Program Comprehension and
Code Complexity Metrics
: An TMRI Study

Norman Peitek, Sven Apel, Chris Parnin,
Anddre Brechmann, Janet Siegmund

ICSE 2021 Technical Track “Program Comprehension and Code Complexity Metrics: An fMRI Study”

RERE H ZE




b = .

5= d— FOEHS

OLITOOA—FRZRY MIDWTEZ 5,

public List<Integer> compute (int a, int b, int c) {

if (a > b) { int temp = b; b = a; a = temp; }
if (a>c) { int temp = ¢c; c = a; a = temp; }
if (b >c) { int temp = c; c = b; b = temp; }
return Arrays.aslList(a, b, c);

}
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Complexity Metrics | Experiment Results
Snippet Code Size  Vocabulary  Control Flow Data Flow Correctness Time Subjective Complexity

nippe (LOC)!  (Halstead)!  (McCabe)!  (DepDegree)? (in %) (in sec.) Low — Medium — High

Average of array 17 12.64 17 47% 490 e N

Contains substring 32% 502 e ——

Count vowels in string 89% 304 W s

g' Greatest common divisor 47% 500 e —

h index 16.25 4 20 53% 46.0 e —

Length of last word 18.58 _ 17 58% 433 e

Palindrome check 16.72 4 79% 38.4 L —

Square root of array 5 68% 40.1 . —

Binary to decimal 17 16.75 4 68% 423 e —

& Cross sum 12 14.66 3 84% 276 B e
w

= Factorial 12 16.50 3 95% »; R

&~  Fibonacci variation 12 10.88 3 84% 356 N e mm

Power 17 15.38 4 79% 333 e

o Contains yes or no - 6.13 6 95% 234 -—_

2 Hurricane check 17 9.00 100% s B

Sort four elements 17 79% 414 e

https://github.com/BasLeijdekkers/MetricsReloaded/ 2https://www.sosy-lab.org/~dbeyer/DepDigger/
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. max.60s |[ 10s || 30s s

5 n =‘ 5 i =' 5 4. Control: 5
1. Code 2 a8 = a2 s locating 5
comprehension = g E g = Z E g = % || brackets (no S g
Al A &| oLl Al dX|| 8Os Al o« &|| comprehension)|| ¥ 2| ¥ &
public static vo1d main() { public static vo1d main() {
int result [ int result = 1;
int num = 4; P d p int num = 4;
while (num > 1) { I while (o> 1)
result = result * num; qr T result = result * num;
num--; num--;

|
P d d
System.out.println(result); | 1 | System.out.println(result);

}
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Complexity Metrics Activation Deactivation Subjective

LOC Halstead McCabe DepDegree| BA 6 BA 21 BA 39 BA 44/45| BA 31 BA 32 | Complexity

LOC 16 (.04)

Complexity Halstead | 32 .20 (.04)

Metrics McCabe 25 —.07 (.01)

DepDegree 49 .16 (.01)

BA 6 .26 (05) .38 ((20) .04 (.00)| .32 (.11) .20 (.09)

Solivatbon BA 21 43 (39) .32 (27) .09 (.04) 41 (29 .18 (.09)

SRl BA 30 17 (.10)| 40 (.18) .07 (01)| .36 (21) 17 (.10)

BA 44/45 15 (.04) .17 (.06) —.04 (.00) .22 (.09) .22 (.06)

.. BA3l —30 (21) —30 (.I1) .05 (.00) —.24 (.04) —.44 (44)
Deactivation g, 35 |5139 (24) —42.(22) .04 (.00) —.29 (.04)

Behavioral Correctness | —.46 (.29) —.45 (.26) —.09 (.02) | —41 (.22) —.34 (.13)
Data Time 22 ((10) .24 (.09) .06 (.00) .26 (.07)| .29 (.19) .22 (.10) .31 (22) 24 (.13)|—.22 (.11) —-.21 (.lO)[ .34 (.18)
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Complexity Metrics Activation Deactivation Subjective

LOC Halstead McCabe DepDegree| BA 6 BA 21 BA 39 BA 44/45| BA 31 BA 32 | Complexity

LOC 16 (.04)

Complexity Halstead | 32 .20 (.04)
Metrics McCabe 25 —.07 (.01)
DepDegree 49 .16 (.01)

BA 6 .26 (.05) .38 (20) .04 (.00)| .32 (.11) .20 (.09)

N BA 21 43 (39) .32 (27) .09 (04) 4l (24) .18 (.09)
BA 39 .17 ((10) .40 (.18) .07 (.01) | .36 (:21) 17 (.10)

BA 44/45 15 (.04) .17 (.06) —.04 (.00) .22 (.09) .22 (.06)

Dsshiiiog EA 31 :30 (21) =30 (C11) .05 (.00) :.24 (.04) —44 (44)

—45 (:26) —.09 (02)] —41 (22)
24 (09) .06 (00) .26 (07)

Correctness | —.46 (.29)
Time 22 (.10)

Behavioral

Data .29 (.19)

.22 (.10)

31(22)

=ETHEE))
24 (13)[—22 (11) —21 (10)[ .34 (.18)
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Complexity Metrics Activation Deactivation Subjective

LOC Halstead McCabe DepDegree| BA 6 BA 21 BA 39 BA 44/45| BA 31 BA 32 | Complexity

LOC 16 (.04)

Complexity Halstead | 32 .20 (.04)

Metrics McCabe 25 —.07 (.01)

DepDegree 49 .16 (.01)

BA 6 .26 (.05) .38 (20) .04 (.00)| .32 (.11) .20 (.09)

N BA 21 43 (39) .32 (27) .09 (04) 4l (24) 18 (.09)

BA 39 .17 ((10) .40 (.18) .07 (.01) | .36 (:21) 17 (.10)

BA AAIAL 18 / .22 (.%)

.. BA3l =30 (:21) =30 (11) .05 (.00) —.24 (.04) —.44 (44)
Deactivation g, 35 |5139 (24) —42.(22) .04 (.00) —.29 (.04)

Data

Time

22 (10)

24 (09)

06 (00) 26 (07)

29 (.19)

.22 (.10)

31(22)

—.34 (.13)
.24 (.13)

——.zz (1) —21(10)| .34 (18)
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Complexity Metrics Activation Deactivation Subjective

LOC Halstead McCabe DepDegree| BA 6 BA 21 BA 39 BA 44/45| BA 31 BA 32 | |Complexity

LOC 16 (.04)

Complexity Halstead | 32 .20 (.04)

Metrics McCabe 25 —.07 (.01)

DepDegree 49 .16 (.01)

BA 6 .26 (05) .38 ((20) .04 (.00)| .32 (.11) .20 (.09)

Solivatbon BA 21 43 (39) .32 (27) .09 (.04) 41 (29 .18 (.09)

SRl BA 30 17 (.10)| 40 (.18) .07 (01)| .36 (21) 17 (.10)

BA 44/45 15 (.04) .17 (.06) —.04 (.00) .22 (.09) .22 (.06)

.. BA3l —30 (21) —30 (.I1) .05 (.00) —.24 (.04) —.44 (44)
Deactivation g, 35 |5139 (24) —42.(22) .04 (.00) —.29 (.04)

Behavioral Correctness | —.46 (.29) —.45 (.26) —.09 (.02) | —41 (.22) —.34 (.13)
Data Time 22 ((10) .24 (.09) .06 (.00) .26 (.07)| .29 (.19) .22 (.10) .31 (22) 24 ((13)|—.22 (.11) —=.21 (.1 [ .34 (.18)
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