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Study on Instrumentation Algorithm for Just-in-time Compiler Assisted Garbage Collection
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Abstract: Just-in-time compiler assisted garbage collection (JIT-assisted GC) combines the advantages of explicit memory
management and automatic memory management. Under the framework of JIT-assisted GC, JIT compiler analyses the applications to
find dead objects and their dead points, then instruments the explicit “free" instructions in compilation time, accordingly garbage
collector could reclaim the spaces owned by those dead objects in time and relieves its load on automatic garbage collection. A new
algorithm on instrumenting "free" instructions in JIT-assisted-GC is proposed in this paper. It bases on the domination relations in the
control flow and various instrumenting strategies are presented to ensure the validity and flexibility of instrumentation. Moreover, the
object fields which refer to dead objects are detected, and instructions for loading those field references are produced and instrumented
automatically. Experimental results show that the proposed algorithm for JIT-assisted-GC could reclaim plentiful memory spaces and
improve the performance of Java applications efficiently.
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Compiler, JTiEBEIAEEERAR, BEEEH IT SHE
BEFLURNBEREPHRTHERMAE, AERFHAE
M BERBEERXBHAEFERIESKRENBEN GC BEIHTE:
GCEZHEXAERKIEKRE, FXAUIZAEKATEFEE
AT LR B L SRS A X e = BRI TENER, A\MBE T
GC BB A ERIfAIE.
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EERERFSITRALIINL H3 g B R E AT R K &
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RIEMEEE, EATEREMIE T RIBE R EEHEREE,
HiR T IEAER E R AN R B, B EMs £ 304 RIE S IREX
KNS, AMBRNREEESIANMERNEFETE. X
W RRPAET IZIERE AR E BB R A SR
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Fig. 1 Framework of JIT-assisted-GC
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BT HNuH. 58], EIRASHIPIIANTIERE
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MF—NAHEM, THHBERAEERTE M P
LM REFTREFLTRY:

Create(M) = {O | Object O is created in M };

In(M) = {O;, | Object Oy, is passed into M through the call
sitesin M };

Out(M) = {O, | Object O, is passed into the callers of M
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through the return value or the formal parameter of M};

MayDead(M) = Create(M) + In(M) — Out(M);
H Create(M)R/REFHZEF M BE| BN RES; InM)FET
EMBBIAREREE, EFFMPHIARSLETES
FIREMEREKEZIEE M PHNRES: Ou(M)FRET
M BESIREEZRE M MIARERHNRES.
MayDead(M)RRATREE M PRI RES

T E BT — M5 F R 15 B X SR A A B 2 i = A AT IR B
TR A B 2 2 Jolden™ h E R F BH BB H B (A
EFEIE, XBEMR Java BRIEERTE, KAXHSHIE
EEMRMNAE HIR $5€ LR IR . 7% subdivp FF 3 &R
RAE, SAMTFE 14-16 17, EHFE U ITR—IHRHSE
SHRBEMIARS, BERIET—1%EJ MathVector &9
&, BidBENEAAZE MathVector BIMERSRAIE (L FT €I
ENWR, sRBZHOEMMKIRELTE dr, 12ZH
BIBRIXRIEA Og. EFMNRMIAKP, MERSEE—
double ZEERYEILE X R I I HIRELAXT R Oq BY data 13, i
ZEAIT R A Oypgaa- 77 3% subtraticon & LA FIHE,
RENTLSIEEE. 75% dotProduct 1 R B A £
HE, EMREMEEEAKIELE M R LR A EFAH,
In(subdivp) = {Ogrgaa }» Create(subdivp) = {Ogq}. 3%
subdivp FUREIEALELE B 5 H WS aE#HTIRE,
B L Out(subdivp) = & . E itk MayDead(subdivp) = { Og,»
Ogrdata }» FRTEFT 7% subdivp R E MR EATRETLTHY,
MXA NN RAZE/IR, BILRSH subdivp FRELIEZ
SNBIERFEFTIIE), EA ApHEATE subdivp ZER, EERTLIE
ENRRCZRRENEFEZTEHEXFER. BHFFAE subdivp #
RBERRUHIIT IR Ograaa B3I, BATRIFFRS TS
EIESRBEHSI ARSI, ATMREBITR Ogrdan HIK
FZE), 30 17~19 1TF7R, BRI RIS E T — k.

("1: class MathVector implements Cloneable { N
2:  public final static int NDIM = 3;

3: private double data[];

4. MathVector(){

5: data = new double[NDIM];

6: for (int i=0; i < NDIM; i++)
7:
8:

data[i] = 0.0;

}
9:}
10: final class Cell extends Node{
11:  MathVector pos;
12: ......
13: final boolean subdivp(double dsq, HG hg){
14: MathVector dr = new MathVector();
15: dr.subtraction(pos, hg.pos0);
16: double drsq = dr.dotProduct();
17: double[] v = dr.data;

18:  free(v)
19: free(dr);
20: return (drsq < dsq);
21: }
(22: J
2 JoldenM U eh B AR ¥ BH IR B K ER, SHAFERY

EERHENEEY
Fig. 2 Code fragment of BH, one of the Jolden
benchmarks. The code in italics is inserted by our compiler.

MF—NFE M, EMMREGIHIRERS DD
% : <DeadInfo, MethodSummary>, — 2T M R{EE
DeadInfo, — 277 %#ZE MethodSummary. DeadInfo ie&E T
WRLERT R BT HIAR M RRILTALE, EHEE LIS RIEX
LeIE T B R EX RAIENAE . A T RINESTREGH
SMHSIANTEREESH, A S R ENTRIETHE
ERAERBIEARRE, BIANEEMLENRE M BT, T
BENS AE X S RE AN EARERRT. 0E 2 Fivg, &
LLF) 7 i MayDead(subdivp) R BIBENFTRIESE 16 1TIESET
EREKRREEFT . MethodSummary i2ET M 9S50
BREMEFEEURENMISESI AN RES, MA T IEE
HIERES, 8 MAR SIS HIARE A AR ELRE
ZEAES, AtaTR E BN BANEES R
ARG -

TERANEHANE—/ %R O, EENEARREL
RTzE, RREEERECHEMIIANNE O, 2EFRT,
RIEBENE IR A HBIHS | A KR EGE. S TE 2 pHA
3% subdivp, MayDead(subdivp) = { Ogr» Ograaa }» RIEFEHI
BT Odraaar BT Ogr BY data 8FFSI A, FRAEBHEARE
R FEFIBTH Oy £ HILERZ R, METH data 175
B3R Odrdatar BT Odrdata R Oar 1A, FTEL Ogrgara 7E
Og £ RZBRT.
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BHREFEUTHEY: —REHEESNKE, AT
SIERESENSIH, ARRENSEGHINHENTETAL
EWHELSENERALE, F AR T RIS EHBIER
B, 7 4.1 F 43 HifTitid; —2RBJBEERHITEE
BOSENE, 7E 4.4 THITIOR. EHEREMTF—1FAEM,
Hth AR LS M,

4.1 FAXMES

HiMMBEBEFETHTSEMKE (Static Single
Assignment, SSA)IEX, SSA B AT UEE I TEG R
1%, BITEEERERN xyf XLZRHTERTHRE
Bl ht=xyFftf,

EX L HFHEMBEHRERRENERRE S A
B, WREXLE S B WITHIREERL B 2L ZiH%E S
A, FREES A XEigE S B, i24E Dominate(A, B) = true.

WIRIEN R BT EE s R FE B ARG S B R B
M RIE ST ERILE =, BIEERERT R 25 8 BT FURIE T
REFLEMEEENITHES AR R, EUWEFRIT
Ma%EEIR.

EX 2. WFHAEM, M ARTHRIBERESZE—
ZIttHES, B Instrumentinfo = {<ref, loc>}. Hh ref ##
REFEXTXER O BISIH, ER2— N ZTHR ref = <var,
fielddesc>, # fielddesc 4 NULL, ijtBRZEE var 2 O E43I
F; # fielddesc A8 f, 15787 varf 2 O 951/, BNiLAd
BIZE X R O #ZE =2 var TSI FRIFT &Y f B ATSI . loc
HRIEEALE, EhRFEFIRE PSS

MFPLEFZM PEIEHEMPETHRER, EM
FEESERXHNSIAENTE. BLE MIMEEEELE M
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PRTHMER, EMHPUNF—ESEXEUSI AEHTE,
W5 3 FHF IR Ogrgara- LT EEEBBHEETERIK
BEFRIGIA, XENKWEGHE M PERIZBPE
T—EE#H M FHIWTE/IEASIH, Bt IRXLE
TE A —fEEE R IXLET RS .

—ARTHR O MSIAS AT 2 2:

1) MEASEALHI5IH: 5l a=new A(), a AizH
BB RBISIA. 53, 3T v = vefoo(vy, vy, ...,
Vn); & foo AVEIRE—ANEEEBIMR O, LR v FE AR
% 0,95 #& foo Ai%iEid v E vi(i=0,1,...,n) A3/
IR[E—NREIE BT S Of, LAY vf 3 vif(i=0,1,...,n)Fk A XF
& ORI5IA. BIaE 2 A% subdivp BIEE 14 1TR—N R
EWEASR, BEFRURE—NIER Oy s dr, T8I Oy
Y1 data 3R B — PN ELEXF 8 Oyrgarar Odraaa B3| F 0 dr.datas
BMRZLSIBEFEILSIR, SR ABE—MZE51A,
ic A 51 H refi(0).

2) BF phi &6, MEEASUERETRISIA. 5
M a=phi(ay, a,), M a A a; X a, 5| B &R BI5IAsa=0b,
MaZybprslABIXEREISIA: af =b, MafAbErslIA
B RESIA. BINFRZESIARE I £3518, 81 0%
BISE N LI AMNMEAE, —MATFET L iehsIRES
Ref,,(O)-

FETXR O BRI ALE AT LA ELT 2 #és S kR

1) return FBRIFTERIEE 5. FELLEFR return 55, 7EFE
FAREESEERT, BEF— retun &S SHMITE,
FrAX R — Al e E .. HAFRZMERE LI E A EE |
LA E, ZEESE—TNES MEELHL EX&R
Tk, iBAMEES Loc(0).

2) MREGHASMBAOMNKIECAE: BAZINS
HHIRE —FEEIEARE, FRLUXMIE =R IRSHT.
HNPRZMIERALEALE 1| EFBELNE, SIETHRR
E—NE N LEWALE, 18 H4E loc,(0).

4.2 S BRE

FFF—NRTIER O, A refi(O) = <var, fielddesc,>#0
Ref,,(0) = {<var, fielddesc, >} BT A 3T O KI5 | K3|F
FIE 1 51 HES, Loc(0)F loc,(O)2RIERTME O BIE
| BHREA B ESFIE | B4R ALE , Node(var) R R L &£ var
F—RHIBETEREARREE &, #R1E var IENSE =

FRHE(S BULEEE Collector ORI T M RIEE S
MENETXHER O, LMWK O HBERMEMLEAFM4R,
B RS AFERALE IS REEMHE R Instrumentinfo
B, ZEERRRARAFL T RIEREE | L5 HME 1
BIAE, BEESRERNBRERA: BIERDE 1I>HHE
B 2> FRIEAE 3> HRHEZEE 4.

FEHES 2 CEEE % Collector: RIFBAEM B RER
HOMER, AFEMPHETHREETRER .

HWIA: 753%F M PR THR{E R Deadlinfo.

MWl Ak M ABRRTHRAEHEE Instrumentinfo.

1: for (each dead object O in DeadlInfo) {

2: bool isRecord = false;

3: obtain ref,(O) = <var,, fielddesc,> from DeadInfo

4: for(each loc, in Loc,(O) ){ /AEHEZEEY 1

5: if(Dominate( Node(var), loc)) {

6: record < ref,(0), loc, > to Instrumentinfo;
7 isRecord = true;

8: }

9: }

10:  if (isRecord) continue;

11:  if(Dominate( Node(var,), loc,(O) ){ /4EHEZEEY 2
12: record < ref|(0O), loc,(O)> to Instrumentinfo
13: isRecord = true;

14:  }

15:  if (isRecord) continue;

16:  obtain Ref(O) from DeadInfo and select the last
element ref,(O)= <var,, fielddesc;> from Ref;,(O)

17:  for(each loc, in Loc,(O)){ //HEHEZEE! 3

18: if (Dominate( Node(vary), loc)) {

19: record < ref};(0), loc, > to Instrumentinfo
20: isRecord = true;

21: }

22:  }

23:  if (isRecord) continue;
24:  if(Dominate( Node(var,), loc,(0)) }{//{EHEZE! 4

25: record < ref;(0), loc;,(O)> to Instrumentinfo
26}
27: } llend for

4.3 T

THBRE—MIFIRREELS SRR EX RN
HEMMEFIEE LR RER IR
Bl:entry
A a=new A();

B b = new B();
if eeeeee

O

B2: C ¢, =new C();
read b; read cy;
C ¢, =new C(); free(cy);

free(b);
B4:
C c3 =new C();

B5:
¢ = phi(c1,C3) ;
read c;

free(cy);
free(cs):

free(c);
free(a);
free(b);
return;
3 AE M BRI E
Fig. 3 Control flow graph of method M

WNE 3 FiR, EHEARLE S B2 B4 hLHIGIET —
AN CEBRM R, ENIER AR BS FFET . Dominate(B2,
B5) = Dominate(B4,B5) = false, MIRA%£EXEXR, S
EBS PRIFAETE TG EXNBRRIES, MEFER
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ITRRASZIEP -SRI, EPUT “free(cy);free(cs);” Bt
BESEEER, BALNBRHE—NIREEENNR
(8, ¢ 5K e I RIIA.

—ANRTHREEFE | £5H, BEHIFRAIE | 5]
FERTERYEE S ABESZRD return 45 S AN RIL T S BT, AT
E{FERZE I E£51H. BT B5 @y phi iEF], ATklc & c 0
CGEXFANTE5|IFHRIXRASE 11 2551/, E kAT LLZE return
4= S ENE AR BS F %24 free(c). ™ Dominate(B1,B5) = true,
FRIAE AR B1 I B AY A KBUF0 B KB R XT RIG AT FE R K
 B5 PR

AR free $IE SR return 52, XHEFLUR
E free I8 SR RES HAEINITEI. BEAR BL helET —4
SIAA bR B £EN KR, £ B2 R T, B B2 PRIE
EXBRES, HEFEMRMITHE B1-B3-B4 B2, It
Bt B2 FHY free IE A SHWNITE, MAZEFALER
155, BS HHY free B —ESHEMITE. W TFIERERZ
ENERARPHNR, N5 ZHEIR, —MRIER THREEE
return Z5 M P R4 free 5%, RN RHET m2—MREF
BOIEHE, 40 B3 AHEIEERY C HEIRIXTR, 53RN B3 A7
BIAPE, EMRAT SBESHRBRALE.

4.4 FEEEE

Y EIFERIERRE, R LAITEM, EEEE
Instrumentor B EMCRXIAMBEERESR, AR CIEMBEREY
ERAERBIES freelnst, mERIBEBECBEETERIZR
IR E R RIEH A EMNES .

A, ANR—&IEHEE B <refloc>HHY ref.fielddesc
AHzE, RAUNEFRRHZ2ESIANNR, SEEEME
— U L $E S 3RS I fieldaddr, SRR #ETIE—& K
BLREBEHSIAY, RRUE—£EANERMIESHTR
M y TS| BT & 218, a0 Instrumentor B3EHY 4~6 1T
FiiR. #MEALE loc Z2AEMHEIENEALA, loc HWERE—
£ SR A lastinst. TR lastinst TR ZHEERS,
AEFIER: R lastinst £ return 5§, M7 lastinst Z A
R, W 12~18 1TFiR: BMIE lastinst ZFEREERAHNE
BRIES, W 19-25 1TATR. 1B lastinst A4 T BkEEIES
B, HEESE lastinst EABkEE BRI S Z AT, 40 27~-35
TR

EHEEE Instrumentor: IRIEFHE M BIIEHEER, A
M ZiERABHNERRIES.

WA FEMBIHIR; £ M BRI R AIRHEE 2
Instrumentinfo,

Hith: 7% MAEBUSRY HIR.

1. for (<ref, loc>€ Instrumentinfo) {

2: x = ref.var ;

3. if (reffielddesc '= NULL) {

4 [IE B bR S, fieldaddr Jyigttitit

IdFieldAddrinst = makeLdFieldAddr(x, fielddesc,

fieldaddr);
5: IdIndInst = makeLdInd(fieldaddr, y);
6: freelnst = makeFreelnst(y);
7}

8: else
: freelnst = makeFreelnst(x);
10:  lastinst = getLastInst(loc);
11: if (! isBranchJumplnst(lastinst) ){
12: if(isReturninst(lastinst){

13: if (ref.fielddesc '= NULL){

14: insertBefore(ldFieldAddrinst, lastinst);
15: insertBefore(ldIndInst, lastinst);

16: }

17: insertBefore(freelnst, lastinst);

18: }

19: else{

20: if (ref. fielddesc '= NULL){

21: insertAfter(IdFieldAddrinst, lastinst);
22: insertAfter(ldIndinst, lastinst);

23: }

24: insertAfter(freelnst, lastinst);

25: } /1 end if(isReturninst(lastinst)

26: }

27: else{

28: for (targetinst; € jumpTarget(lastinst) ){
29: if (ref.fielddesc '= NULL){

30: insertBefore(ldFieldAddrinst, targetinst;);
31: insertBefore(ldIndInst, targetinst;);
32: }

33: insertBefore(freelnst, targetinst;);

34: } //end for

35}

36: } //end for
5 SXREGEREHH

EHTEFFFEHY Java SE & Apache Harmony L, Fj C++
LI T JIT-assisted-GC HIX &R & fr A 4R FNIEME B 3%, 8
THRXEMIR. KHFERIERSKRZ Windows XP, CPU
71 AMDX2, E4fih 2.0G, 54 896M . ik FA 51 4 Jolden!™!
PR EETRF
5.1 ERHKIE

TE 7 M O6 F 3 EEAG 0 X 5k A i A 43 A B IE 7 P FR IR AR
BIIEH 1. A ERTIRBRIEEERTHHRT AN
EERNUERMA TN REE. AT FHETZIMNR, &
T BRI EE RS AT free(iED, BEUKAINES BIFRIC
ARG RIFAR A ERA . XN REREBER T E R
e, MERFEiZN R SLERE. BIMERKE Ext
LIR BTN, MAERIEREAZNONREFRK, #
BNt T IEME RO IE M tE, BIANEl 3 35 7E BS RIEAEARHE
£ B TRIZR free 384, NMHRMER ¢ 1 c; ERFAOLL
HEFEKR, HAKEEEREIR. TREREREFEE
EHREFMEIR BTN REREIR, WAMZIT X
SRR E Mt BRRMIE T RN ESE.

5.2 FRAEK
EEMH BN XN @6MB) T, Mk T
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JIT-assisted-GC S = [2] By X & == 8] K /OB PG AE 2 B g
#, HRWFK 1FR2 R
x LR AFZ BN

Table 1 Memory reclaimed by instrument algorithm

EER SEMNKHEA/ZE  freex)/freex.f) BXBEMRE
F K ML E B/ziE K

BH 2701783/67TMB 31/15 2438018/60MB
TSP 1599242/51MB 9/2 1048578/28MB
Power 809979/24MB 11/3 760004/23MB
Health 3388012/60MB 16/0 600009/14MB

MR 1IAUEL, 4 M EERFIHARS AFEZ BEF
B EREY. &VBY Health BT 23%RIMR=EE, &
% B9 Power S ELT 24MB HIATE, BXBEMT 23MB #HIH
F=E. R 1WEIFRTHENEXNFERIESE, B
LHEBRAPHEZRITARAEZPREENEXNBRRES S
REYNEE & %, 5130 Health [E14#Y 14MB == 8] %A 14MB
Rk B FH A, XL b 7 i R R R AE S BBz 81
BAGHER.

F 2 SRR I
Table 2 Incomes of each instrument type

- 14 free B/ R XM RE B /= H KN

354 FRAEZEEY 1 HRAESEEY 2 TRHEZEEY 3 HHAESEEY 4
BH 30/2428013/60MB  16/10005/117KB  0/0/0B  0/0/0B

TSP 5/1048577/28MB  6/1/12B 0/0/0B  0/0/0B
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