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[Tahle-1] Complexity measures(PRANFOR)
FO: no. of executable statements
FL: cyclomatic number
F2: no. of seauences
F3: no. of 2-way branches (logical if st.)
F4: no. of 3-way branches
(arithmetic if st.. computed GOTO st.)
F5: no. of more than 4-way branches
(computed GOTO statements)
F6: no. of IFEGOTO statements
F7: no. of type declaration statements
F8: no. of COMMON or EQUIVALENCE statements

[Table-2] Complexity measures(PRANPAS)
F41: no. of declared labels .
£42° max depth of nesting level
(control structures)
"~ F43: cvclomatic number
F44: no. of conditions in predicate + 1
F45: software effort %
F48: program volume %
Fa7: program difficulty ¥
F48: no. of executahle statements
F49: no. of global variables
F50: no. of global variable references
F51: no. of called modules
F52: total no. of called modules
F53: interface complexity(=FA9%F51)
F54: program length ¥ '
F55: program vocabulary ¥
F56. nesfing level complexity measure
: Halstead’s deflnltlon
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[Table-3] Program life cvcle

1: Compile phase(debug phase)

2: Testing phase ‘

3: Maintenance phase

[Table-4] Program error categories
1: logical error :

data definition and.reference error

(data handling error)
data structure error
module interface error
1/0 error

6: computational error
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(Table—6) Sampla program(PRANFOR}

name no. of soucce | no. of modules | € | T | M | snalysis
1ines
TEST-141 ] 1509 7 olofe RM, RHE
TEST-192 509 71 x| x| x RM
TEST~19) 1599 3 x| x| x "M
TEST-194 1909 24 x| x| x] R
TEST-105 699 13 ojlo|o RH," AME
P (Table—7 } Sample program{PRANPAS)
name no. of spucce | no. of modules] C H | analysis
_llnes
TEST- 1 5999 153 o[ o | o] R, RHE
TEST- 2 11 -3 o | o | o AM, .RHE
TEST- ) 2 Lo. | x| x | Rs, RME
TEST- 4 22 o.| x | x [ R, eHE
TEST- § , .29 o | x| x| R4, aNE
TEST- 6 169 o'l x | x RM, RHE
TEST- 7 199 o x| x | &, RHE
TEST- 8 167 e px | x| am
TEST- 9 122 ®|x | x| R
TEST-19 7 o | o| 84, rue
TEST-IL 9 o.|. o | o | B, RHE
TEST-12 12 ol o | o | mH, mHE
TEST-13 13 o' | o | o | RM, RME
TEST-14 . IJ o' |0 | o] RM, RME
TEST-15 ¢ a{o | o] s, RuE
TEST-201 Colheuen al TEST-1, r:sr a, o.] o | o[ R, aue
TEST-10 .7

Compile phase errors,
Haintenance phase scrocs.
@ «v~ ertoc data collected.

x -=- ervoc.data not collected.

T ¢ Testing phase ecrrors,

23
n

Ty s s EEEMoMN

analysis of nhtlonshlps among complexity measures.
analysis of relationships between complexity measuces
and program ecrocs.

{Table-8 | Correlatlon coefflcients among complexity

measucen (PRANEOR) .

sample progcam : TEST-101 ~ TEST-10S.

no. of executable statements £e
cyclomatic number El
no. of sequences €2
nn, of 2-way beanches £)
of 3-way beanches E4
1. of more than 4-way branches S
no, of IF & GOTO statements 6
no. of type declatatien st. £7
no. of COMMOM or EQUIVALENCE st. FB
[Table--q]
Fél' F42
no.of declared labels:Fdl
max depth of nesting level:Fd2 ¢.33
cyclomatic numbee:F43 9.37 .69
max cyclomatic number:£44 9.37 9.69
software effort:F45 0.16 @.47
program volume:F46 9,26 0.44
program difficulty:F47 9,69

no.of executable st.:Fdd
no.of global varlsbles:F4d
no.of global varlable tefer.:F50
no.of called modulestFSL

total no.of called modules:FS2
intecface complexitytFs3
progeam length:F54

program vocabulary:fss

TaY I LRy

-

.28
9.39
9.45
944
-9.5@
9.47
9.54

1) F1 F2° (=] 4 FS ré r7
.882
.385] .164
<241 .379)-.924
.676| .873[-.059] .359
L2011 .410}-.943| .348} .38)
.987 =.213| .353| .419| .e84|

TOarSLAEREL OS5 L= OHY

|nhl--—|l| cou'htlon coefficlents batwean program
and complexity measuces (PRANEOR),
unpl. programi TEST-101,TEST-105,

no.of cyclomatlc |no.of no.of CoHioN

executable fnumber 1FLGOTO ot EQIVALENC

‘statements : atatemants [statements
complle phase wrrocs |- .18 | .82 | .8l4 | .86
testing | loglcal | .a43  |° .87 | .e17 | .4s2
phase
eccors | total . | LT3 | .72 ] .7 | .sed
malntenance phase | .202 | L2000 | ' .23 | .720
totsl errors j .1 a7 | L6 | an

n.u.—la) cunl-t[un coefffclents between progrsm

‘correlation coefficients among complaxity measures (PRANPAS)
sample progeam; ail sample prog.

EXEIR LT

F45 F46 FOY

E48  F49

ﬂ‘l

{Table- |0} Distributfon of program.errors(PRANFOR).
‘sample program TEST-101,TEST-105. ;
(40 moddules)

A phase . | oo. of errors | © b |
| compile phase ecroc | 1] | 21,0y
| Testing phase ecrror | 83 |

1. logical ertor 25 38.11
2. data handllng errot ‘12 14.51
3. data structuce eccor 23 7.7 {8,061
4. module Interface ecrror 10 12.01
5. 1/0 .eczoc .8 9.61
6. computatlonal ecror 3 3.61
7. others 2 2.51
| Malntenance phase errocr | 42 | 243y
| Total i 173 | res.ey
[Table~|)} Distribution of program errocs{PRANPAS).
sample program TEST-1,TEST-2,TEST~10715.
(269 modules)

| phase | no. of erroes | v
| Compile phase erroc | 664 | &4.4y)
| Testlng phase stror | iy |

1. logical ecror - ' 121 7.9
2. data handling error 58 7.7
3. data sktructute ecroc e 9.2% N
4. module interface actor 46 14.1%
S. 1/0 ecroc 16 14.1%
6. computational error 16 4.9
7. others 10 3.0

| Malatenance phase ector | 4 i 3.9%

{ Total | 1031 | 1ee.e1

F50 ¥SL FS2 FS3 FS54

troes and complexlty measuras (PRAUPAS),

| name | TEST-201 | TEST-201 | TEST-201 | TEST-201] all prog. |

| phase| compile testing  |maintenance[ totai compile’
' phase phare phase phasa phase
£l (Y .31
F42 9.50 9.48
4 9.56 9.59
Pt 9.5 , 9.58
A4S 9.4 " 9.5
€46 045 0,51
£ 0.45 9.56
Ein 9.58 9.62
£49 0.45 9.46
S8 9.46 9.4
5L 9,50 a.54
F52 0.56 e.59
€53 0.6 0.62
€54 9.5 9.52
FSS 0.49 0.54

tlon coelficlents betwes:
00 notmalized complexlty m
asample prgram: TEST-10L,TEST-105.

rogeam ercor

[Table~14) Cocte
cate sutas {PRANEOR)

notmalized | ratlo of | ratlo ot

cyclomatie TFLGOTO COHNoM or

number statements| EQUIV.st.
complle phase ecror rate | .26 -.29 .57 I
testing phase| loglcal | .60 .11 RH |
ercoc
tate total | .51 -.21 -8 ]
malntenance phase ercor rate | -.19 -2 .62 |
tate of total errors | .36 -.32 1

{Table-|5] Correlation coetficients between program

error. rate and normallzed complexity
messures {(PRANPAS).

| name |

TEST-201 | TEST-201 | TEST-291 | TEST-201| »1l prog.|

[ ]

compl la

testling
phase phase phase

malntenance,
phase

total I:wplll I

phase




BBAHTER
(Table—{g) Test of the ratio £+Ve/Ve.
sample program? TEST-191,TEST-105.
(PRANEOR)
degree of freedom among groups=2,
degree of freedom within group=33.
complle testing | total
phase phase phase
E0 ,5.049%* 17.506** 12.670*
EL 5.749°* 9.246 1.272
E2 l.e47 2.999 1.811
€3 2.242 9.867 2,410
Fd 9.098 9.299 9.191
ES 1.404 9.537 9.319
E6 9.849 9.515 ¢.966
E7 5.854*¢ 9.799 2.947
F8 3.636* 1.345 3.224
[Table~|7] Test of the ratlo E=Vy/Ve.

sample program: TEST-201.

degree of freedom. among groups=J,
degree of freedom within group=249.

errocr: complle, testing, all phase ecrors.

| compile phase | testing phase | all phase

9.816 .94 9.206
9.555 2.51% 1.347
1.962 5.139+%¢ J.196¢
9.861 2.557¢ 1.668
1.095 1.326 1.116
9.483 9.877 9.332
4.392%¢ 5.768** 6.8304¢
18.815°* 19.5184¢ 26.281%*
© 1,291 1.641 1.917
¢.947 2.283 1.698
9.617 T2.729¢ 0.846
8.667 1,394 9.685
a.542 1.516 0.367
3.719¢ 2.289 4.1174
4.674%¢ 5.8044* T.0844*
9.959 9.741 ¢.798
9.528 1.329 1.1390

(Table-|@) Estimation of ¢ (V).

pe
sam|

(5= (k-1}*Ve }/S

ple program: TES¥-IG[.T£S1’-IBS.
(PRANEOR)

degree of freedom among groups=2,

degree of freedom within group=32.

complle testing total
l phase phase phase
EQ 21.70% 48.54% 40,01t
El 21.34 1.53
EF2 9.27 5.91 4.43
E3 6.33 e 7.46
E4 9 [ [}
ES 2.26 q q
E6 9 9 ]
E? 21.74 B 9 7.44
E8 13.09 1.93 11.27
(Table~|q} Estimatlion of » (V).
P w(Sq= (k-1)*V¢)/Sr.
sample program: TEST-201.
degree of Ereedom among groups=l,

degree
eccor:

of freedom within grouvp=248,

compile, testing, all phase errors.

| compile

phase | testing phase | all phase

9
1.14
9
g.11
[}

3.90
17.55

~w
N
ceruweeaa

9.35

(]
1.78
4.78
1.83
e.39

9

N [
b.41
2.56
0.79,
8.14
[

6.51
23.29
1.09
e.83
¢

[
L)
A 3.66

\ 7.69

[]
2.16

Data normalization -

(Table—20) Test of the ratio £=Vq/V, .
. ercort :o’mal!c phase ecrots.

|neme| ALl progcam TEST-7 TEST-6 ' TEST-1 TEST-201]

|oEwg| 668 169 144 48|
E4l 2.487 . - °1.375 9.816
£42 1.359 9.836 0.555
£4) 2.787*  1.80% 1.962
Ed4 2,743 1.99) 9.861
Eds 2,863 1.443 1.095
E46 9.712 . 0.721 0.483
£47 1.968 6.2014% - 4.392¢¢
£40 3.156%  16.412%% 19.815%*
E49 2332 .843 1,291
€50 9.930 9.877 9947
£sl 9.435 9.901 9.637
£52 9.399 9.604 9.667
£5) 1.703 3.106% . 9.542
FSd 1.200 6.471%% 3,719+
ESS 4.988%%  6.626%% 4,674+
3 9,914 1.965 9.950
Fig 9.933 9.567 9.528

DEAG: Degree of Fresdom Among Groups(=J)
DEWG: Degree of Freedom Hithin Group

(Fig.~ 6 ) P vs begree of Freedom Among Croups (DEAG)
nt no. of data within group |
{1 <1 < (DFAG+L) ‘)

t Pre)

neg

40 : . * No. of executable

1 . ‘statements

he?7

PH neb3
h*6 program
1ol vocabulaty
h=63
o § . Y
L 5 o 0. o
Degree of Freedom Among Groups
(DEAG) . .
[Table- § ] DATA ANALYSIS SISTEM
Complexity measure —-~-~ Program vocabulary

__________ Total phase errors
252 modules
- Yes

<<< l-way clssification >>>
groupl group2 .. groupl . . groupd

8.879 7.921 12.153 27.461
Average g.123 g.126 9.192 9.436
Measure 1.190 1.857 2.826 5.393

<<< Analysls of varlance table >>>

Soutce sum of degree of mean 4 Vjun kouka kiyoritsu
square freedom  square ' (81}
G 4.673 3 1.358 7.884 3.556. 7.64
42.793 249 0.172 43.220 92.4¢
46.776 251 46,776 100.64




