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abstract

This study aims at examining the dependency of program reliability
on the complexity of program structure. For this purpose, we have
developed program analyzing systems for FORTRAN and Pascal programs.
These systems deal with typical complexity measures such as cyclomatic
number, and with several factors of program complexity such as the
number of global variables and the number of called modules.

This report presents the correlation coefficients among complexity
measures, and the correlation coefficients between complexity measures
and program errors. These data show that there is strong correlation
among complexity measures, and that program reliability depends on
program control structure and global data usage.
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* PRANFOR (Rrogram Analyzer for FORTRAN program) ,
** PRANPAS (Program Analyzer for Pascal program) [Fig.2] PRANPAS
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[Table 1} Complexity measures (PRANFOR)

F@ -- no. of executable statements

Fl -- cyclomatic number

F2 -- no. of sequences

F3 -- no. of 2-way branches

F4 -- no. of 3-way branches

F5 -- no. of more than 4-way branches

F6 -- no. of IF & GOTO statements

F7 -- no. of type declaration statements

F8 -- no. of COMMON or EQUIVALENCE statements

[Table 2] Complexity measures (PRANPAS)

P@ -- no. of delared labels

Pl -- max depth of nesting level( control flow )

P2 -- cyclomatic number

P3 -- cyclomatic number + no.of operators in decision st.
P4 -- software effort )

P5 -- program volume

P6 -- program difficulty

p7 -- no. of executable statements

P8 -- no. of global variables

P9 -- no. of global variable references

P1@#-- no. of called modules
pPll-- total no. of callgdvmodules
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[Table 3] Program errors

[Table 4] Test programs

1. testl* (program analyzer) 1500 steps
1. testing phase errors 2. test2 (BENCHMARK ) 3500 steps
. logical errors 3. test3 (FORDAP system ) 1500 steps
2, data structure errors 4. test4 (SIMTRAN ) 1100 steps
3. data definition and 5. test5* (utility ) 600 steps
reference errors 6. test6**(program analyzer) 60088 steps
5. module interface errors
2. compile phase errors 175:FORTRAN program
3. maintenance phase errors 6:Pascal program
: *:analyze software errors
**:analyze compile errors
f .
A 5 o 8 A
[Table 5] Correlation coefficients among
complexity measures (PRANFOR) .
F@ -- no. of executable statements
: Fl -- cyclomatic number
! ! F2 -- no. of sequences
: : | F3 -- no. of 2-way branches
' | : ; F4 -- no. of 3-way branches
g; 'ggz 873 ! : i %5 -= no. of more than
F3| .923| .812| .s82| ' : ! 4-way branches
F4| .408] .692| .385| .164| | F6 -- no. of IF & GOTO
F5| .301( .310| .241} .379(-.@24] | statements
F6| .727 569| .676| .873]-.059] .359 ‘
F7| .319} .277| .281| .418|-.943| .348| .353| E7 —= no. of type
F8| .131] .81 .087| .289~.213] .353 .41@| .684| declaration st
[Table 6] Correlation coefficients among
complexity measures (PRANPAS)
Q%
N
Pl .188 ¢ 9
P2 .364] .809 ° o,
P3 .406| .775( .993] 5
P4 .329| .557| .874| .870| °© o
P5 .247| .525| .757( .751| .869 ¢ o
P6 -342| .769| .855 845| .781| .733 ¢ 1
P7 .284] .650{ .888 875| .948 878 .830 © Q%
P8 -237| .508] .656] .649] .683| .854 591} .687 QQ
P9 .254 .479| .728| .730| .811 927 645 .863| .859 A0
Plg .285| .581| .654 634] .508 463 .754| .581) .418] .389 ©
P11 <282 .739] .916 898} .860| .756 888 .894! .606 .674( .757|
By BF
[Table 7] Distribution of software errors
(PRANFOR)
1, testing phase errors 48.0 %
1. logical-errors 14.5%
2. data structure errors 13.2%
3. data definition and
reference errors 6.9%
- 5. module interface errors 5.2%
2. compile phase errors 27.7%
24.3%

3. maintenance phase errors
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[Table 8] Correlation coefficients between software
errors and complexity measures (PRANFOR)

no.,of cyclomatic no.of no.of COMMON

‘executable number IF&GOTO or EQIVALENCE

statements . statements statements
compile. phase errors 818 828 814 486
testing | logical .843 .827 . .877 .452
phase- . et L T L b S et BT e Pt DL b
errors total 743 .728 719 584
maintenance phase 202 200 123 v .720
total errors | 741 737 695 723
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[Table 9] Corre€lation coefficients between software
error rate and normalizedscomplexityvmeasures (PRANFOR)

normalized ratio of ratio of
cyclomatic IF&GOTO COMMON or
number statements| EQUIV.st.
_____________________________ e ——————————— e e
compile phase error rate 26 -.29 57
testing phase| logical’ .69 ¢ -.11 .43
error g E e it e kst
rate total “ .51 Too=.21 . .43
maintenance phase error rate -.19 -.23 62
rate of total errors 36 -.32 78
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[Table 10] Correlation coefficients between compile
phase errors and complexity measures (PRANPAS)

PO Pl P2 P3 P4 P5 P6 P7
no.of compile .18 .51 .59 .56 .54 .47 .58 .59
phase errors = | ———-——e——- e e
-.03 -.01 23 22 -.11 21 27 -
P8 P9 P19 P11
no.of compile .45 .47 .50 .59
phase errors e e e e e e e
13 @5 .19 -.04
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