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Visualizations of Impact Range when Changing
the Source Code

Yora HARESAwA, ! TosHMITU INOMATA, !
YosHIKAZU ARAIT! and SHINTARO Imartf!

In the software development process, there is a lot of opportunity to make
changes to the part of the source code. However, some changes, is often influ-
ence place not changes. If an impact range can be analyzed correctly, to be able
to limit the range to be tested, leads to the reduction of man-hours. Therefore,
by this reseach, we were the implementation and evaluation of the static anal-
ysis tool what visualize the impact range in which change of a variable in the
source code.
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Fig.1 Process of impact range visualization tool.
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£O { £O { £0O {
a=1; a_l = 1; al=1;
b=2 b1 = 2; b= 2;
if (a < b) { if (a_1 < b_1) { if (!(a_1 < b_1)) goto L1;
b =a; b2 = a_i; b2 = a_1;
3 b_3 = b_2;
2 b_3 = ¢(b_1, b_2); goto L2;
) a1l =b_3; L1:
(a) AIRHRDY =2 a—FK ¥ L2t:>_3 =Db_1;
(b) SSA Z#uEDY — 23— R PN
}

(c) SSA WAL DY — 23— R
2 SSA Zir SSA WD

Fig.2 Example of SSA translation and SSA reverse translation.

O LT 5. £/, MORMITRIRNLT 5.
o MFI, &K, HRHK, RA U RBEDT— XM
o PBEHUEH L
YV — A 3— R SSAY £, SSA WiZHI NG, Y — A3 — NiZ SSA ZHfir SSA ¥
EWETO LA UEMTHEREIERRAINTVWABEIIZRR I ERGIIEBINS.
Lo TEROEARAEBLZBIZZDHENE Z EFTRIDVREDNT S ENBRIZRS.
% 7z, while 3% for X7 & OHlHENGE X, if 3¢, goto X, label 721 &AWz E &
265, K2a) DY —A3—RIZH LT, SSA ZHi, SSA WiZ#Hi%z LR E2RK (b)
() ITFENFNRT.
2.3 EHERIST
2.3.1 EANER
ERERT T 713V — A3 — NhOEREOBGRERB L7577 Th Y, BT
by =BT 2EHRO 1 DTHE. EHEKRT T 7 OEANEHEE L TIZRT.
TRTI L PIZEENDEY, HAET, AOESEEETNETNV, O, E LT 5.
P=(V,0,E)
V = ZBOES U EBOES U BIBOES
0O=0,U0,UO0O,
Oa : FMIEATOHESE {(+,—,% /) }
O, : BIREF T OHAE {(==,>,>,<,<,<>)}
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O, : MIHHIETOHE {(1,-)}

E = { @if, @=, @return }

PizBW3, /—ROHEE, 7T—20HE, INVEREZNENN, A, L2753,

N=VUOUE

A=(Vx0O)U(OxV)Uu(Ox0)u((Ox E)U

(ExO)U(V X E)

L=A— {T,F,ref,null}

DEDZ s T0sSn POERERSS 7 G, #IRAET 5.

Gp=(N,A,L)

2.3.2 ZEHERT S 7 OEEFIE

FABHP NGy —Uid, SSA A, SSA WEMEDY —A3— ROEHE S5 LoO%K%E
TCCBERATII R BT 5. & 512, ZOBETAI% TS, 2T 7H#iEY 7 b TH 5 Graphviz®
EHWCTEHBERS 7 72 H1T 5.

Graphviz 1, dot 7Y D22V T M TRENAEY S 72T, £-T, T FBEE
1525 dot SRED A2 Y 7T N &2MEER L, W% Graphviz (ZAN T2 Z & THEII NS
57%, V=l ETERTS. [M2(c) ILRLzY —AT— FhSERLZ dot DR
V7 M, HEEALITRT.

2.3.3 EHEERT ST DHNB

BRI AAULY — VORI T2 EHMGKRI 7 7Tk, R1OX DT/ — NORHERC
ZORREEDZ., K 2(c) ICRULEZY—RAI— N2 A L&, HhSIhz280%
75 7%R3ITRT. £z, FAEARETIEMERNTE2LT, TOEH/ — 9o
WBZeDTES/ — NEEBRRULEBERS 7720075, K3(b) 1k, 28 b_1
EHENROERE UGE0EBBRS 7T 5.
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Fig.3 Sample outputs of variable relationship graph.
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Table 1 Form of nodes of variable relationship graph.
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return X NAE
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INTVEEREIT. MR EL2ZII 280, BENKOEBBEMARICEETNT
WT, ZOERMERDIBIZL > THEIZLT U BEMEIHI2EHDOI L THS.

BlziE, ®2c) DY —AT—RNTEMb 1 2E8FNR e LGS, BENRYELZ
IPEERIL, b1 2 T5b.38, TDOb3IVRAINS a 23 THB. MENZEE
BT BEBIL, bl BEENFMROEMBIKIF L TV EE S, b2 b3 TH5.
M 3(b) DEBIERS S 72V L, a1 S DEAMEIET 5 b_3 & a_2 NEHEN S
EZEERCTHD. £z, f(EMR) / — RHSDOBIEIET S b_2 & b_3 MR
WEEZIIERTHS.

2.5 GUI

GUI 2R 4 D &S REMHL ATV MEEELZ, EMOY 1+ Y KUY —A3—=F%&A
AU, MRIBIRRZ Y22V y 2 $5E Y — A0 — R0 SSA Z5# - SSA WiZs#u Y, £y
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INb.
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TS MR LT, VIV ANT B e TESNEERYE, BINRETE S EEBD

(© 2015 Information Processing Society of Japan



T ERALER 2 2 BRAL S IR S e
IPSJ Tohoku Branch SIG Technical Report

Y—ZA—FEAN RATRIE R 2L 5, -

HEEROBRART BRIl

. : _ THOH
——

FRTOIS i - s g’?%%ﬁ@

N // FES

enieremsn ne ‘o | BAZAAD

w_ox o SEDEE
PEY! 2

TITHNRELG@ART) FITHAREY

4 PEWREALEY 1o GUI
Fig.4 GUI of impact range visualization tool.
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Table 2 Test program list.

A=A N TANARE
directImpact.c R & 2 N8
equal.c == 2ELRMBRI & 2 MENLYE

greaterThan.c > EALERMERNC & 5 MEN R
greaterThanOrEqual.c | >= 2 & T 5RMAIC & 2 MK E
< REDRMAERIC X2 MW TS
<= ZELEMRT & BREN P
notEqual.c | = 2EUHRMAC & 2 MRS
return.c return XU & 5 BB DEE DU K

lessThan.c
lessThanOrEqual.c

BIWREIC & DB O HIEE, TAYHEHWTY —Z23—Ra2 L —AL4aR
SRAXTOMEMAL, RICEENRE T ILEMOMIZERT 2 MA - LT, BERAXT
DIEERA T 5. BROLTER & EHEHTHIZEDN D o L E 28 ET L $5.
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3.2 FEMM#ER

TARNTOT T Lk greaterThan.c, BENREEH a_1 L LGED, Y—Loth%
M5 B 6IZmRT.

a_l DEFEIZX W HEEZ I BEHE, M550 a2, b2, a3 ThHH, WEHFHEIL 2
TE?S UTEHTHDEZ e Wbhbd. Fiz, BEBANNOREN KL,

R 3 IXHMEBEORETHY, EHNR a_1 ODAHFI L AHBTHE L2 248,
a_2&b.2 a3D32THb. TOREHPIILEZMA 21T7HN S, mEBEDOHEMRET
DI4FFHTHDZ ehord. £72, ZTOMBTI retun XA\, BIBANDHE
D K AF 7.

V=)V E, EIZRIRER R O/ O N RE KT 5 &, ERROREHIPHZ R U
TWBZ EWHEND SN,

K2DETANTUT T LI UCTRBRDIEREETo1KER, Y —LoiiL, Bl
12 & 0B U - 2 ORI AR IZ R K, Y — VO BRI IERE S22 % ]
LT E .

7z, BIRE L L, B LY —VIEY — AT — N ETOREE T OMARR®,
BREART 7 7 DI 8 X 2EH M E ML L T 5. EEATOMPFARRIL, HE
EE5Z DB B E T BZEROBRE ERWICHAND Z 2L, BRERS T
i, /- FRE2UBZZLIZE-oTHERZENT LI LE2AGITT 5.

4. B bH Y IC

AWETIE, V—AaA—RO—EE2EELLEAIIC, TANPBEL R DHPHZ2RETA
, BRAELEFELZGEOMEHMO N LE2AAZ. TOME, FRL$TLY—Ra—FK
IZDWTIE, FMERHHO LIz L 0 T A MR ERFFHARFET 2 Z N TE LI L %1
U7z,

SHBEOBFEIL, BUERNIGE LTWS C SEDOEXAONIGE, AL P % B
DEEBIZHLIARLTWZETHS.

z Z X #®
1) EfEH— MY »r62R Y7 by 77 AN, Mk (2005)
2) EFEHREA, MRIFME, MBS, HHJEN, SHERE : 7025 LB - 25
BfRD—RBLE, EFHRAGEARBAMMAARE, V7 by 271 T2 113(269),
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greaterThan.c

greaterThan () {
-5
b_1=3;

i

(g (Write, { (a a)))),
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AEISEH a TEERE [
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HERSRZIEHOH 3 @

JodShtcorEEE 2 i~ 14 17
BEHEAA DR BEYVE

o‘ammmizz&)‘ l kbl

0 J570@Ex
ERIREE

) €
(c (Write, (Ref @Const 6))),
(@Const_6 (Write, (Const 7))), (
(L1 (write, (Ref goto L1))), (
(a (write, (Ref a))),
(o (Write, (Ref @Const 51, {
(@Const 5 (Write, (Const 611, (
(L0 (Wrke, (Ref 1 if start))), {
(goto_L1 (write, (Const 0))), (
(b (thirite, (Ref b)), (
(a (Write, (Ref ®@Gonst 4))), (
(@Const 4 (Write, (Const 2))),
(4_if start (Write, (Const 0))),

5 greaterThan.c AJJIKDY — LD HFIfER

Fig.5 Tools output result of when enter the greaterThan.c program
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Table 3 Dynamic survey result of the greaterThan.c program
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6 greaterThan.c ANKOLEHMGRS 7 7
Fig.6 wvariable relationship graph of when enter the greaterThan.c program

19-54(2013)
3) RALRES, SERBE, HHEM, SHERE Y —2 a— FEHER OB KT
D7=dD—REGE, AFEIKREY 7 Yz TIEIREE 2223 (2015)
4) hHEB, HEEHE, LB, BARE: 3V TORBEMEEE 3V 815 -
A4V 7 I AT 2 F¥COINS % H\\T, #ARH (2008)
5) Graphviz - Graph Visualization Software, http://graphviz.org/
6) Emden Gansner, Eleftherios Koutsofios, Stephen North, &AM 7Z2WF I (GR) :
dot Z{#-722"F 7 {ifli, http://www.cbrc.jp/tominaga/translations/graphviz/dotguide.pdf
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A.1 dot EFEDZRY Y T b
digraph {
layout = dot;

node [fontsize = 20];

edge [arrowsize = 1, fontsize =

"2"[shape = octagon, fixedsize
"a_1"[shape = ellipsel;

"3"[shape = octagon, fixedsize
"b_1"[shape = ellipsel;

"4"[shape = octagon, fixedsize
"c_1"[shape = ellipsel;

"5"[shape = octagon, fixedsize
"a_2"[shape = ellipsel;

"b_2"[shape = ellipsel;

"6" [shape = octagon, fixedsize
"7" [shape = octagon, fixedsize
"a_3"[shape = ellipsel;

"=0"[shape = box, label = "=",
"=1"[shape = box, label = "=",
"=2"[shape = box, label = "=",
"=3"[shape = box, label = "=",
"=4"[shape = box, label = "=",
"=5"[shape = box, label = "=",
"=6"[shape = box, label = "=",
"=7"[shape = box, label = "=",
"if8" [shape = diamond, label =
"19" [shape = box, label = "!",

"==10"[shape = box, label = "==",

"2" -> "=0"[label = refl;
"a_1" -> "=6"[label = ref];
"a_1" -> "==10"[label = refl;
"3" -> "=1"[label = refl;
"p_1" -> "=4"[label = ref];
"b_1" -> "==10"[label = ref];
"4n —> "=2"[label = refl;

"5" -> "=3"[label = refl;
"p_2" -> "a_3";

"g" -> "=5"[label = refl;

"7n —> "=7"[label = refl;
"=Q" -> "a_1";

"=1" -> "p_1";

20];
= true, width = 0.8, height =
= true, width = 0.8, height =

= true, width = 0.8, height =

= true, width = 0.8, height =

= true, width =

I
o
foe]

height =
, height =

n
o
0

= true, width

fixedsize = true, width =

fixedsize = true, width =

fixedsize = true, width =

fixedsize = true, width =

fixedsize = true, width =

fixedsize = true, width =

o O © © © O ©o
LS B2 @ 2 B &1 BNG 2 IO A N € 1 IO |

fixedsize = true, width =

fixedsize = true, width = 0.
"if", fixedsize = true, width

fixedsize = true, width = 0.5,

0.5];
0.51;

height
height
height
height
height
height
height
height

o O © © © O ©o

0

.51;
.51;
.5]1;
.51;
.51;
.5]1;
.51;
.51;
= 0.8, height = 0.5];

height = 0.5];

fixedsize = true, width = 0.5, height = 0.5];

n=gn _> Mg qn;
n=gn _> ng _on;
n=gn -> np_on;
n=gH _> np_ oM,
n=gn —> Ny _2M;
n=7n o> e qn;

"ifg" -> "=3"[label
"ifg" -> "=4"[label
"ifg" -> "=5"[label
"ifg" -> "=6"[label
nign -> wifgn;
"==10" -> "19";

Fl[style
Fl[style
T] [style

Tl [style =

dashed] ;
dashed] ;
dashed] ;
dashed] ;
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