfollows:!

Vi: L. ord(l) <

Vi: N, Vz,y: X . ((pos(z,i,1) Apos(y,s(i),l)) = x<y)
Vi, k: L. perm(j,k) <> Vz : X . noce(x, j) = noce(x, k)
Vi, k: L. sort(j, k) <> perm(j, k) A ord(k)

Vi, k,l: L.ord(j) Aord(k) —
(merge(j, k, 1) <> ord(l) A perm(j||k,1)).

Werepresenbperationsslogic programs For example,
theoperationsnsertionsortandbubblesortarerepresented
by thefollowing logic programs:

Operation: insertionSorgmerge)
sort([,[])
sort(xz.j,l) <«

sort(j, k), merge([z], k, 1)

Operation: bubbleSorf<)
sort([,[]) «
sort(z.j,y.l) <« part(z.j,[y], k), sort(k,1)
part([,[][]) <«
part([z],[z],[]) <«
part(z.j,[z],y.l) <« =z <y,part(j[y],1)
part(x.j,[y],z.l) <« y<z,part(4[y],1)

The operationinsertionSortcomputeshe relation sort
(as specifiedby the specificationgiven above) in termsof
the relation merge (also as specifiedabove). It therefore
needsaprogramfor merge in orderto completethesorting
operation.As aresultinsertionSorhasmerge asa param-
eter hencewe write insertionSortfnerge). In any context
thatis aclosure(instancepf LZS T, insertionSorwill need
aprogramfor merge.

LForlists j andk, j||k standsfor their concatenation.



Thusparameterso operationsalsodefinecontext depen-
dencies.

By contrast,the operationbubbleSorthasonly the pa-
rameter<, which is the parameteof the context. So bub-
bleSortwill work for ary context in which < is instantiated
(closed)by ary total ordering.

8.2 Context Dependencies

Theseconsistof the (global) parameterin the signature
of the componentthe (local) parametersf the operations,
togethemwith the constraintsn the context.

So now we can definethe context dependenciesom-
pletelyin acomponent.

9 Code

The codeshouldbe inaccessiblginvisible) to the user
It is usuallybinary. However, if we allow parameteren the
operationsthenthe codehasto be sourcecode,which has
to beinstantiatecbeforeexecution.

If the sourcecodeis available,thenthe useror the de-
velopercan also verify its correctnessvith respectto the
specificationsn thecontext.

10 A New Notion of A Priori Correctness

In our work the basisfor a priori reasonings a new no-
tion of a priori correctness.So having laid out the speci-
fication of a componentwe now turn to our definition of
a priori correctnes®f a component.Specifically we con-
sidera notion of a priori correctnes®f the operationsn a
componentthatwe call steadfastness

10.1 Steadfastness

A steadfastoperation(program)Op is onethatis cor-
rect(wrt to its specification)n eachintendedmodelof the
contet C of the component.Sincethe (reductsof the)in-
tendedmodelsof its specialisationsnd instancesare in-
tendedmodelsof C, a steadéstprogramOp is correct,and
hencecorrectlyreusablein all specialisationandinstances
of C.

A formalisationof steadéstnesss givenin [8], with both
amodel-theoretichencedeclamtive, characterisatioanda
proof-theoretidreatmentof steadfstnessHerewe give a
simple example (basedon an examplein [8]) to illustrate
theintuition behindsteadéstness.

Example 10.1 Considerthefollowing component:
wherethe opencontext ZTER (D, o, e) is definedas fol-
lows:

Iterate

CONTEXT ZTER(D, o, €)

INTERFACE
OperatlonSS Siiterates Sunits Sz)p;
iterate unit, op);

Dependencies: D, o, e, unit, op;

CODE
Code for iterate

Figure 6. The Iterate component.

CONTEXT ZTER(D, o, e);

IMPORT: NAT;
SIGNATURE:
Sorts: D;
Functions: e []— D;
o : [D,D]— D;
x : [D,N]— D;
AXIOMS: Ve :D. x (z,0) =e;

Vz:D, Vn:N. x (z,s(n)) = x(z,n) ox.

whereNAT istheclosedcontext for first-orderPeanarith-
meticdefinedin Example7.1.
In theopencontext ZTER(D, o, e):

(i) D is a (generic)domain,with a binary operationo
anda distinguishecelement (seethefirst axiom);

(i) theusualstructureof naturalnumberds imported,;

(iii) thefunctionsymbolx representsheiterationopera-
tion x(a,n) =eoa o---0 a
N——r

(n times)

(seethe secondaxiom).

We canusethe lterate componento iteraten timesthe
binaryoperationo onsome(generic)domainD.

Supposén lterate, or morepreciselyits context ZTER,
we specifythe iterate operatiorby thefollowing relation:

Siterate : iterate(a,n, z) <> z = x(a,n) (1)

The predicateiterate(x,n, z) meansthat z is the result
of applyingthe iteration operationx to (a,n), i.e. z =
x(a,n) =eoa 0---0 a.

——

(n times)

This specificatiorof iterate canbeimplementedy the

operationiteratenit, op) definedby the following logic
program:

Operation: iterat€ unit, op)
iterate(a,0,v) <« unit(v)
iterate(a,s(n),v) < iterate(a,n,w), op(w,a,v)

wheres is the successofunction for naturalnumbersand
the relationsunit and op are specifiedin ZTER by the



specifications:
Sunit unit(u) < u=e
Pl Z )
op G op(z,y,2) ¢ z==zoy

Thepredicateunit(u) means is thedistinguishedclement
e, andop(z,y, z) meanghatz is theresultof applyingthe
operationo justonceto x andy. Thereforein the program
for iterate,if unit(v), i.e. v is juste, theniterate(a,0,v)

computesx (a,0) = v = e. Otherwisejf iterate(a,n,w),

ie. w = x(a,n), and op(w,a,v), i.e. v = w o q, then
iterate(a, s(n),v) computesx (a,s(n)) = v = woa =

x(a,n)oa=eoca o---0 a.

——
(n+1 times)

Theoperationteratenit, op) is definedin termsof the
parametersnit andop. If we canassumeahatoperations
for unit andop areapriori correct,i.e. they arecorrectwrt
their specificationg?2) in anyinterpretationof ZTER, then
we canprove thatthe operationiteratenit, op) is stead-
fast i.e. it is alwayscorrectwrt (1) (and(2)).

For example,supposeve have acomponenNaturals as
shown in Figure7, in which the context is VAT, andthe

CONTEXT NAT
INTERFACE
Operations: Sunit, Sop;
unit, op;
CODE
Code for unit, op

Figure 7. The Naturals component.

operationsunit andop arespecifiedasfollows:

< u=0
< z=x+4+y

Sunit unit(u)

Sop : OP(II?:?J,Z) (3)

(i.e. unit(u) meanss is 0, andop(z, y, z) means = z+y)
anddefinedasfollows:

Operation:- unit
unit(0).

Operation:- op
op(z,y,2) + z=z+y
Thenin Naturals, unit andop are (trivially) a priori cor-
rectwrt to their specificationq3), andif we composethe
componentdterate and Naturals, the operationiteratein
the compositelterate+Naturals will be fully instantiated
(andthereforeexecutable) andmoreimportantlyit will be
correctwrt its specification(1) (and(2)).

Thecompositiorhereis of coursgustthesimpleclosure
operationon Iterate, but it is sufficientto illustratetheidea
of steadstnessin this closureof Iterate:

() D isthesetof naturalnumbers;
(i) ois+;
(i) eisO;
(iv) x(a,n)=0+a+---+a=na.
Consequentlythe specificationS;;eq:e (1) Specialiseso
iterate(x,n,z) <> z = na
andsimilarly S,,,;; (in (2)) specialise$o
unit(u) £ u =0
(in (3)),andS,, (in (2)) to
op(z,y,2) > z=x+y

(in (3)). Since,the operationsunit andop are correctwith
respecto their(specialised$pecification$3), theoperation
(iteratefunit, op)U unit U op) will computena, andis cor
rectwrt its (specialisedypecificatiorin Iterate+Naturals.
To illustrate the correctreusabilityof the iterateopera-
tionin Iterate, suppos&ow we haveacomponentntegers

CONTEXT INT
INTERFACE
Operations:  Synit, Sop;
unit, op;
CODE
Code for unit, op

Figure 8. The Integ ers component.

asshawn in Figure8, wherethe operationsunit andop are
specifiedby:

Sunit unit(u) < u=0 @)
Sop : op(z,y,2) & z=xz—y
anddefinedby:

Operation:- unit
unit(0).

Operation:- op
op(z,y,z)
Obviously the operationsunit and op in Integers are a
priori correctwrt their specifications(4). We can com-
poselterate and Integers by a closureoperationon lter-
ate, andgeta correctiterateoperationin the compositelt-
erate+Integers.

In Iterate+Integers:

z=x—y

(i) D isthesetof integers;



(i) ois—;

(i) eisO;

(iv) x(a,n)=0—a—---—a=—na,
andthe specificationS;;e-qze ((1) in Iterate) specialiseso

iterate(x,n,z) <> z = —na
Sunit (in (2)) specialiseso
unit(u) < u =10
(in (4)),andS,, (in (2)) to
op(z,y,2) > z2=x—y

(in (4)). Sinceunit andop are correctwrt their specifica-
tions (4), the operation(iteratg unit, op) UunitUop) com-
putes—na for anintegera, andis correctwrt its (specialised)
specificatiorin Iterate+Integers.

The iterate operationis thusa priori correctin Iterate
andwe sayit is steadfastIt canbe correctlyreusedn ary
compositewith operationgfor unit andop aslong asthese
operationsarein turn steadast.

Thecomponentterate hasno constraintsn its context de-
pendenciesTo furtherillustratethe notion of steadéstness,
we now consideracomponentvhosecontet dependencies
includeconstraints.

Example 10.2 Considetthecomponentterate* (Figure9)
obtainedfrom Iterate (Figure 6) by addingthe following

Iterate*

CONTEXT ZTER(D, o, ¢)

INTERFACE
Operations: Siterat67 Sunita Sop;
iterate{(unit, op);
Dependencies: D, o, e, unit, op;
constraints;

CODE
Code for iterate*

Figure 9. The Iterate component.

constraintdo its context dependencies:

Vr:D.eox=ux

Ve,y,2:D.xo(yoz)=(xoy)oz ®)

(theseconstraintsstipulatethato shouldbeassociatie) and
by replacingtheiterateoperatiorin Iterate by thefollowing
operationiterate*:

Operation: iterate{ unit, op)

iterate(a,0,v) < unit(v)
iterate(a,n,v) <+ m+m = n,iterate(a, m,w),
op(w, w,v)

m + s(m) = n, iterate(a, m,w),
op(w, w, 2), 0p(, @, v)

iterate(a,n,v)

The operationiterate* hasthe samespecificationS;se,qte

(1) asiteratein Iterate, but it computegherelationiterate
moreefficiently thaniterate:thenumberof recursvecallsis
linearin iterate,whereast is logarithmicin iterate*. How-
ever, iterate*would not be steadéstin Iterate. For exam-
ple, if we wereto useiterate* in placeof iteratein Iter-
ate, theniterate* would be correctwrt (1) and(2) in Iter-
ate+Naturals, butit would notbecorrectwrt (1) and(2) in
Iterate+Integers, where for instancefor

iterate(a, s(s(s(s(0)))), v)

iterate*would compute) insteadf thecorrectanswer4a.
Thusdespitethe a priori correctnessf unit andopin both
Naturals and Integers, iterate* would not be correctin
both Iterate+Naturals and Interate+Integers. Therefore
iterate*would not be steadéstin Iterate.

Thereasorfor thisis thatin Iterate*, the constraintg5)
requirethatthe parameters ando of thecontext satisfythe
unit andassociatiity axioms.Thesemply that

{ x(a,n) =

x(a,n) =
which meanghatwheneero is associatie, x canbecom-
putedin logarithmictime. So, if we wereto useiterate*
in placeof iteratein Iterate, theniterate*would be correct
in Iterate+Naturals becauséhere(D is the setof natural
numbersk is 0, o is 4+, andsothey actuallysatisfythecon-
straints(5) anyway, even thoughtheseconstraintsare not
presentin Iterate. On the other hand,iterate* would not
becorrectin Iterate+Integers becausdere(D is thesetof
integers)e is 0, o is —, andsince— is not associatie, they
do notsatisfy(5).

However, we canprove thatiterate*is steadastin Iter-
ate*, againassuminga priori correctnes®f operationgor
unitandopdefinedin someothercomponentlt will becor-
rectin ary compositdterate*+C aslong asC satisfieshe
constraintq5) in the context dependenciesf Iterate*. For
example, ascanbe seerfrom theabove discussioniterate*
will becorrectin Iterate*+Naturals since+ is associatie.

For somethingcompletelydifferent,supposéMatrices is
acomponenwith acontext of m-dimensionakquarematri-
ces.Thenin the compositdterate*+Matrices, D is the set
of m-dimensionakquarematrices e is the m-dimensional
identity matrix, and sincematrix multiplication x is asso-
ciative, iterate*will be correct,whereop computesnatrix
products.

if nis odd
if mis even

x(a,n+2)o x(a,n+2)oa
x(a,n+2)o x(a,n+ 2)

11 Discussion

Sincea steadéstprogramis correct,andhencecorrectly
reusablejn all specialisationg&ndinstancef its context,
a componentith steadastoperationswhich we will call



asteadfastomponentwhencomposedvith anotherstead-
fastcomponentvill alsobesteadést.In otherwords,stead-
fastnesds not only compositional but is also presered
throughinheritancehierarchies.

Consequentlyin the context of systemprediction (as
shavn in Figure3) whencomposingsteadastcomponents,
notonly canwe besurethatthecompositewill besteadést,
but we canalsopredictthe specificationof the composite.
Thisis illustratedin Figure10.

Al 8] c|
Interface/Spec Interface/Spec Interface/Spec
+ —
Code Code Code
Steadfast Steadfast Steadfast

component A component B component C

Figure 10. Composing steadfast components.

In the context of modularspecificationand verification
(asshawn in Figure 4), steadéstmodulescan be verified
andthespecificatiorof thecompositecanbepredicted prior
to composition.This is illustratedin Figure1l. We under

Secioc) < (melia] + [Sweclors)
c| Al 8]

Interface Interface + Interface
Code Code Code
Steadfast module C Steadfast module A Steadfast module B

-

Figure 11. Composing steadfast modules.

standthatcurrentapproacheso modularreasoningneedto
know the specificationof the compositebeforepredicting
if the compositewill work accordingto its specification.If
this is the case(as shavn in Figure 4), then steadéstness
offers the advantageof being able to predict the specifi-
cation of the compositeprior to composition. Thus, with
steadfstmoduleswe cando systenpredictionasshovnin
Figure10.

12.Conclusion

For lack of space,we have presentedhe intuition be-
hind steadastnesdy meansof simpleexamples.We hope
this doesnot detractfrom its presentation.Aull accountof
steadéstnesganbe foundin [8]. Steadéstnesss defined
in termsof model-theoreticemanticslt is thusdeclaratve
in nature.We believe thatdeclaratve semanticsn general
will beimportantfor lifting thelevel of abstraction.

Our approacho specifyingcomponentss very generic.
The componentmay be just a classor ADT. It may be a
module,in particularwhat Meyer [10] calls an abstracted
module whichis thebasicunit of reusan the CBD method-
ology RESOLVE [14]. It maybeanobjectmodel[2] asin

OMT [11] or UML [12]. It mayyetbeanOOD framework,
i.e. agroupof interactingobjects[6], suchasframeworks
in the CBD methodologyCatalysis[3, 5]. It couldevenbe
a designpatternor schemd4].

We believe thatour approachio componenspecification
canenablepredictablecomponentassemblywhich is cur-
rently an openproblemin CBD. In addition,we believe it
can provide a hybrid, spiral approachto CBD [7] thatis
bothtop-dovn andbottom-upfor CBD, asillustratedin Fig-
ure 12. First a library of steadhstcomponentshasto be

(Requirements Spec] [ Architectural Spec] ~ Top—down
[ |
design
[ Library of steadfast components |
I |
synthesis 3
Correct¢software analysis & !
transformation
] v
K
yes :
Correct software ?
synLhesis—*|
‘ Library of steadfast components ‘ Bottbm—up

Figure 12. A spiral model for CBD.

built. Thenatureof steadéstnesscoupledwith theuseof a
priori reasoningthenallows thesecomponentso be com-
posedinto larger systemsin eithera top-down (following
the traditionalwaterfall modelor the softwake architecture
approach13, 1]), or bottom-upmanneyor indeeda combi-
nationof both.

Bottom-up developmentin particularis more in keep-
ing with the spirit of CBD. Compositionof steadastcom-
ponentscan shav the specificationof the composite,and
thereforethe specificationof ary software constructectan
becomparedvith theinitial specificatiorfor thewholesys-
tem. Guidanceasto which componentgo ‘pick and mix’
canalsobeprovidedby componenspecifications.
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