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"H$968 ()*Yo+&, $-&*#($#. (. $+-8&01(2+-&%6&3S-&*#(
&H(485-6%,(7$'8&#19

Instructor: 7&'8%1,(:&%#.

7$--81;(/5#*,.<  =-1+81#(>&#?<('$0&.(@5*01<($#.(7&'8%1,(: &#.
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)*6591(26-,&#1

NOB$'?P5*6#.

JO D#P&#115&#P($(IAQ()*%+&,15
RO/.$+-801(2+-&%&3$-&*#
KO>11.S$?L1&51-1.($#.(=+1'6,$-8&01(2+-8&%&3$-&*#9

TO=6%%&H#P (U+($#.(V**2&H#P (>*5:$5.
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)*6591(26-,&#1

NO B$?P5*6+#.
= W8 (9*X-1$51 (*+-&Y%&3$-&*#(%$--159
= 7"-89<(-15 %6&#* *P"<($#.(889-*5&'$, (*#-1Y-
= %(+5*P5 $%9($51(1Y1'6-1.
JO D#P&#18&HP($(IAQ()*%6+&15
« W8$-(&9($S(IAQ(*%+&,15Z
= )$91(9-6.&19[(I&72L9(CAT<(ABT7 (\(X*5(I$0$<(:*-=+*-
= :&P8(,101,(,#P6SP1LO+1'&X&+ &6&3$-&*#9
= 47)IA Q(&#-15$'-&#9
RO [.$+-&01(2+-8% B$-&*%
= =1,1-&01(*+-&%&3$&
= 119&PH[(+5*X &, &HP (¥BL*%+8,$ &4
= )$91(9-6.&19[(1&?19(CA7($#.(ABT(NX*5(1$0$
= U#.159-$#.&#P(9"9-1%(S18$0&*5
= 2-815(&99619
KO >11.S$"?LI&51"-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9
- @$815&HP (K&, 1(8HX*5%$-&*H
= DY+*&-&HP(¥8&,1(&#X*5%$-&*#(&H(S(IAQ
= >11.S$'7L.&51"-1.(*+-&%&3$-&*H#9
= /PP5199&1(9+1'6,$-&*#($#.(8#0$,8.$-&*#
= DY+ *&-&HP(¥B&, 1(&HX*5%$-&*#(&H($(47
TO =6%%&HP(U+($#.(V**2&H#P (>*55.
= 11SBH?&HP(%"-89
= Q81(-8511(;$01 9(*X($.$+-&01(*+-&%&3$-&*#
= >6-651(.&51'-&*#9
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)*6591(26-,8#1(L =6%%$5"

NOB$'?P5*6#.
= W8"(9* X-:$51(* +-8&%8&3$-&* #4159
= 7"-8 9<(-15%&H*P"<($#.(889-*5&'S, (*#-1Y-
= % (+5*P5$%9($51(1Y1'6-1.

JO D#P&#115&#P(S(IAQ()*%+&,15
RO/.$+-&01(2+-8%8&3$-&*#
KO>11.S$'?LI&51"-1.($#.(=+1'6,$-&01(2+-8%&3$-&*#9

TO=6%%&H#P (U+($#.(V**2&H#P(>*5;$5.
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1101, *+&#P(=*+8&9-&'$-1.(=*X-:$51

= =*X-$51(.1 O1,*+0l#-(&9I(.&XX&'6,-

« AV(_(=D(&#H#O$-&*#9<(96'8($9

= C196 - &#P(&HIYLSH(,$HPESP19(;&-J%$H#" (S1#1X&-9

X5%$%1;*579<(.19&P#(+$--15#9<($9+19<(1-'O

I"H#$%& (% 1%*5"($,, ¥ $-&*H#<(*S 1'-L*5&1#-1.( A
+5*P5$%%&#P<(9-5*#P(-"+&#W(|"*#l #—9<( | 27 q™15,€1JDD<(1-'0

/991 %S,)'
B1--15($S9-5$'-&*#9 ..

C1.6'1.(+5*P5$%%15(1XX*5-9
B1--15(a9-$-&'($#.(."#$%&'b(155*5(.1 -1 '-&*#( N >
=&PHAX&'$H-(5160X(,&S5$5&19

||-78078-|9.¥9V

= :$01 (81,+1.(1#3$S,1(-81('51%-&*#(*X(,$5PK9*+8&9-&'$-1(
$++,&'$-&*H#9
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Q81()$-'8

= A%-+,1%1#-&#P(-8191(X1$-65HHO1(+15X*5%$#'1('8$,, 1#P19(
— 1"#$%&' (% 1%*5"($,,*'$-& H(
— ell. (+*&#-15(?#*;,1.P1 (-* ($0*&.( A
*#9150$-&01(.1 +1#.1#'19
— 2S'1-L*5&1#-1.(+5*P5$%%&H#P ['27°4"15,4JbD<(1-'0
— ell. (IXX&'&1#-(0&5-6$,(.&9+$-'8<(
*015*%1(9%$,,(%1-8*.9<(
1Y-5$(&#.&51'-&#
— 16-*%$-&'(%1%*5" (%SHSP 1% 1#-
— e11.(AXX&'&1#-($,*$-&*H#($#.(
P$5S$PL(*,, 1" - & #($,P*5&-869
—  C6#-&%1(S&#.&#P9
— ell. (-* (\1$,(;&-8 (6#2#*#(
&HX*BY%$-&F
—~  0O(0(0

||-78078-|9.¥9V

/991 %S,

N15X*5%$#'1(
)8$,,1#P1

>

NdKFE9 JFFFE9

= >1$-6519(5116&51($(58'8(56#-&%1(1#0&5*#%BH-085-6$, (%$'8&#1
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Q"+1(=$X1<(22<(47L&%+,%1#-1.(VSH#PEIP19(/51(7$&#9-515%

1$0$(&9(6S&6&-*69
— 1PO(:6#.51.9(*X(AB7(+5*.6-9($51(;58&--1 #(&#(1$0$

A 15"("#3%&'h SHPESPLIEE51(;&.19+51$. ($#.(56#(*#($(47
— 1PO(M5,<(N"-8*#< (M <(1-'0

Q8191(,$#P6SP1I($51(#L 69-(X*5(-5$.8-&#S, ($++,&'$-&*#9
— 4&5-6$,(7$'8&H#1(&%, 19%1#-$-&*#<(1PO(I&9(CA7
— 2+15$-&#P(="9-1%9<(1PO(=&#P6,$5&-"
— C1$,L-&%1($#.(1%S1..1.(9"9-1%9<(LPO(71-5*#*%1L1#$S,1.(9"9-1%9

- £$9(S)9&$01,"(+$5$,,1,(9"9-1%9<(1PO(!/C"/I96++*5-1.(1XX*5-9($-(AB7<(=6#<(
#.05$"

4&5-6$,83%-8&*#(&9(1015":8151
—  S5%9159<(.$-$S$919<(2]=<(S&H#S$5"(-$#9$-*59<4779 <(&#(8$5.;$514-'0
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-$OL(WL(/#9;151.(-81(A15X*5%$#'1()8S$,,1#P19Z

o =H(X$E<(Q*(P (i

— Q*$"EQ(-"+&'S,($++,&'S-& H(H(-*.$ "EQ(8S5.:$ 51(56#9($I(X$9-($9(
NAjFO(-"+&'S$, ($++,&'S-&*#(#(NdjFI(-"+&'S$, (8$5.:$51

— >1$-6519(1Y+$H#.(-* (*#96%1 ($0$&,$S,1(519%65'10
— 1PO()651#-(AIDI(+15X*5%(*% +&,$-8#(*#(1015"(9$01

= WB8151(8%9(-81(+15X*5%%$#'1("*%1(X5*%Z
NONS*'199*5(-1'8#* *P"<(',*?(5% -19(aklb
JO/5'8&-1'-651(.19&P#(amlb
RO=*X-;$51(&%+,1%1#-$-&*#(anlb
k(c(m(c(n(o(NFFI

0 W($99&P#%1#-[(.1-15%&#1(k<(m<($#.(n
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>6-651(Q51#.9(L =*X-:$51

= =*X-$51(.1 OL,*+YHl#-(&9(9-&,,(.&XX&'6,-
— NV]=D(&HHOS$-8 H(;&,, (*H-&HEL-* (*'65
— Q51#.(*$ 5.(%*51(,$-1(S&H* &H#PEL96,-&#P (&#(."#$%& (51f6&51%1#-9
~ W&,,(+*91(X65-815(+15X*5%$#'1('8$,, 1#P19

= C1$,(9*X-;$51(&9(#*;(S6&,-(S"(+&'&#P("*%+ *# 1#-9(- * P1-815
— ) *%+r#1#- 9(-81%9L,019($51(S1*%&H#P(%*51(*%+ ,1Y<(P1#5%$,(+65+91
— =*X-:$51(S6&,-(;&-8(-8 1%(&9(¥H51(*% +,1Y
— [++,&'$-&* #(915015(alJDD(WIS9+8151<(1-'b<($++,&'$-&*#(
X5$%1;*52<(9-$#.$5.(,&S5$5& 1 9<#*9-$#.$5.(,&S5$5&19(ak 7V<{b<(
$++,&'$-&*#
— M5X*5%$#'1(&9(*X-1#(-1558, 1
— | IDD(S1# 8%%$57(' 51$- 19(NRKS69&199(*S 1'-9(a;](G(X&1,.9b(X5*%(
$(=2/"%199$P1(q7&-'81,,(1-($,0<(D)22"EFGr
s(NF<FFF('$,,9
s(N<KFF(*S 1'-9('51$-1.
— Q5%.8-&#%,(*% +&,15(F-8&%38%-&*#(;*6,.#E-(81,+(%6'8
— 2+-8%&3%$-&*#($-($(8&PHO1%$#-&(,101,(*6,.(S1(8&P8,"(+ 5*X&-35,1
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>6-651(Q51#.9(t : $5.:$51

= A5*199%5(9+11.($ . O$H#'19(#*-($I(P51$-($9(&H(-81(+$9-(aY (uu(kZb

= )*0p+6-15($5'8&-1"-9(+5%0&.&#P(%6,-& *51(%$'8&#19
— W& (51f6&1(9*X-; $51(-*(6- &B1(-8191(519*65'1 9
— e*('1$ 5(&X(&(;&,,(*#-5&S6-U*51(-8$H(&H(-81(+$9-(a"(Z(mb

= QB8BI<(*#L(*X(-8L(X*, * &#P(:&,,(85++1#
— 20158$,,(+15X*5%$# 1(:&,, (.1, &#1
— A#'51$91(&H#(9K-;$51(9* +8&9-&'$-&*#(;&,,(9,*:(
— =*X-1$51(8%+,1%1#-$-&*#(:&., F&2(6+(-81(9,$'?(a3(s(nb
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>6-651(Q51#.9(t : $5.:$51

= A5*199%5(9+11.($ . O$H#'19(#*-($I(P51$-($9(&H(-81(+$9-(aY (uu(kZb

= )*0p+6-15($5'8&-1"-9(+5%0&.&#P(%6,-& *51(%$'8&#19
— W& (51f6&1(9*X-; $51(-*(6- &B1(-8191(519*65'1 9
— e*('1$ 5(&X(&(;&,,(*#-5&S6-U*51(-8$H(&H(-81(+$9-(a"(Z(mb

= Q869<(*#1(*X(-81(X*,* &#P(;&,,(8%++1#
— 2015$,,(+15X*5%$# 1(:&,, (.1, &#1
— =*X-;$51("*%+,1Y&-"(P5*;-8(;&,,(9,*;(
— Software implementation will pick up the slack (z > Z)

=EFG HDynamic Compilation and Adaptive Optimization in Virtual Machines H(16,"(JKLIM<(JFFG © 2006 IBM Corporation



AB7(C191%$5'8

)*6591(26-,&#1

NOBS$'?P5*6#.
= W8"(9* X-:$51(* +&%&3$-&*#B4159
= Myths, terminology, and historical context
= % (+5*P5$%9($51(1Y1'6-1.

JO D#P&#115&#P($(IAQ()*%+&,15
RO/$+-&01(2+-8%8&3$-&*#
KO>11.S$'?2LI&51"-1.($#.(=+1'6,$-&01(2+-8%&3$-&*#9

TO =6%%&HP (U+($#.(V**28H#P (>*5:$5.
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W1, L\#*:#(g>$'"-9h

NOB1'$691(-81"(1Y1'6-1($-(56#-&%1<(."#$ %&'(*%+&,159(%69-(S1(S,$3&H#P,"(X$9-

JO I"#$%&'(,$99(,*$.&#P (&BB(X6#.$%1#-$,(5*$.S,*2(-*('5*99L%1-8* (
*4-&%&3$-&*H

RO=*+889-&'$-1.(+5*X &, &H#P(&9(-**(1Y+1#9&0L(-*(+ 15X 5% (*#,&#1
KON9-$-&'(*%+&,15(;&,,($,:$"9(+5*.6'1(S1--15(*1(-83  #(S("#$%&' ' *%+&,15
TO A#X5$9-56'-651(51f6&51% 1#-9(9-&X, 1(&HH#+*0$-&*#(&#(-8&9(X&1,.

GONG* 6'-&*#(4T79($0*&. (*Uo+, 1Y (*+-8&%6&3$-&*#I<(X$0*5&#P (9-$S&, &-"(*015(
+15X*5%$#'1
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Virtual Machine aX*5(-8&9(-$,?b[($(9*X-;$51 (1Y 1'6-&*#(1#P&#1(X*5($(
+5*P5$%(;5&-- 1#(&H#($(%$ 8&H1LEH. 1+1#. 1#-(,$HP6$P 1
DYO<(I$0$(S"-1"*.1 9¢)VA<(*$9'$, (+L™* .1<(=%$, - $,2(0L'* .1

47(vo(IAQ

nic :mpﬁnd Adapﬁve C
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W6&'?(:&9-* 5'(*X(479

= VA=NA#-15+51-159(q7')$5-8"EjMr
— >&59-(;&.1,"(691. (47
— A&*1151.(47(9150&'19(

— %1%*5"(%$H#SP1%1#-
—  DOS(Is(."H$%&'(,;*$.&HP

= [.$+-&01(>*5 -5$#(q:$#I1HE|Kr
— >&9-(&HL.1+-8(1Y+,*58 &*H#X (. $+ O1(*+-L06&S- &#

— =1,1-801(*+-8%&3$-&*#<(%*.1,9<(%&+, 1 (*+-8%68&3$-&*#(,101,9<(*#,&#1(
+5X &, &HP ($H.(*#-5*,(9"9-1%9
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W6&'?(:&9-* 5'(*X(479

= NS5 FL(=%$ ,,-$,?(0!16-9'8_ ="8&XX%SHEMKT
— >&9-(%*. 15#(47
— A#-5*6'1.(X6,LX,1 . PLIAQ(* %+&, 15€H,&#1('$'819<(#$-&01(*.1('$'819
— 11% *#9-5$-1.(9* X-;$51L* #,"(479(;151(0&$S, 1

= =1,X(9)8%$%S159 U#P$5EAN<(:x,3,1 U#PS$5EdKr
— 11 0L,%+1.(%S$H"($.0$#'1.(47(-1'8#&F619(

A#-5* 6'1.(++,"%*5+8&' (8#,&#1 ($'819 <(*#L9-$'2(51+,$'1%1#-<(."#$%&' (1L

* +-806835-&*H#<($.0$#'1. (91, 1'-&O(t +-&%6& 3$- & (-"+1(+51.8'-&*H#($H.(

O+, &--&HP<(+5*X&, 1L. &5 L&l &HEHP(RP5S-1.(;&-8($.$+-&01 (51'%% +&,$-&*#

= 1$0%]147(g@7*9,& #P(1-($,0(ydGr
— >&0-(47(;&-8(%$EHI-515%(%$5?71-(+1#1-5$-&*#
— I1$0$(01#.*59(1 %S5$'1.($#.(&% +5*01. (=%$, - $,2($#.(=1,X(-1 '8#*,*P"

— DH#*6 S$PL.(A7($ . *+- &H#(S"(*- 8159LSOVC
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>1$-651.(479(8&#(-8&9(Q$,?

= =1,X(qyMGLEdKTr
— =1, X(&9($(+651(22(,$#P6SP1L
—  =6++*5-9($#(&#-15$'-&01(.101,*+% 1#-(1 #O&5*H%h#-
— T76'8(*X(-81 (-1'8#**P"(;$9(-5$#9X1551.(-* (=6HEI(:*-=+* -(147

= AB7(\(X*5(I$0$(qEdTLEFGr
— M (X(=6#(),$99&'(147(C(IAQ(  C(@)($H.(9"# 8(1HESH 1% 1#-9(
) "o & (147
— WH5,.(,$99 (+15X*5%$#'1

= 1&?19(C47(al$,$+1z*b(gEd]Lr
—  47(X*5(1$0$<(;5&--1#(&#(a%9-,"b(1$0$
—  A#1+1#.1#-"(101,*+1.(  47(c(@eU(), $99+$-8(,&S9
—  2+1#(9*6 5'1<(+*+6,$5(;&-8(5191$5'8159< (#*-($("*%+,&$#-(147
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)*6591(26-,&#1(

NOB$'?P5*6#.
= W8"(9* X-;$51(* +-&%&3$-&*#P6159
= 7"-8 9<(-15%&#*P"<($#.(8&9-*5&'S, (*#-1Y-
= How programs are executed

JO D#P&#115&#P(S(IAQ()*%+&,15
RO/.$+-&01(2+-8%8&3$-&*#
KO>11.S$'?LI&51"-1.($#.(=+1'6,$-&01(2+-8%&3$-&*#9

TO=6%%&H#P (U+($#.(V**2&H#P(>*5;$5.
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*($51("5*P5$%9(DY1'6-1.Z

NOA#-15+51-$-&*#
— V*(9 -$5-6+(*01581$.<(S6-(%6'8(9,*; 15(-8$#(#$-&0T™* .1 (1Y1'6-&*#
— A%46 $5($++5*$'8(X*5(8&PSL AL, (,$#P6SP19
t  DYO<(NV<(=e2B2V<(B)V<( 5, <(M"-8*#<(7/QV/B
—  U91X6,(X*5(%4%*5"L'8$,, 1#P1.(1#0&5*#%1#-9

10 ),$998&'(69-L&HL-8%1(*%0+&,$-&*#
— ) %+&, I1$'8(%1-8% . (-* (HS-&OL*.1 (*H(X&59-(&HB-&*#
— DYO<("$5'"*,$'1(=%$,,-$,?LMF<(=1,XLdN
— A#&-&S$,(8&P8(a-&%1(_(9+$'1bFRLS. (X*5(1$'8(*%o+&,$-&*#
— A51',6.19(691 (*X(9*+8&9-8&'$-1( * +&%&3$-&*#9(alPO(==/~(lb

Responsible for many of today's misconceptions
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A#-15+51-$-&*#(090(al"#$%&'D()*%+&, $-&*#

Example[(TFF(%1-8*.9
Assume: )*%+&,15(P&019(KY(9+11.6+<(S6-EIFY(*01581$.

O A#&&H(2 01581$. B DYL' 6-&# [] A#&&,(2015815. B DYL' 6-&#
Ei 1 JTFF
o e S WFr |
S o 2 NFFF -
< M O e ]
| [ F
A#1+51-15 )* %+&15 A#1+51-15 )* %+815

=8*5-(56H#H&HP[(A#-15+51-15(&9(S19-(((V/*#P (S6#H#&HP[(*%+8&,$-&*#(&9(S19-
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=1,1'-&01(2+-8%8&3%$-&*#

= "4r _819&9[(%*9-(1Y1'6-&*H(&I(9+1#-(&H#($(9%$,,(+-O(*X (% 1-B*
—  dF]NF(a*5(MF]JFb(56,1

= A1S[(691(-;*(1Y1'6-&*#(9-5$-1P&19
1. Unoptimized[((&#-15+51-15(*5(#*#L*+-&%&38&H#P(*%+&,15
2. Optimized[((>6,,LX1. P1.(*+- &6&BP(*%+ &15

n =-5%-1P"
—  U9L(6#*+-&%&3MLY1'6-&* #(&H&-&S,,"(X*5($,,(981.9
— ABRX&,1($++,&'S-&* H({X&H.(98* h 96S91-(*X(%1-8 *.9
— 2+-&%&31(-889(96S91-
— 2X-1 #(%$#"(-&%9
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)*6591(26-,&#1(

NOB$'?P5*6#.

2. Engineering a JIT Compiler
= What is a JIT compiler?

= )$91(9-6.&19[(1&?19(CAT<(ABT(INX*5(1$0$<(:*-=+*
= :&P8(,101,(,$#P6SPLLIAL'&X& (*+-&Y%&3$-&*#9
= A7]IAQ(&#-15$-&*#9

RO/.$+-&01(2+-8%8&3$-&*#
KO>11.S$?L1&51"-1.($#.(=+1'6,$-8&01(2+-8&%&3$-&*#9

TO=6%%&H#P (U+($#.(V**2&#P(>*5:$5.
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foo (...){
fooCounter++;
if (fooCounter > Threshold) {
recompile( ... );

}
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—)SH(LY+,*&("HS%& (8HX*B%S-&H-8F-(' $HH#*-(SL(&#X1551.(9-$-&'S,,"
— ="9-19%($H(8$ HPL($#.(51015-(.1 '&O&*HO(;S1H#(*#.&-&*#I('8$HP1

—  CH#-&%(S&#.&#P(8%9.0$#-$P19

N5X*5%1. (&#H#(%$#"(9"9-1%9
—  DP<(I&?3(C47<(NFI(&945*01%1#-(69&H#P (>12
— U9&#P(S$9&'(S,?(X51f61#'&19($H#.('$,,(1.P1 (+5*X&,2

TSH"(* ++*5-6#&-&19(-(6IL+5*X&, 1(&H(.6 5&H#P(0$58*69("*%+&,15(+8$919
— ,9%*9-($#"(816589-&'LS$IL.(.1 '&I& ESH(SL(&HX*5%L.(S"(+5*X&, 1(.$-$
— AHGHEHP<(*.1(,$"+6-<(%6,-&0158&H#P<(51P&I-15($, *$-&*#<(P,*S$,(

w1 (% - &H<(1Y' 1+-&H(8SH. &HPI+-8&ISEHI<(,+(BHE*,, &P<(
9+1'6,$-&01(9-$2($,,*'$ -&*H#<(9*X-$51(+51X1-'8&#P
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A99619(&#H(@$-815&H#P("5*X&,1(1$-$

NOWSS$-(.$ -$(*("*6(™*,1-Z
JO *:(<(*6("*,,1'-(&-Z

ROWSL#(.*("*6("*,,1'-(&-Z
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A996 1 (N[(W8BS-(.$-$(*("*6(*,,1-Z

= W8$-(.$ -$(*("6(*,,1-Z(
— B5$#'8(*6-* %19
— +$5$%1-15(0$,619(
— *$.9($H.(9-*519(
- 1-0

= 201581%. (&99619
— RO (% (**,,1'-<(9-*51<($#.(691(.$ -$
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AQ9BL(I[(:*:(.H("*6(*,,1'-(-81(.$-$Z

= N5*P5$% &HI-56%1#-$-&*#
— 10PO(S$9&(S,*?2("*6#-159<(0$,61(+5*X&, &H#P

= =$%+, &HRWSS, 1"<(150$@5$#. 1EFF{(/5#*._=:1 1#1" QCEFR[5#* ,. @*01<()@2EFT{(n86$#R-($,0("VIAEFGr
— 10PO(9$%(%1-8*.(S6#H&H#P<E,,(9-$'2($-(*#-1Y-(9:&-'8(

= "Sh&. [(q S#* . C".15<("VIAEFNr
*00S&HLOSYer, &H#P ($#.(8&#9-56%01#-$-&*#

= C6#-&% 9150&'1%#&-*59

q'16-9'8_ ='8&XX%S$H#<("2 VEMK<:X,811($,0<(D)2 "EdN{(\$;$'8&"$ 1-($,0<(22°=V/EFI{(I"#19_VE&HIEAGr
— 10PO(.&9+$-'8(-$S,19<(9"#'85*#&3WEF150&'19<(@)

$5.;  $51 +15X*5%%$#'1 %*#&-*59[(q/%%*#9 1-($,0("VIAE](/.,L Q$S$$S$&(1-($,0<("VIAEFKr
— 10PO(.5&01(91,1'-&0%-&%&3$-&%(96PPI-(,*$,&-"(&Y6+5*01%61#-9
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A9961(R[(WSLH(.*("*6(*,,1'-(-81(.$-$Z

WSLH(*("*6(™*, 1-(-81($  -$Z
— 165&H#P(.&XX151#-(1Y1'6-&*#(%*.19(a&#-15+51-15(*5(IAQb
— 10PO("5*X&,1(S5$#'819(.65&#P (&#-15814$

— 10PO(/..(&#9-56%1#-$-&*#(.65&H#P (1Y 1'6-&*#(*X (IAQL.
*.1

— 165&H#P(.&XX151#-($++,&'$-&*#(+8$919(al$5,"<(9(MbS$-1<(
1-'Ob

— A5*X&,1(.65&H#P (8#&-&S,(1Y&BH-*(691(.65&#P(9-1%(
9-$-1(1Y1'6-&*#
— A5*X&,1(.65&#P(9-1K9-$-1(-*(+51.&'-(9-1$ ."(9-$ -1

= A99619(*01581%. (09($"65% "(*X(+5*X&,1(.$-$
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)00 4 (/++5*$'819(&H#(479

= 7%0-(479(+15X*5%(+5*X &, &H#P(.658#P (&#&-&$, (1Y 1'6-&*#(
a&#-15+51-BMH(*5(8H&-&S, (*%+&, 15D
— D$9"(-+(&b+,1%1#-
— V%L*01581$.(a*%+$51.(- * (6#+-&6&31(*.1b
~ Q"+&'$,,"(S5$#'8(+5*X&, 19($51(P$-8151.
— V1$.9(-*(#* #-5808$,(>128%+5*01%#-9
— NFI (X*5(18219(C47

= )$,,(9-$?(9%%+,&#P('$#(S1(691.(X*5(*+-&%&31.(**.1
— V*:(*01581$.
— V&Y&-1.(+5*X&, 1(&HX*5%$-&*#

= =%051(479($,9%(+5*X&, 1 (*+-&% &3P0 1-8*.9(69&H#P (&#9-56% 1#-$&.*#
— V1015%19(91,1'-&01{+-&%8$-&*#(9-5$-1P"
— )88, 1#P1(&I(-*(?11+(*0158%.(,*;(a ILLH#LY-(J(9,&.1%
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 AB7(I\("5*X&,15(q=6P$#6%$(1-($,(EFN<EFJr

= =$%+,&#P
~U9L. (- (& 1#-8X"($,515." ("% +&, 1.(%-8%. 9(X*5(51L*+-8%&3$-&F
= 1"H#$%&'(&H9-56% 1#-$-&*#
NOAS-8( 1#-5"(-* ($(%L8* . (;&-8 (6%+(-* (&#9-56%1#-1.(0BI&*#
JO CB#(6#-&,(-85198*,.
— Q&%1(S*6#.
— 11 9&51.(f6$H#-&-"(*X(.$-$("*,,1'"-1

ROU#.*(+$-'8
BEQ BE9(*%+&,1.(*.1
A#9-56%1#-1. ﬁ

DM wo gy -

=1 mov [esp-50], ebx

mov [esp-50], ebx

mov [esp-50], ebx
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/5#* LC".15(q "VIA(F N[(>6,,(16+,&'$-&*#("5*X & &#P

e*(+$ -'S&HP{(&H#I-1KPL#15$-1(-*(*+&1I(*X($(%1-8* .
PDY1'6-1(gX$9-(+$-8n%6*9-(* X(-81(-&%1
PI6%-+(-*(g9,*;(+$-8h *"$9&*#$,,"(-*(*,,1'-(+5*X&,1
D'1%6*#9-58-1.(,*;(*01581$ . <(8&P8($"65%"
pU9L.(S"(Id($#.(*-815(5191$5'8159

i Full-Duplication Framework i

7

| Method Entry |

Checks

Check
Placement

e Entry
e Backedges
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)*6591(26-,&#1

NOBS$'?2P5*6#.
JO D#P&#115&#P($S(IAQ()*%+&,15
RO/.$+-801(2+-&%&3$-&*#

KO>11.S$'?L!&51"-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9
= @$-8158P(+5*X&, 1(&H#X*5%S$-&*#
= Exploiting profile information in a JIT
= >11.S$7L.&51-1.(* +&%&3$-&*#9(agR$hb
= /PP5199&019+1'6,$-&*#($#.(&#0$,&.$-&*#(agRS
= DY+*&-&HP(+5*X&, 1(&HX*5%$-&*#(&H($(4T

TO=6%%&H#P (U+($#.(V**2&H#P(>*5:$5.
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Q"+19(*X(2+-&%&3$-&*#

NO/81S.(*X(-&%L(*+-&%&3$-&*#
— A-(&9(#D15(8#*551'-<(+5*01(X*5(1015" (1Y 1'6-&*#

JO CH#-8%1(9-$-&'(*+-&%&3$-&*#
— W&, (#:(5116851(&#0%,&.$-&*
DYO(R&&P(*X(X&S$, (*5(9-$- & (%61-8*.9

RC=+1'6,$-&01(*+-&%&3%-&*#9
AG*X &, HO+1'6,$-1 <&#0%$,&.$- 18X (#11.1.
Q:*(X,$0*59]
$h Q561(#*:<(S6-(%$"('8$ #P1
DYO(',$9B&15$5'8" ($#$,"9&BS$AL . (&#, &H&HP
Sh Q561(%9-(* X(-8 1(-&% K (S6-(#4($,:$"9
DYO(9+B,$-801&#, &H#HEHP (;&-8(&H0S$, 8 BB '8$#899%8

)6551#-(9"9-1%9(+15X*5%(J(_(R$<(S6-(#*-(%6'8(*X(RS
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)*%%*#(>12(Q1'8#&f619

" )%+&,15(*+-&%6&3$-&*HI
—  A# &HEHP
—)* L1 (V™6
— 16,-&0159&*#&#P
— M-+*655&

= C6#-&%1(9"9-1%(*+-8&%&3$-&*#9
— )$'8&HP
— =+1'6,$-&01(%1-$L.$-$(51+5191#-$-&*#9
— @)("1,15%-&*#
—VRS,&"(*F +-&%&3$-&HHO
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>6,,"(/6-*%%-&'("5*X&,1L1&51'-1.(A#,&#&#P

DY$%-,1[(=DV>LdR{:x ,3,1 U#P$5EdKr
— A5*X&,11851'-1.(&#, &H&HP (&HPES-1.(:8-8 (9$YeH &HPLSHI(
51*06+&,$-&*#

— WS8L1#(9$%+,&H#P(*6#-15(-5&PP151.58 ; ,(6+($,,(9-$'2(-*(X&#.(g5**-h
061-8% . (*X(&#,8#Q1f61#'1

]
/
— p!(-5&+9("*6#-15(-85198*,.
P)5%5;,(6+(9-$'2<(1Y $%&#1(*6#-159
B PCL*06+&,1B $#.(&#&1()($#.(
dFF
)
NFFF
!
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>6,,"(/6-*%%-&'("5*X&,1L1&51'-1.(A#,&#&#P

DY$%-+,1[(AB7(I\(X*5(1$0$(q=6P$#6%$(1-($,0(yFJr

= 1,:$"9(&#,&#1(g-&#"1P61-8*.9(a10OPO(P1--159b

= U9L(."#$%&' (&H9-56%1#-$-&*#(-*(*,,1'-('$,,(9&-1(.&9-5&S6-&*#
— 11 -15%&#1(-81%*9-(X51f61#-,"('$,,1.(9&-1 9(&#(g8* %1-8* .9

= )*#9-56'-9(+$ 5-&S$,(."#$%& ('S, (P5$+8(*X(g8*-h' $,,(1.P19

© AHEHEHP($ISOL(-+($0*&. (+15X*5%$H# 1(+15-65S$-&*#

= DY+15&%1#-$,(*#',69&*#
~ 691(9-$-&'(816589-&'9," (X*5(9%S$,,(9&31(%1-8*.9
— &H#&HYIL.&6YL $#.(S&PP15(*#," (SS9 #(+5*X&,1(.$-$

=EFG HDynamic Compilation and Adaptive Optimization in Virtual Machines H(16,"(JKLIM<(JFFG © 2006 IBM Corporation



AB7(C191%$5'8

A#, & HEHP (Q5&S, 9(&H(=ID¥Mw.(8$%S159(dKr

N55S 196] D9-8&Y%$-E&HP (&#, &H#HEHP (LXX L -(*#(*+-8&%&3$-&*#(&9(8$5.(
— 7%$"(S1(.19&5%S,1(-* ('69-* %&31(&#,&#BABS&9-&'(SPIL. (*#(.$-S(X,*;(LXX1'-

=+ 6-&*#] gD%+858& $:h-&%6&3$-&*H

= )*06+&,15(-1#-$-8&01,"(&#,&#19($('$,,(9&-1

= =6S9Lf61#-,"(%*H&-*5I(*Y+&, 15(-5$HIREY6$-&*HO(-*(FESH-&X" (LXX1'-(*#(
* 4868 3$-& #

© >6-651(&#,&HE&HP(.1'&9&*HI(S$IL. (*#(+$9-(1XX1'-9
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), 1(+*9& -&*HEHP

/5'81-"+1[("1--&9($#.(:$HOL#(q V! A(dFr
= D$9"($H.(+5*X&-$S, L(1%-+,*"1.(&#(%*9-(a$,, Zb(+5*.6'-&*#(479
= ="#15P"(;&-8(-5$'1(9'81.6,&#P(qLPO(=-$5LIAQ]2C"r

/ - FY'FFFFFFF
JFF —— NFF
B )
JFF . NFF
| J
\
> /

FY'FFFFNFF
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76,-&0159&*#&#P

= )*%+&,15(P1#15%$-19(%6,-&+,1(&%+,1%1#-$-&*#I(*X($("*.1(
91f61#'1

— D%&-9(*.1(-*('8**91(S19-( &%+, 1%1#-$-&*#($-(56#-8&%1

= =-$-&' 76,-&0159&*#&#P
— [,,(+* 99&S,1(&9A%1#-$-8&*#O(PH15$-1.(S1X*518$H.
— )$H(S1(* #1(S"(9-$-&'(*% +&,F
— SI2[(2X-1#(.5&01#(S"(+5*X&,1L.$-$

= I"HE%E" 76,-&0159&*#&H#P
— 76,-&+,1(&%,1%1#-$-&*#O(P1#BS$-1.(* #L-81LX,"(
—  C168519(56#-&%* .1 (P1#15$-&*#
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=-$-&'(76,-&0159&*#&#P (DY $%+,1

© @6%$5.1.(&#, &H&HP (X*5($(08&5-6%,(%1-8* (;[#$%& (-19-
= ABAX& 1(.$P(8H.&'$-19(%*9-," (Y% #*%*5+8& ('S, ,(9&-19
= e* -1(-8$-(* #9-51$%(%15P1(+*,,6-19(X*5:$5.(.$ -$X,*:

AX(a.898-'8(
-$5P1-(&9(X**Eb

T~

&#0*?D&5-6%, (X* ‘ &b, QX RH0*?D&5-6$, (X4

~.
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=-$-&'(76,-&0159&*#&#P (;&-8(2#L=-3$'?(C1+,$'1%1#- (q=DV><(*-=+*-<(1 &19(CA4Tr

@6$5.1.(&H, &HEHP (X*5($(0&5%6%:8* . (;](+$-'8(+*&#-(_(2=C
— A$-B(HL*+(;81#(',$99(8&15$ 58"(8%# P19
—  @1#15$-1(51*015"(*.1($-(56#-&%1(a%*51(,$-15b
e*(.*:#9-51$%(%15P1(LS(S1--15(X*5:$ 5.(.$-$X,*;

&#0*?D&S5-6$, (X

—)

e*L*+

T~

8t BHDCH

Q5&PP15(2=C

N
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"#$%8&'(76,-8&01598 #&H#P[()69-*%&3$-&*#(&#(=DV>

« @1#158L(#1:(*%+&, 1.(0159&*#(*X($(%61-8*.(X*5(1$'8(+*99&S,1(51'1&015(
| $O9(*H(X&59-(&HO*'$-&*#(;&-8(-8%-(51'1&015

« 7%9-"(-$5P1-1.(-*(1,8%&#$-&#P(0&5-6%,(.&9+$-'8(*01581$.
% (+51'891(-"+1(X*5(y91, XE-8&Ib(:81H(*%o+8. &HP

= W*529(;1,,(X*5(9%$,,(+5*P5$%9<(9'$,$S&,&-"(+5*S,1%9
—  e9$|01 ($++5*$'8(1 01#-63%,,"($S$#.*#1 .
— =1,1-801(+5*X&, 1LP6&.(5,P*5&-8%(,$-15(1 01,*+1.(&#(4*5-1Y (q! 1$#(1 - ($,0(ydTr
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AB7(W(X*5(1B0$(;&-8(>12(  q=6P$#6%(1-($,0(EFNr

= 77A(@7&Y1.(7*.1(A#-15+51-15b
— >$9-(&#-15+51-15(&%+,1%1#-1.(&#($991%S,15(
= W6&'?(*%+&,$-&*#
— C1.6'L.(91-(*X(*+-&%&3$-&*#9
= >6,,(*% +&,%-&#
— >B,,(*+-&6&3$-&*H#I((91,1'-1.(8*-(%1-8*.9
= Special compilation
— Code specialization based on value profiling

rrrrrrrrrrrrr

ocation Freg p )
Loop lteratiog ! Vé
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>*5(8*-(%1- 8*.9<(*%+&, 15(+15X*5%9(
“impact analysis” -* (10$,6$-1(+* -1#-&3,(
0+1'&$&3$&*#9

~A$5$%1-159($#.(9 $-&'9 ransesain
= >*5(.19&5$S,1(9+1'8$, &3 #I<(*%+&,15( .

Install / Deinstall

THSY&'S, " (&HO-$,,O(&HO-56% 1#-$-& H(X*
0$,61(+5*X&, &H#P '

= B$9L.(* #(0$,61(+5*X&L*% +&,B(
19-&%$19(&X (9+1'8&B3$& H(&I(F*X&-$S, 1(
$#.(P1#15$-19(9+1'8$,8&31.(0159&*#9

= AGF199('$#(& 15$-1

Reconpilation Recuest
(W spedialization)
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A%+$'-(/#$,"989

= Problem| W81#(&9(9+1'&$,83%-&*#(+5*X&-$S,1Z

= Impact analysis[()*% +6-1(19-&%$-*X(*.1(f6$,&-" (&% +5*01%6L#-(&X(;L(41;(

$(9+1'&X&'(0%,61(*5(-+1(X*5(9*%1(0$5&%519

— ) *#O$H-(4 $,61(*X("5&%E-81(Q" +1
— ) *HO$H-(>*, &HPE=-51#P-8(C1.6 -&*#(a.&0<(X+(-5$#9'1#.1#-$,b
—  D,8&Y%&HS$-& H(*X()*#.&-&*#$,(B5SH#'8L(S &:8(=-$-1%1#-9

~ DY$-(2 S'1-(Q"+1
— C1%*08,(*X(U##1'199$5"(Q" +1()81'?2&# P(2+15$-&*#9
— )i("BL'&9&* H(A%+5*01% 1#-(LS(A#,&H&HP(2++*5-6H#&-"

—  VI#P-8(*X(/55%"(2S 1'-
—  D,&%&HS-& H(*5(=8&%0+, 8B FX (B*6#.()81'?(2+15$-&*#9
—VRRH(=8%%0+ &X&'$-&H

= 1$-$X,* ; ($,P*5&-806

= >*5(1$' 8(+*99&S,1(9+1'&&3$& H(-$5P1-(a0$58H 1b<(*%+6-1(8*;(%e$H"(
9-$- 1961#9(*6 ,.(S1(1,&Y688-1.(*5(98%+ &AL
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=-13."(=-$-1[(AB7(\(X*5(1$0$(c(>12]=+1'&$,&3$-&*#(
q=6P$#6%$(1-($,OEFNr

5

L[] 77aLx6, '_' 77ALS,

o
|
|

(9
I
|

)
|
|
|
|
|

p—
I
|
|
|
|
|
|
|
I

C1,$-8&01(M15X*5%$# 1(-*(e*(2+-

0 [ [ [ [ [ [ [ [ [
%- 5- 199 "% +5199 .S %+1P$6.& $? "$0%' ="D)'SS @*o(71%#
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>I12(M-+*655&

TSH'(* ++*5-6#&-&19(-(6IL+5*X&, 1(&#(.6 5&H#P(0$58*69("*%+&,15(+8$919
1,%*9-($#"(8165&9-&'LS$I1.(.1 '&O& K SH(SL(&H#X*5%1.(S"(+5*X&, 1(.$-$

DY$%-,19
= VrRH(BH5*, &HP(

—  U#5*,,(g8*h **+9(*# "
= CIP&I-5($,*'$-&* #(

— =+&,,(&#(g*,.n+$-89(X&59-
« @,*S$,(*.1(%*-&*#

— 7 *0L(*%+ 6- $- &*H#H(8*%(8*-(- *(*,.(S,*?9
= DY'1+-&*#(8$#. &H#P (*+-&%&3$-&*#9

— [0*&.(1 Y+1#9&01(56#-8&%BF#.,159 (X*5(X51f61#-(1Y'1 +-&*H$(X,*:
= =+1'6,$-&01(9- $'2($,, "' $-&*#

— =$72($,7$-1(*S’1-9(-8%-(  19% +1(*#," (*#(*,.(+ $-89
= =*X-;$51(+51X1-'8&#P

A5*X&,1(.$-$(P6&. D(+,$' 1% 1#-(* X(+51X 1 '8(&#9-56'-&*#9
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)*6591(26-,&#1

NOBS$'?2P5*6#.
JO D#P&#115&#P($S(IAQ()*%+&,15
RO/.$+-801(2+-&%&3$-&*#

KO>11.S$?L!1&51"-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9
«  @$-8158P(+5*X&, L(&H#X*5%$-&*#
= DY+*&-&H#P(+5*X&,1(&H#X*5%$-&*#(&H#(S(IAQ
= >11.S$?L.&51-1.(* +-&%&3$-&*#9
= Aggressive speculation and invalidation
= DY+*&-&HP(+5*X&, 1(&HX*5%S$-8 #(&H#($(47

TO=6%%&H#P (U+($#.(V**2&H#P(>*5:$5.
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DY$%-+,1[((),$99(8&15$5'8"(S$O1.(&#,&H&HP

longRunningMethod () {
Foo foo = getSomeObject();
foo.bar();

}

= ["*5.&#P(-*('6551#-(',$99(8&15%5'8"
—  2#,"(*#1(+*99&S,1(0&5-6$,(-$5P1-(X*F60.bar()
— A3[((9+1'6,$-1(-8%-(" ,$99,* $.&#P(;* #E-(*"65
—  A#,&#E** [[S$5ab
—  T*H&-*5(,$99(,* $.&#P[(&X(>TFS$5ab(&IYt55&..1#(
—  C1%%+&,1($,,(%1-8*.9(*#-$&#&HP (&#*551'-(*.1

—  B6-(;8$-(&X(,*#PCEH#HH#&#PT18* .(#1 015(1Y&-9Z
— 2HL(*+- GH[((*AL9-$'7(51+$1%1%-
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A#0$,8.$-8&*#(0&$(2#L=-$'?(C1+,$'1%1#-(a2=Cb

q)8$%S159<:x,3,1_U#P$5ENLAK<(>&#? WESHEFRY

Q5$H#IX15(1Y 1'6-&*#(X5*%(*%+&(*.1( ml *(*%+&1.(*1( m2
101#(; 8&, 11 56H#9(*#(9*%1(-851$.19(9- $' ?

DY-51%1,"(P1#15$,(%1'8$H#899¥ %&HE&Y%S,(519-5&-&*HO(*#(9+1'6,$-&*#

~

=EFG HDynamic Compilation and Adaptive Optimization in Virtual Machines H(16,"(JKLIM<(JFFG © 2006 IBM Corporation



AB7(C191%$5'8

2=C(71'8$#89%9

PDY-58$'- “06+&, 15L&H. 1+1#. 1#-(9-$-1 X5*%($(969+1#.1.($'-8&0$-&*#(X*5¢6N
P@L#I5H(HL;(* .1( %J X*5(-81(969+1#.1.($-&0$-&*#
PQSSHIXI5(1Y 1'6-&*#(-*(-8L(#L;(* .1( %J

*00+&,15L

&#.1+1#.1#-
9-$-1
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2=C($#.(A#, &H&HP

=6++*91(*+-&%&315(&#,&#199(B(=> )|

147(="*+1
119'5&+-*5
/

(6.5 ) 147(="*+1

119'5&+-*5
B

147(="*+1
119'5&+-*5
)
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[++,&'$-&*H#I(*X(2=C

NO=$X1(&#0$,8.$-8&*#(X*5(9+1'6, %01 (*+-8&%&3$-&*#
— ), $99L8&15$5'8"LSSOL. (&, &HEHP (g+* - 1
— 11 X1551.(*% +&,$-&*#(q=DV>Leld* -=+* -<(W8$,1"(JFFNr(
— P L-(Y0%0+ &, 1(B+%%# ('S 919
— A%H50L(. $-$X*; (*+-8%683- &# ($H.(51. 6' 1(*%+ &1L-&b61
JO 11S6P(*+-8&%8&31.(*. 1(08$(."#$%&' (. 1*+-&%6&3$-&*#{:* 3,1(1-($,0(ydJr
—  -(S51$ ?+*&H-<(.1*+-8&%&31($'-&0%*#(-*(51*015(+5*P5$%(9-$-1
ROC6#-&%1 (*+-&%&3$-&* #(*1PL56#H&HP ($'-&0$-&*#2OV>LdRr
— AGrOp* - 1( *H#PLEGHH&HPE+I(-* (B&P815(*+-&%&3$4&101,

/\/—\

U#*+-&%&31. 2+-8&%&31. =+1'6,%$-&01

\_/\/
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)*6591(26-,8#1

NO B$?P5*6#.
JO D#P&H#1B&HP($(IAQ()*%6+&15
RO [.$+-8&01(2+-8% B$-&*H

KO >11.S$?L1&51"-1.($#.(=+1'6,$-&01(2+-&%&3%-&*#9
« @$-8158P(+5*X&, 1(&HX*5%$-&*#
©  DY+*&-&HP(+5*X&,1(&H#X*5%$-& #(&H(S(IAQ
= >11.S$?L.&51-1.(* +&%&3%-&*#9
= /PP5199&019+1'6,$-&*#($#.(&#0$,& . $-&*#
= Exploiting profile information in a VM
— 189+$-'8(* +-8&%&3$-&9
— =+1'6,$-&01(*S 1'-(%*.1,9
— @)(SH(FS,&(* +&%&3B-&*HI

TO =6%%&H#P (U+($#.(V**28H#P(>*5:5
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485-6$,]A#-15X$'1(1&9+$-'8

o O6 548&(&H E#1($'B1(:*,3,1(1-($, OydNY

i //f Rectangle code

receiver = .. if type = rectang}é

jump to method
call PIC stub////* , Jump s T
i if type = circle Circle code
jump to method////

call lookup

)%, &#P(*.1 "A)(9-6S

Update PIC and
Dispatch to correct
receiver

C1f6&519(,&%&-1.(."#$%&'("*. 1(P1#15%-&*#
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=+1'6,$-8&01(71-$L.$-$(C1+5191#-$-&*#9

DY$%+ 1S 1'-(%* .1,9

« Q5&L9-$-1(8$98(*.1(1#*.&#P(qB$*#(1-($,0(ydM<(/P191#(=6#(DA4Tr

F[F FIN NI F

U#8$981. :$981. :$981.(
agh98' *. 1(0o($..51 99b $#.(7*01.

= )$#($,9%(1,&.1(,*?;*  5.(qB$"#(1-($,0yFJr

:$9(9"#'85*#&31. e* (9'#'85"#&31.

051-8* %1-8* e* (9"#'85*#&31.
oL- . .

9%1-8*.<(S6-(,*'?1.
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/. $+-&01(@)(-1'8#&f619

- I'H$%&'S$,,"($.°69-(81$+(9&31

— AB7(\(q'&% +91"(1-($,O(YFFre* & (.1 +1#.9(* #(81$+(6-8,83$-&SH.(
X5$'-&*H#(*X(-&YA(9+ T#-(&#(@

= =&-'8(@)($,P*5&-8%9(-*($."69-(-* ($++,&'$-&*#(S18$0&*5

—  "5&#-13&9(YFND(&-'8 (S1-;11 #(7$57_=;11+($#.(7$5? )*%  +$'~(
X*5(%$-661(9+$'1(&#(P1#15%-&*#$,(*,,1'-*5

— g=*%S$#(1-($,OEFRI¢*51(55.&'S, ($++5*$'8(+5** -"+1. (&#(1&?9(CA7
—e*("1-(LY+,*&-1.(&H(+5*.6'-&*H#(479

« 2++*5-6#89-&'(@)
— Q:$"19EdNr(t?1"(*S 1-9(?11+ (,$5P1(.$-$(9-56'-6519(,&01
—e*-("1-(LY+,*&-1.(&H#(+5*.6'-&*H#(479
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=+$-&9,(V*'$,&-"(2+-&%&3B-&*#9(

= T*OL(*S'1-9<('8$HPL(*S 1'-9(-*(  &#'51$91(,*'$,&-"<(*5(+51X1-'8(

- N | |

>&1,.(51*5.15&#P

= 2S5°1'-(9+,&--&#P

5. "B"9E iR

= 2S°1-(*L,*'$-&*#

-
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=+$-&$,(V*'$,8-"(2+-8%&3$-&*#9(

= DY$%+,19
— \&9-,15(_(>5$#3EFF
— )8&,8%S&((,0<(Edd
— 6$#P(1 - ($,0(EFK
— 1,LQ$S$-$S$&(1-($,0(EFK
— )8&,8%S&(_(=8$8$#(EFG
— =&1P;$5-(_(:&531,(EFG
- D-'O

= 415"(8*($51$
= D#*65$P&HP(5196,-9<(9%%1(;&-BXX,&H#1(+5*X&, &H#HP<(9*%1(*#,&#1
= DY$%-+,1(*X(P1--&#P(8$5.:$51($#.(47(-*(;*5?(S1--15(-*P1-815
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)*6591(26-,&#1

NOB$'?P5*6#.

JO D#P&#115&#P($(IAQ()*%+&,15
RO/.$+-801(2+-&%&3$-&*#
KO>11.S$?L1&51-1.($#.(=+1'6,$-8&01(2+-8&%&3$-&*#9

5. Summing Up and Looking Forward
= Debunking myths
= Q81(-8511(;$01 9(*X($.$+-&01(* +-&%&3$-&*#
= >6-651(.&51'-&*#9
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11S64#71.(7"-89

NOB1'$691(-81"(1Y1'6-1($-(56#-&%1<(."#$ %&'(*%+&,159(%69-(S1(S,$3&H#P,"(X$9-

JO I"#$%&'(,$99(,*$.&#P (&BB(X6#.$%1#-$,(5*$.S,*2(-*('5*99L%1-8* (
*4-&%&3$-&*H

RO=*+889-&'$-1.(+5*X &, &H#P(&9(-**(1Y+1#9&0L(-*(+ 15X 5% (*#,&#1
KON9-$-&'(*%+&,15(;&,,($,:$"9(+5*.6'1(S1--15(*1(-83  #(S("#$%&' ' *%+&,15
TO A#X5$9-56'-651(51f6&51% 1#-9(9-&X, 1(&HH#+*0$-&*#(&#(-8&9(X&1,.

GONG* 6'-&*#(4T79($0*&. (*Uo+, 1Y (*+-8&%6&3$-&*#I<(X$0*5&#P (9-$S&, &-"(*015(
+15X*5%$#'1
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7"-89(C10898&-1.(A

Myth] B1'$691(-81"(1Y1'6-1($-(56#-&%1(."#$%& (*%+&,159(%69-(S1(
S,$3&#P,"(X$9-O(

— -BLU(BHHF -(+15X*59%(9%8&I-&'$-1(* +&I&3$-&*#I<(96'8($9(==/<(
P5$+8L"* *5&#P(51P&9-15($,,*'$-&*#<(1-'O
Reality[
— A5* 6-&XH(IAQI(+15X* 5%(S,,(-81(,$99&'S, (*+-&&3S-&9
— VSHPBESPIBH1'&X& (IAQO(LY ++&-(-"+1 (&H#X*5%$-8H#*-($0$&,$S, 1(-*()(
*0/0+&,159(a*5(y', $998%06,-&L , SHPESP 1 (SH#. (*+-8%&3159b

— =1,1-&01(*+-8&%&3$-&*#(9-53-1P&DB"199X6,," (X*'69(*% +& $-&*#
IXX*5-(;8151(#11.1.
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7"-89(C10898&-1.(AA

Mythl I"#$%&(,$99(,*$.8#P (&I(S(X6#.$%1#-$,(5*$.S,*2(-+('5*99L
0%1-8* . (*+-8%683%-&*H]
~ BL1'$691("*6(#1 015(8$01(-81(;8* ,1(+5*P5$%<("*6('SH#*-(+15X*5%6
&#-15+5%'1.65$, (* +-&%&3$-&9(96'8 ($9(085-65,(%B* . (519*,6-&*#<
085-6$,(&#,8#&H#P<(19$44,"9&9
Reality[
—)SH(9+1' 6,$-801"(* +&YB1(;8-8 (519+1'-(-*('6551#-(,$99(8&15$5'8"
~ =%4889-8'$-1.(8#0$,8.$-& H#(-1'8#* * P"(;1, L6#.159-* * {(%&-&P$-9(
#11.(X*5(*015,"(*#9 150$-&01$996%-&*#9

— =+1'6 ,$ &A(*+-&68$- &#('$ #(S1(%*51($PP5199&01(-8$#(*#9150$-&A(L
O $-&'(*% +&,$-&*#
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7"-89(C1089&-1.(AAA

Myth[ =*+8&9-&'$-1.(+5*X&,&H#P(&9I(-**(1Y+1#9&01(-*(+15X*5% (*#,&#1

Reality[
— =$%+ &HPLS$OL.(+5*X&, &GCEES+(S #.( '$H(*,, 1-(9*+889-&'$-1.(8#X*5%$-&*#
—  10PO((/5#*,.LC".15(X6L, 6+,& - &# (X6$%L; *5?
—  10PO((AB7({."#$%& (8#9-56%1#-$-8*#
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7"-89(C10898&-1.(A4

Myth[ /(9-$-&'(*% +& B($H#($,;$"9(P1 -(S1--1 5(+15X*5%$H 1 (-8$H#(S(."#$%&'(
%0 +&, B(S1'$691 (&-( $H#(69L($H(64#8%6&-1.($%6*6#-(*X($#$,"989(-&%10

Reality[

N5*.6'-&*#(IAQI('$#(&% +,1%1#-(3,,(-81(,$99&'S, (*+-&0& 3 #I9(9-$ &'(
*0o+&,159(.*

— >11.S$'?L.&51-1.(*  +-&%&3$-&*#(98,.(S1(%*51( 1XX1-&01(-8 $#(
6#,8%8&-(AN(;&-8*6-(+ 5*X&,1(&#X*5%S$-&*#

—  VIP$"()(*%+8&,15(S$'?21#.9('$HE -(LY+,*&-(-"+1(&H#X*5%$-&*#($#.(
*-815(91%$#-&'9(-8%- (IAQ9(5*6- &#1,"(*+-&%&31

— %1 015<($81$.L3- &% (* %+&,$-&*#(9-&,,(#11.1.(9%1-&% B[
—  >$9-(9-$5-6+(*X(,$5P1(&#-15801($++9
—  =%$,,(X**-+5&8#-(a10OP0O(1%S1..1.b(.10&'19

— AHDH* 5S-&HPSB1$.L* XL1-&% T %or&,$-&#(&H#-(X6,,LX,1P1.(47(&9(
'1,,L6#.159-**.
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7"-89(C10898&-1.(4

78] =%, (8. 1+ 1#. 1#-($'S. 1%& (5191 5'8(P5*6+('$H#*-(SXX*5.(
&HX5$9-56'-651(8&#019-%01#-(-*(&##0$-1(&#(-889(X&1,.

Cl$&-"[
— :&P8L6$,&-"(*+1#L965'1 085-6%,(%$ 8&H#IB51($0$&,$S,1
—1&?19(CAT<(2CA<(\$XX1<(7H#*<(1-'0
— [+$'81(:$5%*#"(,*?9(&#-1519-&#P
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7"-8(4A(L "5*.6'-&*#(AT9($0*&.(*%+,1Y (*+-&%&3$-&*HI<(
X$0*5&#P (9-$S&,&-"(*015(+15X*5%$#'1

Perception| )*%+,1Y<(9+1'6,$-&01(*+-&%&3$-&*#9(&#-6"L (8%5. (-*(
X&#.(S6PO($#.($51(#*-(;*5-8(-81(%$ 5P&#S, (+15X*5%$# 1(51-65#90

Reality[((Q8151(&9(+5199651(-*(*S-&H#(8&P8(+15X*5%%$# 1

— NG B-EFH(IATI(+15X*  5U(Y%SH (*% + 1Y (*+-8%683$-8O<(&H',6.8#P
— 2+-89%8&3$-&*#9(-8$-(51f6&51(9889-&'$-1.(**. &H#P
— 1&XX&'6,-(-*(.1S 6P(."#$%& (S18$0&*5

t  10PO<(#*#15%8&#&9-&' (+5*X&, 1LP6&.1-8%&3$-&9

— =+1'6,$-&01(* + &6&3$-8#9(&H0* 0&HP (564#-8B0$, & $-&*

— A% 6-&HH(I4TEI(S5L(,1$.&#P( -81(X&1,.(&#(47(+15X*5%$#1
— 2X-1#($81$.(* X($'$.1% &'($#.(&#.69-5&$,(5191$5'8(,$S9
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Q8&I(F19(H#H*-(%1$#(-8151($51 (#*(+5*S,1%9

= )*06%15'&$,(A79(*(."#$%&'<('6--&H#PL1.P1(*+-&%&3$-&*#9<(S6-00
— ) %%+, 1Y&" (*X(47 9(?11+9(P*; &P(
— VS$"15(B6+H(,$" 15 (X (*+-&%68&3$-BO( &-8(+* -1#-&S, (6HH* #(&#-15$'-&*#9
— 2X-1#]
— =% 6-&*HO(%S$"(#*-(S1(-81(%*9-(P1#15$,(*5(5*S®-
t Q$BPL-1.(-*(*S91501.(+15X*5%$ #1(+5*S,1%9
— e* -(10$,6$-1.(;8-8(-8 1(696%$,(9'&1#-&X&' (5&P*5
{  e*-(+6S,8981
— =11(+15X*5%$# 1(g965+5891 O HL: ($++,&'S-&*#9

= Q8151($51(%%"(5191$5'8(8&99619(-83-($'$. 1%&'(5191$5'8159(**6,.(81,+(
1Y+,*51[((
— AIEX*Bh'1<(5*S69-#199<($.(9-$ S&,&"
— W*6,.(51$,,"(81,+(-8 1(*%%15'&S$,(X*,?9
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*(9%6'8(+15X*5%$#' 1 (P$&H#(89(&#-1519-&#PZ

= WBE3[(/H(*+-&%6&3$-& H(#11.9(-*(+5*.6'1(s(KI(+15X*5%$#'1(
&%+5*01%1#-(-*(S1(*#9&.151.(&#-1519-&#PO(((k(0(Z
— $h(NI((SHTI(('b(NFI((.b(IFI
— =%051-8%D(5191$5'8(+$+159(;:&-Ju(TLRI(&% +5+01%1#-($51(,$S1,1.(X$&,6519

= [#9;15[(&-(.1+1#.9(*#(*%+,1Y &-"(*X(-81(9*,6-&*#
—  4%,61(0(+15X*5%$# 1(P$&H(]("Vo+, 1Y &-"
—  DO15"(,&H#L(*X(*1 (51f6&519(%$&HSH' 1<($#.(&I(S(+99&S,1(S6P

— NF(V2)("&1,.&#P(NOTI(9+11.6+
{ AB*E-(-18% (US'(8HA5+5$- 1(&H(AT(S"(1#.(*X(;117?
— JT<FFF(V2)("&1, &#P(NOTI(9+11.6+[(((
t e*-(;*5-8 (-81(*% +1Y&"

« A%+5*0&H#P(+15X*5%$#'1(;&-8(51.6'1.("*%+, 1Y &-"(&9I(&Yo+*5-$#-(
— e11.9(-*(S1(51:$ 5.1.( S"(+5*P5$%(*%%&--119(
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Waves of Adaptive Optimization

1. Use JIT to compile all methods (Smalltalk-80)

2. Selective Optimization (Adaptive Fortran, Self-93)
— Use many JIT levels fo tradeoff cost/benefits of various optimizations

— Exploit 80-20 rule
— limits the costs of runtime compilation

3. Online FDO (Today's JVMs)

— Use profile information of current run to improve optimization accuracy
— exploits benefit of runtime compilation

4. What is the next wave?
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Q81(K8 WHOL(*X(/.$+-&01(2+-8&%&3$-&*#Z
" Q5"(%6,-8&+,1(*+-8%8&3$-&*#%S-1P&1I(X*5($(*.1(51P&*#etline
" COH($H.(-&%1($,,(0159&8*#9(*#,8#1
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