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Over vi ew
• SSJI T

– Achi eves adapti ve and dynami c syst em-
l evel opti mi zati on

– Uses runt i me st ati sti cs and JI T compi ler
– Focuses on server -si de pro gr ams

• Appl y SSJI Tt o a cont ention pr obl em of 
mut ex l ocks i n ser ver-si de Java
– TNP by SSJI T

• Experi ment al resul t s show TNP by SSJI T
can avoi d t he over head of TNP
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Exi sti ng JI T Compil ers

• How t o transl at e byt ecode i nt o
f ast nati ve code
– Runti me stati sti cs f or met hod i nlini ng [ Hoel zl e et 

al ., ’94]
– Adapti ve Opti mi zati on [ Ar nol d e t al., ’00]

JI T compil er Nati ve code

Byte code

St ati sti cs
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Ser ver-si de Pr ogr ams

• Syst em routi nes are execut ed frequentl y i n 
server-si de pr ogr ams
– Cause perf or mance p robl ems

(Lock cont enti on, GC over head, et c.)

JI T compil er Nati ve code
St ati sti cs

Lock manager
Thr ead li brar y

Dyna mi c cl ass l oader
Me mor y manager

Syst em routi nes

Byte code

Embedde
d
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SSJIT

• SSJI T (System-l evel dynami c opti mi zati on 
usi ng runti me St ati sti cs and JI T compil er)

JI T compil er Nati ve code
St ati sti cs

Lock cont enti on Å Reduce
Syst em routi nes

Byte code
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Met hodol ogy
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if (co nd) {
syst em(meth, bpc);

}
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system (meth, b pc ) {
««

reco rd _stats (meth, b pc );
if ( th reshol d) {

5 H F R P S LOH met h
}
««

}
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genera ti onal_c opy_to_o ld er(obj ) {
««

reco rd _stats (o bj.met h, obj.b pc );
if ( th reshol d) {

5 H F R P S LOH obj .meth
}
««

}
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Obj ecti ves

• To achi eve adapti ve and dynami c 
syst em-level optimi zati on

• To avoi d l ock cont enti on i n server-si de 
Java p rogr ams
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Locks i n server-si de Java

• Sever al locks ar e used 
t o pr ot ect dat a f or 
server manage ment

• Accessed frequentl y 
and repeat edl y by al l 
pr ocessi ng t hr eads

• Cont enti on causes 
degr adation of 
t hroughput and 
f ai rness
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Handover Lock

• Hands over t he owner shi p t o a wai ti ng 
t hread

• Fr equent cont ext swi t ches i n one ti ck
– Degr ades t hroughput
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Renouncement Lock

• Does not handover t he owner shi p,
j ust wake up a wai ti ng th read

• ( Vi rt ually) no cont ext switch occurs
– Degr ades f ai rness of CPU scheduli ng
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Temporal l y Non- Pre emptio n [ Edle r ’88]

• Dela ys a ti mer i nt errupti on duri ng c riti cal secti ons
– I nstrument ati on bef ore and aft er al l t he c riti cal secti ons

• Ensur es one context swi t ch per one ti ck
– Best tradeoff t o manage bot h t hro ughput and f ai rness
– 1 ti ck == Compr omi se betwee n thr oughput and f ai rness
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But TNP has a probl em i n Java 
(1)

• Fr equent l ock 
oper ati ons i n Java

• No conte nti on i n most 
of t he l ocks
[ Davi d et 
al ., ’98][ Jong- Deok et 
al ., ’99]

• Java p r ogr ammer s 
cannot speci f y whi ch 
l ocks shoul d be TNP
Æ TNPi n all l ocks

- D Y

�

OD Q J X D J H

void
synchronized meth() {

synchronized (obj) {
……

}
}

- D Y

�

E \ WH F R G H

aload_0
monitorenter
……
aload_0
monitorexit
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But TNP has a probl em i n Java 
(2)

• Unnecessary over head of TNP at t he
uncont ended l ocks
– I nsert ed instrument ati on code

• I n sum mary:
– Handover l ock Æ Degr ades thr oughput
– Renounce ment l ock Æ Degrades f air ness
– TNP Æ Suff ers over head
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TNP by SSJIT

• Syst em- l evel opt i mi zatio n usi ng runti me 
st ati sti cs and a JI T compil er 
– Det ect s cont ended l ocks by runti me 

st ati sti cs
– Re- compi l es t he met hods cont ai ni ng the 

cont ended l ocks
– Appli es TNP t o t he cont ended l ocks
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• JI T-compil es each met hod when it i s fi rst 
i nvoked
– I nsert s code f or gat heri ng runti me st ati sti cs

• Det ect s a cont ended l ock

JI T compil er

St ati sti cs

Lock manager

Met hod 1

& ULWLF D

�

V H F WLR Q

1 D WLY

�

F R G

�

�

& ULWLF D
�

V H F WLR Q

1 D WLY

�

F R G

�

�

Met hod 2

& R Q WH Q WLR Q
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• Re- compi l es t he met hod
• I nstrument s t he l ock

– For bi ds pr eempti on bef ore t he acqui siti on
– Per mi t s pre empti on aft er t he rel ease

JI T compil er

St ati sti cs

Lock manager

Met hod 1

Met hod 2
& ULWLF D

�

V H F WLR Q

1 D WLY

�

F R G

�

�

& ULWLF D
�

V H F WLR Q

1 D WLY

�

F R G

�

� ¶
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Novel Poi nt s of TNP by SSJI T
• Restri ct s TNP opti mi zation onl y to t he 

cont ended l ocks
• For non-cont ented l ocks

– No i ncr ease i n overhead f or acqui siti on 
and rel ease

• For cont ended locks
– Manage bot h t hro ughput and f ai rness

• Achi eves adaptive and dynamic 
syst em-level optimi zati on
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Imple menta ti on

• I mpl ement ed on Kaffe1. 0. 5
– User-l evel t hread libr ary: jthread
– JI T compi l er: jit3

• Modi fi ed l ock manager routi nes
– To gat her runti me st ati sti cs

• Added anal yzi ng routi nes t o t he J I T 
compi l er
– To fi nd and i nstru ment a pai r of acqui siti on 

and rel ease
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I nstru menta ti on Code
• I mpl ement ati on on 1 CPU, I nt el/x86

Cri ti cal sect i on

Lock acqui si ti on

Lock rel ease

addl  $0x2,glo bal_sche d_lock_l evel

subl  $0x2,glo bal_sche d_lock_l evel
jne   Lend
call  jt hread_ delayed_ yi eld
Lend:

Two 
i nsns. i n 

al most all 
cases

void j th read_d el ayed_y ie ld(voi d) {
Di sabl e timer i nterrupti on;
glob al _sched _l ock_le ve l = 1;
I nvoke a schedul er ;

}
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Exper i ments

• 6 si ngl e-t hread progr ams from SPEC 
JVM98

• A mi cr o benchmark: synchmet h
– I ncr ement a share d count er i nsi de a loop

• To mcat 3. 2. 2
– Wi t h a Servl et pr ogram whi ch sends back 

cont ent s of an HTTP r equest

• Li nux 2. 4. 17/ 1. 6GHz Ath l on MP/512MB 
RAM
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Overh ead of TNP
• Si ngl e t hread means no cont enti on

– Co mpar e the over head of ori gi nal TNP wi t h that of 
TNP by SSJI T

+1. 9%29. 4528. 88j ack

+0. 1%18. 8918. 88mpegaudi o

33. 85

41. 70

20. 46

12. 91

B: TNP
(sec)

33. 15

40. 31

20. 01

12. 89

A: TNP by 
JI T(sec)

+2. 1%j avac

+3. 4%db

+2. 2%j ess

+0. 2%compr ess

Over head:
( B- A)/ A

SPEC JVM98
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Thr oughput of Mi cro 
Benchmar k
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Thr oughput of Tomcat

& R Q WH Q WLR

�

LQ V LG

�

. D II H
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Fai rn ess (1)

• Di spersi on of waiti ng ti me t o access
a share d resour ce

• Modi fi ed t he mi cr o benchmar k synchmet h
– Di sper sio n of t he diff erence bet ween the 

val ues

Re mi nder: one cont ext 
swi t ch per 1ti ck i s t he best 
tradeoff

sqrt(x) ×(n- 1),
wher e x #it er ati ons/ 1tick 
and n #t hre ads
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Fai rn ess (2)

7 1

�

E

�

66 - , 7
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Rel ated Work

• Run- Ti me Type Feedback [ Hoel zl e et al., ’94]
Adapti ve Opti mi zati on [ Ar nol d et al., ’00]

• Par adyn [Zhi chen et al., ’99]
Gat her st ati sti cs by dynamic i nstrument ati on

• Tempor al ly Non- Preempti on [Edl er et al., ’88], 
Schedul er-Consci ous Synchroni zati on [ Leoni das 
et al., ’97]
Pr ogr ammer s must use speci al ker nel 
i nt erf aces

• Three-ti er Bl ocki ng Lock [ Di mpsey et al., ’00]
Choose spi n/ yi el d/bl ock using count er s
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Concl usi ons

• Pr oposed SSJI T, a syst em-l evel opti mizati on 
usi ng a JIT compi le r and runt i me st ati sti cs

• SSJI T can
– Manage bot h t hroughput and f ai rn ess i n serv er-si de 

Java
– Avoi d overhead of unnecessary instrument ati on

• Experi ment al result s show th e vali dit y of SSJI T

• We can appl y SSJI T t o ot her syst em-level 
perf or mance pr obl e ms


