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H11-14) ZHEL WS, ERAMZHEGET 57201213,
MEHE DY 1 XEREEETH BD, TORITHENE YT
RN [7,15-17]. 20728, BHBEOY 1 XH|
IR E YT FEORMSE - ARPBETHS.
ARETIE, ETERENPSEINT Y —T v AR ORI
Y ZOHIEAE R L Uz, 2HBFR - 727 2 A &
537X TV MEEFERRET 5. REFIETIE
£9, FHODOFHE (18] ZFIH U TIIFIEIZ KFIZER X
N3 —HA 7V r MERE - BRETE. RIZ, JE—HEA
TV MZHT BT 7 ABEEMMFL, A7V 2 b
MOEEEZHTET 2. EFEPHPESSHETT 7 X
INZATVI M, VATFLIBWCEELRKE Z2H
SeMEEIND., RAFTOL S hBEELEEHZ2ES LT
Vb (A7ATVzI ) BRETS.
EEEHEICLYITA TV b ERELRE, 37
ATz VeI ATV VB NV—TT S, v
AT LDIRBEENZE TNV —THMEE/ER L UTrdiftd 3
ZeT, ATA TV bERBLE UZIREENEERBT
5, BEAMOY A AHREEI Ny —Tr Y AR E LT 5.
REFHROFRAMEE2FMT 2720, REFEEZERD
F =7V =AY 7 s xT (Open Source Software (OSS))
WCHEA LUz, RBEFHRICLY, St MHHT s FTEER
ATV NI F, VT VARIZEENE T A
T4 U ERE HIE (86%LALDHKR) T56Z &M
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TE, RETFIEOEHMI R TE.

AROEELREAITILATO®EY TH S.

o TUORABEILREDL ATV FOEEEHRTERD
RE.

o TV bDHREIRST T 7 (Reference Relation
Graph (RRG)) L TD, a 747V bk Uiz
FTY 7 NN TFEORE. 7V — THMEE
TEF DA Z TGN T BT, BT 3Y—r AN
DY A X% RELHIBTE S,

o D 0SS & F\W7=F AWM. BEFETFIELE DR
BTV, BEFENY - v AKORTF Y 1 DY
WU TENZ 2O Z L 2R L 7=

BT, 2 HiTREERBEEMITII DOV TR, 3 i

TRETFEOFMEZHHET 5. 4 HiCiHERIZDOWTHR

R, 5Hi TFE - O LSMICOWTHERT B, &I,

6HiTARDE L DEBRARS.

2. BEEMRR

FELT N VAR FEOL I, EREhbEy—T v
A D A w2 — VA GRG0 XHE) IERZE
MTTW5D, #0 KU EHE [4,8, 13] P ELEZF O
£ %iF2720, EF ML —2A2EEBO7 =1 X (s -
RAZDELED) TH#[6,9,10,19) L7zh T 52T
Ay —VBEHIKT 5 FEFREIN TV S,

—J, Y=Y AMOA TV o NEEEIE (B0 Y
A RHIE) TR E Y TRMRIED v, BEFRIE, 4
TVl NBEIEETS XA TITEE NS, Dk, R
FikE, BFORAMOEREIKEZ TS Fkz KT 5.

Hamou-Lhadj 5 |&, fan-in/fan-out 7*5 A Y v RO util-
ityhood Z &5 L, SEEZEFEM (utilityhood D E) ZFRET
DFERBELTVS [7]. FEFHOAY Y FEIRET S
Z&T, V=7 v A OHRER T M OMEREIEAM TS,
Hamou-Lhadj & OFiklk, a7 /a7 GEFEHM/FEER
Mzt DHEBIE NS T, Fx DREFIELILBLNDH
5. LhL, HEDOY 7 b7 721X, [ U fan-in/fan-out
BariOAY v RVRLHBAFAES 572912, Hamou-Lhadj 5
DFETIFEA M OY 1 ZHEASEEYNZIT A RN Z &A%
{H5. 4HIZT, 0SS ZH\\T, Hamou-Lhadj & D Fik
CIREFIEOFEMRILE 24T\, BEG RO EREICEE L
TRETFEFPIVENTVWE Z L 2RT.

Dugerdil 5 1%, BRI Y004 7Y 7 FNEOHE
ERBEEILHEDE, ATV v 229 AR )V ITBHF
HEEBEELTWS [15]. 7 7 AZRMEAMERO &% b
T5ZET, IRV RVDOIEFIZE Y =T v AFHE
KI5, Dugerdil 5DFiklE, T0F T LHEEOYIHIE
BBV, HKEDT —FT727F ¥ LRIV TORSEHEN
(g, VAIY—R7—FFT2F v I2BIF 5L 1 YRIOHE
fEH) ZBfRU - WEEIZENTH L. T L THL
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Alphabets in circles mean:
M: Map
B: Block
Ge: Gem
Gh: Ghost
P: Player (Pac-Man)
Sx: States of Player/Ghosts
V: Vector
Itr: Iterator

1 Running example of our technique (Pac-Man game example)

DOREFIEE, X OHMKEORS BV OB IRIZESE
BTTWD. BEFER, FEOKEE - TV a—itbn
TEERAFEEHZHES ATV N2EEL, TOA TV
I NEOMAEAZBLUTHE - TV a—-LDRHEWE
U2 WE D RBH A TH 5.

BrbIngcir, ZEEKOHL L Fnic o < FET
U —ZAHGMEFEEZRELTETWVWS [16,17]. V— X
A= RO NZ—VEMBL, ENX—VIZkoTH
HANDHBHBEMEHBE L ATV 22 b V—TLT5ik
ZRELUTVS. B Lma iz bR, BEIEXNEZE R
LTW37070 7S LRENDERENENZ LA
END—HT, BRI Z2FIETH D720, —ED
false positive 242U 5. kDB FEDO-DHITIE, =E
77 ) AL U 2 BIEROMT H EETH 5. Bk
MINETITREL TELZEFAE— IO HRF
AT ICE A Y T T WBDICR L, ARTIRET
2 FEITHRT ICER 2L TR DTH S.

3. A7F TV MNEEICLS
ET ML —HERIE
31 FEBE

RETFIEIUTORT Y Thok5.

(1) BT A — Tf##T (Reference Escape Analysis (REA))
W& B —WATY o N DY

(2) T2 ABEEMRITIZE 24TV 7 b OEEEHE

(3) RRG ETOA TV 7 v 7 L—T14k

(4) Z)V—THEMEEHE UTY AT LDIRES E ] 4k

BAT v TOFHME, MKEOHTHNET 5.

BB TIE, FE47 b L — A )Y Behavior model (B-model) [20]
WHILKARY Y= VR LTREINTVWEED
3%, B-model 134 7Y = MERY AT LDIRSEEN
ERETIZETILVTHY, HHOARY MEEP SRR X
N5, ARy NEFZEDOHIE UTIX, ConstructorEntry | Con-
structorExit (A A N5 7 XHEALRW), VariableDefinition
/ VariableReference (EHEH/IZIR) 7N 5. B-model
EHWSDE, EfF ML —RAZ (b, by, ..., by) DIERTRHT
&%. ZZT, b l¥B-model D1 RV NEETH 3.

M1 IZREFEOHZE2RT. M1 DAMT T 713, Pac-
Man 7 — L2535 RRG TH5B. A - HRIEENTHh, JE
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B - B 7Y s 2 b RRT. Ty Vi, ATV b
D74 —=)IVRENLUEZZBOGH%ZET. Pac-Man 7 — A
TlX, VA Yy—nivy L%z, T—A&OEMMEED

BPOSEAEEDTHERS. vy TATV 7 ML, 7

Oy - I—=ANAT VLI b 2RIRZR—=F TV b %
NAUTHFT 5. L1 vy— -2 M2, BEOIRE
GEEIREE - JORAESE) AT D, LAY —F TV
IREY VTNV UTHY, vy TOBNA TV o
LRI G. RBEFEOHEHICED, M1IZRT LI
RRG BEEDY 775 7 ~BIRIND Z 2l b. 777
DT a2 22 DOWTI, UBOH CRHM%HHT 5.

32 REAICLB—BATVI MNRE

FHSOFE[18] IS U - BT 2 — 71#Ht (REA)
&b, ATV NERE - BRET .

REA Tl&, FHSDFEEFAMC, A7V 22 FOS]
BB KR OT 27 2 % fifghr s 5. DU R OMEE % 2272
TATVz I bo%, “RATYVzI M ULTHET 3.

e 0D EDA TV 7 M SEBHMINTLARN

o ETFHIM Lifetime(o) H3BIME Ly AR
Z ZT, Lifetime(o) 1, FEIT ML —AHT, o DBANZT 2
EASNTHOBRBIZT 7RI NS ETOHRITH 5.

REA Tf##r3 % B-model ® 1 N ¥ b &, MethodEn-
trylExit, ConstructorEntry/Exit, 5 &, 7 1 —)V NiZx
§" % VariableReferencelDefinition TH 5. fREFIETIX
RITHRY 7 v 7272, THoDARY ME2RET
S7zbou¥yra— REHEPKEE LS. BRSO
B-model D1 R I (e.g., HATEEIZH T % VariableRefer-
encelDefinition, LoopStart/lEnd %) 12D\ T, REA 1246
ERRL, TN EMRBT 2720 DFHEDBREL IR,

B1OH#ITIE, 1 TL—24A7Yxs NROI Y TDIE
A 727 b, fOEDA TV I M6 HBIEE
nizwn., ZoOWE, 1TV —2AF 7Y M, EFEHRRN
Wiz, —A 7Yz b UTHE - HlilkEhsd, —
F, 2w TOFGHNATY =7 MOV TIE, EFHR
EWiz, ATV b HEINHIFRE iz,

33 PORRBEICEDL ATV NDEEEHRTE
R TV ML, T/ RRABEELRMTTSZ
ETHAI YV VOEREEWEST D, VAT LIZBNT
HELKEEHES ATV MR T 2 ADER TS L
HMEIND., T TREFETIE, UFoRicky, 772
Y ABENBVIECEERA TV N THBLHET 5.

1 1

Importance(o;) = (Wy, + wy) [ (wy, WE©D) + W, RF(oi))

Importance(o;) V%, HEEZIART 7 & A$HE WF(o;) &, &
FIART 72 ZABHE RF(0;) & DEAT EFRIFEITH 5.
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WF(0;) & RF(0)) WA TD XS ICEHETS. b, 0134
ATV VOELEERT O={0i|1<i<n).

WC(0;) = (0; Dl U7\ W& EIAART 7 & A[150)
RC(0;) = (0; “NDELAAAT 27 £ Z[EH)

WF(0;) = (WC(0;) = WCiin(0)) | (WCpnax(O) = WCiin(0))
RF(0;) = (RC(0;) = RCyin(0)) / (RCimax(O) = RCrmin (0))

Tus T LT BEOB MG, REELEF SR
TEERAAT 7AW, ARAT I/ ALIDHEE
THDEHEZR, AT w, >w, DX ITHEIN (eg.,
ww =3, w, = 1). WC(0y) 13, HFiT5EZIAAT 71 AL
ATV RLERW. TibbL WC(o) 1%, A7y s v
St A O NS o DIRFEZLDEIFIZEL V. WF(o;) &
RF(0;) I3 NFh, WC(o;) & RC(0;) % [0,1] IZIEREL
T-METH 5. EAAAT 7 AEBIL, EEAAT 7RV A
ERBUZLEARIEFIZ R E LS RBERIZH D720, [0,1]11T 2
L ABEE ERLT I LB ETHS.

B, WF(0;) £721% RF (0;) H* 0 DG4, Importance(o;) =
0893, WChax(0) = WCrin(0) DEE L WF(0;) =1 &
LU, RCmax(0) = RCmin(0) DIFEIE RF(0)) =1 &5 5.
B, EEEOMAEMEL KO RKEVWATV T b
B, AT7TX TV N THBLEHET 5.
1Tk, vy 7OFBENATIz o N, LAY —
T—AMDREHETT 2 AEINE D, aT74A TV
FTHBEHEINTWS., RI1IZBITEY—2IX, %
DATV 2 "R ATXA TV b THEI L ERT.

34 RRG LTOATVzy hDTIL—T 1L

HEEHETEOHR, 2747V bR LTAT
VI NEITN=TT B, aT7TXF TV b EEEDRE
WAT Yz MEERREL, TSR I N—TT B,

BB\ A 7Yl VERET A2, A7V b
DEFAME RRG 2FHT 5. 22T, RRG= (V,E) I
BRI I7THY, Vi) —FNOESE, EZTy YDES
THb. VIZOIZELW. o Do, 2BT 2585, o »
50, NDI YV eeEMWFETS.

RRG ##H$T 5T, A7ATVzI7 hEeRAUTA 7
PAI7NEHEED (e, AT7AT VI bearRYVay
FfR (FENBER) hd) A7V MNEERDITS.
B4 79 A 2NV %ERKODATY oo bEHIZMHEEIZBED
BRNWZ EPETES72D, TOX TV MR T I —
ThT B, ZoTNV—Tizk Y, RRG BEBRDY 72

WAREINBEZ kD, {BYTTI3T7DLV—FJ —

Ria7x7oc7 b Thd. Y7773 7RHOAXTV s
MWK, AU 7912 0%EFE >, — iz, A7
MO SIEBGEZITTIE (RRG ZYTIE) IVvKRY Y3
VR ENBEBERNT A LIETERY. TDD
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Algorithm 1 Object Grouping in a RRG

Input: Core Objects: CO = {co; | 1 <i < m}
Reference Relation Graph: RRG = (V, E)
Output: Object Groups: G = {Gy, G2, ..., G }
1: for all co; € CO do
2: G; « {os |og €V
A oy is reachable from co; in RRG
A no paths from co; to o in RRG contain o, € V
s.t. (0 # co;(i # j) A Lifetime(o;) < Lifetime(co;))}
3: forall o; € V do
4 if o; belongs to more than two groups then
5: K — {k|o; € Gi}
6: LD(Gy, oi) < Lifetime(coy ) — Lifetime(o;)
7 kmin < one of elements in arg min; .qc LD(Gy, 0;)
8 foralll € {l{ | o; € G; Al # kpin} do
9 remove o; from G;

32MTEHBELEZAT V7 VOEFHMERHTSEZ &
TavRY Y a VEREENBEREZXAT 5.

Algorithm 112, Z V=77V TY XL %ERT. Algo-
rithm 1 Tl&, “a 74 7Yz 27 b &, “a74 7Yz 2 b
o (EEN/MENC) 2RI hs A7V 27 bT, 17
P77 ATV FERUPENUATOED” A0V
KUY avBRIIHDEHELTWS.

ARLDHE L, 22X TV o S HBERT IV — TR
BLRWESIZTE2HRENRDH B, VAT LORSENE S

V—THMHEERE LTHid 2720, L, 2547

Vb o WEBDINV—T Gy, G, \ZFTE L, o € G, b
50 NDAYE—IUNRFEETBE, GG EHHDT
N—=TW G, MEDAY =V EZETRENPRETER
Ko TUED. INEEITE2D, o WEBRIV—TD
gl & 7e - 7235581%, o %, o EwHITWEFIME %
Foa7A 7Yz DI V—TIZfRESEB L D5I12T 5.
X 1 OH#ITIX, RRGV4HDY T2 57 (A7V = |k
TN—T) ZofREnb.

35 JI—7HEHEEERE L TRZEVWETHE

F TV NI NV—TBEOABME G, Fx DETE
Mz (17] LAETH D, ATV N ITNV—T G %2 1D
DIA4T754 LT, V=AM ETHIETS. G N
DATATI I MDA VARV Aid%E, 94771420
FEEENICRRT S, 2V — TR EEH O A% a4k
U, ZV—7NHEEAERIEATEAAL 2.
M1OHTIE, &V TITSINFNEFN1D2DT5147T7 5
1 LTl h, 7275 7BOMHEEADARR Y —
VAN EIZA I NS,

4. EER

REFEOFAMLZFHET 2720, R OA—TV YV —
AV 7 T ICTFEEEMTS. u¥ s a— Rogt
Iz, REMViewer [21] D—ERTdH 5 SELogger %= R
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%. Hamou-Lhadj 5 @ utilityhood 235 < b L — A4k
Fik [7] % baseline Fike U, REFELOIIKRETTS.

4.1 Research Questions
RO, T, BEFEOEHWTH 5, FETHEENSET
TEHY—T VAROAFMOHIEMERIZEL THET 5.

RQ,: ETEE»SE LT H Y —7 v AKDOE D
HIBPEREICBI U T, $REFIEL baseline FiEIZLER E N
FIHENTWE N ?

RIZ, REFIEOHD 2 DOHIEAT v 7 (—RA 7Y =
7 MEIER - a7 ATY s MEIBR) EhENDS, M
BILEDEI R ELEA TV PELLIHEEITS.

RQ,: —WA 7V NIk - a7 ATV 2 MY
RiZZFNZFN, REFIEOEHRYIEMERICED & 5
BEEZTNWEMN?

REFEFOXF VI - NOFEEBLEL T 520, E
TR A —N=~y F&fE5. EHEOBAN S, RO; T,
EOREDF —N—~y RPELZDO0EHET 5.

RQ;: RRTFIEOEFRA —N—~w NI ORRER ?

BETFEOHMIZ, YATLOEERIRLIBNEEAT
ARy Ny —r v AR EETERE» SEIGL, Tus
5 AHRTIRIC BT B Ltk B, RQ, T, ERI N
V= v AR, BEtEMMET S ETEERA TV Y
R EDREDEETEEINTVWEDY, TIh6XDX
SR ENDRHARND DPIZOVWTHET 5.

RQ,: R E Ny —r v ARICIE, #EFEIMRT 5
ECRERA TV ML OBREATIA TN, ? %
IS ED LS RIESECHHEAND D ?

42 EROHRE
421 WRIRATLERTYFIAF
EBNRLER1IRT. BEFEFOENT A —&IFX
DY FET S. L, = Lifetime,,,, (0) - 0.7, wy, =3, w, = 1.
422 FHERE
BEITVFIVAIHUT, a74 TV o MEEBIZBIT
% ground truth (Ogcore) % FHTZEFHT 5. EHNR A
TLDRFa2AYDN - Y==K o, ZEtEEELRY
T A (Cotimp) ZHIHL, DI FADA TV b, 2
TATY T NEEIZBI S ground truth & 375,
EENRY AT LT D Cyimp 2R 2 I1TRT .
jpacman (Zxf U Cld, SITYF ) ADFHAFICEHN S F—
J—RK (FLAY— - RNU—Uvy¥—5F) 2HEEI/ITRL
LTEHELTWS., IMAT, Y—AVATLALKOEH %
79 (F—AL LOBEEOER - HREHLIEOKR L 425)
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Tl WHRIATLEFEGVF VA

Project Ver. LOC  Scenario

jpacman ! rev.53 5.9K

JHotDraw 2 7.6 58.5K
Ant 3 198  224.3K

TV — 3 VilRE), 7 — LFA,
FABAT, TV —va KT,

7TV — a VilkH), 5%
Ant HE %)L K (buildxml TEZ S N7z bulid X A2 % 517).

Ny IV BELTAT =2y F—% 0T - NT—ZF—

, SRR 2 BUCHiE, TV - a vk T

I'http://code.google.com/p/jpacman/ 2 http://www.jhotdraw.org/ 3 http://ant.apache.org/

K2 MNRVATLABVTHKG EEHER I T A

Project Important classes (Cetimp)

jpacman
JHotDraw

Player, Ghost, EatGem, Player$State, Ghost$State, SimpleLevel

DrawingView, Drawing, DrawingEditor, CreationTool, (Round)RectangleFigure

Ant Project, Target, UnknownElement, RuntimeConfigurable, Task, IntrospectionHelper, ProjectHelper2

SimpleLevel 7 5 A% TH I 5 AIZEDT WD,
fhd7uY s MizowTiX, BREHERT RFa Ay
bV —=A3—=FIZEWT, design overview, most important
classes WEDF—T —FEHWTERINTWVWSE I T A
, [{EtEHEELR I IR LTWS (MiHEAEX, BEE
9% [22,23] LHBKTH Z). SEDERTIE, FEi72FY
WEDIE, ERF AV INTERINTVE I TR
kvb%&@iit*%%%'ﬁwmbfwé.ﬂhmmw
WZDWTIE, EIR - VYA NV L2V ERELZTT
D7\ 728 Handle % BR4%, Tool + Figure % CreationTool *
(Round)Rectangle \Z 2 ARKIL U7z, Ant iZDWTIL, & FED
¥ ) A TR I NN ProjectHelperImpl % ERAN U 7=.
Ogicore 1ZHEDE, FHBIREZAND LS ITELT 5.

Recall = (Zcecgﬁmp h(c,SD)) / |Cqtimpl

Precision = #{o | o is an instance of ¢ € Cgimp} / #lifelines

h(c,SD) 1%, =7 YA SDIZ, 75 A c O (JRAEHIE
L) ©OATATI I IREENTVWE L EITL, ThiL
NDGEIZ 0 LB TH B, Recall 1L, = VAKX
ICEENTVWEAT V2T A, BEEY T A Cypimp 2 ED
TEEMES 2032 3KT. Precision (X, ¥—7 VvV ARIZEZE
NoI747 74 v OMEID, HEZ T A Coimp DA VAR
ZNZHIET B ERT.
4.2.3 FrEEH

WRY AT LIZEHEDOIRS VDAL S L5
:,ﬁ%vz%A’Bwfi%én#551’®&D¥y
Ja—REFHEL, 71477 3= RNIZEEE2THR0.
=L, avovarvIiAITIvl _Egb’C IZBA N OB A
SEHERTS. ALy vavyT—REES DIz, 3Ly
v av74 77 (java.utilArrayList %) DFHEI N B Z
EWEL BB, MEFEIIA TV 27 b DS IRER % T
T30, ALIvaryiA4T7 ) ENLEZBERIE

MicEinwe, ITEERELIERNLTLES. ZhE
BT B, aL2varyIA47I)IZEL TIREETS

TA. kB, ALy avA IV Mo, NDT Ik
20X, o, ZFiETS (74— KENALTEETE) 47
VI hANDT IR ATHEERLEL, BEEHELT.
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% 3 Collected runtime information

Project Events  Messages  Loaded classes  Objects
jpacman 34,491K 16,179K 42 1,354
JHotDraw 906K 468K 216 3,302
Ant 44,586K 23,067K 250 40,305
1000 - jpacman 1000 - JHotDraw 10000 - Ant XX
500 - 500 - % % %X 5000- ¥
% =% =X x e
2 ' i 1000~ %
£ 100- 5 100 - ! 500 -
3 50- _*__;( 50 - ,:< 199
*  10- g 10- _Z__w
5 -SERNE B 5-4 107
%
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00

Recall —6— our technique
—%- baseline

2 Recall vs. # lifelines

4.3 ER M

BRI NI ETRFERMER IITRT. AvE—Ye A
T2 N, V=V ARDY A R EEE5 XD,
4.3.1 RQ; ~DE%

IREFE L baseline FiE & T, V—r Y AROHH Y
1 ZOHIEMERER S 5. Tu s S LABRICERE D
Ogteore & CEDMOEIHETIZ, WriZAT V=7 M%E
BWMOTZEDNTELINRNEETHS.

WMELZATY 27 NEEEDORIE (baseline Fi5 Tl
utilityhood fEOFNE) 124 TV 27 b (XY v R) 2N,
A7FEITEEAT MM EELETEBEZ LT, BTN
52—V ARDMRENEATE (MFDFA 754
BHPEAT ). BEEz2IELEED, V=T VA
WWEENDETA T T4 8 E Recall DEFRE R 2 1257,

ﬂ 205, RETFIEL baseline FIEIZEEAR, Recall D E

ZHTBEI514T7 514080 EREINNI N EH5H
5 Recall =1 DIGEDTA 774 VEEKBLTAS L,
RKADLSIZHDB. Recall =1 1Z2BWTIE, BEFIEDS
1 7 F 1 VEUT baseline FIED 2.5%-57.0%Z 1 % 50T
Wb, ZDZens, EITEENSELTSY -7 v A
DAY ZOHIEMEREIZBE U T, $#2ZE T baseline
FHEIVBENTVDEZ RSN S
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%< 4 Final Results of Trace Summarization (Recall = 1)

Our technique Baseline
Project # lifelines Comp.!  #lifelines Comp.!
jpacman 28  97.93% 292 78.43%
JHotDraw 14 99.55% 559 83.07%
Ant 5283  86.89% 9,196  77.18%

! Compression ratio calculated by
1 — (# lifelines in the resulting diagram)/(# all objects)

£ 5 Results of pruning temporaries

Project #temporaries  # non-temporaries ~ Comp. ratio'
jpacman 280 1,074 20.68%
JHotDraw 1,582 1,720 47.91%
Ant 18,732 21,573 46.48%

! Compression ratio calculated by 1 — (# non-temp.)/(# all objects)

72, BHEDEHUZBE L TRPMEOR VAR S NS. K2
M5 M5 & SIZ, baseline FiETI, BEZAD LA S
Bde, 4774 VEDPABIZELT S, Zhik, FH
—® fan-in/fan-out ZEFFDOA YV v KBREBGFHET 57290,
utilityhood i iZ &< T v ¥ v 7 RIZBEWT, FINEM DIE
HAZHEHELTLES 2 ICET S, —F, BEFE
Tk, BEE2ZEIETHERELTAI T T 1 VBUIE(LL
W, I, ATV VEEEILEEZIVFUIERT
T HBRENEMN AAFEL D5 WD TH 5. BEFHEI,
FAFH OB ISR & 0 FAMMEEE (V-7
AR DGR ELTE) BAFETH 5 Z L0 5.

EITERED ST 5 — 7 v A O [H) O Hl
BEICBIL T, $RZETILIT baseline FIE L O HENTWS.
Recall=1 D& &, REFIED T 1 7 F 1 ¥ baseline
FHED 2.5%-57.0%IZHZ 5N 5.

AT, BEFEIL, WHREOMMBEIIEDLELLD
TR EAE (FEZEE) MRffiTh 5.

4.3.2 RQ, ~DE%E

—A TV MR- FEa T ATV 22 FEIBRENEN
DOHITRVERE # MR T 5. RE5IZ—HA TV =2 MEIROKE
RBERT, Fa7A 7V 7 MEIBRIZEAL TlX, Recall = 1
DLGHEDORER (FK4) 22B L TiERT 2.

—HEAX TV MEIBRIZE D, ATV =7 MDY 20.68%—
47 91%HIJE X 7= 0%, KRE LT, 1,000 A EDAT Y =
JEDBEELZ., TS, —BA 7Y s MR
X, V=7 v AKOBESGEY 1 XOYBICERBNS 55, *
NHMTIHRERES o TRhnwZ e ah 5. —7,
a7 ATV MHIRIZBEL T, A7V MR
86.89%-99.55% L KEHIKT 22 L BTETWVWE. ZD
ZenoIEATATI =T VHIBRD, V= v AR OM#S
MY XOHIFIZKESERL T WD Z D300 5.

22T, aT7A TV MEIRBEIRTOMEZFAR S
7O, —A TV NEELEA TV MIRT S
BHEHEZTo72. TOHE, W<2r07By =z
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3 6 Execution time

Project Base  Withlogging  Overhead
jpacman 5.677s 9.956s 75.4%
JHotDraw 2.489s 5.811s 133.5%
Ant 16.781s 36.610s 118.2%

T, BEEEDI VX7 B, —RA TV FAK
EIZHHTAERE o7z, BIZIX, JHotDraw DGEIT
&, EEED T V¥ T 19 fHEZ, ReversedList 75 A
DA VAR VAW OTHBBI L. K&maLryarys—
ROBRIZMAT AT 7 b RE, W DD —
A 7Yzs ML, BHEEIZT 7R AINBMEIZHD
—HA TV I MIRBZENSD ) A XWX TV
N ERNT 2RE 2R LTWE I EHHERTE -,

—RA Tz MR - I TA TV = MEHIRD 2
25y iz, REFEOBRYEREREICEBR L TV
5. EL00 1 ATY TOADERTIEAFITHD,
2 ATy TEMAEDLETEREET 2 Z &5, EiTE
o d by —r v AKOERLEZED 5 720120
BHTH 5.

433 RQ; ~DEE

R 6 IZETRA —N—~y RERT. FEITVFI A
U, ZNZFH 10 [\#E 0K URIEZT\, FYEZ L
TW3. ‘Base’ 4l - ‘Withlogging’ §li& T Zh, a¥> 7
I— FOFHEEL - B DRETOETRMZRLTWS.
FHAREZ AR U 723155881, Intel Core i-7-4790K 4.00GHz,
32.0GBRAM Td» 5. SELogger DX > 74T aviy,
EIT MLV —ADHGIZ AN 2 TS5 RAL Y RER
M, FEMEEARTN L =A%k 2 X 5 ITHEL 7.
RETHIL 75.4%—133.5%D FEITHEA — R —~ v K2
5. ZhE, EHED AT —F TR EAMRTFE S R,
BN WE D TH S, HlZIE, feedback-directed instru-
mentation (Z & ¥ crash paths % 5153 % Fik [24] TlX, %
< DIFEIT 1009%—800% D A —/N—~w REN, Z7r—3F
T ALy RE#E T — X 2T 5 record and replay
VAT L [25] TlE, EYIT480% DA —N—~y REES
FERBHREINT VS,
REFHFIZBWTHIEEL, R38O THADZDIZ,
HEINEZT TV r—varve | BETTHIEIWSEITT
Hb. ZLDEAEIIBVWT, BEFHEOA—N—~v FiX
HETELZEDTHDHEEZS.

RETIEIX 75.4%-133.5% D FEfTHEA —N—~v K%
PES . ZHUE, SEEDOAT —F TN TR H
R, HEBRNSREDTHE. 2L DHEHITEVT, ##
BFEDOA—N—~y NIIEHEHFARTEBLERS.

434 RQ, ~DEZE
ERINZY =T VARIZB VT, Ogeore DA TV 27
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3 Precision-Recall curve

F DEIEHEFY, #HEERBMET S L TOERERE W
L& Z%. Precision-Recall DR ZB 312779, Ogeore 1
BEt RS 5 ECRICEBER Y FIATH B0, EH L
IEE\ Recall 2725 Z EDEFE L.

K336, Ant IO Ta Y =7 MzBWTIE, Recall > 0.8
L7325 & 57 Recall DAEIZEWT, FRETED baseline
FIEEV B, MEXL Ogpeore ZEATZY =TV AMZEIT
TETWBI RN 5.

Ant IZRUTIE, K3 ETRT I 7h6 005 k51, 2
E UTREFED HHREEIE . Recall > 0.8 L7425 &
3 721 Recall DRAIEBIZBWTIE, IZIEEKEETH B0, b
TOREFIEOHPEENE N, Zhlk, AP oy
RN, ALY avTF—RERE - ATV -1 T B
HOME I FAEEHZELTEY, TNOEDI TANDT I
EABENE SR D I ENFERNTH S, aLbryarna
VIFFEREESR T AT IEEENAYIIEHL &
LWL D, S, FHEOEENKETHD. AL IV 3
VAVTFDOEIR I T AFBHEIZT 4 NRY VITT BT
EMTE, BIZIE, Iterator - AV I a v oo AEMEAL
TWb2752k, At WDV Y —A%HK>aLvrvay -
VI RDAVTF I T RAERING B LT, Precision 1
M3EAERTI7DL51C8ET 5.
jpacman (LT, LY =T v AR O—#% K 4
RT. M4BT, Ogeore DA TV x 2 MEDHRS 5
WS, RO &S 7Y AT L OB AR 2 8 A AHL
N5, SimpleLevel 7Y 7 N, BN update() A v
Y —I% Map - Gem + Ghost 5DT 7 XR—F TV 2 b
k5T 5. Player ¥ 7V 2 befiATy o b & DR
FH: W, onCollision() A v RPECH XN, Player 7
V7 bDOREVET D, ZOZ s, HIRIE, B
HPERFORD T NELEE (HREIZXD TV A Y —Df
BERAHIZTSOTE) LD LEAIT, HREIRER
R ERHEE X 4 D 55 AINDE Z D31 5.

ZDEIIT, EEEINY =T Y A-D S, Ogeore P
ATV VOMEERAE LT, YATLOMBE RS
BWELBTELZ LD HRTE 2.
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{5 Recall DAIEIZB\WNT, FEETFIEIL baseline Fikd
FIEAKEE, BULLIE, JOBEELS Y- v ANEHE
TG TCTE 3 (Recall = 1 D, Precision 1£0.21-0.43). L
mU, LIy avERS X580 7 ADMINRIZE
BIZGEENTWD L, /A AR ZREIMETT 5.

B UT=y =T Y A-D 51, Ogeore DA TV 7 b
OMHEAEH 2R T B Z 2T, YATLOHMBRIRS
BN EHETE 5.

5. ZHEUANDER

FRIZB T 2 8FETYF ) AREHE WS D2 »
2, ZTHRAERZRHRETIERV. KT, RWEF L —
AULDRSNLWGEIE, BIkDH 5K (MR 2 5
BLIZWXE) OAE, 1R MRS Nz 2
ZEFEWY OB, BEFEEZEHINLIELIV., LI,
2HiTHhRAR, 7oA APEFHEEMHALTET L —A
EREL, WOFET ML —A2/B52LETE5.
jpacman B U Tl&, F#HH ground truth (Ogieore) % iE &
TED, HOBFET RN H L. 72, AFTIE,
REFHEIZELY, BHREOTO T I LRETFLTENE DRE
HIRE N0 E TS IZL T, BRI RSE &
AT HBEL, WEREFEBE @ LU TTE - FHMiREOF M
M- ZUMEEFTMT S Z VNS BBETHS.

6. F&H

EFPLV—ADSY—r Vv AMEETLL, Tus 5 LH
fRZIBIZBIF 2 FENEHTHEN, HBrshizy—rv
AN IR BB EENTE D, ZOF FCIXEHET
TOMENEL S, AT, FIT ML —2Hgbz2EN
U7, ZRER - 77 ABTICEBaT AT b
REFEEZRELUL. BEFETE, ETRICREITERR
INZ WA TV NERE - REURE, 772 AH
BIZEIDWTA TV VOEEELZHET S, EEED
BWaATATI 7 bEFLE LTRS8O A% a4l
THEZLIZEY, ETPL—AnSHEITTEY—7 VAKX
DORERAIDY A X% KREHIFT 5L TES.

BEOA =TV =AY 7 b 2T IR EEEATSZ
& TiMti 2 T - 7. BHAME» S, REFRIBETELE
R, BEAMY 1 ZOHRERICENTE Y, MR LT
Bondy—r v AR, VAT LAOMBI RS B
fRIZEHTH D Z L PR TE .

S81%, SEMALUTORWMBOEE - SHfRHe &
BEL, EEEREOEEL2LIVED TV ZLE2EXT
W5, F£7z, FEO LD IEHE - G Mooz, &b
ZL DNV T =2 avDA—=TV ) =AYV T NI = TIZF
HEEHT 2220, WBEEBRPKETHS.

BE AWML BRI BT E #24300006, #26280021,
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486 objects such as Block and Gem are grouped

a StateManager for the Player object

4 objects related to a Ghost are grouped

a StateManager for a Ghost object

G10:SimpleLevel

G21:Player$NormalState |

G6:Player$PowerState |

620:Ghost ”Gls:StateManager I

G7:GhostsEatableState |

’ G23:Map ” G12:Player | ’GS:StateManagerl

update(GameContainer, int) |
i

)
"] onCollision(Entity)
q

onCollision(Entity)

enter(State) |

enter()

D)
(4
)

D)
(
)

4
enter() N
PR— i
-

4  Part of the resulting diagram in the jpacman case

#15H02683, #15K15973 DBk % 3% 17 7=.
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