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Thin Slice DY 4 XI(ZE89 A #FaT BT

iy HEL R KD AR B L sERp!

BE: 70/ 0RO ZRO TN E LT, 70l I L2734 IR RESATND. 7
07T EATATTNE, Tal T ANOHDLXELREL LT, TOITEEL 52 5FMIEOH 5T
TOXET T TEAATA AL LTHHT AHITHD. LonL, KT 02T A0HAE, T us7
LATGAARRPIEFICRE SR> TLEY, 07T AFE~OFHIZEE L. Thin Slicing 1%, BR%E
FORIVTEIPERT 2T =4 EHER LT DOHREMPTH LT, 70l T hATAADTA XEWE
THMCTHD. UL, —M&IZ Thin Slicing 28, FOBREDOREXEDT 0 ST LATA AT 500
IR EN TR, AFFETE, 7THO Java 70277 AOFTRCOT —4 7 1 —4%%4IZ Thin Slice %
AL, 2OV A KBS DM 21T o 72, ZOfER, Thin Slice DA XX FEHTT s 7 LD
22%THY, 60 735 80%D AT A ATIL0I%LUT &+/hNE< D Z L afR L.

A Statistical Evaluation of Thin Slice Size

TOMOMI HATANO! YU KASHIMA! TAKASHI ISHIO! KATSURO INOUE!

Abstract: Program slicing is a technique which supports program comprehension. Program slicing extracts
all statements — called a program slice — that may affect a certain statement. However, program slicing is
not useful if an analysis target program is too large since program slices of such a program are also often too
large. Thin slicing is a technique reducing the size of program slice by extracting only statements producing
data which is used by a selected statement. However, the size of Thin Slice in general has not been revealed.
In this paper, we computed Thin Slices for every data-flow path in 7 Java programs, and then performed
statistical evaluation. As a result, the average size of Thin Slice is 2.2% of a program. Furthermore, 60 to

80% of Thin Slices are 0.1% or less.

1. FAMNE

BREEILT 1 7T L ORSFHEEICE < DR Z#H LT
BY, RFEEOTTYH, £ ORI EZ T v T LEEIC
BLL TS (1], [2]. &bic, Ful T hBREITH 1280
ZITE 72 7 — ZARTEBARRSC A V) v KOO U BIGR 4 7
BT DEENLETHY, BRHEIL, ZOMFEEICKHZ )
FTWD Z EnfEfIn T (3], 4].

7a 7T ABROAEERR A S T o o & LT,
TRTFRAGA LT RNED B TR TEATA

b RBRR R B @R i T R
Graduate School of Information Science and Technology, Os-
aka University
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YINE, Ta T T ANOB LI ERIEREL LT, 2O
BEHGZDLAREOH DT RTOXET BT T AATA A
(LLF, BZAT A REWH) L LTHRIT 28I CH 5.
TR TEATA TR ST, BREN T 07T LF
fROIZDIZFETe 2 — K3 D7 720, BRRIZ DD IR &
BWOHTZENTES., LvL, ATA ZADH A ZDFHE
X, 7a 77 A2EOK 0% THY 6], KT RS T
LOBSHERIZB T 570 77 AEREOBRIC, Ta s T A
2TA T ERANT L2 LIIRETHD.

AT AAZADY A X% HTFiEE LT, Thin Slicing 23
FERINTWAD [7]. Thin Slicing 1%, FHE L 7 2 XMl
AT 57— 22 LI DOBREMHTHIATA VT F
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WCHD. AHTIE, Thin Slicing 12 & v i Shi=co
Z & % Thin Slice & M5 7Y, Thin Slice (Zi@w DO~ 7>
DATG A ALY A ARIEFINS L, Ta T LEfG
WCBEREEDOTTY, HEDORA Y v RERBT57 —4
DARAFRAR A TR T DR 2 S TR IR CE 5. (7]

Ti%, Thin Slicing |12 &0 71 7'F AEREORER A3 L
T8 22 fHFRr ST D,

Thin Slicing ITH LR FIETH L0, —BEIYZRPUTE
WTHICEZTH 20 E 2 DI LTI, (ko
AT A2 T FIRIZOWTHE, Binkley HIZE > TAT A
AP A XOWLENFE SN TN D [6]. £z, Jasz b [§]
X, A Yy REEOH L & IR O B2 W e A T A
ADEERTPFHEEZERZELTEY, ZORERBREOEY
BIZAT A A A ZDOFELY 421% K& 0D L%
AL TWS. Binkley 550 Jasz & OAFFED L 512, Thin
Slicing (23 C % Thin Slice DH A XD EHEZFH L,
FOHEIMELTMT DLENDD.

AWFFETIE, Java SiECrib SNz 7T v 7T hEig L
L 7z Thin Slicing #52%£ L, Thin Slice ® Y%A X242
w%%%ﬁ%ﬁb [7] TI%, 22\OFITHZTHD Z &M

WS TWATET72Dlzxt L, AWFFE Tl Thin Slice d
%4}®Iﬁﬁ%ﬁ%b,%<@ﬁnTﬁMT%é#ko
MEMEGRT D, AT A AV A AR+ ST L, Bis
FOFE L2 b nndbiel s, £, 7—
& O T H e & Thin Slicing (2 X - THETE 1
X, BRENT — 2RI BMR & AT 2 1EE (3], [4] OF§f
DHIETE S, LoL, AV y RMEQH LETELRL &
HT —HEEKR L TV DIIRESHZZR O DHEE1E, Thin
Slicing DZHRITIERNE B Z BILD. DT HARBIGEDERHR
TlE, v 7T LPhO4RT—% 7 m—7)5 Thin Slicing O
EPHFTEHT—F 7 —DEEERHET 57201,
ATGA AP A RN Z, ATAANETZND AV v R,
FERHLTWLET —Z DAEMICE 72> TNDHILDEE W T
PR 2 FHI L 7=

e &5
2. B=

21 TATSLRSALUY
Ta T TLRATGAVUTNE, Ta T T ANDH DT
BrHZHWREOS DT XTOXEMBT 2HIFTH
% [5]. AT7AADFEIL, T0 s T AMEFS T 7 (Pro-
gram Dependence Graph, UL PDG) %¥LiEL7ZV AT
2MEA7277 7 9] (System Dependence Graph, ELTF SDG)
ZHWD. PDG X, v 277 LHD 1 DOFfkE DKL
ZIHMREL, 20 OTHEAROEFRERE AL TE L
7T 7 CThD. RIFBRIET — X IKTERIGR & HERTE Bt
N, TNENROEHICERIND.
T—RRFEFR s & so OFUTLLF O T TRk
Dol &, sold s 1T —ZKETDHLEV, 5
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DTEED D 59 DTAFICT — 2 IEKFNZF]< .

(1) 51 DEK x DIEEEFRTD.

(2) sy DS x DIEZEMERTS.

(3) 81 7D 5912, x OfEZE F XX IV EITRE N
L EH 1 OFET D.

FIEMRFRER sy BHBEISCTH Y, sy OFERICE T
S MEATEND N E I PRRIESNDHA, 5913 51
WM AET 2 LW, sy DTESEDD 5o DOTH I
RAFNETI . Fz, FREOANERT =R
TERE WD RERIZRTE R 238, TR N T b
OFIFEMETFD 2 FFi= 72 ek LT, = b U THSED
o filfEkAEL % 5] <.

SDG i%, % PDG % T B OBFR R L=/ 7 7T
bD. FHEMOBRIL, FRXTRA—ENDRNRT A—H
ANOF = ZEAFL, WY ED SO Lt ~DF — & (K17
W E PR E O LIy = b U TEA A~ ORI A0 T
zInasd.

ATGARE, ATA RGBT 720D R DL
BHETED (INEATA TV TRAEL N D), TOHA
IZAY 9% SDG _EDTE S SAR(FDITI > T2 R 21T,
R E ol TR B S &2 GO R O TR EA L LTE
BINd. A4 ZAOFEHIEEL, KEDEH T E
DHAMEATA 7 LIS EDRIME AT A &

g ens.

Binkley & [6] 1%, &7t 136,000 {TIck 543 DT s
LIZDOWT, TRTOLIIH LTRIME AT A A LB AN
ERATAAEHAELEEREZIT-o T D, ZORRTIT
ATAAZEEND L, FHTT 27T LNOTXTO
XD 30% THDHZ EBERRENTWS., HHHITER
ALK T 0 77 AT, 70T LRT7A T EF|
HALTUORHENGRLERDZATA ZADY A ANKEL 2D,
BAE N AT A ACEENDL TR TOXEMET D Z LI
NEETH 5.

2.2 Thin Slicing
Thin Slicing[7] 1%, BEEAeT — X KFBEROH A HLY )
ZETRIA AP A XEWDH L, ' 0s T LEFESCT
Ny TEEICB T HBEOAHERRT LAT A7
FiLToHBDH. Thin Slicing 121%, Context-Insensitive Thin
Slicing & Context-Sensitive Thin Slicing ® 2 FFHDF15H )7
ER®H DD, ARBFFECIE Context-Insensitive Thin Slicing
DHEHRS . L, [7)128BWT, Context-Sensitive Thin
Slicing OFHFEFEEIAE A TH Y, EANLT e s T LA TH
WD ZENBENTIIRNZ ERENTNDDTH S.
AT A 27 HME s 1Tk % Thin Slice &1, s BT —
YRTFT D LDELETHDH. 7272 L, Thin Slicing TiZLA
TOLZT =2 KRR E ERT D,
FHRENOT—RKFEERIZIT /722740 T
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1 package sample; 20 class B {
2 public class Main { 21 intmax =4;
3 public static void main(String[] args) { 22 X x=newX();
4 Aa=newA(); 23 void addData(|nt id) {
5 intid; 24 if (id >= 0 &&]id <= max)
6 if (args.length > 0) 25 x.addData(id);
7 id=1; 26 }
8 else 27 }
9 id=0; 28 class X {
10 a.addData(id); 29 int[] idList = new int[16];
11 System.out.printin(a); 30 intcount=0;
12} 31 void addData(int id){
13} 32 System.out.printin(id);
14 class A{ 33 idList[count] = id;
15 Bb=newB(); 34  count=count+ 1;
16 void addData(int id) { 35 }
17  b.addData(idy——————- 36 int getData(int index) {
18 } 37  return idList[index];
19} 38 }

39 }

1 Thin Slicing Ol
Fig. 1 Examples of Thin Slicing

FEEICEFT D, 72720, RA A EHEN LT —7H
WIZT 7 EALTWAIIZONTIE, B—7fEkiz oW\ T
DIHT — IR EEZ D, T2 2 X pf Vo 71—
N REZRT 5303, (T 27 — 2 IKFRRO R ZE
Z, pICBT 27 — X KIFBIRITE 2 220,

FHEEMOT—AERFEERIITRE ORSEUEOH L
TN T —Z 735 LERT S, Fiz, MOHL
FEDIRE Y IO ey T — 2555 L E#RT 5.

E—JHEEOT—2KERFRIL, F—-07 1 — L RER
RSN DR Z A LB IRT 5 ATREME D & 5 SCOFIZ DN
T, BT 2 PR ICBRRL, BRTIUBRATH L
WZT—HRF LT D EERTD.

Thin Slice 1%, LROEFICHIET DT — X KL%
A ETH7 77 CHREEITOERT 5. B 112 Thin
Slicing Dfl%Z 2 >4, 158X, 324TH DL id (2%t
9% Thin Slicing TH 5. Z DL id DEIL 25 1TH D A
Yoy REEOH L BEIFEL, 25 TH ClIAMx & id &
£ LC\%. Thin Slicing 13258 x ORAFRIRITE 237,
A id DIKFFRRO A2 HRE T H DT, 1T47H & 1017
HoOAY » REEMLICE 7T1TH & 94T H ORASIC B
T5. fERELT, 329THOE% id I2%f9 % Thin Slice
&, {7,9,10, 17, 25, 32} 4TH & 720, TATH®94THT
R ENTAEDRBIRE L TS 2 ERH LN D, Z O
Ti¥, Thin Slice X4 25DV FZAD 45D AV v NIZET=
MoTNDHDT, BRENAY v ROMUOHLILET-E >
T — 2 RERARE BT 21E A Th D L EX BN
5. 2 OHOHNE, 114THDZEH a iZ%f$ 2 Thin Slicing
TH5D. ZOHTIE, Thin Slice 7281 2D XY v RNTE
FELTRY, Y—RAa— RzRiuT417H AR SN E
DEFELTWDZ ENT IS0 %728, Thin Slicing 1%
B TRWEEBEZOND. —KOT 07T AIBWT, &
HOLDT— AL T HATA v THEAERZ O ONT[T]
T LT EN TV R0,
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3. HEBM

AHFZE T, Thin Slicing 232 < ORI TH B < 2>
E O MnEFHET 57212, Thin Slice DY A XIZBHT 5 HE
SR AT S . BERMR Y —F s =2 F 2 0%, LT
D2OTH5.

RQ1 Thin Slice D% 4 X%, FHHICHS/NISNHOT
B B0

RQ2 7 —#KFHAKROFAEICE N THEHDTHD EE X
5415 Thin Slice 1% & DFEFEFLET D Do

4. Thin Slicing DE

AW T, FEERZIT I 72012 Java 72 7T LD/3A |
a— R (R 1) Z%% L L7z Thin Slicing #5E2E L=, K
FEETIE, A ba—Fo1mazEAL L, Emaio
T HETEBMRE N & Lin s T 7 R T D, DA TCIL,
NA ha— R EOF =X EFRRICOWTHAT 5.

41 A—HALEHEFARZ VR - RV IEOT—21IK
FE&

Java i~ X, AT R A v 7 EMHENRD A
X7, HECHEATIESEO/RREELREL TV D.
DI, T—HINVEREFRNT R AKX v I BT E
BEIIEL2MBNTFEL, T K 2AX v 7 FEOEEA
BRI H T — ZRTERR T T, m—h VL 42
TURRE I OT— 2 RFBRBEET D.

4.2 T4—ILREHEEINEHOT—2IKERR

T 4 =)V REBOETFBIRITIRD 2 DD FETRET
. 12HIE, 74—V REKICEEZESADLGHTHD
PUTSTATIC & 7 ¢ —/v RERDE A FAririeta s Th D
GETSTATIC 28, [AILZ FADRI L7 14—/ RAITH L
TN TV B IFAIZ PUTSTATIC 75 GETSTATIC (2
EN%E7I<. 2-5H1%, PUTFIELD & GETFIELD 73,
TA VT ASNTWDAEEMOH L L DR 7 4 —L K
ATk LT ITNTW A 5EIC, PUTFIELD 725 GET-
FIELD (2 fFi0 % 31 < . =4 U 7 ZfEHTI2IE, Andersen
DRA > BT [10] 123372 Object-sensitive Pointer
Analysis[11] # Flv 7z, BLAIZEEIT 7 o —b RS L AR
12, =A VT ASITCOD A[HEED & 2 BlFII il 2 E XA
Lot B B RIEAIAT A T IIKTFL & 5 <.

4.3 * Vv FEOT—2&EFER

HDAY Y FIEH LS, Z OO LT TR
SNAHHARRIMEOH LT XTOAY v NIZR LT, FEXT
A =B INBARINT A —Z ~ORAFID &R Y a6 RO
LIt~DIEFN %5 <. A Y v ROBWI R OMHRIZIE,
Variable-Type Analysis[12] % HU 7z,
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=1

S R a3 KA DB L

Table 1 Bytecode instructions

S8 R
transfer ILOAD LLOAD FLOAD DLOAD ALOAD
transfer ISTORE LSOTRE FSTORE DSTORE ASTORE
transfer GETFIELD GETSTATIC
transfer PUTFIELD PUTSTATIC
transfer TIALOAD LALOAD FALOAD DALOAD AALOAD BALOAD CALOAD SALOAD
transfer IASTORE LASTORE FASTORE DASTORE AASTORE BASTORE CASTORE SASTORE
e L POP POP2 DUP DUP2 DUP_X1 DUP2.X1 DUP_X2 DUP2_X2 SWAP
source NEW NEWARRAY ANEWARRAY MULTIANEWARRAY
source IADD LADD FADD DADD ISUB LSUB FSUB DSUB IMUL
o sink LMUL FMUL DMUL IDIV LDIV FDIV DDIV IREM LREM
FREM DREM INEG LNEG FNEG DNEG ISHL LSHL ISHR
M2 A2 pld 2 G LSHR IUSHR LUSHR IAND LAND IOR LOR IXOR LXOR
IINC I2L I2F 12D L21 L2F L2D F21 F2L
F2D D21 D2L D2F 2B 12C 128 LCMP FCMPL
FCMPG DCMPL DCMPG
source ICONST-M1 ICONST.0 ICONST-1 ICONST.2 LDC
RO AR ICONST.3 ICONST 4 ICONST.5 LCONST.0 BIPUSH
LCONST-1 FCONST.0 FCONST.1 FCONST.2 SIPUSH
DCONST._0 DCONST._1 ACONST_NULL
sink IFEQ IFNE IFLT IFGE IFGT IFLE IFNULL IF_ICMPEQ
FERH L IF.ICMPNE IF_ICMPLT IF.ICMPGE IF.ICMPGT
IF_.ICMPLE IF_ ACMPEQ IF_.ACMPNE IFNONNULL
TABLESWITCH LOOKUPSWITCH
AV RO L itk INVOKEVIRTUAL INVOKEINTERFACE INVOKESPECIAL INVOKESTATIC
A Yy FirbORY transfer IRETURN LRETURN FRETURN DRETURN ARETURN RETURN

ERES:

AREBRTIX, Java 70T T LD Y T AT 7 A )V EFRHT
L, 3 _XCTOF—#%Mmk & L7z Thin Slice Z7HHT 5.
Binkley & O & [FIERIZ, % AM & Thin Slice & Hif &
Thin Slice Z7F5H L, % RQ (ZxI& L7 FIE 2 5HAI9 5.

5.

5.1 FHAIAE

AR TIE, A ba—Roaax, sdREiICfEbhs
T — & T 5 source, T — X HHEHT S sink, 7 —#
ZARKET % transfer IZ0%HT 5. 2 HEHR TH D IADD @
KO B IL, EEICHEHRT S 2 >OHHEICET 5T —
Z7m—0sink THY, FHHEMREZROMTITREST D
source THdH 5. Fio, AV » RFERH UL, FEGIERE
NZIsink TH Y, RVEDSROFEDIZH D source & 72
5. B—ANEHEORA, BROLOIC, T—XAKEE
L7200 transfer 12388 L7e. BRA 7 08133 1
IRLTWD.

AWFFETIE, sink (2%t LT A& Thin Slice %, source
(2% L CHTM & Thin Slice ZFH5H LT <. Ziudkkx
REBESSA Yy RIFOH L, SRR T 24850
T4V ROEERHET DHRAMERTA AL, HAEDRK
RRBHOEN E 2 TEDI TV A0 % HET Sl & A
TA AZFET B, transfer B IIWVTNET — X D% T
BELORIHIGLTEY, ZNbEEAICLTATIA X%
HELTYH, TEhT —& 71— Tt 17 sink X
source MHD AT A A LAl —DOfEREZRS Z L1272 57
O, FHAI S IR LTz,

ARFFETHN S Thin Slice (ZBH9 2 £ LA LL FICER
5. Flo, UTOKES S OEFEHE |S| LELTH.
Backward(v) »5sinkv AT A4 7L L

#% Al & Thin Slice IZ& N HTEADOES.
Source(v) Backward(v) {28 £415 source THRDES.
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Forward(w) % source w # 27 A v 7EHEE LT
fiiffl & Thin Slice ({25 £ 5 HROEA.

Sink(w) Forward(w) |25 % sink HROEA.

Method(Sts) Thin Slice Sys DIHANFIET DAY v
FOEA.

Class(Sts) Thin Slice S;; DA
£a.

RQLIZOWTHET 272D, TXTO sink v
ST |Backward(v)| Z, 9 ~T® source w (ZDWT
|Forward(w)| ZHIL, Zi o OVEIEEZFEAMT 5.

RQ2 IZOWTHHAET H720H1Z, 37XTD sink v 1220
TROFEREZFT D,

e |Method(Backward(v))|

o |Class(Backward(v))|

o |Source(v)]

F7-, T_TD source w I DWW TROIEIE A EHAT 5.

WATRS %27 7 AD

o |Method(Forward(w))]
o |Class(Forward(w))|
o |Sink(w)]

|Source(v)| DA/ S WA 13X Thin Slicing & FH 7
H52LT, HAHLTWD T =X OERICEDBIRFETE
. [FERIS, [Sink(w)| DEN/NSWGEEIXAER LT —
Z OERE 2 DB ETE 5.

|Method(Backward(v))|, |Class(Backward(v))],
|Method(Forward(w))|, |Class(Forward(w))| (Z-2WT
X, TRHDEPREWGE, el x Y v RV 7 A2
FE72H -7z Thin Slice TH 2 Z LA EWKT L5728, Thin
Slice (IZE>TA Yy RIFOM LA T2 &> TF —# DAERTT
RMEREEFFET DIERDORER 253 Z IR TE 5.

>

5.2 EERXMR
Ehpxtg o7 v 7' Z Ak DaCapo benchmark (9.12) *!

*1 http://dacapobench.org/
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® 2 EPdLoOTI ST A
Table 2 Subject programs

TaT T e | VTR | Ay N | 777 OTERE
tomcat 261 2,389 54,468
luindex 560 4,180 123,191
sunflow 657 4,609 190,526
avrora 1,838 9,304 211,343

pmd 2,369 16,439 448,722
xalan 2,805 22,377 815,861
batik 4,417 28,818 968,470

L L7z. DaCapo benchmark {Zi%, Java 7 CE2 N7z
ZEOT TV r—a rREENTNWD. KRERTHESR L
L7 a7 T AORBILER 2 D@D Thb.

53 ERHEREER

ARFEBRCHM LI BRI O KB & EE 2 R 3 12
I, % A& Thin Slice & il & Thin Slice O EXfE I
TODT T T ATEEL TR 22%TdH 5. Binkley 5D
FBR (6] TIX, RO AT A ZADOFEERKI 30% ThH -
7= 2 & 735, Thin Slice OFEBEIL 45/ NS WD & 23450
2. 2 1%, HE#EZ sink v @ |Backward(v)| 37w 7 Z
LRI E D HEIE, MO A ELL F THDH AT A
ADEEH R LT RBEERS AR THD. ZOMNG, 2
AT A AFDOHK) 60 225 80%D AT A A, EDHA AN
77T AEED 01%L T THDH T, Y DK 20 H»
5 A0%DAT A AIKT 2T T ADOAT A AD KBS
IZ45AF LCTW%. Thin Slicing 2VICEZI THHHE L L
T, &AM E Thin Slice BEHD A Y v RIZETZRY,
DF—HDERITENDIRNAT A ADKEFR 47T, =
HD LORFREED 2T A ZZHONWTIE, F—& 7 un—%1

B Ay RIZE-> BB L TW L E¥% Thin Slicing (2
Ko TEEHZ 55729, FFIZ Thin Slicing DERD &
WEEZLND.

PLEO#ERD S RQL IOV, Thin Slice DA XL
B/ h S Wbk Ex 5. 127180, A4 AD55HILIE
FINENEDERENEDOD 2025 TERY, T
TDATAADYA XD/ NPT TiERW. £72, RQ2
Kowf,%4:?Lti5@%u%@2542ﬁ§¢
T T7u—X, T—HKFEBRROTAEIZI W THRICHER)
?&5&%2%“5

6. BEHEMR

AT A ANPAFEE L 2 DB OVTE L OFERMT
DI TWD 7], [13], [14]. Tshio & [13] 1%, T—H# 7 u—%
AT 5 EIC k- T, EENR T 07T LOFELF
ATZD LB E NI ZEERLTWVA. Kusumoto
b [14] 1X, AFA4 RZFHT 2560 LRWiEGE
K0Ty THEEORRINEL 725 L) Z &R LT
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100% -

v v/ /]
80% g2 7 el N
Vet 04 /
70% — i
; 60% |t :Ituvm:a(
uindex
50%
B —a—sunflow
B ao% —=avrora
30% —=pmd
~®—xalan
20%
== batik
10%
0% —_—
ool gl s g gl gl s g gl °\ sooge gt gl gl g g g
Q.N\.B@%.QQ,,,D.O.Q«Q%Q@.QSBW.@.QS)Q.Q99

FAYSLLEIZHT D |Backward(v) | DRIE

2 |Backward(v)| O ZRFEEESAG
Fig. 2 Cumulative frequency distribution for |Backward(v)|

% 4 |Method(Backward(v))| > 2 Th v, |Source(v)| 28 3 LATF
ThoHrATAADOEE (%)

Table 4 Ratio of slices whose |Method(Backward(v))| > 2
and |Source(v)| < 3

|Source(v)] 1 2 3| &t
tomcat 29 36 39 | 10.3
luindex 3.0 44 3.5 | 109
sunflow 1.7 23 23 6.3
avrora 35 3.7 25 9.7

pmd 2.8 3.5 4.1 | 10.5
xalan 2.7 34 33 9.4
batik 25 35 2.7 8.7

%. Sridharan & [7] 1%, Thin Slicing #FfIHT 5 LT/ >
TVEEST 1 7T KBURIZ I DR 5 2 & &R
LTWD., ZHHDOFERNS, BEENT Ny JTEEST
a7 AREAT ORI, T2 7 u—EREERTH
EMEDNTHDLEZZOND.

Flo, ATA ZZET DEUEFRIRIC OV TRR % 2230 A8
TN TV 5 [6], [8], [15]. Binkley i, A F A 2HA X
DA ETELTEY [6), AT AP A AO5MEFIA L
T, a7 LAOWEIEOEMS 2RI 5 FIEEREL T
W5 [15]. Jasz B [8] 1%, AT A ADE#EEEF RO
BN ATA AP A RTK L TEDRERET NN END Z &
AL TWD.

7. FLOHESEDEE

AHFZE T, Thin Slice DY RIZBT 2 FEFHIFEA %2
1To7-. 5B T, Thin Slice ¥ A X, F—F D4
FRIE D%k, Thin Slice £ 7235 A Y v Rkl o 72 FRE
ZEHIL7=. ZoO#5%E, Thin Slice DY A XD FH)fEIE+

IIINENWT L EfEER LT, Ishio i, HfliZeT —% 7o —
AU T D72 CTHRBEED T v 7T LEENELS 2D
Z & &R LTS [13]. Thin Slicing (ZRE L7e7 —#K
FRRE T Lo TIRBEIT O 12, T ORERA BT IR
RTLHZ LA THLEEZLNS.
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* 3 KfEEoOMEE
Table 3 Summary of metrics
tomcat luindex sunflow avrora pmd xalan batik
7T 7 DATE SR EL 54,468 123,191 190,526 211,343 448,722 815,861 968,470
SR 922 12,820 34,512 30,458 40,784 62,957 93,810
[Backward(v)] ﬁk1ﬁ$2g - 5;; 501(2): 112;31&1) ()Qizi 710::2 1248;:; 25153:;
S oOBIE (%) 0.10 2.4 5.9 3.3 1.6 1.5 2.7
S KA 3,673 23,633 43,041 27,592 52,339 105,749 140,965
ek oBIE (%) 6.7 19.2 22.6 13.1 11.7 13.0 14.7
[Frorward(w)| S fiE 57.2 1434.0 7834.8 2386.0 6226.3  18481.9  28719.3
SEEfE %S (%) 0.11 1.2 4.1 1.1 1.4 2.3 3.0
| Method( Backward(v))| ﬁ'i)\1§ 193 1,342‘ 2,010 3,780 4;277 ‘6,849 7,326
R fifL 8.0 155.6 155.7 128.7 126.5 385.5 576.9
|Method(Forward(w))| fﬁ)ﬂ? 3()8 1,852 :2?44‘9 53‘,702 3:132 7,\1 75 8“,(?1 1
R 6.4 116.1 230.2 331.0 369.6 1267.1 1632.0
X Fie KAt 41 288 338 1,284 685 1,352 1,792
|Clasa(Backward(v))| T 2.9 68.4 112.8 278.0 111.3 264.9 189.7
" Fie KAt 68 375 348 1,147 507 1,306 1,750
|Clasa(Forward(w))] TRk 2.3 35.9 16.2 98.9 67.0 243.4 361.6
fE SN (5N 382 5,494 15,451 14,964 18,900 27,441 40,687
|Source(v)] RSN 25.3 1371.4 5218.1 3470.6 3076.6 5215.6 11183.8
) d KA 1,610 9,216 17,369 11,689 19,425 41,423 52,334
|Sink(w)l SR 25.4 537.6 3031.9 1021.4 2264.2 7238.5 10662.3
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