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Abstract We developed a SIFG(Slice-based Information Flow Graph) for modeling the information
flow on program on the basis of the information flow of data tokens on program slices. Then we
defined a SCM(Slice-based Complexity Measure) for measuring the program complexity by measuring
the complexity of information flow on SIFG. We showed that, according to Zuse's approach, it
assumed ordinal scale based on atomic modifications on SIFG, and that it was additive to binary
operation MBSEQ, and that it was not additive to binary operation MBALT but satisfied Weyuker's

Oth axiom. Also,

based on comparison with the existing measures,

we showed that SCM could

measure not only the control and data flow in program but also the physical size of program.
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AL AP 14].

McCabe7t #¢Het &89 (cyclomatic number)s= X
2a¥Ye] =839 BARE RS Ao] 7z st
£ & dHEFHA Hxolth o HxE B FEA4dx
E7ED Aol R T A&l EJREE HHFo 2N
wAHoE FAE TRIaFE] ZvV)Y #Agel FY
3 23%E gevde FAe AT, 48y 47E 5
3t 1 5g40] SHEACH16).

wetA, B dFolde SCM# 7|E ¥xExe #d
AL B3A SCME EA3th 9A SCMA 71& 3
ote] BAE FA SCME ol &3 Zay BFHIIE
€ a1, SCMI 71E HEEde Judde BAg
3 SCM¢] EAS RoFErt

E AP e C-<lo] HEr] glejraje] A9 (6],
[8], [9], [17]1, [18] BelM F&F 270709] ZEAA
e oz A¥siart

H 1 270702 =g A Aol 3t 7145 A FHdescrip-
tive statistics)& BoFr}

ofn

1 71=5A%

Min | Max Mean Btg] iation Variance
LOC {4.00 |[83.00 204630 1138378 | 191.484
CYC | 1.00 | 20.00 3.3481 123018 5.298
VOL |33.00 |3380.97 |386.407 |411.5702 |169390.012
DIF |2.81 123.18 20.6431 |15.4483 | 238.649
EFF | 13319 214827.3 | 12242.8 | 22875.836 | 523303907.2
SCM [1.00  }176.00 20.4148 | 23.1900 | 537.775

#¥CYC: CYClomatic number, VOL:VOLume,
DIF:DIFficulty EFF: EFFort

5.1 SCMZ 0|8t =233 #§

A4 FgoiMe APHY AFEL LOCE 30013
CYC¥ 10°}8l, DIFE 10°l8}, EFF& 10,0000]517} &
#aln, VOLS #HFHog 1000087 #Hgsitks A
€ RAFEAT(14, 16].

wabd, 919 712e A2 o, SCMIF ZE Aw
FAE HAFE= LOC, VOL, DIF, EFFe} tigk 237

TAE
24e Fastdch
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E 2 3ARYY a%F

R R Adjusted | Std. Error of Durbin-
R® the Estimate Watson
0.873 | 0.762 0.759 11.396 1.408

Predictors: (Constant), EFF, LOC, VOL, DIF
Dependent Variable: SCM

® 28 FIAEANY FAHE IHE A Ede 8
g HAZTh E 2004 BAAFR)L 07582 HA
B2 oA o TB%E ABE F Uthe A& BHYF:
9, 2714 autocorrelation) BAE ST £ e
Durbin-Watson ZEA#o] 14082 zp7|4#e] giokn
T 4 Ak

A BMo] Ha F=184.060>F(4, 149;0.01)=6.80819]
I F-B8& 000082 #5 1%0A4 ¢ #9935
g9 & F on, 3o HTE AF(residual mean
square)o] 776620122 #BAZEC] AL F9d
gAFoz MgA LIHY Aoz &+ Ak E=3}
227 BAGN HFEREE gEny rMgsledE 2
Aol £¥7F 2AH g FFEEE GEE ¢ 5 AN
3, BE3E FAE0] AFEE THo lenz o
A=t 20 ¢ F 3lon, RE #H45E9 FAA
(tolerance limit: TOL)7} O.lelgelsr #4F 33 Al
(variance inflation factor: VIF)7} 10 olslolng A3y
dlolgte] tEFAEe gl 48 F len, BAE
o] 0& F4Ho2 FHuj(horizontal band)E A8l
Jomg FEAANY 7HAe ofF| olido] it 19].

ot 949 HAEM Fde fF23H, AAEH
A3E F3] SCMol o8 ZEAHNEE <X 3>9 EF
J1En Zol 2HE 4 Utk

£ 3 SCMol 9@ ZeAAs) BHE 2R

SCM 4 3

low complexity
(SCM<= 45)

F7F @& Ry e T2y

vhg- FR7E PR oo R EtElAu
TR Z 220y

high complexity
(45>5CM)

5.1.1 SCM9] +&9

F7b &AZEdole 7R 729 EBITE vel=
Hzl SCMelgt dtw, 7€ AzEY e M=
{LOC, Cyclomatic Number, Volume, Difficulty, Effort}
olgt ¥ u, 3= M9 R VI #hMc)Eo] thg &

% Zo] WE] Fo €4S TEY 4 oY FY &

718 ghe AT & & o
M;> M.s F;> F, and
(M,- < M.s F,{ F,

HEg FAH BE FlelzdAol( ) BAHE ol &3
o A9 o] JHste P& RAFE & UATH20]. F
£ Bay Boiadl 3 BAE PAA
27078 ZEAAES] ¥ SCM ZA#ES thalA
7t 23 AAEo ¥ E¥H(contingency table)E T
Astx, ¥ AR &3

B 4 71EH 559 chi-square

I P

Lines of code 76.781
Cyclomatic number 13.500
Volume 2061.102
Difficulty 6.463
Effort 72.013

E 4olA BoFRo] iR 7E HZE diF
¥ e 959% FEAMY YA Bye= 3841 whS-
A UL, MEA fo5EL de ik

wbA, ® 39 SCM o7 AT e EF &L
T8 (discriminative power)d] ASIA KA &
303, Z2aYg EFI7) A8 A8 4 i

512 SCM9 ¥4A4

SCME Add@ARA AHSEE 4 glesd, SCM &
Akol 71&9 HFE YWEHH 2Pof XA (consis-
tency)& Hofok #c}

F7b Az Eqole] #FR9 7o BZRE vehie
Az SCMelgr dtn, 7| =g IARE M-
{LOC, Cyclomatic Number, Volume, Difficulty, Effort)
olgl & w, ¥%x F7} YXA(consistency)E 271 Yl
AMe I M3 FY &9 4334 A4(rank correla-
tion coefficient) ro] WAIE YA X (specified threshold)
£ ZIsfo FTH20]. F,

> B, B col 3 HAE YA

A9 Ao Mo HAEQL J=2M FE AHLE + ¢l
£ B MO &9i(rank)$} F ¢$7F $E3] dx)3
= 7He BAEn. &,

=AM < M,y ... <M
F=HIF, < Fy ... {F,)
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£ BAZY AYsterts A 98AM 210749
ZEAAEN g & FBAG(F, Spearman] p A
)& 7

E 5 SHaEA A

LOC CYC VOL DIF EFF
SCM 728 589 187 773 822

<FE 5>9M, SCMFH VEREEFRY {olFE 001
oA Fosich, &, AL SCMe 7189 JzE3 93
¥ &9 #AE RAFED wEd fle sSCME Z=
AMAE] HAH BExtzel gloiA drby o&rts 9ot
3171 A8 71E9 HAZEE qAlsty AMRE 4 Tk

5.2 SCM2} 7|1&E H=el2] Him W7}

E 6& 7)1E FHEE(F, LOC, cyclomatic number,
software science)@ SCM 18] A##AE HAE

R 6 FuuA A

LOC | CYC | VOL DIF EFF | SCM
LOC 1.000 689 827 794 793 707
CYC 689 1.000 427 586 441 439
VOL 827 427 1.000 673 820 860
DIF 794 .586 673 1.000 879 651
EFF 793 441 825 879 1.000 727
SCM 707 439 860 651 7270 1.000

B 2014 1.OC$} software scienceZtd] A# @Al
=4 Jebhgi, LOC CYC, CYC# software science
Zolle AagArt w4 Jesdth olAL IBM d+3
S AR [14]1% AR AHAYE HAE,

B 204 CYCS SCMZolE 48 @AV 24 et
Wi, SCM3} software scienceZtolly 73 4adAE
BaZtl SCMo] software science$t LOCS 743
AHRBAZ BAETE AL SCMo] ZEade] &gy
A71E w9% FHE e AL 9k dEbA,
SCMo] ¥FETre] PR BE 23 &8 53
TE YA T2aYe] ZFIAARY opEt B
3 2718 wygsie] ZEaye] EREE Y3 A
< 9nigin,

=3 SCME Zzadle] dehvde izl Hedt
A9 Reroe Aadxtel @AY F G RS}
¥ Ee 4@ #AE RAFHon, AojaFaaZoA

AT ZHe sdr e ARBIALE B4R
ety o]59] gro] AuiFHo g ¥ TZAHEL OB
T2 A A HE £ SCM &3S A9

CYCE Zz#go)A o] PJre| sES S|
2 A 22O Azl AR el F
A3, software science$} LOCE T2 1ol 23
Z7IRkE ¥kt o] olFoAANE SCML X2
2% WMol Aojs) dlojet sEWY chvjel ZEY
o BEF mANE FA §hgshe o] o)RoHE
&4 4 Atk oA EXAEQ T2aPTR AV oet
A Aoldt SCM SR ae FAEL, ZTEaYe TEY
d Aoid ri&e AxsxT FA4H FHE AT
ik

Ay dn, z2ady AorMel g ulA wslel
Ao B3l R@HFE SIFGOl <A
SCMe Zz1d oMy FREEe] BAEE S
F AT =37, JE9 HEEFo] AXE 0] FTx9
TR &4 F st 4TS s g HEy,
SCME 1R9 F2RE shue Hxz FHg 4 Sl

TE FRE BAY A Ry £
(hybrid) A=EL 7|& 59 2FE Eito] 243}
A SCME 9 JEa o] T 71X BEA4L 538
g ik webd V)& &3 AxERTE 48 9Ed
%4 Yoz 2T e FRe} FRE FA FF
g % o

NE HEEFY @AM BHY SCME ©)&F
ZEQS EF 78S AZEQ0] FEHY YoM #
s, w3 712 HRET AH <9 A8 B
HolFQt)

6.2 &

£ dpeMe &3 o2 HEHY HIES ol &3
o felol2ofjre) YRS Eo| 7|Zete] ZZ Y] B
AEE FHse WU Aghside WA, ggolLA
o] PR BES T3] fa) FatolL W R B
& W E(SIFG: Slice-based Information Flow Graph)
E st oo g, SIFGoIA Y AR 589 53
& ZAE7 3 ggfolx Vvt EJFE HE(SCM:
Slice-based Complexity Measure)E % 2)stgch

ZuseZt AAIZ el mEkA, ¥ At E T
4 FAEY A sl B &Mz Bz
B3 ele FHP s FEE SCMo| £AMH=
9 8 1ZAE UETE BRAFUh MBSEQSH MBALT

= 2 0
SEa

LI
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9] @it Fola MBSEQo wiside SCMel Zuse?t
[ 7P Aadditive) 2 w3t MBALTe] o)
e 7PEAAE HEEA AU Weyukers] A &
g wE3Ach

ety o35 FREMHEY Fosti, SCMel
g olgddat MBSEQ] 593 SCME HlE3x&
AR 4 gk EJ ojatdst MBSEQSH MBALTS
3§ Weyukere] 9¥# o] Fojsld SCM =3A3k
< BN o #AHZREY ohlE} HIEHE AtE AL
|8 Uk

w3 71E =S BwE EHA, SCME T&
W Yo Aolg) wole} EEMY o} TR 1Yo
283 A7E $Ysts 30| olFoiIths g B
T 4 AU
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