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Abstract A new modd of inter-module dependenes is proposed.
le key idea is that dependenaes ae maliated by specibcations, 0
that not only the eistence of a dgendence is recorded, but ako
its quality. A sinde module dces not necessaiily 0" er only a singg
specibcation; each dependert module may use it through a di“er-
ent specibcation. ! isnotion of dependence seems to explain some
common programming idioms moe readily than the onventional
notion, and o"ers nav opportunities for analysis and dsign cri-
tique.

1 Introduction

Software designers have long recognized the signibPance of dependences between
@ modules in evaluating a deign. When modules have many interdependences, the @
system isharder to understeind; hereislessRexibility to divide the labour of coding;
and local changes have wide repercussions But despite the seminal role of dgpen-
dences, most designers hare only a fizzy s2nse of wha they are and how b express

them.

Although various kinds of code dependenaes have teen heavily investigated
because of teir role in sparate compilation and program analis, much lessat-
tention has been paid to design dependencs. Asa result, dependene diagams ae
much less wseful than they might be in program design, and @annot be used as a
basisfor analysis.

li s paper outlines a newv dependence modd. Work on the madd isin its pre-
liminary stages, but it does seem to resolve sme of he problems of he stndard
model, and in particular accounts better for some common idioms in obpgct-ori-
ented designs.

2 le Standard Model and its Debciencies

le standard notion of module dgpendence, brst atticulated by Farnas [8], & famil-
iar to most devdlopers. le  systemis described as a graph whose nodes represent
modules and whee edges represent syntactic dependences. A dependence of mod-
ule Aon module B, dravn asan arow from Ato B, sgsthat A, in providing services
to the modules that depend on it, makes use of B. More precisely, A depends onB
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or uses Bif @orrect execution of B may be necessary for A to complete the task de-

scribed in its specibPationO [8].

In teaching software engneering to undergraduates over the last few years, we
have used these @odule dependene diagamsOat explain ftware designs, and
have required studerts to produce them as dccumentation [6]. But we hae mme
to redlizethat these diagamsare inadequate, and ofen do not capture the insights
that motivate a design:

a Trangtivity.! edependeng/relation is, by dekmition, transitive, when inuitively
it should not be. IfA usesBand Buses G then, in the ésence of additional infor-
mation, we must assume hat any change o Ca' ectsB, and tusindirectly A, and
thus A uses C But perhaps B was inserted between A and Cprecisely to shield A
from changes to G and mast changes to Cwill not a" ect A.

a Polymorphism. Crucial demerts of madern languages, sud as polymorphism
and interfaces, are not acommodated. Consider a tpical Java program in which
a dient classCmakes use of a hahtable dassH and a ley classK. Does H depend
on K? On he one hand,lie cde of Hmakesno referenceto the code ofK; Hlikely
belongsto a library that was written before K. On the other hand, diangesto K
can certainly cause Hto fail. If the equak and hashCod methods of Kare inoom-
patible, for example, a aucia representation invariant of the hashtable will be
violated (that equal keys ae kept in the same buket chains), and a lokup with a
given key may not return the value bst inserted under that key.

a Precondtions. Presenting a malule with a bad procedure argument can cause it

@ to fail. If a madule®specibcation imposes a precondition, the designer@intent

wasthat blamefor abad input should be dtributed to the alling module. But a

module cannot essily be said b @seQhe madules that call it.

a Replacement Sine a dpendence of A on Bdoesnot indicate which properties of
Bare adually used by A, one @nnot tell what properties of B should be preserved
in a madule that replacesit. le dependence diagam cannot therefore be used
to reason about compatibility of components.

3 A New Model

Our new modd is based on two sinple ideas. First, a dgpendence represents an
assumption: a malule A depends on a malule B if the designer or implemerter of
A makes an assumption about the ervironmert in which Aisto beinserted that is
justibed in the mnstructed systemby the presenceof B.! eassumption may be that
Aisexecuted with a eertain frequency; or that values passed to it satisfy certain con-
ditions; or that valuesreturned to it by procedures it calls are related to the valuesit
passed them in eertain ways.

Second, dgpendenaes are mediated by pecibcations one malule daes not de-
pend directly on anoher, but rather on a sgcibation which the other module must
sdisfy. A dgpendence of module A on module B mediated by speciPation Smeans
that A assumes the conditions guaranteed by S which the g/stem is mnbgured to
provide through B.
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*e senotions addiess some but not all of he dekiendes of he sandard mod-

a ee reisno transitivity problem, kecause of the interposed specibcations. If A
dependson Bvia specibation S andBdependson Cvia specibction T, it is dear
that changesto Cthat preserve the behaviour required by Twill not a! ect B, and
of the changesthat a! ect B, only those that cause B no longer to sdisfy Swill af-
fect A.

a «e use of pplymorphic modulesis claribed. A hashtable H depends on its key
classK via the spgecibation ObpctDwhat in Javaisreferred to as @he objct con-
tractOe dependence of H on K is an artifact of the mnbguration: in this case
due b ome dient classCpassing obgcts of type Kto the hashtable dassH. « e
designer of Hisnot expected to predict the use ofK, but can essume hat any class
whose objcts are used as keys will satisfy Obgct.

a A precondition is represented by a dpendence in the reverse direction; the
pre- and postconditions of a piocecure specibtion can be regarded as distinct
specibcations asciated with dataBowsin di! erent directions.

a Reasoning about replacemert comeseasily as a byroduct of the use of specib@-
tions. A dependence of a madule that makes the assunption described in speci-
bPation Swill be preserved gopropriately if the madule it dependson is replaced
by one hat also sdiskes S If specibctions ae treated as uninterpreted names
(which will often be convenient), an eqplicit ordering on sgeciPations @n be
used to justify replacemertsthat do not involve exad matches.

@ Foecibcations gpear, & least implicitly, in the traditional madel, but they play a @
di! erent role. In RFarnas&formulation, the specibction of theusngmodule, and not
the used module is relevant. Furthermore, in our model, specibcations are asci-
ated with dependenes raher than modules. A sinde module may have mary speci-
Pations, each representing a wew of the madule presented to another module that
depends on it. In the hashtable example, key class K appears to the hashtable dass
H under the specibction Obgct, but will lik ely appear to the dient classCunder a
stronger specibcation that provides domainspecibcproperties.

4  Example: Observer

Many of the Gang of FourQlesign patterns[3] are motivated by dgpendence consid-
eraions. We illustrate our dgpendence madel on the Obsewer pattern.

e bgure shrowsdependenediagams br a fragment of a program that hasbeen
refactored with Obsewer. « e original program on te let has a subgct class Subj
and a oncrete observer dass CObsUpdates to Subjfrom a dient classCliert are
propagated to CObsy calls to procedures specibcto CObsWe have siown this by
labelling the dgpendence with a spcibation CObsusing the name of he madule
for the specibation is intended to suggest that the specibPation promises all the
properties the madule is designed to provide.

e refactored program on te right dil ers primarily in the specibations that
mediate the degpendences. e key dil erence is that Subjno longer interads with
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CObwia the specibation CObsbut raher through a far weaker specibcation Obs
a geneic observer specibation that could be used for other observer dasses. ! is
is the central motivation of Obsewer. it allows nev observer dasses to be added
without changng the cde of Subj ! ere is a lack dependene from CObgo Subj
mediated by the specibation Getrepresenting the alls CObsnust now male to Subj
to obtain state updates.

le relationship between the dient classCliert and the subgct Subjhas been
rebned to show two di"erent interadions. ! e dependen® mediated by the speci-
Pation Updatestands for the srvice Subjprovides in updating its internal sttein
response to requests from Cliert. | e label Reg stands for the registration service
that Subjprovides in which an obgct is added to its internal record of ohservers
le rearetwo dependences asciated with the Reg, shown as a double-heded ar-
row, corresponding to the pre- and pstconditions of the registration operation.! e

@ precondition, shown as an arow from Subjto Cliert, represents the oblication of @
Client to avoid registering observers that might create olservation cycles.

Finally, thereisa nav dependence of Cliert on CObssine the dient class 5 now
required to handle he olserver obgct when it registersit. Assuming that Cliert cre-
ates the observer obgct, we @n label the dgpendence with a specibation CorsObs
to represent the use of a onstructor, but probably no other operations.

It istypical of a deign pattern that the code is in ©me respects made moe wm-
plicated. ! ere ae more dgpendences afer the pettern has been applied, but they
aremore systematically organized. Most importantly, some apectsof the behaviour
arefactored out into dependenes mediated by generic specibcations (Reg and Obs3.
le sespecibcations are the hallmak of the pettern.

5 Discussion

le dependencestructure of a ppgram is not trivially extractable from its cde. For
one thing, it may not be easy to determine which module in a gstem discharges the
obligations incurred by anoter module®assumptions. In the hashtable example,
Pnding the dgpendence of the hashtable madule H on the key module K would re-
quire at least a type-based analysis to determine what types of object are inserted
into the table.

Moreover, dependenes represent the designer®subjective view of how respon-
sibilities are partitioned amongst modules. In the Obsewer example, we have taken
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the traditional ebstract data type viewpoint that the subgct class, and he olserver

indir ectly, provide a ®rvicetotheclient. But an gually tenable viewpoint isthat the

observer classdepends on the srvices of he other dasses: its speciPation requires
it to display certain state changes, and it therefore requires notikcation of when
those changes occur. In this viewpoint, the notikcation dependence from Subjto

CObssreversed. Similarly, in the hashtable example, the concern aout keys might

have been expressed asa precondition dependence from the hashtable dassHto the

client class Cthat assigns blame b Cfor passing a kad key to H on a @ll to add

Dependene diagams $ould not be mnfused with class dagams or object
models. A class diagam isjust a gaphical representation of the g/ntadic structure
of an obpct-oriented program, siowing the inheritance hierarchy and the urce
and target classes of instance variables. An object model isa gaphical representa-
tion of a heap invariant [4]: it is thus semantic where the module dgpendence dia-
gram is syntactic.

Sinee a madule can ke viewed as not only lequiring multiple services, but also
providing multiple services, it may be wuseful to track the relationship between the
two. An eniiched dependence diagam might include a relation for each module
between its inooming and outgoing spciPations. One muld then perform a kind
of @odule sicefollowing dependenas between modules and within modules. le
set of modules on which a madule dgends indirectly might be smaller han the st
that would be obitained simply by following dependene edges between modules,
especially for object-oriented programs in whid the lesCa class plys are oten

@ largdy independert. In the Obsewnerexample, such an analgis would show that the @

Reg dependence on Subjis not propagated further; the Updatedependence,in con-

trast, is propagated to the Obsand Getdependenes.

Some important forms of coupling are not aptured in our modd or in the stn-
dard model, most notably those due b sharing. Suppose module M uses module W
to write a He and module Rto read it; the He may be used to store state (such asa
browser @ bookmarks) acoss executions of the program, or example.le format
with which Wwrites the He must be the samedrmat with which Rreadsit. A change
to Wmay therefore break R But neither provides a grvice to the other, so the stan-
dard notion of dependen@ Mds no oupling between them.

Our new model seems to 0"er some new insight into software designs and heir
rationale, but it is far from complete. Rans b develop it further indude:

a Sorting out the relationship between dependences and o©de, and derdloping
analysis algoithms for extracting at least gpproximate dependences. In Java, it
should be possible to use rudimentary type inference to bnd dependences (in the
style of Womble [5]) and b synthesize sgcibation labels from explicit use of
interfaces or fom the use of sulsets of a ¢ass® mehods,

a Investigating the use of dependences in reasoning aout which parts of a gstem
compromise critical modules. Precondition dependences san to o"er some
promisein representing couplings that are missed by the traditional modédl.

a Finding a way to represent couplings due to sharing, perhaps using the sharing
constraints of he ML programming language [7] or he paraméer binding on-
straints of Lhits [2].
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a Establishing a tetter understinding of he role of dependenaces in oftware eng-
neering, perhaps along he lines of Bppinger® work [1] in convertional engneer-
ing on the design structure marix and its gplications.

Sincee this paper waswritten, an analgis of the cde of aradiothergpy madine was

conducted using the dgpendence madel [9]. It exposed a number of ®rious issues.
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