Chapter 7

Matching Units

7.1 Introduction

In Chapter 5 an apprsach t® retrieving fsrmally specified camp®nents was prepssed.
The apprmach is based wn matching the user’s requirements expressed by a fermal
specificatimn (the query) against the specificatisns ®f library cempmnents (patterns).
The apprsach is integrated with camp®nent adaptatimn by describing matches be-
tween a query and a pattern in terms ®uf an adaptatisn sf the pattern.

In this chapter matching is devel®ped for units in CARE. This chapter assumes
that an apprmach t® unit adaptatimn has been develsped (indeed this chapter builds
®n the framewsrk for adapting units in CARE given in Sectisn 4.3).

Units in the centext wf this thesis can be thwught f as campwund censtructs,
built fram a number ®f smaller, simpler subunits. A pattern matches a query if
there is an adaptatimn sf the pattern which is structurally equivalent tm the query.
Recall that twe units are structurally equivalent if their cerrespsnding subparts are
equivalent (Chapter 6 cansidered a number ®f different equivalence relatimns fer
expressimns). Having defined unit matching in this sense, algwrithms for finding the
matches between a query and pattern can be develsped.

The first step in devel®ping the unit matching algmrithms invelves identifying the
basic subunits and develwping algmrithms fer matching these subunits. Far example,

in CARE fragment specificatimns the subunits are expressimns, variable declaratimns
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and identifiers.

Next algmrithms fer matching these units can be implemented by matching the
cerrespending subunits (e.g. matching the pre-cenditisns sf tws fragment specifica-
timns). Each »f the matches between subunits is described in terms ®sf an adaptatien.
If these individual adaptatimns are n®t incensistent, then they can be merged t® farm
a single adaptatimn, representing a match between the camplete units.

While the exact details of unit matching algsrithms differ far the varimus kinds =f
units in CARE, they are all based wn matching up t® structural equivalence. Indeed
this apprmach t® matching is general enwugh tw be applicable t® a much wider range
of applicatisns and languages.

The unit matching algsrithms develsped far CARE in this chapter are based wn
the unit adaptatimn techniques described in Chapter 4: i.e. parameter instantiatisn,
identifier renaming, renaming ®f input and wutput arguments and resrdering wf
arguments.

A simpler subset ®f the mverall sslutismn is develsped firstly in Sectimn 7.2, where
wnly parameter instantiatimn and identifier renaming are censidered. This sectisn
begins by discussing matching techniques for the subunits ef CARE specificatimns (i.e
expressimns, variable declaratimns and identifiers). Next the algwrithms far matching
the varimus units - types, fragments (simple and branching), speratsr declaratimns
and assertimns - are develsped.

In Sectimn 7.3 the matching algmrithms (in particular these for fragments) are
extended by cwnsidering the twm sther adaptatisn techniques: renaming sf variables
and resrdering ®f variables. A discussi®mn sf hew the apprwach t® matching units can
be applied in a wider centext is given in Sectiwn 7.4.

The unit matching algsrithms which fellsw are largely independent ®f the nature
and implementatisn ®f the functimns fer matching mathematical expressimns. The
current pratstype t@sl in CARE uses the matching algmrithms defined in Chapter 6

but the framewsrk easily allsws wthers t® be substituted.
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7.2 A basic approach to unit matching

In this sectimn a partial selutisn t® unit matching is develsped, where snly param-
eter instantiatisn and unit-identifier renaming are cwnsidered. The alg®writhms are
straightferward, but are given in full detail as a firm f@undatisn fer what fellews.

The remainder of this sectimn describes algsrithms far matching the varimus sub-
units which appear in CARE units. Then algwrithms are given fer matching the
different kinds ®f units: simple fragments; branching fragments; types; sperater
declaratimns; and assertimns. The cempleteness ®of each wf these algmrithms is cen-
sidered.

Befere defining matching in CARE, queries for each »f kinds sf CARE unit must
be defined. The query for simple fragment matching censists ®f a name and a

specificatimn.

SFragQuery == FragmentName x SimpleFragmentSpec

A branching fragment query c®nsists of a name and a specificatisn, i.e. it is

similar tm an unimplemented fragment.

BFragQuery == FragmentName x BFragmentSpec

A type query is equivalent t® a type specificatimn.

TypeQuery == TypeName x Set

7.2.1 Preliminary definitions

Tww identifier renamings are mergeable if they agree f@r ceamm®n demain values.

Renamings are merged by applying functisn sverride.

‘ areMergeableRenamings : Renaming x Renaming - Renaming

dem areMergeableRenamings =
{ri, 2 : Renaming | r; < (dem r Ndemry) = 1, < (d@em r; N demry)}

V71,19 : Renaming e areMergeableRenamings(ri,ms) =1 @ 13
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7.2.2 Mathematical expressions

The first step is tw develsp algmrithms fer matching the mathematical expressimns
which appear in unit specificatisns, i.e. terms, farmulae and sets (cf. Sectimn 2.2).
A relatimn matches is given which defines the meaning ®f expressimn matching. The
matching algmwrithms defined in Chapter 6 cmuld be reused here, hewever the algms-
rithms develwped in this chapter are independent wf the expressimn matching algm-

rithms, previded the fellswing are given:

e a relatimn matches defining the meaning ®f expressisn matching
e a functimn match which returns the set wf matches
e seme nstimn sf equivalence between expressi®ns.

matches : P(Fmla x Fmla x Inst)
match : Fmla x Fmla — F Inst

Similar functimns are required f@r terms and sets, as well as functisns fer unifying
wperater signatures. As with the earlier canventimn, fer the matches and match, the

pattern appears first in the argument list, while the query appears secand.

7.2.3 Variable declarations

The input and sutput arguments ®f fragments are defined in terms ®f variable dec-
laratimns (see VarDeclars defined wn page 32); an algsrithm fer matching variable
declaratimns is therefsre required. Recall that variable declaratimns declare the CARE
types ®f variables; represented by pairs wf variables and CARE types. In this sec-
timn, where wnly parameter instantiatimn and identifier renaming are censidered, tws

variable declaratimns match if they are the same up t® renaming ®f type identifiers.

‘ matchesys : P(VarDeclars x VarDeclars x Renaming)

YV vsy, vsy : VarDeclars; r : Renaming e
matchesys(vsy, vse, 1) < rename(vsy, 1) = Vs

This definitimn will be extended in Sectisn 7.3, where renaming ®f variables, and

remrdering ®f the variable declaratimn will alse be censidered. The functisn match,,



162 7. Matching Units

returns the set of matches between twe variable declaratimns, described in terms sf
an identifier renaming. Nwte that if a match exists, it is unique, h@wever sets wf

matches are used fur censistency with what fellsws.

‘ matchy, : VarDeclars x VarDeclars — F Renaming

Algmrithm 9 centains an implementatisn f@r match,s, which empl®ys an accumu-
latimn like strategy. The algmrithm begins by checking that the twm lists are wf equal
length. If sw, then variable and type pairs in cwrrespmnding p®sitimns in the lists
are matched in turn, beginning with the first element in each list and pregressively
meving threugh t® the last. At each stage a new renaming is accumulated; if at any

stage the renamings are n®t censistent, then the algsrithm terminates.

Algorithm 9 Calculate rs = matchys(vsi, vsy)
1: if #vs; = #vs, then

2: ri=

3:  while vs; # () do

4; (v1, t1) := head vs;

5: (vg, ta) := head vsy

6: if vy =1 At & demr then
7: re={ti—HL}Ur

8: else if v; = w5 A r(t;) = t, then
9: {de nsthing}

10: else

11: return &

12: v81 = tail vsy

13: V89 1= tail vsy

Proposition 7.1 For each pattern vsy, query vsy and renaming r

r € matchys(vsy, vs2) = matches(vsy, vsy, )

Proof: Suppsse r is a renaming in matchys (vs1, vs2), it is necessary t® shaw rename(vsy, r) =

v$y. Frem line 1, #vs; = #wvsy and frem lines 3-11, f@r each pair (v, ¢;) in vs; and



7. Matching Units 163

(v, t2) in the carrespmnding pwsitimn in vsy, v; = vy and r(t) = tp. It fwllews frem
the definitimn wf rename that rename(vs;, r) = vsy. O

Cempleteness of the algmrithm can be prsved by wbserving that fer each carre-
spending variable/type pair in the pattern and query, there is at mwst @ne way of
renaming the type in the pattern. That is renaming the pattern type t® the query
type. This is handled ®n line 7 of the algsrithm.

7.2.4 Simple fragments

Recall that simple fragments are a particular class ®f fragments which centain nw
branching in their specificatimn. The subunits sf a simple fragment are its identifier,
input variable declaratisns, precanditisn, sutput variable declaratisn and pwstcen-
ditimn. The cwrrespsnding subunit adaptatisns censidered here are instantiatisn

and renaming.

7.2.4.1 Matching simple fragments

A simple fragment matches a simple fragment query if the cerrespmnding subunits

match under smme instantiatisn ¢ and renaming r.

matchessprgy : P(SitmpleFragment x SFragQuery x Inst X Renaming)

Vp : SimpleFragment; q : SFragQuery; i : Inst; r : Renaming e
matchesag (p, ¢, 1,7) <
matchesys(p.spec.invars, wo(q).invars, r) A
matches(p.spec.precond, wo(q).precond, i) A
matchesys(p.spec.outvars, mo(q).outvars, r) A
matches(p.spec.postcond, mo(q).postcond, 1)

Example 7.1 Given the simple fragment query ¢ and pattern p in Fig. 7.1, where
P and @) are parameters. Then p matches ¢ under the fsllswing instantiatisn and
renaming:

{P(a,b) ~ a# g(b),Q(a,b,c)~c>a+b}
{X—U,Y—=V,Z— W}
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/ Query: \

Fragment q(u:U,v:V) has specificatimn:
precenditisn u # g(v)
sutput w: W such that w > u+v.

Pattern:
Fragment p(u:X,v:Y) has specificatisn:
precanditimn P(u, v)

K sutput w: Z such that Q(u,v,w). /

Figure 7.1: A simple fragment query and matching candidate

7.2.4.2 An algorithm for matching simple fragments

The functisn matchyp,, returns the set of matches between a simple fragment query
and a simple fragment. The matches are represented as pairs ®f instantiatisns and

identifier renamings.

‘ matchsprag = SimpleFragment x SFragQuery — F(Inst x Renaming)

Algerithm 10 centains an implementatisn fer matchyp,,. Firstly the input and
sutput declaratisns are matched, giving a set sf renamings in each case; these sets are
merged tw ferm an wverall set ®f identifier renamings. If this set is n@n-empty, then
the precenditisns and p®st-cenditimns are matched, using the functisn fer matching
fsrmulae. A set sf instantiatimns are returned in each case, which are then merged
te fwrm the wverall instantiatimn set. The final result is fermed by cwnsidering
all mrdered pairs fsrmed by taking an instantiatisn and renaming frem the tws

generated sets.

Proposition 7.2 For a simple fragment pattern p and query q, instantiation i and

TENAMING T:

(,7) € matchsprag(p, ¢) = matchessag(p, ¢, 0, 1)

Proof: Suppsse (i, 1) € matchyprqy(p, ¢). Frem lines 4-6 there is a renaming r; such
that matches,s(p.spec.invars, mo(q).invars, r1). Fram the implementatisn of match,s,
it can be argued that all identifiers in the input list sf the pattern are included in the

renaming 7. Furthermwmre, frem the definitimn sf areMergeable Renamings it fallews
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Algorithm 10 Calculate as = matchyprgy(p, q)

1:

2:

3:

10:
11:
12:
13:
14:
15:
16:
17:

18:

as =9
s =9
rs =
specl := p.spec

spec2 := m(q)
rs1 := matchys(specl.invars, spec2.invars)
r$2 := matchys(specl.outvars, spec2.outvars)
for r1 € rsl,r2 € rs2 do
if areMergeableRenamings(rl, r2,r) then
rs:={r}Urs
if rs # @ then
is1 := match(specl.precond, spec2.precond)
is2 := match(specl.postcond, spec2.postcond)
for i1 € isl,i2 € is2 do
if areMergeableInsts(il,i2,4) then
is:={i} Uis
for r € rs,i € is do

as = {(i,r)} Uas

that all wf the identifiers in the input list &f the pattern are renamed t® the same

value by r. Therefsre it fellsws that:

matchesys(p.spec.invars, wo(q).invars, ) (7.1)

Using a similar argument, starting initially with lines 4,5 and 7 »f Alg. 10, it can be

shewn that:

matches,s(p.spec.outvars, mo(q).outvars, r) (7.2)

By lines 12,14-16 =f the algwrithm, and frem Lemma 6.1, page 132, it fsllews that:

matches(p.spec.precond, wo(q).precond, 1) (7.3)
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Similarly, frem lines 13-16 uf Alg. 10 it fwllsws that:
matches(p.spec.postcond, mo(q).postcond, 1) (7.4)

The presf is campleted by cembining equatimns (7.1)-(7.4).0
Nmte that this algmrithm is clearly cemplete prmvided that the alg®rithm fur

matching expressimns is camplete.

7.2.5 Branching fragments

The class of fragments centaining branching in their specificatimns, is n@w censidered
(see Sectimn 2.3.3 f@r mmre details). The subunits sf a branching fragment are its
identifier, input variable declaratimn, precenditisn, guards, sutput variable declara-
timns and pw®stcenditimns. The cwrrespmnding subunit adaptatimns censidered here

are parameter instantiatimn and identifier renaming.

7.2.5.1 Matching branching fragments

A branching fragment pattern matches a query under a renaming r and an instan-
tiatimn ¢, if the number ®of branches in the specificatimns wf pattern and query are
the same; and the cerrespsnding input variables, precanditisns, and branches match

under 7 and 7.

matchespqy : P(BranchingFragment x BFragQuery x Inst x Renaming)

Y p : BranchingFragment; q : BFragQuery; i : Inst; r : Renaming e
matchesypag (P, ¢,%,7) <
matchesys(p.spec.invars, wo(q).invars, r) A
matches(p.spec.precond, wo(q).precond, i) A
#mo(q).branches = #p.spec.branches
Vk:1..#my(q).branches o
matchesg((p.spec.branches)(k), (ma(q).branches)(k), i, 1)

Tww specificatisn branches match under instantiatimn ¢ and renaming r, if the
guards and pwsstcenditimn match under ¢, the wutput variables match under r and

the rep®rts match under r
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matchess, : P(SpecBranch x SpecBranch x Inst x Renaming)

V sby, sby : SpecBranch; i : Inst; r : Renaming;
matchesgy(sby, sy, i,1) &
matches(sby.guard, sby.guard, i) A
rename(sby.report, r) = sbe.report N
matchesys (sby.outputvars, sby.outputvars, r) A
matches(sby.postcond, sby.postcond, i) A

7.2.5.2 An algorithm for matching branching fragments

The functisn matchypeg returns the set sf matches between a branching fragment
query and pattern; the matches are represented in terms ®f instantiatimn/renaming

pairs.

‘ matchfrg © BranchingFragment x BFragQuery — F(Inst x Renaming)

The algwrithm fer matching a fragment pattern p against a fragment query ¢

praceeds as fwllsws (described here infermally for brevity):
1. match the input variables and types »f ¢ and p;

2. match the wutput variables and types for each branch wf ¢ with the mutput
variables in the carrespsnding branch sf p (this wnly succeeds when there are

an equal number of branches);
3. match the repwrts for each branch sf ¢ against the cerrespsnding repsrt in p;

4. match the guard and pestcenditimns fer each branch sf ¢ with the guard and

pestcanditimns in the cerrespsnding branch sf p;
5. finally, match the precenditisns wf ¢ and p.

At each stage wf the alg®srithm, zers wr m®re pairs of instantiatisn and renamings
are fsund. The results of these are merged with the pairs fsund in the previsus
stage using the merge functimns.

The algmrithm cwuld be fsrmalised in a similar manner tw the algmrithm given
in the previsus sectisn f®r matchyp,y, with matching ef guards added, and a ls®sp

added for matching ®f the branches. The prusf sf cerrectness and cempleteness sf
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such a fermalised algsrithm weuld fsllsw the same arguments as given in the presf

for matchgpg,.

7.2.6 Types

CARE type specificatimns cmnsist simply sf the type’s name and a set expressimn
representing its values.
Type adaptatimns censist sf a renaming and an instantiatisn (see page 83 far

mare details):

TypeAdapt == Inst X Renaming

A type matches a type query under an instantiatimn i and renaming r if the
cerrespwnding specificatimn parts match under ¢ and the type names are the same

up t® renaming under 7.

matchesiype : P(Type x TypeQuery x TypeAdapt)

Vp: Type; q: TypeQuery; a : TypeAdapt e
matchesiype (p, ¢, a) <
matches(p.spec, Toq, 1 a)
= (p.name — 1 q) € Ma

The functisn matchyy,. returns the set sf matches between a type query and type.
An example which shews a pattern parameterised wver the sets X and Y matched

against a query is given in Fig.7.2.

‘ matchyye : Type x TypeQuery — F TypeAdapt

/ Pattern: \

Type A has specificatimn: RelsOf (X, Y).

Query:
Type B has specificatimn: RelsOf (N, ListsOf (N)).

Instantiation:
{X ~ N Y ~ ListsOf (N)}
Renaming:

\_ {4~ B} -

Figure 7.2: Matching type specificatimns
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An implementatisn f@r matchyy, is given in Alg. 11; it invelves firstly matching
the type names, intrmducing a renaming where required, then matching the set

expressisns.

Algorithm 11 Calculate as = matchyy.(p, q)
1: as: =4O

2: r:={p.name — m1(q)}
3: is := match(p.spec, m2(q))

4: for 1 € is do

o

as :={(r,i)} Uas

Proposition 7.3 For a type pattern p and query q, and type adaptation a:

a € matchyp(p, ) = matchesyy.(p, ¢, a)

Proof: If a € matchyy(p, q), then there exists r and ¢ such that a = (r,i),
r = {p.name — m(q)} and i € match(p.spec,m2(q)). Frem the assumptismn that
match is cerrect, it fellews that matches(p, ¢, a) is true. O

Presf sf cempleteness follmws fram the cempleteness af match.

7.2.7 Operator declarations

The query for matching speratsr declaratisns (see Sectimn 2.3.1) is itself an wperater
declaratimn, hewever it is assumed that the query wperatsr name is n@n-parametric.
The signature of the query sperater may hswever centain parameters. The subunits
wf an wperat®sr declaratimn are its identifier and signature. The cerrespmnding subunit
adaptatien censidered is instantiatimn.

A pattern matches a query under an instantiatisn 7 if the wperat®r names match
under ¢, and the signatures unify under ;. Operater names match if either the
pattern wperat®r is a parameter, in which case the wperat®er is instantiated tw the
query wperatmr; ®r if the wperaters have the same name.

Tww wperater declaratimns match under an instantiatimn 7 if they are the same

kind ®f mperater and the signatures match under 3.
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Pattern:
f:seqN — A

Query:
reverse : seq X — seq X

Instantiation: X ~ N, A ~ seqN, f(a) ~ reverse(a)

Figure 7.3: Matching wperater declaratisns

| matches,, : P(OperatorDecl x OperatorDecl x Inst)

The functien match,, returns the set sf instantiatisns representing matches be-
tween tww wperater declaratimns: Fig. 7.3 shews a match between the declaratisn
of the parametric functisn f against the declaratimn sf the functisn reverse. The
signature ®f f is parameterised sver the set A, while the signature of reverse is

parameterised wver the set X.

‘ matchey, : OperatorDecl x OperatorDecl — F Inst

7.2.8 Assertions

The subunits »f an assertisn in CARE are its identifier and statement. The subunit
adaptatisn censidered here is parameter instantiatimn.

Twwe assertimns p and g match if their statements match under ssme instantiatisn
i. Fig. 7.4 shews a match between an applicability cenditisn frem the Accumulator
template (see page 271), and a themrem fwr the reverse wperatsr. The applicability

cenditimn (the pattern) is parameterised ®ver the set E and the functisns f and dh.

‘ matchesgsser : P(Assertion x Assertion x Inst)

Vp, q: Assertion; i : Inst e
matChesassert (p, q, Z) =
matches(p.statement, q.statement, i)

A functien fer finding the set sf matches between tww assertimns is defined as

fwllmws:

‘ matchessers : Assertion x Assertion — T Inst

‘ matchassert (P, ¢) = match(p.statement, q.statement)
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~

Pattern:
Vh:E;t:seqFE o f(append(h,t)) = dh(f(t),h)

Query:
Vh:N; t:seqN e reverse(append(h,t)) = reverse(t) — (h)

Instantiation: £~ N, f(a)~> reverse(a), dh(a,b) ~ b~ (a) J

Figure 7.4: Matching assertimns

Presf wf csrrectness and cmmpleteness f@r match,sse,; f@llmws trivially frem its

definitimn (assuming match is cerrect and cemplete).

7.3 Extending the matching algorithm

In Sectimn 7.2 a unit matching algmrithm was develmped which censidered instantia-
timn wf parameters and renaming ®f identifiers wnly. Hswever the framewwrk fur unit
adaptati®mn in CARE described in Sectimn 4.3 als® included renaming and resrdering
of unit arguments, in particular the input and sutput argument lists for fragments.
In the fellswing sectimn the unit matching alg®rithm is extended by cwnsidering these

twe adaptatisn techniques.

7.3.1 Renaming of input and output variables

The names used f@r variables in the input and wutput declaratisns sf fragments
are n®t imp®ertant, previded they are used c®nsistently thrsughwut the scmpe wf the
fragment. Therefsre f@ar matching purp®ses, the input and sutput variables sf the
pattern can be renamed t® the cerrespmnding query variable names. The matches,s

relatisn can be extended tw include renaming =f variables as fullmws:

matches,s : P(VarDeclars x VarDeclars x Renaming x VarRenaming)

Y vs1, vsy : VarDeclars; r : Renaming; vr : VarRenaming e
matchesys(vsy, vsy, T, vr) &
H#vsy = #vsy N
VEk:1.. #vs e vr(mus (k) = muse(k) A
r(mausy (k)) = movsa (k)
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Example 7.2 The pattern x:X,y:Y,z:Z matches the query a:A,b:B,c:C, under
the identifier renaming r and variable renaming vr given as follwws:

r={X—AYw~—B,Z— C}
vr={z—a,y— b,z c}

7.3.2 Reordering of input and output variables

Like the names given t® fragment arguments, the ®rder in which input and sutput
variables appear in a fragment specificatimn is nst of great impsrtance: e.g. whether
wne defines cons(e:Elem,s:List) ®r cons(s:List,e:Elem) is largely a matter
of taste. S® a further enhancement t® unit matching is t® make the matching
functimn insensitive tw the wrder sf inputs and sutputs sf fragments. The definitisn
of variable declaratisn matching can be extended t® include resrdering f variables

in the pattern (twgether with renaming sf identifiers and variables as given absve).

matches;, : P(VarDeclars x VarDeclars x Renaming
x VarRenaming x Permutation)

Y vsy, vsy @ VarDeclars; r : Renaming; vr : VarRenaming;
p : Permutation e
matches) (vsy, VS, T, Vr, p) <
matchesys(permute(vsy, p), vsy, T, vr)

Example 7.3 The pattern x:X,y:X,z:Z matches the query a:A,b:B,c:A under
variable renaming vry, identifier renaming 7 and permutatisn 7; (which maps the
first variable tw the third pwsitimn, the secend variable t® the first pmsitimn and the
third variable t® the secend pmsitisn),

vy ={x—c,y— a,z— b}

n={Xw— A, 7Z— B}
m=9{1—3,2—~1,3— 2}

wr with variable renaming vry, identifier renaming r, and permutatisn 7

vy ={z— a,y—c,z— b}
ro={X+— A, Z— B}
ma={1— 1,2 3,3~ 2}0
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7.3.3 Extending fragment matching

Fragment matching can be extended by cwnsidering renaming and resrdering =f
fragment arguments as described abmve. The extensisn tw simple fragments is cen-
sidered here, hmwever the same general principles can be used t® extend the ideas
t® branching fragments.

Recall the definitimn wf a fragment adaptation given in Chapter 4; cwnsisting =f
an instantiatisn, renaming, variable renaming and input/sutput argument permu-

tatimn.

FragmentAdapt == Inst x Renaming X VarRenaming x IOPerm

The definitimn matchesyq, is extended tw include variable renamings and re-

wrderings; therefare matching can be defined in terms ®f fragment adaptatimns.

matchesy,,, : P(SimpleFragment x SFragQuery x FragmentAdapt)

Vp : SimpleFragment; q : SFragQuery; a : FragmentAdapt e
matchesyy,, (p, q, a) < let spl = f.spec A sp2 = m(q) in
matches)(spl.invars, sp2.invars, mya, m3a, i (T4a)) A
matches(renameVars(spl.precond, m3a), sp2.precond, m a) A
matches;,(spl.outvars, sp2.outvars, mya, m3a, wo(m4a)) A
matches(rename Vars(spl.postcond, m3a), sp2.postcond, w1 a)

Example 7.4 Given the fragment query adjoin and fragment frag in Fig. 7.5,
where frag cantains parameters f and P. These twm specificatisns can be matched
by instantiating the parameters P and f in frag under ¢; renaming the identifiers
in frag t® match these in adjoin with the renaming r; renaming the I/O variables
sf frag under vr; swapping the input variables uf frag (represented by ;) and
leaving the pwsitimn sf the sutputs fixed (represented by 7oy ):

i={P(a,b)~ a & b,f(a,b)~ {a}Ub}

r = {X — Element, Y — Set, Z — Set, frag — adjoin}

vr={z— ey s,z—r}

Tin ={1— 2,2+ 1}

Tout = {1 +— 1}0
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/ Pattern: \

Fragment frag(x:X,y:Y) has specificatimn:
precenditisn P(z,y)
sutput z:Z such that z = f(z, y).

Query:
Fragment adjoin(s:Set,e:Element) has specificatimn:
precenditimn e ¢ s

K sutput r:Set such that r = {e}Us. j

Figure 7.5: Matching fragment specificatimns

7.4 Discussion

This chapter describes an apprsach t® matching fermally specified stand-alene units.
The apprmsach is based wn matching the cwrrespmnding sub-parts ®f specificatimns,
using a specific algmrithm fer each kind =f specificatimn part, referred tw here as
matching up t® structural equivalence. The CARE language is used t® illustrate the
main cencepts.

While the apprmach is illustrated using units in the CARE language, the ap-
prmach is general and brwadly applicable, previded that the farmal specificatisns wf
units has a well-defined structure. Fer example the apprwach clearly applies t® any
fermal languages where units have a structured functional specification. By this we
mean cempenents whese behavisur is described by a relatimnship(s) sn the input
and sutput sf the campmnent. This is sften dene in the ferm wf a pre- and pwst-
cenditimn, the fermer giving a canstraint ®n the values ®f the input, the latter giving
a relatimnship between the input and sutput as well as giving a cwnstraint sn the
sutputs.

As an example, the KIDS language has functimns described via pre- and p®st-
canditimns. Fer library functisns beth cenditisns may centain fermal parameters.
Matching wf functimns in KIDS csuld be dene in a similar way t® matching of frag-
ments in CARE. That is, firstly attempting t® match the inputs and wutputs; sec-
wndly matching the pre and pwst-cenditimns after suitable variable renamings have

been perfsrmed ®n the pattern.
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The algmrithms described in this chapter can inherit either ®f the matching equiv-
alences described in the previsus chapter; i.e. alpha-equivalence sr AC-equivalence.
Indeed the prststype algsrithms fer matching units allew the user tw select wne wr
the wther. Type c®nstrained matching is easily incerpwrated intw unit matching;
indeed it is mften mm®re useful at the unit level, since the variables which appear in
expressimns shmuld all be bsund by the I/O arguments sf units - hence their types
will be kn®swn. Interactive matching can be extended t®w the unit level, using a
similar framewwsrk t®w that used for expressimns. Finally in seme cases it may be
desirable tw parameterise the query, therefsre the pretmtype twals have incerpsrated
unificatimn int® the unit matching algmrithms.

Zaremski and Wing [97] describe a number »f sther equivalences such as guarded
post, that can be used f®r matching units, which use the semantics »f the unit
specificatimns tw develsp a mwmre swphisticated matching algmrithm. While these
equivalences are n®t as general, they are sften very useful.

Appeal tm the semantics of the CARE language can be used t® relax the netimn
of equivalence for units. Fer example twm fragment specificatimns may be equiva-
lent if their pre- and pwst-ceanditimns are lsgically equivalent. The equivalence can
be further relaxed by defining matches between a pattern and query in which the
precenditimn »f the pattern is weaker than that ®f the query, and the pwstcanditisn
of the pattern is strenger. Ansther example of a semantic based equivalence is per-
muting the branches ®f a branching fragment pattern befsre attempting tw match
the query up t® structural equivalence. These last twm equivalences, referred tm as

relaxed matching and branching alternatives are described in Chapter 9.



