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ON THE CYCLOMATIC METRIC OF 

PROGRAM COMPLEXITY 


By Eldon Y. Li 

California Polytechnic State University School of Business 


ABSTRACT 
Measuring program complexity has been an in­

triguing topic for discussion since the early 1970s. 
Many complexity metrics have been proposed for 
the past decade. Among them, the cyclomatic met­
ric is the easiest to understand and compute. It is 
also the only one that lends Itself to determining the 
maximum set of independent paths for program 
testing. In this paper, the cyclomalic complexity 
metric and Its extensions are reviewed. The 
strengths and weaknesses of the cyclomatic met­
ric are Identified. In order to reflect the control-flow 
complexity more accurately, an extension to the ex­
isting cyclomatic metrics is introduced. This extend· 
ed metric can provide system developers with more 
information about aprogram and is proved to be su­
perior to the existing cyclomatic metrics in reflect· 
ing program complexity. 

INTRODUCTION 
For more than a decade, program complexity has 

received tremendous attention from researchers in 
computer science. Program complexity is deemed 
to be a major factor that influences the quality of 
computer programming. Evidences to support this 
speculation were provided by such empirical studies 
as Halstead [1972b], Bulut and Halstead [1974.], 
Funami and Halstead [1975], Cornell and Halstead 
[1976], Elshoff [1976], Love and Bowman [1976], Fitz­
simmons [1978], Fitzsimmons and Love [1978], 
Schneidewind and Hoffman [1979], Sunohara, 
Takano, Uehara and Ohkawa [1981]. These authors 
applied a selected set of metrics to measure pro­
gram complexity and correlated the metrics with the 
number of errors which occurred in the measured 

modules. All of them found that the occurrence of 
program errors correlates Significantly with the com· 
plexity of the program being measured. 

Measuring program complexity by a metric was 
first attempted by Halstead [1972a]. Since then, 
numerous metrics have been proposed. 

Among them, the cyclomatic metric of McCabe 
[1976] is the easiest to understand and calculate. It 
is also the only one that lends Itself to determining 
minimum test set for program testing. In this paper 
the cyclomatic metric and its extensions will be 
reviewed and compared. The str~ngths and weak­
nesses of the cyclomatic metric will be identified. 
Effective use of these metrics will be carefully 
described. 

THE CYCLOMATIC COMPLEXITY 
METRIC 

The cyclomatic complexity m~tric was proposed 
by McCabe [1976]. His metric is based on the deci· 
sion structure of a program and the cyclomatic num­
ber [Berge, 1973, p. 16] (also called the cycle rank 
[Harary, 1969, p. 39], orthe nullity [Chan, 1969, p. 65]) 
of the classical graph theory. The cyclomatic com­
plexity metriC, V(G), as defined by McCabe, is 

V(G) = E - N + 2P 
where E is the number of edges (or arcs), N is the 
number of vertices (or nodes), and P is the number 
of connected components. A component is a sub­
graph representing an external module either call­
ing or called by another module. For example, 
consider a main program M and two called subrou­
tines A and B having a control structure shown in 
Figure 1. 
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FIGURE 1 

A GRAPH WITH THREE 


CONNECTED COMPONENTS 


M: A:0 
~ 

CD 
~ 
0 

The total graph in Figure 1 is said to have three 
connected components and each subgraph has only 
one connected component (itself). Therefore, the cy­
clomatic complexity numbers are: 

V(M) = 3 - 4 + 2(1) = 1, 
V(A) = 2 - 2 + 2(1) = 2, 
V(B) = 4 - 4 + 2(1) = 2, 

and 
V(M+A+B) = 9 - 10 + 2(3) = 5. 

It can easily be shown that V(M +A + B) = V(M) 
+ V(A) + V(B). 

McCabe further demonstrated two alternate ways 
of finding the complexity number V. One is to count 
the number of both inner and outer regions for each 
subgraph. Notice that there should be one outer re­
gion for each subgraph. In fact, if we form a closed 
subgraph by drawing an imaginary arc from the exit 
node to the entryJ'node for each subgraph in Figure 
1 and count all tna inner regions afterward it would 
yield the same number. We believe that the latter 
approach is less confusing than the former. For ex­
ample, Figure 2 shows the closed subgraphs der­
ived from Figure 1. By counting the inner regions. 
(11 through 15), we get a V(G) of 5. 

The other way of calculating V is to count the 
number of predicate conditions in the program. 
Then the cyclomatic complexity is: 

V(G) = Number of predicate conditions + 1. 
The attractive aspect of this method is that one 

can find the V(G) directly from the program text 
without arduously constructing a flow graph. For ex-· 
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ample, consider the follow!ng PU1 program [Myers, 
1979, p. 38]: 

M: PROCEDURE (A, B, X); 
IF ((a:>1) & (B=O)) THEN DO; 


X = )(fA; 

END; 


IF ((A =2) / (X:>1)) THEN DO; 
X = X+ 1; 
END; 

END; 
Notice that each "I F" statement in procedure M 

has two conditions in its predicate. This type of "IF" 
statement will be called a pompound "IF'" construct. 
In contrast, an "IF' statement with only one condi­
tion is called' a simple "IF" construct, hereafter. 
Since each condition in procedure M contributes 
one cyclomatic complexity count, the complexity 
number is thus V(M) = 4+ 1 = 5. 

Figure 3a shows the flow graph corresponds to 
procedure M listed above. Notice that it reflects the 
compound predicate by placing an extra exit 'edge 
for the second condition on each alternation node. 
For the convenience of counting, we substituted a 
traditional decision symbol for each alternation 
node and created Figure 3b. It can be seen that 
Figure 3b is much more readable and understand­
able than Figure 3a. Therefore, we highly recom­
mend adopting decision symbol In flow-graph con­
struction sinc@ It help's not only in counting the 
numberof predicates but also in Improving the un: 
derstandability of the flow graph. 



FIGURE 2 
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CLOSED SUBGRAPHS 
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to control module complexity in the design STRENGTHS AND WEAKNESSES OF THE 
phase, i.e., before actual coding takes place. CYCLOMATIC COMPLEXITY METRIC 

(3) It lends Itself to determining the maximum set Although the cyclomatic complexity measure is 
of independent test paths. easy to compute and understand, it has many 

(4) It can be used to control the complexity of pro­anomalies. We have summarized all its strengths 
gram modules. (McCabe recommended that and weaknesses.as follows: 
an upper bound of 	10 should be used as aStrengths 
guide to control the complexity of program (1) It is easy to compute from the program text, 
modules. This recommendation was endorsedand flow graph as 	well. 
by Schneidewind and Hoffmann [1979], and(2) It supports a top-down development process 
Walsh [1979].) 

FIGURE 3 

A CONTROL GRAPH WITH 

COMPOUND PREDICATES 
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"IF" predicates. Myers clearly demonstrated that 
this new interval metric can accurately reflect the 
complexity of various constructs. 

Another anomaly indicated by Hansen [1978] is 
that the cyclomatic complexity metric reflects no 
"expression" complexity. In other words, "a pro­
gram with more operators is simply bigger ... (and) 
... more complex" and should have higher expres­
sion complexity [Hansen 1978]. He therefore pro­
posed a pair of measures. One measures control 
flow complexity by one plus predicate counts (but 
unlike Myers' method, a "CASE" predicate is always 
counted as one), and the other measures expression 
complexity by operator counts in the program. 
However, Hansen's metric is somewhat difficult to 
compute and only applies to program text. 

Another major weakness of the cyclomatic com­
plexity metric is its insensitivity to the level of nest­
ing within various constructs. For example, three 
"WHILE" loops in succession will result in metric 
values similar to those for three nested "WHILE" 
loops. This anomaly was brought forward by Curtis, 
Sheppard, Milliman, Borst, and Love [1979], but they 
did not offer any solution to it. Dunsmore and Gan­
non [1979] also manifested that excessive nesting 
can lead to circumstances in which it is difficult for 
programmers to comprehend what must be true for 
a particular statement to be reached. He further pro­
posed a metric of "average nesting level" [Duns­
more and Gannon, 1980]. In order to calculate this 
metric, every executable statement in a program 
must be assigned a nesting level. If statement 5, is 
at level L and statement 51 is in the range of a loop 
or a conditional transfer governed by statement 5" 
then the nesting level of statement 51 Is L + 1. For 
example, the two "IF" statements In procedure M 
above are at level one and the two assignment state­
ments at level two. Therefore, the average nesting 
level is 1.5 (or 1 + 2 + 1+ 2/4). Dunsmore and Gan­
non's metric suffers the same deficiency as that of 
Hansen's. Moreover, it does not measure any con­
trol flow complexity, neither does it accurately 
reflect program nesting complexity. 

Recently, U [1987] proposed a solution to this 
problem of program nesting. He developed a nest­
ing level metric, L(G), to accurately reflect program 
nesting complexity. U's metric is an extension to 
McCabe's cyclomatic complexity metric. He derived 
a two-step computation procedure for L(G) as 
follows: 

(1) 	 Find the cyclomatic complexity measure, V(G), 
using McCabe's approach. 

(2) 	 Identify the second, the third, the fourth, and 
so forth, levels of nesting construct and as­
sign each occurrence with one additional unit 
of complexity. Note that a control statement 
should be considered to be at the first level 
of a new nested construct If it follows a con­
trol statement whose other branches all lead 
directly to program exit without any interven­
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TABLE 1 

COMPARISON OF THE OUTCOMES 

OF FOUR COMPLEXITY METRICS 


Algorithm from Kernighan 
and Plau!iler [1974] Hansen Myers McCabe Li 

Merge two lists: 
(K&P, pp. 18-19) 

Original version (5,10) (5:5) 5 7 
Improved version (3,16) (3:5) 5 5 

Computer dating service: 
(K&P, pp. 21-22) 

Original version (7,10) (7:7) 7 8 
Improved version #1 (3,12) (3:6) 6 6 
Improved version #2 (3,6) (3:3) 3 3 

A checkers move generator: 
(K&P, pp. 41-42) 

Original version (14,60) (17:17)* 17 25 
Improved version (10,46) (10:17) 17 17 

Julian to Gregorian date 
conversion: 
(K&P, pp. 43-46) 

Original version (17,85) (17:19) 19 30 
Improved version #1 (5,25) (5:10) 10 11 
Improved version #2 (6,25)* * (6:11)** 11** 13 

*Computed GOTO construct is regarded as CASE construct. 

* *One unit of complexity is Introduced by an additional DO-WHILE construct. 


ing statements. 
For example, consider the six control-flow graphs 

depicted In Figure 4. The nesting level of each predi­
cate is identified with a number to the right of each 
decision symbol. All predicates In Graphs (b), (c), 
and (f) are considered to be at the second or higher 
level of a nested construct. In contrast, the predi­
cates following the first-level predicate in Graphs 
(b), (c), and (f) are considered to be at the second 
or higher level of a nested construct. 

Notice that the new nesting metric, L(G), is now 
sensitive to the level of nesting but no longer able 
to determine the maximum number of independent 
test paths. Three characteristics of the L(G) metric 
are worth mentioning here. First, the L(G) metric as­
sumes that nested constructs are more complex 
than simple construct but a nested control state­
ment having one subsequent control statement and 
all other branches leading directly to the end of the 
program does not contribute additional complexi­
ty. Second, the L(G) penalizes the excessive use of 
nested construct and encourages substituting the 
"CASE" statement for the nested "ELSE IF' con­
struct. Third, the L(G) converges to the cyclomatic 
complexity metric if there is no nested construct in 
the program. 

COMPARISON OF FOUR 
COMPLEXITY METRICS 

In order to compare the cyclomatic metric and its 

extensions, four algorithms from Kernighan and 
Plauger [1974] were measured. The outcomes of ap­
plying four complexity metrlcs are Illustrated in Ta­
ble 1. After scrutinizing the outcomes of these four 
metrics, four major characteristics are notable: 

(1) 	The difference between the two elements in 
Myers' metric indicates the number of 
Boolean logical operators, such as "AND," 
"OR," and "XOR." 

(2) 	The first element of Hansen's and Myers' met­
rics are the same if the program contains no 
"CASE" construct. 

(3) 	The only metric that does not reflect program 
improvement correctly is McCabe's metric. Al­
though program improvement might introduce 
more operators, the control flow complexity 
should definitely be reduced. 

(4) 	The difference between Li's and McCabe's 
metrics indicates the number of nesting lev­
els. When these two metrics are equal, the 
program contains no nested construct. 

RECOMMENDATIONS 
A closer look at Table 1 reveals that no single met­

ric can reflect the entire complexity of a program. 
However, each metric does have Its own major 
strengths. While Hansen's first element measures 
the number of predicative statements in the pro­
gram, Myers' metric reflects the number of Boolean 
logical operators. McCabe's V(G) indicates the max­
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FIGURE 4 
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imum number of independent paths for program 
testing, whereas LI's L(G) shows the degree of pro­
gram nesting. 

Taking from Hansen [1978], a control-flow metric 
may include four different counts: 

(1) 	The number of "IF,'·' "CASE," or other alter- .. 
nate execution constructs. 

(2) 	The number of iterative "DO," "DO-WHILE," 
"REPEAT-UNTIL," or other repetitive con­
structs. 

(3) 	 Two less the number of alternatives in a 
"CASE" construct. 

(4) 	The number of Boolean logical operators such 
as "AND," "OR," "XOR" in a control 
statement. 

While Hansen's first element includes only the 
first two numbers, Myers' first element includes the 
first three, and McCabe's V(G) includes all four. Han­
sen calls these three metrics in sequence: "CYC­
MIN," "CYC-MID," and "CYC-MAX."Therefore, Han­
sen's metric is the "CYC-MIN," Myers' is the "CYC­
MID," and McCabe's is the "CYC-MAX." 

Since the differences among the former three 
metrics can provide useful information, we recom- . 
mend that all three metriCS, namely, "CYC-MIN," 
"CYC-MID," and "CYC-MAX" be rec.orded during the 
process of finding the L(G) metric. In addition, we 
suggest that the "CYC-MIN" be broken down into 
three numbers: the counts of "IF," "CASE," and 
repetitive ("WHILE" or "REPEAT") constructs. 
Moreover, program improvement sometimes results 
in decomposing a program into two modules. There­

fore, it is also useful to show the numberof mod­
ules encompassed by a program. As for operator 
count, we believe that it cannot reflect any control­
flow. complexity and thus shall be excluded. 

In conclusion,the optimal cyclomatic complexi­
ty metric should be of two tiers and eight elements: 
the first tier contains the numbers of four different 
counts: 1) modules, 2) "IF" constructs, 3) "CASE" 
constructs, and 4) repetitive ("WHILE/REPEAT") 
constructs; the second tier contains 1) CYC-MIN, 2) 
CYC-MID, 3) CYC-MAX, and 4) L(G). The values of all 
eight elements in this metric can be readily obtained 
during the process of finding the L(G) value. To be 
more specific, the number of modules and control 
statements (Le., "IF," "CASE," "WHILE," and 
"REPEAT" statements) must be found before CYC­
MIN can be obtained. Adding to CYC-MIN by two 
less the number of alternatives in each "CASE" con­
struct, we find CYC-MID. The number of logical oper­
ators plus CYC-MID yields CYC-MAX. Finally we find 
the value of L(G) by adding the count of second- or 
higher-level nested control statements to CYC-MID. 

Table 2 gives the outcomes of applying this two­
tier metric to the same algorithms in Table 1. Several 
characteristics are worth noting: 

(1) 	The first element of the second tier, CYC-MIN, 
equals the sum of the four elements in the 
first tier. 

(2) 	The first two elements of the second tier are 
the same if the program contains no "CASE" 
construct. 

(3) 	The difference between the second and the 
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third elements in the second tier indicates the 
number of Boolean logical operators, Le., 
"AND," "OR," and "XOR." 

(4) 	The last two elements of the second tier are 
the same if the program contains no nested 
construct. 

(5) 	The two tiers can supplement each other. If 
the first tiers of two improved versions are 
alike, we can always tell the better one by ex­
amining the two second tiers. For example, 
refer to the second and the last examples 
given in Table 2. Each example gives two im­
proved versions. It is now obvious to choose 
the first improved version for the second ex­
ample. For the last example, we will choose 
the first improved version because it contains 
less repetitive and nested constructs (the 
fourth elements of the two tiers are smaller). 

CONCLUSION 
We have reviewed the cyclomatic complexity met­

ric and its extensions. Strengths and weaknesses 
of these metrics were also discussed. It was demon­
strated that no Single software metric can measure 
the complexity of a program in its entirety. A two· 
tier, eight·element metric (#modules, #IF, #CASE, # 
WHILE/REPEAT and CYC·MIN, CYC-MID, CYC-MAX, 
L(G), was therefore recommended. This practice al· 
lows software developers to understand software 
without looking at its program text. It can be used 

to compare program modules of different software 
projects. So can it be used to compare multiple im· 
proved versions of a program. It is better than the 
cyclomatic metric V(G) in measuring program com· 
plexity. It supplies more information than any other 
metric alone. While offering so many more advan· 
tages over the other metrics, this two-tier, eight· 
element metric remains easy to compute and under· 
stand. Since the information about each element in 
this metric must be extracted before one can obtain 
the L(G) value, finding the value of each element be· 
comes a matter of retaining the readily available in· 
formation. It is obvious that this extended metric is 
superior than any existing cyclomatic metrics in 
reflecting the control·f1ow complexity of a program. 

REFERENCES 

Berge, C., Graphs and Hypergraphs, Amsterdam, 
The Netherlands: North·Holland, 1973. 

Bulut, N. and M. H. Halstead, "Impurities Found 
in Algorithm Implementation," Technical Report 
CSD·TR·111, Computer Sciences Department, Pur· 
due University, 1974. 

Chan, S. P., Introductory Topological Analysis of 
Electrical Networks, New York, NY: Holt, Rinehart 
and Winston, 1969. 

Cornell, L. and M. H. Halstead, "Predicting the 
Number of Bugs Expected In A Program Module," 
Technical Report CSD-TR-205, Computer Sciences 

Algorithm from Kernighan 
and Plauger [1974] 

Merge two lists: 
(K&P, pp. 18-19) 


Original version 

Improved version 


Computer dating service: 
(K&P, pp. 21·22) 

Original version 
Improved version #1 
Improved version N2 

A checkers move generator: 
(K&P, pp. 41-42) 

Original version 
Improved version 

Julian to Gregorian date 
conversion: 
(K&P, pp. 43-46) 

Original version 
Improved version N1 
Improved version N2 

TABLE 2 

OPTIMAL TWO·TIER EIGHT·ELEMENT 

CYCLOMATIC COMPLEXITY METRIC 


First Tier· 

(1,2,0,2) 
(1,2,0,0) 

(1,3,0,3) 
(1,1,0,1) 
(1,1,0,1) 

(1,12,1,0) 
(2,8,0,0) 

(1,16,0,0) 
(1,3,0,1) 
(1,2,0,3) 

·First tier contains (Nmodules, NIF, NCASE, #WHILE/REPEAT). 
"·Second tier contains (CYC-MIN, CYC-MID, Cy(t-MAX, L(G). 

22 • Quality Data Processing 

Second Tier"" 

(5,5,5,7) 
(3,3,5,5) 

(7,7,7,8) 
(3,3,6,6) 
(3,3,3,3) 

(14,17,17,25) 
(10,10,17,17) 

(17,17,19,30) 
(5,5,10,11) 
(6,6,11,13) 



Department, Purdue University, 1976. 
Curtis, B., S. B. Sheppard, P. Milliman, M. A. Borst 

and T. Love, "Measuring the Psychological Com· 
plexity of Software Maintenance Tasks With the Hal· 
stead and McCabe Metrics," IEEE Transactions on 
Software Engineering, vol. SE·5, no. 2, March 1979, 
pp. 96·104. 

Dunsmore, H. E. and J. D. Gannon, "Data Ref· 
erencing: An Empirical Investigation," IEEE Com· 
puter, vol. 12, no. 12, December 1979, pp. 50·59. 

Dunsmore, H. E. and J. D. Gannon, "Analysis of 
the Effects of Programming Factors on Program· 
ming Effort," The Journal of Systems and Software, 
vol. 1, no. 2, 1980, pp. 141·153. 

Elshoff, J. L., "Measuring Commercial PU1 Pro· 
grams Using Halstead's Criteria," ACM S/GPLAN 
Notices, vol. 11, no. 5, May 1976, pp. 38·46. 

Fitzsimmons, A. B., "Relating the Presence of 
Software Errors to the Theory of Software Science," 
presented to the 11th Hawaii International Confer· 
ence of Systems Sciences, January 1978. 

Fitzsimmons, A. B. and L. T. Love, "A Review and 
Evaluation of Software Science," ACM Computing 
Surveys, vol. 10, no. 1, March 1978, pp. 3·18. 

Funami, Y. and M. H. Halstead, "A Software Phys· 
ics Analysis of Akiyama's Debugging Data," Tech· 
nical Report CSD·TR·144, Computer Sciences 
Department, Purdue University, 1975. 

H.alstead, M. H., "Natural Laws Controlling AI· 
gorithm Structure?," ACM S/GPLAN Notices, vol. 7, 
no. 2, February 1972a, pp. 19·27. 

Halstead, M. H., "An Experimental Determination 
of the 'Purity' of A Trivial Algorithm," Technical 
Report CSD·TR·73, Computer Sciences Department, . 
Purdue University, 1972b. 

Hansen, W. J., "Measurement of Program Com· 
plexity by the Pair (Cyclomatic Number, Operator 
Count)," ACM S/GPLAN Notices, vol. 13, no. 3, 
March 1978, pp. 29·33. 

Harary, F., Graph Theory, Reading, MA: Addison· 
Wesley, 1969. 

Kernigan, B. W. and P. J. Plauger, The Elements 
of Programming Style, New York, NY: McGraw·Hill, 
1974. 

Li, E. Y., "A Measure of Program Nesting Com· 
plexity," AFIPS 1987 Proceedings of the National 
Computer Conference, vol. 56, 1987. 

Love, L. T. and A. B. Bowman, "An Independent 
Test of the Theory of Software Physics," ACM S/G· 
PLAN Notices, vol. 11, no. 11, November 1976, pp. 
42·49. 

McCabe, T. J., "A Complexity Measure," IEEE 
Transactions on Software Engineering, vol. SE·2, n·o. 
4, December 1976, pp. 308·320. 

McCabe, T. J., "Structured Testing: A Testing 
Methodology Using the McCabe Complexity Met· 
ric," in McCabe, T. J. (ed.), Structured Testing, SiI· 
ver Spring, MD: IEEE Computer Society Press, 1983. 

Mills, H. D., "Mathematical Foundations for Struc· 
tured Programming," FSC 72·6012, Gaithersburg, 

MD: IBM Federal System Division, 1972. 
Myers, G. J., "An Extension to the Cyclomatic 

Measure of Program Complexity," ACM S/GPLAN 
Notices, vol. 12, no. 10, October 1977, pp. 61·64. 

Myers, G. J., The Art of Software Testing, New 
York, NY: Wiley·lntersclence, 1979. 

Schneidewind, N. F. and H. M. Hoffman, "An Ex· 

periment in Software Error Data Collection and Anal· 

ySis," IEEE Transactions on Software Engineering, 

vol. SE·5, no. 3, May 1979, pp. 276·286. 


Sunohara, T., A. Takano, K. Uehara and T. Ohka· 

wa, "Program Complexity Measure for Software De· 

velopment Management," Proceedings of the Fifth 

International Software Engineering Conference, San 

Diego, CA, 1981, pp. 100·106. 


Walsh, T. J., "A Software Reliability Study Using 

A Complexity Measure," AFIPS Proceedings of the 

National Computer Conference, vol. 48, 1979, pp. 

761·768. 


DP HISTORY AND TRIVIA. 
In 1884, Samuel Morse conducted his first public 

demonstration of his electric telegraph ... In 1951, 
the UNIVAC I arrived at the U.S. Census Bureau ... 
In 1961, Robert Noyce was awarded a patent for the 
integrated circuit ... In 1968, Digital Electronics Cor· 
poration announced the PDP·8, the first 8·bit 
minicomputer ... In 1974, a programming error 
caused $7.5 million in welfare checks to be issued 
to people no longer qualified to receive them ... In 
1978, Corvus Systems, Inc. announced the first 
eight·inch disk drive that used the Winchester tech· 
nology ... In 1979, the PC spreadsheet VisiCalc was 
demonstrated to the public at the National Com· 
puter Conference ... 

Source: Indiana Bell ADC Newsletter, March 1987. 
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