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Abstr act A new model of inter-module dependences is proposed. 
! e  key idea is that dependences are mediated by speciÞ cations, so 
that not only the existence of a dependence is recorded, but also 
its quality. A single module does not necessarily o" er only a single 
speciÞ cation; each dependent module may use it through a di" er-
ent speciÞ cation. !  is notion of dependence seems to explain some 
common programming idioms more readily than the conventional 
notion, and o" ers new opportunities for analysis and design cri-
tique.

1 Intro duction

Software designers have long recognized the signiÞ cance of dependences between 
modules in evaluating a design. When modules have many interdependences, the 
system is harder to understand; there is less ß exibility t o divide the labour of coding; 
and local changes have wide repercussions. But despite the seminal role of depen-
dences, most designers have only a fuzzy sense of what they are and how to express 
them.

Although various kinds of code dependences have been heavily investigated 
because of their role in separate compilation and program analysis, much less at-
tention has been paid to design dependences. As a result , dependence diagrams are 
much less useful than they might be in program design, and cannot be used as a 
basis for analysis.

! i s paper outlines a new dependence model. Work on the model is in its pre-
liminary stages, but it does seem to resolve some of the problems of the standard 
model, and in particular accounts better for some common idioms in object-ori-
ented designs.

2 ! e  Standard Model and its DeÞ ciencies

! e  standard notion of module dependence, Þ rst articulated by Parnas [8], is famil-
iar to most developers. ! e  system is described as a graph whose nodes represent 
modules and whose edges represent syntactic dependences. A dependence of mod-
ule A on module B, drawn as an arrow from A to B, says that A, in providing services 
to the modules that depend on it, makes use of B. More precisely, A depends on B 
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or uses B if Òcorrect execution of B may be necessary for A to complete the task de-
scribed in its speciÞ cationÓ [8].

In teaching software engineering to undergraduates over the last few years, we 
have used these Ômodule dependence diagramsÕ to explain software designs, and 
have required students to produce them as documentation [6]. But we have come 
to realize that these diagrams are inadequate, and often do not capture the insights 
that motivate a design:
á Transitivit y. !  e dependency relation is, by deÞ nition, transitive, when intuitively 

it should not be. If A uses B and B uses C, then, in the absence of additional infor-
mation, we must assume that any change to C a" ects B, and thus indirectly A, and 
thus A uses C. But perhaps B was inserted between A and C precisely to shield A 
from changes to C, and most changes to C will not a" ect A.

á Polymorphism. Crucial elements of modern languages, such as polymorphism 
and interfaces, are not accommodated. Consider a typical Java program in which 
a client class C makes use of a hashtable class H and a key class K. Does H depend 
on K? On the one hand, the code of H makes no reference to the code of K; H likely 
belongs to a library that was writ ten before K. On the other hand, changes to K 
can certainly cause H to fail. If the equals and hashCode methods of K are incom-
patible, for example, a crucial representation invariant of the hashtable will be 
violated (that equal keys are kept in the same bucket chains), and a lookup with a 
given key may not return the value last inserted under that key.

á Preconditions. Presenting a module with a bad procedure argument can cause it 
to fail. If a moduleÕs speciÞ cation imposes a precondition, the designerÕs intent 
was that blame for a bad input should be att ributed to the calling module. But a 
module cannot easily be said to ÔuseÕ the modules that call it.

á Replacement. Since a dependence of A on B does not indicate which properties of 
B are actually used by A, one cannot tell what properties of B should be preserved 
in a module that replaces it . ! e  dependence diagram cannot therefore be used 
to reason about compatibility of components.

3 A New Model

Our new model is based on two simple ideas. First, a dependence represents an 
assumption: a module A depends on a module B if the designer or implementer of 
A makes an assumption about the environment in which A is to be inserted that is 
justiÞ ed in the constructed system by the presence of B. !  e assumption may be that 
A is executed with a certain frequency; or that values passed to it satisfy certain con-
ditions; or that values returned to it by procedures it calls are related to the values it 
passed them in certain ways.

Second, dependences are mediated by speciÞ cations: one module does not de-
pend directly on another, but rather on a speciÞ cation which the other module must 
satisfy. A dependence of module A on module B mediated by speciÞ cation S means 
that A assumes the conditions guaranteed by S, which the system is conÞ gured to 
provide through B.
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• e se notions address some but not all of the deÞ ciencies of the standard mod-
el:
á • e re is no transitivity problem, because of the interposed speciÞ cations. If A 

depends on B via speciÞ cation S, and B depends on C via speciÞ cation T, it is clear 
that changes to C that preserve the behaviour required by T will not a! ect B, and 
of the changes that a! ect B, only those that cause B no longer to satisfy S will af-
fect A.

á • e  use of polymorphic modules is clariÞ ed. A hashtable H depends on its key 
class K via the speciÞ cation Object Ð what in Java is referred to as Ôthe object con-
tractÕ. • e  dependence of H on K is an artif act of the conÞ guration: in this case 
due to some client class C passing objects of type K to the hashtable class H. •  e 
designer of H is not expected to predict the use of K, but can assume that any class 
whose objects are used as keys will satisfy Object.

á A precondition is represented by a dependence in the reverse direction; the 
pre- and postconditions of a procecure speciÞ cation can be regarded as distinct 
speciÞ cations associated with data ß ows in di! erent directions.

á Reasoning about replacement comes easily as a byproduct of the use of speciÞ ca-
tions. A dependence of a module that makes the assumption described in speci-
Þ cation S will be preserved appropriately if the module it depends on is replaced 
by one that also satisÞ es S. If speciÞ cations are treated as uninterpreted names 
(which will often be convenient), an explicit ordering on speciÞ cations can be 
used to justify replacements that do not involve exact matches.
SpeciÞ cations appear, at least implicit ly, in the traditional model, but they play a 

di! erent role. In ParnasÕs formulation, the speciÞ cation of the using module, and not 
the used module is relevant. Furthermore, in our model, speciÞ cations are associ-
ated with dependences rather than modules. A single module may have many speci-
Þ cations, each representing a view of the module presented to another module that 
depends on it. In the hashtable example, key class K appears to the hashtable class 
H under the speciÞ cation Object, but will lik ely appear to the client class C under a 
stronger speciÞ cation that provides domain-speciÞ c properties.

4 Example: Observer

Many of the ÔGang of FourÕ design patterns [3] are motivated by dependence consid-
erations. We illustrate our dependence model on the Observer pattern.

• e  Þ gure shows dependence diagrams for a fragment of a program that has been 
refactored with Observer. •  e original program on the left has a subject class Subj 
and a concrete observer class CObs. Updates to Subj from a client class Client are 
propagated to CObs by calls to procedures speciÞ c to CObs. We have shown this by 
labelling the dependence with a speciÞ cation CObs: using the name of the module 
for the speciÞ cation is intended to suggest that the speciÞ cation promises all the 
properties the module is designed to provide.

• e  refactored program on the right di! ers primarily in the speciÞ cations that 
mediate the dependences. • e  key di! erence is that Subj no longer interacts with 
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CObs via the speciÞ cation CObs, but rather through a far weaker speciÞ cation Obs, 
a generic observer speciÞ cation that could be used for other observer classes. !  is 
is the central motivation of Observer: it allows new observer classes to be added 
without changing the code of Subj. !  ere is a back dependence from CObs to Subj 
mediated by the speciÞ cation Get representing the calls CObs must now make to Subj 
to obtain state updates.

! e  relationship between the client class Client and the subject Subj has been 
reÞ ned to show two di" erent interactions. !  e dependence mediated by the speci-
Þ cation Update stands for the service Subj provides in updating its internal state in 
response to requests from Client. !  e label Reg stands for the registration service 
that Subj provides in which an object is added to its internal record of observers. 
! e re are two dependences associated with the Reg, shown as a double-headed ar-
row, corresponding to the pre- and postconditions of the registration operation. !  e 
precondition, shown as an arrow from Subj to Client, represents the obligation of 
Client to avoid registering observers that might create observation cycles.

Finally, there is a new dependence of Client on CObs, since the client class is now 
required to handle the observer object when it registers it . Assuming that Client cre-
ates the observer object, we can label the dependence with a speciÞ cation ConsObs 
to represent the use of a constructor, but probably no other operations.

It is typical of a design pattern that the code is in some respects made more com-
plicated. !  ere are more dependences after the pattern has been applied, but they 
are more systematically organized. Most importantly, some aspects of the behaviour 
are factored out into dependences mediated by generic speciÞ cations (Reg and Obs). 
! e se speciÞ cations are the hallmark of the pattern.

5 Discussion

! e  dependence structure of a program is not trivially extractable from its code. For 
one thing, it may not be easy to determine which module in a system discharges the 
obligations incurred by another moduleÕs assumptions. In the hashtable example, 
Þ nding the dependence of the hashtable module 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, dependences represent the designerÕs subjective view of how respon-
sibilities are partitioned amongst modules. In the Observer example, we have taken 
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Subj CObs
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CObs Subj CObs
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Update

Client
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the traditional abstract data type viewpoint that the subject class, and the observer 
indirectly, provide a service to the client. But an equally tenable viewpoint is that the 
observer class depends on the services of the other classes: its speciÞ cation requires 
it to display certain state changes, and it therefore requires notiÞ cation of when 
those changes occur. In this viewpoint, the notiÞ cation dependence from Subj to 
CObs is reversed. Similarly, in the hashtable example, the concern about keys might 
have been expressed as a precondition dependence from the hashtable class H to the 
client class C that assigns blame to C for passing a bad key to H on a call to add.

Dependence diagrams should not be confused with class diagrams or object 
models. A class diagram is just a graphical representation of the syntactic structure 
of an object-oriented program, showing the inheritance hierarchy and the source 
and target classes of instance variables. An object model is a graphical representa-
tion of a heap invariant [4]: it is thus semantic where the module dependence dia-
gram is syntactic.

Since a module can be viewed as not only requir ing multiple services, but also 
providing multiple services, it may be useful to track the relationship between the 
two. An enriched dependence diagram might include a relation for each module 
between its incoming and outgoing speciÞ cations. One could then perform a kind 
of Ômodule sliceÕ, following dependences between modules and within modules. ! e  
set of modules on which a module depends indirectly might be smaller than the set 
that would be obtained simply by following dependence edges between modules, 
especially for object-oriented programs in which the ÔrolesÕ a class plays are often 
largely independent. In the Observer example, such an analysis would show that the 
Reg dependence on Subj is not propagated further; the Update dependence, in con-
trast, is propagated to the Obs and Get dependences.

Some important forms of coupling are not captured in our model or in the stan-
dard model, most notably those due to sharing. Suppose module M uses module W 
to write a Þ le and module R to read it; the Þ le may be used to store state (such as a 
browserÕs bookmarks) across executions of the program, for example. ! e  format 
with which W writes the Þ le must be the same format with which R reads it . A change 
to W may therefore break R. But neither provides a service to the other, so the stan-
dard notion of dependence Þ nds no coupling between them.

Our new model seems to o" er some new insight into software designs and their 
rationale, but it is far from complete. Plans to develop it further include:
á Sorting out the relationship between dependences and code, and developing 

analysis algorithms for extracting at least approximate dependences. In Java, it 
should be possible to use rudimentary type inference to Þ nd dependences (in the 
style of Womble [5]) and to synthesize speciÞ cation labels from explicit use of 
interfaces or from the use of subsets of a classÕs methods,

á Investigating the use of dependences in reasoning about which parts of a system 
compromise critical modules. Precondition dependences seem to o" er some 
promise in representing couplings that are missed by the traditional model.

á Finding a way to represent couplings due to sharing, perhaps using the sharing 
constraints of the ML programming language [7] or the parameter binding con-
straints of Units [2].
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á Establishing a better understanding of the role of dependences in software engi-
neering, perhaps along the lines of EppingerÕs work [1] in conventional engineer-
ing on the design structure matr ix and its applications.

Since this paper was written, an analysis of the code of a radiotherapy machine was 
conducted using the dependence model [9]. It exposed a number of serious issues.
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