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1. Introduction

Metrics for measuring software complexity
have many applications in software engineering
activities. Although a number of complexity
metrics have been proposed and used for mea-
suring sequential programs, few could be used
for measuring concurrent and distributed soft-
ware. Cheng proposed some dependence-based
complexity metrics for distributed programs(i],
but did not give the test and evaluation of these
metrics. In order to optimize some rational and
practical metrics for measuring the complexity
of distributed programs, we selected various pro-
grams (27 programs) written in Occam 2 to test
some of these metrics and evaluate each imetric
respectively according to the test results. This
paper reports our test and evaluation results.

2. Program Dependences and Process
Dependence Net

A nondeterministic parallel control— flow net
(CFN) and a nondeterministic parallel
de finition—use net (DUN) are two program rep-
resentations that can be used to represent multi-
ple control flows and multiple data flows in dis-
tributed programs. A DUN can be regarded as a
CFN with the information concerning definitions
and uses of variables and communication chan-
nels(3].

Program dependences are dependence rala-
tionship holding between statements in a pro-
gram. Based on the DUN of a distributed pro-
gram, we can formally define five kinds of pri-
mary program dependences, i.e.,control depen-
dence, data dependence, selection dependence,
synchronization dependence, and communication
dependence. Because of the limitation of space,
here we only give some informal descriptions for
these dependences.

A statement w is directly control-dependent on
the control predicate v of a conditional branch
statement(e.g.,an if statement or while state-
ment) if whether w« is executed or not is directly
determined by the evaluation result of v; a state-
ment u is directly data-dependent on a statement
v if the value of a variable computed at v has a
direct influence on the value of a variable com-
puted at u; a statement w is directly selection-
dependent on a nonderministic selection state-
ment v if whether u is executed or not is directly
determined by the selection result of v; a state-
ment u is directly synchronization-dependent on
another statement v if the start and/or termina-
tion of execution of v directly determines whether
or not the execution of u starts and/or termi-
nates; a statement w in a process is directly
communication-dependent on another statement
v in another process if the value of a variable com-
puted at v has direct influence on the value of a
variable computed at u by an interprocess com-
munication.

If we represent all five kinds of primary
program dependences in a distributed program
within an arc-classified digraph such that each
type of arcs represents a kind of primary pro-
gram dependences, then we can obtain an explicit
dependence-based representation of the program.
Cheng named such a representation the ”Process
Dependence Net” [2,3].

The process dependence net (PDN) of a pro-
gram is an arc-classified digraph (V, Con, Sel, Dat,
Syn, Com), where V is the vertex set of the CFN
of the program, Con is the set of control depen-
dence arcs such that any (u,v) € Con iff u is di-
rectly control-dependent on v, Sel is the set of se-
lection dependence arcs such that any (u,v) € Sel
iff w is directly selection-dependent on v, Dat is
the set of data dependence arcs such that any
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(u,v) € Dat iff w is directly data-dependent on
v, Syn is the set of synchronization dependence
arcs such that any (u,v) € Syn iff u is directly
synchronization-dependent on v, and Comn is the
set of communication dependence arcs such that
any (u,v) € Com iff u is directly communication-
dependent on v [2,3].

3. Dependence-Based Complexity
Metrics

Below, we will use the following notations of
relational algebra:
o(1]=v(R) : the selection of binary relation R such
that o=, (R) = {(v1,v2)|(v1,v2) € R and vl =
v}.
onjes(R) : the selection of binary relation R such

that opjes(R) = {(v1,v2)|(v1,v2) € R and vl €

S}. Dp € {Con,Sel,Dat,Syn,Com}, Dpc €
{Sel, Syn,Com}, Du = ConU Sel U DatU Syn U
“Com, P is the sct of all statements of a process
named P. |A] is the cardinality of set A.

The test results and the evaluation of each met-
ric are as follow:

(a). |Dp|/|Dul: This is the proportion of a
special primary program dependence to all pri-
mary program dependences in a programm. The
test results show: this metric can only be used to
measure the degree of concurrency of a program
from a special viewpoint.

(b). |Sel U Syn U Com|/|Du|: This is the pro-
portion of those primary program dependences
concerning concurrency to all primary program
dependences in a program. The test results show:
this metric can be used to measure the degree of
concurrency of the program from a general view-
point.

(c). ma.x/min{lorm:l,(D,,)["u e V}/|V]:
These are the proportions of the maximal(min-
imal) number of statements, on which a state-
ment is directly control-, data-, selection-,
synchronization-, or communication-dependent,
respectively, to the total number of statements
in a program. The test results show: this metric
is neither rational nor practical metric.

(d). max/min{|op=(Dp)||v € V}/|V]:

communition- dependent, respectively, to the to-
tal number of statements in a program. The test
result show: this metric is neither rational nor
practical metric.

(e).  max/min{|op;; = 'u(Du)I‘ v € V}/|V]
These are the proportion of the maximal(minimal)
number of statements, on which a statement is
somehow directly dependent, to the total num-
ber of statements in a program. The test results
show: this metric is neither rational nor practical
metric.

(£). lopep(Syn U Com)|/|V|: This is the pro-
portion of the number of statements of other pro-
cesses, on which a process is directly dependent,
to the total number of statements in a program.
The test results show: this metric can be used to
measure the complexity of the concurrency in a
program.

4. Conclusion

We used 27 programs written in Occam 2 to
test the dependence-based complexity metrics for
distributed programs proposed by Cheng. From
the test results, we can conclude that: metric(a)
can be used to measure the degree of concurrency
of a distributed program from a special viewpoint;
metric(b) can be used to measure the degree of
concurrency of a distributed program from a gen-
eral viewpoint; metrics(c), (d), and(e) are neither
rational nor practical met ics; metric(f) can be
used to measure the complexity of concurrency of
a distributed program.
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