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Semi-automatic Application of Explicitly Managed

Heap Memory for Java

MASAHIKO ApacHl,t MoTokr OBATa, !
HIROYASU NisHryaMA,! KorcHr OkADA,?
TAKUMA NAGASE? and KE1 NAKAJIMA 2

This paper proposes the semi-automatic application of explicitly managed
heap memory for Java. The explicitly managed heap memory is a kind of
heap memory aimed at reducing long waiting time caused by stop-the-world
style garbage collection. The proposed heap memory can be managed by sev-
eral APIs from Java programs. The APIs are designed to be used without
sacrificing execution performance and ease of programming. We propose tech-
niques that allow application of the explicitly managed heap memory without

source code modification. Allocation of the explicitly managed heap memory
is controlled by specifying target points externally. Deallocation of the heap
memory is performed automatically according to its necessity. By applying
these techniques to several applications, we observed that long pause time can
be controlled without source code modification.
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public class sample.Test1 public class sample.Test1
public void caller(); public void caller();
Code: Code:

aload 0 new ContextExplicitMemory
invokespecial callee() invokespecial ~ ContextExplicitMemory.<init>()
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invokevirtual ~ ContextExplicitMemory.enter()
aload_0

invokespecial callee()

aload_1

invokevirtual  ContextExplicitMemory.exit()

return

0 2 Context O Explicit 0000000000000 00O0DO0OODOO
Fig.2 Bytecode transformation for context-type ExplicitMemory.
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public class sample.Test2 public class sample.Test2
public void caller(); public void caller();
Code: Code:
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.newlnstance(Class)

checkcast data.BigData

putfield

return
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Fig.3 Bytecode transformation for reference-type ExplicitMemory.

ooooooooo

3.3 D00DOoOoOooooon

Explicit 00 0000000000000 000O0O00OOD00OD000000 deadOO0O
000000000O0O0O000000000220000000000000000000
000000 dead/live000000000000O0DO0O0O0OOOOOOOOOODODOO
0000000000000 0Explict 0000000000000 OOOODOOOOO

O00000Java VMO Explicit 0000000000000 00000000 dead/live
O00OC0lveDOOOOOOOOOOOOOOODOOODOODODOODOODOODOOODOODO
00000 Mark-Compact GCOODOOOO MarkOOOOOOOODODODODOOOOMark
000 Mark-Compact GCOOODOOOOOOOOODOOOOOOOOODOOOOOOOD
Mark 00000 dead/live 0000000000000 0OO0O0ODOOOOODOOOOOO

O0OO0OD0Explicit 00 O000O0OUOOUOOUOOOOOOOCOOQOO ExplicitHeapRefer-
enceArrayI:IEHRAD2)DDDDDExplicitDDDDDDD live 0O0O00OO0ODODODOOO
ODOUODUOUOUOOOOEHRADO JawaOODOOOOODO Explicit 0000OO0OOOOOOOO
O00000000000000000000000D Explicit 00000000000
000000 Explict 00000000000 IDO0O0O0OODOOOOOOOOOOO 4

O0O000JavaOODODOOOOOOODOO0bjO00O IDODO 10 ExplicitO0O0OOOOO
O00000000oooonoobj00000 EHRAOOODOOO IDOO 100000
OOEHRAOD 1000000000000 OCOODODOOOD Explict00000O0O0OO

(© 2010 Information Processing Society of Japan



30 JavaOOOOOOOOOOOOOOOOOCOOOO

606 06 [06] 0

|

E

! JavabE—7 Explicit A€ 1 Explicit#E!)2  Explicit*E')3 !

Cd T 1 7] l l l [ 2 ]
ExplicitHeapReferenceArray

04 DO0D0OO0DOO0O0OOO ExplicitHeapReferenceArray 00000

Fig.4 Relation between object references and ExplicitHeapReferenceArray.

/%i!ﬁ

[ PSR

00000000 EHRAOOOO dO0dirtyDOOOODOOOOOOOOO IDOOOOO
O000 EHRAODOOOOOOOOOODOOOO Explict 0000000000 OOOO
000000000 000000 Explicit 0000 live0OO0O0O0O0O0O0O0O0OOCOOODO
gobooobooooboooooooboooooooooobo 400000000001 000
O00IDOO 30 Explicit 000000000000 O0O0O0OO0 EHRAODDOOODO 00O
gobooooboooooooooooboboooon
gboooooboooobooooOooooooboOooo0oooobOOoOooobOOoOooOoDo
goboooooooobooboooobooooboooobooooobooobooooooobbooDoo
0000000000000 0D000D Explicit 00000000OExplicit00000
Oo0o0O0O0000oCoOo0O0O000000oooOODoO00oCoCoODOOO0O00OgnO Explicit
goboooooboooooooooo
O00000oDooO0oO0O0000oooooO0oo0O Explicit000CO0OO0O0OO
gbobooboobooooobooooboooobooooboooboooooooona
ooooO0O0O0000000000Explicit 00000000000 O0OOOOOOOOO
oooooooooooooooooOoooobooboooooooOoOoboboOoooooOboOoo
gbobooboobooooobooooboooobobooobOoooOobobooooDo
O00000o0O00ooo00 MinorGCOOOOOOOOOOOOOOOOOO
OO0OO0OExplict 0000000000 00O0O0O0O0O0ODOOO0O0O0OO0O0O0DO liveOO
O00000000O0Minor GCOOOOOOOOMajorGCOOODOOODOODOOOO
00000000000 0YM00000000000000000 Explicit 000000
0000000000000 0000000000000D00000EHRAOODOOOO

x1 00000000000 Explicit 0000000000 Minor GCOODOOOOO

000000000 0000000 Vol.3 No.2 26-35 (Mar. 2010)

BEBK FREEER  BAK lveA TOIOMEBE

live

\ N
000 » (000w 0] 0%
Explicit Explicit Explicit __Ex_pli_c;__ Explicit O d;]f;q:)17|~

AED1 AED1 *E2 AED1 AEN2
05 Explicit 0000000000000 liveO0DO0ODO0OO0DOO Explicit 0000000

Fig.5 Live object migration from reclaimed ExplicitMemory to new ExcplicitMemory.
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Table 1 Benchmark programs and their memory settings.

Program Java OO0 Explicit 000 oo

xml.validation 768 MB 256 MB XML 00000SPECjvm2008 Ym
SPECjbb2005 512MB 512MB 00000000 Warehouse=80
Terasoluna 896 MB 128 MB ooooooooooooo

Tomcat 896 MB 128MB Web ODOOOODOOOOODO
Hibernate 768 MB 256 MB O/RO00D0O00O0OOOOOO
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SPECjbb2005 0000 Major GCOODO 1000 100000000 Minor GCODOO
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Table 2 Specification for bytecode transformation.

LOCALE TARGET
xml.validation | Main.harnessMain() Main.executeWorkload()

Program

SPECjbb2005 JBBmain.run() TransactionManager.go()
JBBmain.doItForValidation() Company.<init>()
JBBmain.dolt() Company.<init>()
Infrastructure.createSortedStrage() MapDataStrage
Infrastructure.createSortedStrage() TreeMapDataStrage

Terasoluna StandardBLogicExecutor.executeBLogic()  BLogic.execute()

Tomcat StandardSession.init<>() java.util.Hashtable

Hibernate ThreadLocalSessionContext.doBind() java.util. HashMap
Configuration.buildSessionFactory () SessionFactoryImpl
03 ooooooooooobooo
Table 3 Pause-time caused by memory management.
Major GCOOODOOMM Minor GCOOO oooooDo
Program JVM JVM-EH | JVM | JVM-EH JVM-EH
xml.validation | 0.50( 7) —(0) 0.03 0.04 0.03
SPECjbb2005 1.47(34) —(0) 0.15 0.16 0.40
Terasoluna 0.89( 3) —(0) 0.21 0.18 0.03
Tomcat 0.92(18) —(0) 0.03 0.03 0.00
Hibernate 0.45(10) —(0) 0.06 0.07 0.12
04 OOD0OOO
Table 4 Results of performance evaluations.

Program BCOOOO BCOOOO0O0O0O0O0O0%D O0O0C0C0O0O%O
xml.validation 1 99.3 72.1
SPECjbb2005 4 99.9 55.3
Terasoluna 1 99.7 99.9
Tomcat 1 99.9 99.1
Hibernate 2 99.5 99.4

*BCOOOOODDOD
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Table 5 Dirty ratio of EHRA.

Program Dirtyd %0
xml.validation 5.3
SPECjbb2005 47.4
Terasoluna 0.0
Tomcat 0.1
Hibernate 1.7
3000 90000 .
y LA . . P

-
2000 - g 60000 -
>

1000 30000

LiveA T oMk
LiveF TV oK

0 T T T 0 T T d
0 100 200 300 400 0 100 200 300 400

ExplicitAE ") SR 23 I HEHRAM DD S BRH ExplicitAE ") SR 23 I HEHRAM DD S BRH
(a) xml.validation. (b) Hibernate.
07 EHRADOODOODOODOODOODD livOOODOOOOODOO

Fig.7 Relation between number of references of EHRA and number of live objects.
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