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Abstract:
Unlike traditional methods that just consider the factor of memory consumption to find out program’s important data structures and

An approach was proposed to analyze the memory behavior of Java programs based on object reference relations.

analyze their memory behavior, our approach considers both memory consumption and memory domination to decide whether a data
structure is important, and get the important memory behaviors via analyzes the memory dominance relationship between data struc-
tures and references analysis . Experimental results show that the proposed approach is effective, and can get more precise analysis re-

sults than other methods.
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2.1.1 X&K5|AE

EX 1 X451 K (ORG) . ORG & — 47 In] &,
By s AR, A AR R R Z E 5 R R
Pl Hp AR R R HE N A P AR XS 4 (oot object) , i}
SO A Y R B B R AT A Y

EX 2 WGBS A BRI, 2 A
MRS ay, o a,, ENT LA RIETIRI 2 AL

FRATTIHE rpr AR T G2 T Gy 3k 113 AR BBCRE P AT 3
HT 5| G S AR 4 6T 42 51 26 15 2R 2L [A) AR
XS B R ]I X4 AE ORG P, A5 [l i1 A U Sk
SRS 6 T R BOZ R ST 5 I R 4
P < objl, 0bj2 > /R K4 objl 5 obi2 Z IS KR,
Horpr obj2 9 objl B, A U7 K 7E ORG Hid sk — 2%
MAXF G5 AL objl 45 17] X G245 5 obj2 WA In) 1. B — 2%
MR G KR S e 1 s .

B FE TR IIARRN Java BT NEAT BTk 1337
1.class Orgf
2. long tag_ from; /75 FIX G bR %s
3. String type _ from; /75 X G268
4. double size _from; /75 XTI AR RN
5. long tag_to; /785 X Z AR
6. String type_ to; V2% NS E ARE
7. double size _to; /785 X G AE RN
8.1

B 1 7E6% ORG 15 o SR S5 1
2.1.2 Xf&ASIHE

FEFFPAT IS RE b B KX 4, 3 808 AR ORG
e e K. FRAT3E L A 2P BR X ORG H i X 2 itk 1743
HEEA AT B ORG fAifk  OGRG.

BB REHAMFEXTR BRI Z S

TE Java F2J7 A [R) 0 52 290 1 — 2l 6 4 At 2L
AL A AR, 15 ORG 40 & K A0 W) 19 51 2%
ZI80 SR TR AR X G2 208 LA %ok G2 AT 434, {6k ] B —
WS TRR K AR R 51 56 F R B — 1 5]
PEATE75 , T ORG HEICAT I HFS.

I X5 BB R OGRG B, T AT 1484 %
ST R IECR R S A Z RIS R, B
RAEABLE AN B 2 Fir7s . B0 1 iR T BAR Bl 72
1 ORGAE A, R A4 I 45 A OCRG 1 Jy i i . 25 2
IW1tR1E OGRG. 55 3 ~ 11 17X} ORG H 5| L 47 43
BT TEIH < 0y, 00> , 1% 0y, 0,43 5XF 1 [ %5F
GIIN 0, 05, %5 FIEEX R —Z M 04817 0,1)
S . 2% FF1E OCGRG & & AE7E, WPk 5] 13t
B count {HIN 1(AT 5 ~ 7). FHXF AN LS HAEAE, W
1E OGRG H s iz e 91, I & )5 50 19 51 312X count
M 1T 10) .35 A AL FE X G 06 7 (18 o G 28 R ) 15
FIXTRECE A5 B W S =Z 185 B TR

1. class Ogrg|
2. int count; /751 T
. String node _ from; /5| AT S 4

2% Gl iR pEE

!
N

3
4. String node _ to;
5

K2 776 OGRG fi SR B 4514

&% 1 Obj_ grouping

A X5 HIE ORG

it )R A5 HE - OGRG

1 Set< Ogrg> Obj_ grouping (Set < Org> ORG)
2 Set < Ogrg > OGRG = new Set < Ogrg > OF

3 for each object reference relation Org in ORG do

4 for each reference edge Ogrg in OGRG do



1338 H +

2 2015 4F:

5 if Ogrg.node _ from = = Org. type _ from and
6 Ogrg.node _to= = Org. type _ to then
7 Ogrg. count + + ;
8 break ;
9 else
10 OGRG. add(new Ogrg(1, Org. type _ from, Org. type _ to) ) ;
11 end for
12 end for
13 return OGRG;
14
W2 AR AR P 5

FRFF AT 2o 2 op o A7 72 2R 6 3R 51 1, ¥ 5 3
ORG H HH BUAE BR 5 | PS5 A8 , 35 0 LAk N A7 AT 0 O MEE
FRATIM6lE FHT Tarjan 25 A1) 5 34 380 2544 46 00 5 9% 1) — 4728
X ORG H AR A9 PR 235 44 A7 R DN, e ) B — 9 s sk
1R X TR MR E5 48 175 1 O 51 N A
S PIALE6 R N AE RN A @7 AL & IR 4
KRR — DB O A & X G0 A A /N
Y0E . FATTE 5 20 B8 1 2R ARLAY I 12 00 55 A ) N 28 1Y)
TEIA G VRGN AT o LR A, TRl B — 1 o
BEAT IR LT S T AL S AR G TS5 4 1Y BT A
{5 B I 44 N Cycle. N(N AT S F5).

AL UL BN D B R R0 5] HHE B AT 2k
KA, A B — A AR ARUBE /N AR 365 M B 5 1) A7 ) I BF
.

2.2 AEXERSHT

EX 3 WAFZHEL. 78 OGRG H, %15 fi » Bl Y
Ry (Bl MACH f, y 550 R y g Xt 4
BB FUH L FR & XF y 5842 SCHE () . an R AL y
HrRR G ARS8 51T, IR « Xy 30 SIS (452
i) .

B A F B JE OGRG PN i, 5 5 B I
SAR A 9735 50, B AL KL AR AT SR A ad
FE, JAT A YA m A -

(1) RIEFE AR/

TR THAE A A Y AR 5 A X R AR
RTINS A Ij\]ﬁ‘]ﬁ%%(Memory Consumption, MC)
R R R/ W

MC, = Zinzlmemory( a;) (1)
Hr,ay, -, a, FR A A TSI XS, memory
(a;) TR B — DRGSR/

(2) A5 JOF 19 i A SCTC 1 L 41

T4 R AR T P 0 — X R AT
R — DX R G AR S R &R R AN
FER/NBOE B4 AH, WA T R 1745 5 N AE SCTRC 19 L 131
AT AT ST S 7 R P R ECH

FUfE. 1y &5 B X5 5 A WAESZIC B B ( Dominance
Ratio, DR) 31545k «
DRY = Ri/N, (2)
Horp ) Ny FORT A PR BB, R I B 5
RA Z XG5 L.
(3) 7 1 LB AT R
— AN ST SCIC 4 N A R /N Ay L T R ) 4 S T
WA BT 35 55 B I S B (Memory Domination, MD)
PN R RN W
MDp = 25" ((MD; + MC,) x (RI/N))  (3)

Hoib (RE/N) A5 5 B W H 735 /50 1Y D He
(MD; + MC,) AF 7 8 i WARISFEFI A S BE — & 1
A1 MD R AR AN G 2 B 7R, OGRG AT R AR Y
FAENEA AT SIS B AT RN T 5 45 AR
M AT 1 EXL T — N2 REBIEES MD_ result, T
AR R AT 5 ~ 12 L AT, TS — AT
T SCECI NAE RN AR 2.1.2 TR B 2 B SRR
SERUEAT T RA A, UL NAE S FOTE R R,
T B LR G IR G5 A4 A I S

&%2 MD_ computeing

A XTI FE OGRG
OGRG YA 2L N

i A SR N AEES ) MD _ result

1 Map < String, double > MD _ result = new HashMap < String, double > ;

2 7/ RE SRR MD _ result, f7Af 115545 R

3 double MD _ computing ( Set< Ogre > OGRG, String N) {

4 double MD =0;

5 for each reference edge Ogrg in OGRG do

6 if Ogrg.node _from= N then

7 MD = MD + (the MC of Ogrg. type _ to + MD _ computing( OGRG,

8 Ogre.node _to) ) * (Ogrg. count/Ogrg. type _ to. sum) ;

9 //Ogrg. count k5| 14k

10 //Ogrg.type,to.sumjﬂ N T35 A5 Ogrg. type _ to AL %
11 B

12 MD _ result. put( N, MD) ;

13 end for

14 return MD;

15 |

(4) 49 AR A 55 A SCHE Y BT ik L 3]
T RN AT A N A S BE Y BT K B ) R ACTTY A S
BCIZ 19 A5 N AE /N5 A 550 SIS 1) B AR K
JNE AR G0, T A XA S B AR ST Y Tk
H 1] ( Contribution Ratio, CR) 33 AF N
CRY = ((MD, + MC,) x (R{/Ny))/MD, — (4)
Hep, ((MD, + MCy) x (RY/N,)) NI AL B XI55



w7 M

BN FETRRG IR R Java BEFFNAEAT R 73 M7 i 1339

A WINAESZ LRI, MD g 715 88 B SCBCH B AR R/

DL EPUAS a8 PR AE 2.3 151 2.4 i 1
2.3 BEETARIBKA/ND

FATHEH—A B = R BT B OGRG H 4% A4~ sl X
TP PIAE T FE 14 BT R /DS 12 5 o 5 s [ BF 2% 18 ) 77
THFERIPIAF S L TR 2

RTEHEFE (MC) L7 B A7 Tl B, Fe A A 1
R THRE N AE 58 22 WO BUH 245 R R A5 o0 b, i 98 A
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ERZS IR i, L MC (E AR, X R P9 A2 T FE 1 o7 iR
KA MCAEAE A (D T3

MNFEXZE (MD)  SCHC AR 7 A0 R R Y
X GARFET |, {13 B0 X G2 AN B 3 WA 2% 1T i . B i
S R R EOR T R N AR T AR R R R A . R, 7
PIFEAT M A0 BT, 19 A 1 P9 A7 S T 2 7 2% LB [
L H A0 MD BB, 6 AR 3 P A T RE 1 T R
1Y MD fELE R (3) TR

A 7% i 5 53 it (Memory Consumption Contribution,
MCC) K/PHYyJEsHE:

P I R85 R AR AE A T R A 2 A AR RS DX
T 15 5 B AR AR K2 5 8O 7 AT 6 S 3 I
S ELHE IR R A 5 M KNI L 1 R AT R
Fb P AE S TE X A 7 PN A3 6 1) 52 i) 2 B K. MCC 1 1
RNV F

MCC = MC x (MD + MC) (5)

e (5) 0, MCC 5E L MD 5 MC 1 FIE 7] MC {5
FIFREFL AR B MC X MCC 5% i) 58 K. [ s, % MCC
[ 32 SCBHAG LR I HRRAE -

(D AnERy 25 MC R /N, BRI MD {E40K, th
KA 2] A MCC B/ 3% 8 P a7 DA P A7 32 e
BERAA AT RER /N AT L g

() QA7 SR MD 8N, M /9 K /N K R
MC {HJEE .

(B AR S MC{EBR , H MCC E AR BOK.
2@ PERE IS IR L P AE T FE ARy A

(4) an R s MD 8K, H MCCAE I R/ N
FE 1 i H MC A Yee T HAA K MD 5 MC {4
BN S, MCC 45 b 48/

MR (5) I8 B MCC B T S AT HER , HEY
SERTAY S AR AU AE T KRB N AE, Rt 52 i
Pl TR B N A AR T N A TH R I TR A K
2.4 S|H&SH

FEIF X G2 5| F R X 15 P A7 A kAR o A LS
BERT DA I 5 | FH 20 B SR A 52 R P B AR AT R B T 3R
IR 2 IR e 3 1 K 2 N A7 TH AR I N AEAT Ol , AR S

D71 A MCCELAR B4 R 4T 51 1 23, i ad B2
B, 15 2 S BOCR NAFIH AR N AT . 5T 20 M L
FEHT 15 |24 RS 5|23 A A D7 T

BIESI A 30T MCC BRI S R LE AL
TR G 3k 28 ALY i (321 A5 T FE N SIS 1 AT
N R e S AT LR RFRE [ b1 N I g N DR R L Su R
R B, TF 0 1Y RURT OGRG AR i AL, 23 #r i
g I I B AR B A VE i il 55 2 AT W R AL — 4> Set %
o, FORAAAHS R AR (5 R 5 3 ~ 8 A ik AU T, Xt
TR N BRSO AL, A S50 R DR X
()T 5 35 B S8 T BE 2 I, A RS X% AT
ST (7 7). BUE R BEE AT LA AT Z A5
P AEREA T 98, Wk A o0 M i B b i) BT IR Bk 3
RS B3 Y A MCCEBCR 15| A%

&3 UW_analysis

HNBE
AT R N
X RATIHE OGRG
Wi IR IR LS ref_ path
1 Set< Ogrg> Ref_UW (double ¢;,String N,Set < Ogrg> OGRG) |
2 Set < Ogrg > ref _ path = new Set < Ogrg > ()3
3 for each reference edge Ogrg in OGRG do
4 if Ogrg.node_to= N then
5 if the DR of Ogrg.node _from > = ¢, then
6 ref _ path. add( Ogrg) ;
7 Ref_ UW( ¢;, Ogrg. node _ from, OGRG) ;
8 end for
9

return ref _ path

10 |

BESIAaH 438 MCCEE M1 255 ST 1
PAF 22K E MR LE 749 A7, X 46 95 i 4 R i Y
A2 (8] i BRSBTS FE. A 180 51 20 A (W) AT 1 51
A HAEEHRL X T s v S5 68, ]
T R CROBEIEN (4) T84S 21 ) 38 3 08 i e
(9 B ELIN , AR EE X 2% 19 s AT 51 04T e 45 2
MCC ELAER Y B A7 S IE 32 2802 o TR 5| T A2

WG A A 1 45 R4 4, 0 iR T KN
FAIHFERY 32 2251 BE AR 0 it bl 19 50X I A
Fe b B B 24, DR A5 30 A 51 A Bk R R
MNAFAT R .

3 g

R T VA AR SO W A S FRAT T HE AT SE B 43T
KB FTEREE N < Intel (R) core(TM) 1. 10GHz AL FEZE , 4
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RS2 SCBCH L SR A 50 S AE < 4y 3 A
[ 53 SR A A BB ST G491 AT 44 4
B R AR R S AT A EAEHEA
ABRZEN P Z MAT AR A T A4 g s i 1
SHER PE— R ZR, PR L S HE 4 o, 2 A
FEAE RIS R 1% S HEZ HT 8 L AR SO TR AE R
B N AAIH AR IR 2R I [R5 3 2% 1 N A7 SCTE 1R 52 0 (5 7+
HEAFE T 19 A OO FE R N A7, [R) It 42 ) K i
AR THAE , X L H AT — 25 B N A7 T AR Y 2R 19 o A
Ty AR SO R Ty A7 I AR B PR HE A 45 R T
HEH .

FEGI A BT 45 SR v, MAT $2 4 5795 S5 G ir iy
SIS MG B BN AEXT Fop A2 #7453 v, HER it 56
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P 2 8] SO 56 FR R 55 R AT 5 A b, 15 e TR
R EE S| KR . AN R AR XS String 1T 4347,
B EESI X 4 &, WX 4 &0 EHT

String #R1d 90% [ N AFIHAE . 5 MAT A e, A< 3C 07 k47
BIF4h ST o 1, B 3 b A i 2 o b oo AR R A £
FH N SHE L) 50 T DL AR SO AR B 5 4
SOV S I AF SCE B ) LT AR 7E 80% LA I, B3k 4%
A5 | 4 S 2 TR R e P A 30 R e A DG 1 5 | PR 48 A, %
Fb MAT, A SC7 1A I 4y el S o B SR
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Fop Jython
R
s AR5 i MAT A3007%: MAT
WA 0332 | L BL LA TR 433 | S H AR Rl 533 | S A WA o3 | SCBLEL

1 LineLayoutManager * 1 99 % char 43 100% PySequence * 1 99% char 37 100%
2 char 1 89% MinOptMax 46 100% PyTuple 1 99% String 1846| 100%
3 Arealnfo 1 99% LeafPosition 44 100% char 1 97 % PyString 208 100%
4 TextLayoutManager 1 82% String 949 | 100% String 3 84% PySequence * 19 100%
5 KnuthGlue 1 99 % KnuthGlue 100% PyString 3 92% HashEntry 9 100%
6 String 4 91% Arealnfo 100% PyFunction 1 99% PyObject 315 100%
7 CondLength * 1 98 % WordArea 14 100% PyObject 1 9% PylInteger 18 100%
8 Block 4 79% KnuthPenalty | 25 100% PyTuple 2 9% PyUnicode 22 100%
9 KnuthInlineBox 1 99 % SpaceProperty | 12 100% HashEntry 2 85% PyTuple 57 100%
10 LeafPosition 3 92% CondLength * 14 100% PyUnicode 1 99% Method 34 100%

FeF: : lineLayoutManager * 1{#:2 LineLayoutManager $ Paragraph; CondLength * 13 CondLengthProperty ; PySequence * 1£#2& PySequence $ 1.
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