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)*6591(26-,&#1

NOB$'?P5*6#.

JO D#P&#115&#P($(IAQ()*%+&,15

RO/.$+-&01(2+-&%&3$-&*#

KO>11.S$'?L!&51'-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9

TO=6%%&#P(U+($#.(V**?&#P(>*5;$5.
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)*6591(26-,&#1
NO B$'?P5*6#.

W8"(9*X-;$51(*+-&%&3$-&*#(%$--159
7"-89<(-15 %&#*,*P"<($#.(8&9-*5&'$,('*#-1Y-
:*;(+5*P5 $%9($51(1Y1'6-1.

JO D#P&#115&#P($(IAQ()*%+&,15
W8$-(&9($(IAQ('*%+&,15Z
)$91 (9-6.&19[(I&?19(C47<(AB7 (!\(X*5(I$0$<(:*-=+*-
:&P8(,101,(,$#P6$P1L9+1'&X&'(* +-&%&3$-&*#9
47]IA Q(&#-15$'-&*#9

RO /.$+-&01(2+-&%&3$-&*#
=1,1'-&01(*+-&%&3$-&*#
!19&P#[(+5*X&,&#P($#.(51'*%+&,$-&*#
)$91 (9-6.&19[(I&?19(C47($#.(AB7(!\(X*5(I$0$
U#.159-$#.&#P(9"9-1%(S18$0&*5
2-815(&99619

KO >11.S$'?L!&51'-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9
@$-815&#P(+5*X&,1(&#X*5%$-&*#
DY+,*&-&#P(+5*X&,1(&#X*5%$-&*#(&#($(IAQ

>11.S$'?L.&51'-1.(*+-&%&3$-&*#9
/PP5199&01(9+1'6,$-&*#($#.(&#0$,&.$-&*#

DY+,*&-&#P(+5*X&,1(&#X*5%$-&*#(&#($(47
TO =6%%&#P(U+($#.(V**?&#P(>*5;$5.

!1S6#?&#P(%"-89
Q81(-8511(;$01 9(*X($.$+-&01(*+-&%&3$-&*#
>6-651(.&51'-&*#9
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)*6591(26-,&#1(L =6%%$5"

NOB$'?P5*6#.
W8"(9* X-;$51(* +-&%&3$-&*#(%$--159

7"-8 9<(-15%&#*,*P"<($#.(8&9-*5&'$,('*#-1Y-

:*;(+5*P5$%9($51(1Y1'6-1.

JO D#P&#115&#P($(IAQ()*%+&,15

RO/.$+-&01(2+-&%&3$-&*#

KO>11.S$'?L!&51'-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9

TO=6%%&#P(U+($#.(V**?&#P(>*5;$5.
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!101,*+&#P(=*+8&9-&'$-1.(=*X-;$51

=*X-;$51(.1 01,*+%1#-(&9(.&XX&'6,-

^V(_(=D(&##*0$-&*#9<(96'8($9
– !"#$%&'(%1%*5"($,,*'$-&*#<(*S`1'-L*5&1#-1.(

+5*P5$%%&#P<(9-5*#P(-"+&#P<('*%+*#1#-9<(
X5$%1;*5?9<(.19&P#(+$--15#9<($9+1'-9<(1-'O

C196,-&#P(&#(%* .15#(,$#P6$P19(;&-8(%$#"(S1#1X&-9
– B1--15($S9-5$'-&*#9

– C1.6'1.(+5*P5$%%15(1XX*5-9

– B1--15(a9-$-&'($#.(."#$%&'b(155*5(.1 -1 '-&*#(

– =&P#&X&'$#-(51691(*X(,&S5$5&19

:$01 (81,+1.(1 #$S,1(-81('51$-&*#(*X(,$5P1<(9*+8&9-&'$-1.(
$++,&'$-&*#9

/ 2 ^<(^15,<(IJDD<(1-'O^5*.6'-&
0&

-" B&#$5"

/991 %S,"
)

)cc

I$0$

JFFFE9NdKFE9
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Q81()$-'8
A%+,1%1#-&#P(-8191(X1$-6519(+*91(+15X*5%$#'1('8$,,1#P19(

– !"#$%&'(%1%*5"($,,*'$-&*#(
– e11 . (+*&#-15(?#*;,1.P1 (-* ($0*&.(

'*#9150$-&01(.1 +1#.1#'19
– 2S`1'-L*5&1#-1.(+5*P5$%%&#P

– e11 . (1XX&'&1#-(0&5-6$,(.&9+$-'8<(
*015'*%1(9%$,,(%1-8*.9<(
1Y-5$(&#.&51'-&*#

– /6-*%$-&'(%1%*5"(%$#$P1%1#-
– e11.(1XX&'&1#-($,,*'$-&*#($#.(
P$5S$P1('*,,1' -&*#($,P*5&-8%9

– C6#-&%1(S&#.&#P9
– e11 . (-* (.1$,(;&-8 (6#?#*;#(

&#X*5%$-&*#
– O(O(O

^5*.6'-&
0&

-"
B&#$5"

/991 %S,15

)

)cc

I$0$

/ 2 ^<(^15,<(IJDD<(1-'O

^15X*5%$#'1(
)8$,,1#P1

JFFFE9NdKFE9

>1$-6519(51f6&51($(5&'8(56#-&%1(1#0&5*#%1#-(0&5-6$,(%$'8&#1
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Q"+1(=$X1<(22<(47L&%+,1%1#-1.(V$#P6$P19(/51(7$&#9-51$%

I$0$(&9(6S&f6&-*69
– 1PO(:6#.51.9(*X(AB7(+ 5* .6'-9($51(;5&--1 #(&#(I$0$

g415"(."#$%&'h ,$#P6$P19($51(;&.19+51$.($#.(56#(*#($(47
– 1PO(^15,<(^"-8*#<(^:^<(1-'O

Q8191(,$#P6$P19($51(#*-(`69-(X*5(-5$.&-&*#$,($++,&'$-&*#9
– 4&5-6$,(7$'8&#1(&%+,1%1#-$-&*#<(1PO(I&?19(C47
– 2+15$-&#P(="9-1%9<(1PO(=&#P6,$5&-"
– C1$,L-&%1($#.(1%S1..1.(9"9-1%9<(1PO(71-5*#*%1L1#$S,1.(9"9-1%9

– 7$99&01,"(+$5$,,1,(9"9-1%9<(1PO(!/C^/L96++*5-1.(1XX*5-9($-(AB7<(=6#<(
$#.()5$"

4&5-6$,&3$-&*#(&9(1015";8151
– S5*;9159<(.$-$S$919<(2]=<(S&#$5"(-5$#9,$-*59<(4779 <(&#(8$5.;$51<1-'O
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:$01(W1(/#9;151.(-81(^15X*5%$#'1()8$,,1#P19Z

=*(X$5<(9*(P**.(i
– Q*.$"E9(-"+&'$,($++,&'$-&*#(*#(-*.$ "E9(8$5.;$ 51(56#9($9(X$9-($9(

NdjF9(-"+&'$,($++,&'$-&*#(*#(NdjF9(-"+&'$,(8$5.;$51

– >1$-6519(1Y+$#.(-* ('*#96%1 ($0$&,$S,1(519*65'19i

– 1PO()6551#-(A!D9(+15X*5%('*% +&,$-&*#(*#(1015"(9$01

W8151(8$9(-81(+15X*5%$#'1('*%1(X5*%Z
NO^5*'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(NFFl

p :W($99&P#%1#-[(.1-15%&#1(k<(m<($#.(n
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>6-651(Q51#.9(L=*X-;$51
=*X-;$51(.1 01,*+%1#-(&9(9-&,,(.&XX&'6,-

– ^V]=D(&##*0$-&*#(;&,,('*#-&#61(-* (*''65

– Q51#.(-*;$ 5.(%*51(,$-1(S&#.&#P<(5196,-&#P(&#(."#$%&'(51f6&51%1#-9
– W&,,(+*91(X65-815(+15X*5%$#'1('8$,,1#P19

C1$,(9*X-;$51(&9(#*;(S6&,-(S"(+&1'&#P('*%+ *#1#-9(- *P1-815
– ) *%+*#1#- 9(-81%91,019($51(S1'*%&#P(%*51('*%+ ,1Y<(P1#15$,(+65+*91

– =*X-;$51(S6&,-(;&-8(-8 1%(&9(%*51('*% +,1Y
– /++,&'$-&*#(915015(aIJDD(W1S9+8151<(1-'b<($++,&'$-&*#(

X5$%1;*5?<(9-$#.$5.(,&S5$5&19<(#*#L9-$#.$5.(,&S5$5&19(ak7V<(1- 'b<(
$++,&'$-&*#

– ^15X*5%$#'1(&9(*X-1#(-155&S,1
– I JDD(S1#' 8%$5?(' 51$-19(NF(S69&#199(*S`1'-9(a;](G(X&1,.9b(X5*%(

$(=2/^(%199$P1(q7&-'81,,(1-($,O<(D)22^EFGr
s(NF<FFF('$,,9
s(N<KFF(*S`1'-9('51$-1.

– Q5$.&-&*#$,('*% +&,15(*+-&%&3$-&*#(;*6,.#E-(81,+(%6'8
– 2+-&%&3$-&*#($-($(8&P815(91%$#-&'(,101,('*6,.(S1(8&P8,"(+5*X&-$S,1
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>6-651(Q51#.9(t : $5.;$51

^5*'199*5(9+11.($ . 0$#'19(#*-($9(P51$-($9(&#(-81(+$9-(aY(uu(kZb

)*%+6-15($5'8&-1'-9(+5*0&.&#P(%6,-&'*51(%$'8&#19
– W&,,(51f6&51(9*X-; $51(-*(6- &,&31(-8191(519*65'1 9

– e*-(',1$ 5(&X(&-(;&,,('*#-5&S6-1(%*51(-8$#(&#(-81(+$9-(a"(Z(mb

Q869<(*#1(*X(-81(X*,,*; &#P(;&,,(8$++1#
– 2015$,,(+15X*5%$#'1(;&,,(.1',&#1

– A#'51$91(&#(9*X-;$51(9* +8&9-&'$-&*#(;&,,(9,*;(

– =*X-;$51(&%+,1%1#-$-&*#(;&,,(+&'?(6+(-81(9,$'?(a3(s(nb
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>6-651(Q51#.9(t : $5.;$51

^5*'199*5(9+11.($ . 0$#'19(#*-($9(P51$-($9(&#(-81(+$9-(aY(uu(kZb

)*%+6-15($5'8&-1'-9(+5*0&.&#P(%6,-&'*51(%$'8&#19
– W&,,(51f6&51(9*X-; $51(-*(6- &,&31(-8191(519*65'1 9

– e*-(',1$ 5(&X(&-(;&,,('*#-5&S6-1(%*51(-8$#(&#(-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)
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)*6591(26-,&#1

NOB$'?P5*6#.
W8"(9* X-;$51(* +-&%&3$-&*#(%$--159

Myths, terminology, and historical context
:*;(+5*P5$%9($51(1Y1'6-1.

JO D#P&#115&#P($(IAQ()*%+&,15

RO/.$+-&01(2+-&%&3$-&*#

KO>11.S$'?L!&51'-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9

TO=6%%&#P(U+($#.(V**?&#P(>*5;$5.
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W1,,L\#*;#(g>$'-9h

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

JO !"#$%&'(',$99(,*$.&#P (&9($(X6#.$%1#-$,(5*$.S,*'?(-*('5*99L%1-8*.(
*+-&%&3$-&*#

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

KO/(9-$-&'('*%+&,15(;&,,($,;$"9(+5*.6'1(S1--15('*.1(-8$ #($(."#$%&' ' *%+&,15

TOA#X5$9-56'-651(51f6&51%1#-9(9-&X,1(&##*0$-&*#(&#(-8&9(X&1,.

GO^5*.6'-&*#(479($0*&.('*%+,1Y(*+-&%&3$-&*#9<(X$0*5&#P(9-$S&,&-"(*015(
+15X*5%$#'1
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Q15%&#*,*P"

Virtual Machine aX*5(-8&9(-$,?b[($(9*X-;$51(1Y1'6-&*#(1#P&#1(X*5($(
+5*P5$%(;5&--1#(&#($(%$'8&#1L&#.1+1#.1#-(,$#P6$P1

– DYO<(I$0$(S"-1'*.19<()VA<(^$9'$,(+L'* .1<(=%$,,- $,?(0L'* .1

^5*P5$%(
V*$.15

Q851$.
='81.6,15

=1'65&-"
=150&'19

V&S5$5&1971%*5"
7$#$P1%1#-

C6#-&%1
=6++*5-

71'8$#&9%9

!"#$%&'(-"+1('81'?&#P
A#-5*9+1'-&*#<(1-'O

Q5$'&#P<
^5*X&,&#P<(1-'O
a1YO(I47^Ab

A#-15+51-15 )*%+&,15a9b /.$+-&01(2+-&%&3$-&*#(="9-1 %

47(vo(IAQ
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w6&'?(:&9-* 5"(*X(479

VA=^(A#-15+51-159(q7')$5-8"EjMr
– >&59-(;&.1,"(691. (47

– ^&*#1151.(47(9150&'19(

– %1%*5"(%$#$P1%1#-
– D0$,(Ls(."#$%&'(,*$.&#P

/.$+-&01(>*5 -5$#(q:$#91#EjKr
– >&59-(&#L.1+-8(1Y+,*5$-&*#(*X($. $+-&01(*+-&%&3$-&*#

– =1,1'-&01(*+-&%&3$-&*#<(%*.1,9<(%6,-&+,1(*+-&%&3$-&*#(,101,9<(*#,&#1(
+5*X&,&#P($#.('*#-5*,(9"9-1%9
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w6&'?(:&9-* 5"(*X(479

^$5'^,$'1(=%$ ,,-$,?(q!16-9'8_='8&XX%$#EMKr
– >&59-(%*.15#(47

– A#-5*.6'1.(X6,,LX,1 . P1(IAQ('* %+&,15<(&#,&#1('$'819<(#$-&01('*.1('$'819

– !1% *#9-5$-1.(9* X-;$51L* #,"(479(;151(0&$S,1

=1,X(q)8$%S159_U#P$5EdN<(:x,3,1_U#P$5EdKr
– !1 01,*+1.(%$#"($.0$#'1.(47(-1'8#&f619(

– A#-5*.6'1.(+*,"%*5+8&'(&#,&#1('$'819 <(*#L9-$'?(51+,$'1%1#-<(."#$%&'(.1L
*+-&%&3$-&*#<($.0$#'1.(91,1'-&01(*+-&%&3$-&*#<(-"+1(+51.&'-&*#($#.(
9+,&--&#P<(+5*X&,1L.&51'-1.(&#,&#&#P(&#-1P5$-1.(;&-8($.$+-&01 (51'*% +&,$-&*#

I$0$]I47(q@*9,& #P(1-($,O(ydGr
– >&59-(47(;&-8(%$&#9-51$%(%$5?1-(+1#1-5$-&*#

– I$0$(01#.*59(1 %S5$'1.($#.(&%+5*01. (=%$,,- $,?($#.(=1,X(-1 '8#*,*P"

– D#'*6 5$P1.(47($ . *+- &*#(S"(*- 8159(Ls()VC
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>1$-651.(479(&#(-8&9(Q$,?

=1,X(qyMGLEdKr
– =1,X(&9($(+651(22(,$#P6$P1

– =6++*5-9($#(&#-15$'-&01(.101,*+%1#-(1#0&5*#%1#-

– 76'8(*X(-81 (-1'8#*,*P"(;$9(-5$#9X1551.(-* (=6#E9(:*-=+* -(I47

AB7(!\(X*5(I$0$(qEdTLEFGr
– ^*5-(*X(=6#(),$99&'(I47(c(IAQ( c(@)($#.(9"#'8(1#8$#'1%1#-9(

– ) *%+,&$#-(I47

– W*5,.(',$99 (+15X*5%$#'1

I&?19(C47(aI$,$+1z*b(qEdjLr
– 47(X*5(I$0$<(;5&--1#(&#(a%*9-,"b(I$0$

– A#.1+1#.1#-,"(.101,*+1.( 47(c(@eU(), $99+$-8(,&S9

– 2+1#(9*6 5'1<(+*+6,$5(;&-8(5191$5'8159<(#*-($('*%+,&$#-(I47
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)*6591(26-,&#1(

NOB$'?P5*6#.
W8"(9* X-;$51(* +-&%&3$-&*#(%$--159

7"-8 9<(-15%&#*,*P"<($#.(8&9-*5&'$,('*#-1Y-

How programs are executed

JO D#P&#115&#P($(IAQ()*%+&,15

RO/.$+-&01(2+-&%&3$-&*#

KO>11.S$'?L!&51'-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9

TO=6%%&#P(U+($#.(V**?&#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$#(#$-&01('* .1 (1Y1'6-&*#

– ^*+6,$5($++5*$'8(X*5(8&P8L,101,(,$#P6$P19
t DYO<(/^V<(=e2B2V<(B)^V<(^15,<(^"-8*#<(7/QV/B

– U91X6,(X*5(%1%*5"L'8$,,1#P1.(1#0&5*#%1#-9

JO ),$99&'(`69-L&#L-&%1('*%+&,$-&*#
– )* %+&,1(1$'8(%1-8* . (-* (#$-&01('*.1 (*#(X&59-(&#0*'$-&*#

– DYO<(^$5'^,$'1(=%$,,-$,?LMF<(=1,XLdN
– A#&-&$,(8&P8(a-&%1(_(9+$'1b(*01581$.(X*5(1$'8('*%+&,$-&*#
– ^51',6.19(691 (*X(9*+8&9-&'$-1.( *+-&%&3$-&*#9(a1PO(==/<(1- 'Ob

Responsible for many of today�’s misconceptions
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A#-15+51-$-&*#(09O(a!"#$%&'b()*%+&,$-&*#
Example[(TFF(%1-8*.9
Assume: )*%+&,15(P&019(KY(9+11.6+<(S6-(8$9(JFY(*01581$.

F

JF

KF

GF

MF

NFF

NJF

A#-1+51-15 )* %+&,15

Q
&%

1

A#&-&$,(2 01581$. DY1' 6-&* #

F
TFF

NFFF
NTFF
JF FF
JT FF

A#-1+51-15 )* %+&,15

Q
&%

1

A#&-&$,(201581$. DY1' 6-&*#

DY1'6-&*#[(JF(-&%1(6#&-9 DY1'6-&*#[(JFFF(-&%1(6#&-9=8*5-(56##&#P[(A#-15+51-15(&9(S19-(((((((V*#P(56##&#P[('*%+&,$-&*#(&9(S19-
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=1,1'-&01(2+-&%&3$-&*#

:"+* -819&9[(%*9-(1Y1'6-&*#(&9(9+1#-(&#($(9%$,,(+'-O(*X(%1-8*. 9
– dF]NF(a*5(MF]JFb(56,1

A.1$[(691(-;*(1Y1'6-&*#(9-5$-1P&19
1. Unoptimized[((&#-15+51-15(*5(#*#L*+-&%&3&#P('*%+&,15

2. Optimized[((>6,,LX,1. P1.(*+- &%&3&#P('*%+ &,15

p =-5$-1P"
– U91(6#*+-&%&31.(1Y1'6-&* #(&#&-&$,,"(X*5($,,(%1-8*.9

– ^5*X&,1($++,&'$-&*#(-*(X&#.(g8*-h96S91-(*X(%1-8 *.9

– 2+-&%&31(-8&9(96S91-
– 2X-1 #(%$#"(-&%19
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2. Engineering a JIT Compiler
What is a JIT compiler?
)$91 (9-6.&19[(I&?19(C47<(AB7(!\(X*5(I$0$<(:*-=+* -

:&P8(,101,(,$#P6$P1L9+1'&X&'(*+-&%&3$-&*#9

47]IAQ(&#-15$'-&*#9

RO/.$+-&01(2+-&%&3$-&*#

KO>11.S$'?L!&51'-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9

TO=6%%&#P(U+($#.(V**?&#P(>*5;$5.
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W8$-(&9($(IAQ()*%+&,15Z

)*.1(P1#15$-&*#('*%+*#1#-(*X($(0&5-6$,(%$'8&#1

)*%+&,19(S"-1'* . 19(-*(&#L%1%*5"(S&#$5"(%$'8&#1('*.1
– =&%+,15(X5*#-L1#.($#.(S$'?L1#.(-8$#(-5$.&-&* #$,('*% +&,15

– e*-(519+*#9&S,1(X*5(9*65'1L,$#P6$P1(155*5(51+*5-&#P
– !*19#E-(8$01(-*(P1#15$-1(*S`1'-(X&,19(*5(51,*'$ -$S,1('*.1

)*%+&,$-&*#(&9(&#-159+1591.(;&-8(+5*P5$%(1Y1'6-&*#
– )* %+&,$-&*#(-&%1($#.(9+$'1('*#96% +-&*#($51(015"(&%+*5-$#-

)*%+&,1(+5*P5$%(&#'51%1#-$,,"{(6#&-(*X('*%+&,$-&*#(&9($(%1-8*.
– IAQ(%$"(#1015(911(-81(1#-&51(+5*P5$%

– 7 69-(%*. &X" (-5$. &-&*#$,(#*- &*#9(*X(Â /(a A#-15+5*'1. 65$,(/# $," 9&9b
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!19&P#(C1f6&51%1#-9

:&P8(+15X*5%$#'1(a*X(1Y1'6-&#P($++,&'$-&*#b
– @1#15$-1(g51$9*#$S,1h' * .1 ($-(g51$9*#$S,1h'*% +&,1(-&%1('*9-9

– =1,1'-&01(*+-&%&3$-&*#(1#$S,19(%6,-&+,1(.19&P#(+*&#-9

!1+,*"1.(*#(+5*.6'-&*#(9150159( C/=
– C1,&$S&,&-"<(/0$&,$S&,&-"<(=150&'1$S&,&-"

– >$'&,&-&19(X*5(,*PP&#P($#.(51+,$"&#P('*%+&,$-&*#($'-&0&-"

Q1#9&*#(S1-;11#(8&P8(+15X*5%$#'1($#.(C/=(51f6&51%1#-9
– D9+1'&$,,"(&#(-81(+5191#'1(*X(a9$%+,&#PLS$91.b(X11. S$'?L.&51'-1.(* +-9

– =*(X$5<($(S&$9(-*(+15X*5%$#'1($-(-81 (1Y+1#91(*X(C/=<(S6-(-8$-(&9'8$#P&#P(
$9(47(-1'8#*,* P"(%$-6519

– 2P$-* (1-($,O<(22^=V/EFG(.&9'699(-8&9(&9961
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=-56'-651(*X($(IAQ()*%+&,15

S"-1'*.1

)*%%*#
2+-&%&315

7$'8&#1
!1+1#.1#-

7$'8&#1
!1+1#.1#-

A/RJ(S&#$5" ^^)]RJ(S&#$5"

>5*#-L1#.
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NOB$'?P5*6#.

JO D#P&#115&#P($(IAQ()*%+&,15
W8$-(&9($(IAQ('*% +&,15Z

Case studies: Jikes RVM, IBM DK for Java, HotSpot
:&P8(,101,(,$#P6$P1L9+1'&X&'(*+-&%&3$-&*#9

47]IAQ(&#-15$'-&*#9

RO/.$+-&01(2+-&%&3$-&*#

KO>11.S$'?L!&51'-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9

TO=6%%&#P(U+($#.(V**?&#P(>*5;$5.
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)$91(=-6."(N[(I&?19(C47( q>&#?(1-($,O<(22^=V/EFJ(-6-*5&$,r

I$0$(S"-1'* .1 9( A/RJ<(^^)]RJ

R(,101,9(*X(A#-15%1.&$-1(C1+5191#-$-&*#(aACb

– C1P&9-15LS$91.{()>@(*X(1Y-1#.1.(S$9&'(S,*'?9

– :AC[(*+15 $-*59(9&%&,$5(-*(I$0$(S"-1'*.1

– VAC[(1Y+$#.9('*%+,1Y (*+15$- *59<(1Y+*919(56#-&%1(9" 9-1%(&%+,1%1#-$-&*#(
.1-$&,9(a*S`1'-(%*.1,<(%1%*5" (%$#$P1%1#-b

– 7AC[(-$5P1-L9+1'&X&'<(015"(',*91(-* (-$5P1-(&#9-56'-&*#(91-

76,-&+,1(*+-&%&3$-&*#(,101,9

– =6&-1(*X(',$ 99&'$ ,(*+- &%&3$-&*#9($#.(9*%1(I $0$L9+1'&X&'(*+- &%&3$-&*#9

– 2+-&%&315(+51915019($#.(1Y+,*&-9(I$0$(9-$-&'(-"+1 9($,,(-81(;$"(-85*6P8(7AC

– 7$#"(* +-&%&3$-&*#9($51(P6&.1.(S"(+5*X&,1L.15&01.(S5$#'8(+5*S$S&,&-&19
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I&?19(C47(2+-(V101,(F

2#L-81LX,"(aS"-1'*.1( ACb
– '*#9-$#-<(-"+1 ($#.(#* #L#6,,(+5*+$P$-&*#<('*#9-$#-(X*,.&#P<(S5$#'8(

*+-&%&3$-&*#9<(X&1,.($#$,"9&9<(6#51$'8$S,1('*.1(1,&%&#$-&*#
BUC=LS$91.(&#9-56'-&*#(91,1'-&*#
V&#1$5(9'$#(51P&9-15($,,*'$-&*#

A#,&#1(-5&0&$,(%1-8*.9(a%1-8*.9(9%$,,15(-8$#($('$,,&#P(91f61#'1b
V*'$,(51.6#.$ #'"(1,&%&#$-&*#(a)=D<(,*$.9<(1Y'1+-&*#('81'?9b
V*'$,('*+"($#.('*#9-$#-(+5*+$P$-&*#{('*#9-$#-(X*,.&#P
=&%+,1('*#-5*,(X,*;(*+-&%&3$-&*#9

– =-$-&'(9+,&--&#P<(-$&,(51'659&*#(1,&%&#$-&*#<(+11+8*,1(S5$#'8(* +-9
=&%+,1('*.1(51*5.15&#P
='$,$5(51+,$'1%1#-(* X($PP51P$-19(_(98*5-($55$"9
2#1(+$99(*X(P,*S$,<(X,*;L&#91#9&-&01('*+"($#.('*#9-$#-(
+5*+$P$-&*#($#.(.1$.($99&P#%1#-(1,&%&#$-&*#
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I&?19(C47(2+-(V101,(N

76'8(%*51($ PP5199&01(&#,&#&#P(
– V$5P15(9+$'1(-85198*,.9<(+5*X&,1L.&51'-1.

– =+1'6,$-&01():/(a51'*015(0&$(+511Y&9-1#'1($#.(2=Cb

C6#9(%6,-&+,1(+$9919(*X(%$#"(,101,(F(*+-&%&3$-&*#9
7*51(9*+8&9-&'$-1.('* .1(51*5.15&#P($,P*5&-8%(q^1--&9_:$#91#r

2015(-&%1(%$#"(*+-&%&3$-&*#9(98&X-1.(X5*%(,101,(N(-*(,101,(F
/PP5199&01(&#,&#&#P(&9('6551#-,"(-81(+5&%$5"(.&XX151#'1(S1-;11#(
,101,(F($#.(,101,(N
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V**+(#*5%$,&3$-&*#<(+11,&#P(_(6#5*,,&#P

='$,$5(==/
– )*#9-$#-(_(-"+1(+5*+$P$-&*#

– @,*S$,(0$,61(#6%S159

– @,*S$,()=D

– C1.6#.$#-('*#.&-&* #$,(S5$#'8(1,&%&#$-&*#

:1$+(/55$"(==/
– V*$.]9-*51(1,&%&#$-&*#

– @,*S$,('*.1(+,$'1%1#-(a^CD]VA)7b
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)$91(=-6."(R[(:*-=+*-(=15015(IAQ( q^$,1'3#"(1-($,O(EFNr

:*-=+*-(=15015('*%+&,15
– ) ,&1#-('*%+ &,15(&9(9&%+,15{(9%$,,(91-(*X(*+-9 (S6-(X$9-15('*%+&,1 -&%1

I$0$(S"-1'*.19( =^/C)<(A/RJ

DY-1#9&01(691(*X(2#(=-$'?(C1+,$'1%1#-
– =6++*5-9($(0$5&1-"(*X(9+1'6,$- &01(*+-&%&3$-&*#9(a%*51(,$-15b

– A#-1P5$,(+$5-(*X(IAQE9(.1 9&P#

2X(-81(R(9"9-1%9<(-81(%*9-(,&?1($#($.0$#'1.(9-$-&'(*+-&%&315
– ==/LX*5%($#.(81$0"(*+-&%&3$-&*#

– !19&P#($996%19(91,1'-&01(*+-&%&3$-&*#(ag:*-=+*-hb
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:*-=+*-(=15015(IAQ

4&5-6$,,"($,,(*+-&%&3$-&*#9(.*#1(*#(==/LS$91.(91$L*XL#*.19
– @,*S$,(0$,61(#6%S15&#P<(9+$591('*#.&-&*#$,('*#9-$#-(+5*+$P$-&*#<

– >$9-]=,*;(+$-8(91+$5$-&* #

– A#9-56' -&*#(91,1'-&*#

– @,*S$,('*.1(%*-&*#(q),&'?(EdTr

@5$+8('*,*5&#P(51P&9-15($,,*'$-&*#(;&-8(,&01(5$#P1(9+,&--&#P
– /++ 5*Y(TFl (*X('*%+ &,1(-&%1(aS6- (%6'8(%*51(-8$#(`69-($,,*'$-&*#b

– 26-L *XL==/(-5$#9X*5%$-&*#<(@) (%$+9<(2=C(96++*5-<(1- 'O
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NOB$'?P5*6#.

JO D#P&#115&#P($(IAQ()*%+&,15

3. Adaptive Optimization
Selective Optimization
!1 9&P#[(+5*X&,&#P($#.(51'*%+&,$-&*#

)$91 (9-6.&19[(I&?19(C47($#.(AB7(!\(X*5(I$0$

U#.159-$#.&#P(9"9-1%(S18$0&*5

2-815(&99619

KO>11.S$'?L!&51'-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9

TO=6%%&#P(U+($#.(V**?&#P(>*5;$5.
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=1,1'-&01(2+-&%&3$-&*#

:"+* -819&9[(%*9-(1Y1'6-&*#(&9(9+1#-(&#($(9%$,,(+'-O(*X(%1-8*. 9
– dF]NF(a*5(MF]JFb(56,1

A.1$[(691(-;*(1Y1'6-&*#(9-5$-1P&19
1. Unoptimized[((&#-15+51-15(*5(#*#L*+-&%&3&#P('*%+&,15

2. Optimized[((>6,,LX,1. P1.(*+- &%&3&#P('*%+ &,15

p =-5$-1P"
– U91(6#*+-&%&31.(1Y1'6-&* #(&#&-&$,,"(X*5($,,(%1-8*.9

– ^5*X&,1($++,&'$-&*#(-*(X&#.(g8*-h96S91-(*X(%1-8 *.9

– 2+-&%&31(-8&9(96S91-
– 2X-1 #(%$#"(-&%19
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=1,1'-&01(2+-&%&3$-&*#(DY$%+,19

/.$+-&01(>*5-5$#[(&#-15+51-15(c(J('*%+&,159

=1,XEdR[(#*#L*+-&%&3&#P(c(*+-&%&3&#P('*%+&,159

I479
– A#-15+51-15(c('*%+&,159[(=6#E9(:*-=+*-<(AB7(!\(X*5(I$0$<(AB7E9(Id

– 76,-&+,1('*% +&,159[(I&?19(C47<(A#-1,E9(I6.*] 2 C^<(BD/E9(IC*'?&-

)VC
– *#,"(N(56#-&%1('*%+&,15<(&O1O<($(',$99&'(IAQ

– B6-<($,9*(691($81$.L* XL-&%1(a/2Qb('* %+&,$-&*#(ae@Deb
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I&?19(C47<(q/5#*,.(1-($,O<QC(e*0EFKr
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@1*%1-5&'(%1$#(*X(NJ(S1#'8%$5?9
56#(;&-8(J(.&XX151#-(9&31(&#+6-9

a=^D)`0%dM<(=^D)`SSJFFF<(1-'Ob

@1*%1-5&'(%1$#(*X(d(S1#'8%$5?9
B19-(*X(JF(&-15$-&*#9<(.1X$6,-]S&P(&#+6-9

a=^D)`0%dM<(=^D)`SSJFFF<(&+9&Yf, b
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=1,1'-&01(2+-&%&3$-&*#(DXX1'-&01#199[(
I&?19(C47<(q/5#*,.(1-($,O<QC(e*0EFKr
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@1*%1-5&'(%1$#(*X(NJ(S1#'8%$5?9
56#(;&-8(J(.&XX151#-(9&31(&#+6-9

a=^D)`0%dM<(=^D)`SSJFFF<(1-'Ob

@1*%1-5&'(%1$#(*X(d(S1#'8%$5?9
B19-(*X(JF(&-15$-&*#9<(.1X$6,-]S&P(&#+6-9

a=^D)`0%dM<(=^D)`SSJFFF<(&+9&Yf,b
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!19&P#&#P($#(/.$+-&01(2+-&%&3$-&*#(="9-1%

W8$-(&9(-81(9"9-1%($5'8&-1'-651(X*5(&%+,1%1#-&#P(91,1'-&01(
*+-&%&3$-&*#Z

W8$-(&9(-81(%1'8$#&9%(a+5*X&,&#Pb($#.(+*,&'"(X*5(.5&0&#P(
51'*%+&,$-&*#Z

:* ;(1XX1'-&01($51(1Y&9-&#P(9"9-1%9Z
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)*6591(26-,&#1(

NOB$'?P5*6#.

JO D#P&#115&#P($(IAQ()*%+&,15

RO/.$+-&01(2+-&%&3$-&*#
=1,1'-&01(*+-&%&3$-&*#

Design: profiling and recompilation
)$91 (9-6.&19[(I&?19(C47($#.(AB7(!\(X*5(I$0$

U#.159-$#.&#P(9"9-1%(S18$0&*5

2-815(&99619

KO>11.S$'?L!&51'-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9

TO=6%%&#P(U+($#.(V**?&#P(>*5;$5.
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)*6#-159

)$,,(=-$'?(=$%+,&#P

)*%S&#$-&*#9
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:*;(-*(>&#.()$#.&.$-19(X*5(2+-&%&3$-&*#[()*6#-159

A#915-(%1-8*. L9+1'&X&'('*6#-15(*#(%1-8*. (1#-5"($#.(,**+(S$'?(1.P1
)*6#-9(8*;(* X-1#($(%1-8* . (&9('$,,1.

– $++5*Y&%$-19(8* ;(%6'8(-&% 1(&9(9+1#-(&#($(%1-8*.

415"(+*+6,$5($++5*$'8[(=1,X<(:*-=+* -
A99619[(*01581$. (X*5(&#'51%1#-&#P('*6#-15('$#(S1(9&P#&X&'$#-

– e*-(+5191#-(&#(*+-&%&31.('*.1

foo ( … ) {
fooCounter++;
if (fooCounter > Threshold) {

recompile( … );
}
. . . 

}
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:*;(-*(>&#.()$#.&.$-19(X*5(2+-&%&3$-&*#[()$,,(=-$'?(=$%+,&#P

^15&*.&'$,,"(51'*5.(;8&'8(%1-8* . a9b($51(*#(-81('$,,(9-$'?
/++5*Y&%$-19($%*6#-(*X(-&%1(9+1#-(&#(1$'8(%1-8*.
!*19(#*-(#1'199$5&,"(#11.(-*(S1('*%+&,1.(&#-*(-81('* .1

– DYO(I&?19(C47<(IC*'?1-

A99619[(-&%15LS$91.(9$%+,&#P(&9(#*-(.1-15%&#&9-&'
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^15&*.&'$,,"(51'*5.(;8&'8(%1-8* . a9b($51(*#(-81('$,,(9-$'?
/++5*Y&%$-19($%*6#-(*X(-&%1(9+1#-(&#(1$'8(%1-8*.
!*19(#*-(#1'199$5&,"(#11.(-*(S1('*%+&,1.(&#-*(-81('* .1

– DYO(I&?19(C47<(IC*'?1-

A99619[(-&%15LS$91.(9$%+,&#P(&9(#*-(.1-15%&#&9-&'

/
B

/
B

/
B
)

/ /
B
)

/
B
)

... ...

=$%+,1
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:*;(-*(>&#.()$#.&.$-19(X*5(2+-&%&3$-&*#

)*%S&#$-&*#9
– U91('*6#-159(&#&-&$,,"($#.(9$%+,&#P(,$-15(*#

– DYb(AB7(!\ (X*5(I$0$<(Id

foo ( … ) {
fooCounter++;
if (fooCounter > Threshold) {

recompile( … );
}
. . . 

}

/
B
)
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C1'*%+&,$-&*#(^*,&'&19[(W8&'8()$#.&.$-19(-*(2+-&%&31Z

^5*S,1%[(P&01#(*+-&%&3$-&*#('$#.&.$-1 9<(;8&'8(* #19(98*6,.(S1 (*+-&%&31.Z

)*6#-159
NO2+-&%&31(%1-8* . (-8$-(965+$9919(-85198*,.

– =&%+,1<(S6-(8$5.(-*(-6#1<(.*19#E-('*#9&.15('*#-1Y-
JO 2+-&%&31(%1-8* . (*#(-81 ('$,,(9-$'?(S$ 91.(*#(&#,&#&#P(+*,&'&19(a=1,X<(

:* -=+* -b

– /..519919('*#-1Y-(&9961

)$,,(=-$'?(=$%+,&#P
NO2 +-&%&31($,,(%1-8* . 9(-8$-($51(9$%+,1.

=&%+,1<(S6- (. *19#E-('*#9 &.15(X51f 61#' " (*X(9$%+,1.(%1- 8*.9
JO U91()* 9-]S1#1X&-(%*.1,(aI&?19(C47b

– =11%&#P,"('*%+,&'$-1.<(S6-(1$9"(-*(1#P&#115
– 7$&#-1#$#'1(X511
– e$-65$,,"(96++* 5-9(%6,-&+,1(*+-&%&3$-&*#(,101,9
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)*6591(26-,&#1

NOB$'?P5*6#.

JO D#P&#115&#P($(IAQ()*%+&,15

RO/.$+-&01(2+-&%&3$-&*#

4. Feedback-Directed and Speculative Optimizations
Gathering profile information
DY+,*&-&#P(+5*X&,1(&#X*5%$-&*#(&#($(IAQ

>11.S$'?L.&51'-1.(* +-&%&3$-&*#9

/PP5199&01(9+1'6,$-&*#($#.(&#0$,&.$-&*#

DY+,*&-&#P(+5*X&,1(&#X*5%$-&*#(&#($(47

TO=6%%&#P(U+($#.(V**?&#P(>*5;$5.
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>11.S$'?L!&51'-1.(2+-&%&3$-&*#(a>!2b

DY+,*&-(&#X*5%$-&*#(P$-8151.($-( 56#-&%1(-* (*+-&%&31(1Y1'6-&*#
– g91,1'-&01(*+-&%&3$-&*#h[(what -* (*+-&%&31

– g>!2h [ how -* (*+-&%&31
– =&%&,$5(-*(*XX,&#1(+5*X&,1LP6&.1.(* +-&%&3$-&*#
– 2#,"(51f6&519(N(56#v

/.0$#-$P19(*X(>!2(q=% &-8EFFr
– )$#(1Y+,*&-(."#$%&'(&#X*5%$-&*#(-8$-(' $##*-(S1(&#X1551.(9-$-&'$,,"

– ="9-1%('$#('8$ #P1($#.(51015-(.1 '&9&*#9(;81#('*#.&-&*#9('8$#P1
– C6#-&%1(S&#.&#P(8$9($.0$#-$P19

^15X*5%1.(&#(%$#"(9"9-1%9
– DP<(I&?19(C47<(NFl(&%+5*01%1#-(69&#P(>!2

– U9&#P(S$9&'(S,*' ?(X51f61#'&19($#.('$,,(1.P1 (+5*X&,19

7$#"(* ++*5-6#&-&19(-*(691(+5*X&,1(&#X*(.6 5&#P(0$5&*69('*%+&,15(+8$919
– /,%*9-($#"(8165&9-&'LS$91.(.1 '&9&*#('$#(S1(&#X*5%1.(S"(+5*X&,1(.$-$

– A#,&#&#P<('*.1(,$"*6-<(%6,-&0159&*#&#P<(51P&9-15($,,*'$-&*#<(P,*S$,(
'*.1 (%* -&*#<(1Y'1+-&*#(8$#.,&#P(*+-&%&3$-&*#9<(,**+(6#5*,,&#P<(
9+1'6,$-&01(9-$' ?($,,*'$ -&*#<(9*X-;$51(+51X1-'8&#P
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A99619(&#(@$-815&#P(^5*X&,1(!$-$

NOW8$-(.$ -$(.*("*6('*,,1'-Z

JO :*;(.*("*6('*,,1'-(&-Z

ROW81#(.*("*6('*,,1'-(&-Z
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A9961(N[(W8$-(.$-$(.*("*6('*,,1'-Z

W8$-(.$ -$(.*("*6('*,,1'-Z(

– B5$#'8(*6-'* %19

– +$5$%1-15(0$,619(

– ,*$.9($#.(9-*519(

– 1-'O

201581$. (&99619

– '*9-(-* ('*,,1'-<(9-*51<($#.(691(.$ -$
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A9961(J[(:*;(.*("*6('*,,1'-(-81(.$-$Z

^5*P5$%&#9-56%1#-$-&*#
– 1OPO(S$9&'(S,*'?('*6#-159<(0$,61(+5*X&,&#P

=$%+,&#PqW8$,1"<(I$0$@5$#.1EFF{(/5#*,._=;1 1#1" QCEFF{(/5#* ,._ @5*01<()@2EFT{(n86$#P1-($,O(^V!AEFGr

– 1OPO(9$%+,1(%1-8*.(56##&#P<('$,,(9-$'?($-('*#-1Y-(9;&-'8(

:"S5&. [(q/ 5#* ,. _C".15<(^V!AEFNr

– '*%S&#1(9$%+,&#P($#.(&#9-56%1#-$-&*#

C6#-&%1 9150&'1%*#&-*59
q!16-9'8_ = '8&XX%$#<(^2^VEMK<:x,3,1(1-($,O<(D)22 ^EdN{(\$;$'8&"$ 1-($,O<(22^=V/EFJ{(I*#19_V&#9EdGr

– 1OPO(.&9+$-'8(-$S,19<(9"#'85*#&3$-&*#(9150&'19<(@)

:$5.; $51 +15X*5%$#'1 %*#&-*59[(q/%%*#9 1-($,O(^V!AEdj{(/.,L Q$S$-$S$&(1-($,O<(^V!AEFKr

– 1OPO(.5&01(91,1'-&01(*+-&%&3$-&*#<(96PP19-(,*'$,&-"(&%+5*01%1#-9
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A9961(R[(W81#(.*("*6('*,,1'-(-81(.$-$Z

W81#(.*("*6('*,,1'-(-81(.$ -$Z

– !65&#P(.&XX151#-(1Y1'6-&*#(%*.19(a&#-15+51-15(*5(IAQb

– 1OPO(^5*X&,1(S5$#'819(.65&#P(&#-15+1-$-&*#
– 1OPO(/..(&#9-56%1#-$-&*#(.65&#P(1Y1'6-&*#(*X(IAQ1.

'*.1

– !65&#P(.&XX151#-($++,&'$-&*#(+8$919(a1$5,"<(9-1$."(9-$-1<(
1-'Ob

– ^5*X&,1(.65&#P(&#&-&$,(1Y1'6-&*#(-*(691(.65&#P(9-1$."(
9-$-1(1Y1'6-&*#

– ^5*X&,1(.65&#P(9-1$."(9-$-1(-*(+51.&'-(9-1$ ."(9-$ -1

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

7*9-(479(+15X*5%(+5*X&,&#P(.65&#P(&#&-&$,(1Y1'6-&*#(
a&#-15+51-$-&*#(*5(&#&-&$,('*%+&,15b

– D$9"(-*(&%+,1%1#-

– V*;L*01581$.(a'*%+$51.(- * (6#*+-&%&31.('*.1b

– Q"+&'$,,"(S5$#'8(+5*X&,19($51(P$-8151.

– V1$.9(-*(#* #-5&0&$,(>!2(&%+5*01%1#-9

– NFl (X*5(I&?19(C47

)$,,(9-$'?(9$%+,&#P('$#(S1(691.(X*5(*+-&%&31.('*.1
– V*;(*01581$.

– V&%&-1.(+5*X&,1(&#X*5%$-&*#

=*%1(479($,9*(+5*X&,1(*+-&%&31.(%1-8*.9(69&#P(&#9-56%1#-$-&*#
– V1015$P19(91,1'-&01(*+-&%&3$-&*#(9-5$-1P"

– )8$,,1#P1(&9(-*(?11+(*01581$.(,*;(a 911(#1Y-(J(9,&.19b
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AB7(!\(^5*X&,15(q=6P$#6%$(1-($,(EFN<EFJr
=$%+,&#P

– U91. (-* (&.1#-&X"($,51$."('*% +&,1.(%1-8*.9(X*5(51L*+-&%&3$-&*#
!"#$%&'(&#9-56%1#-$-&*#

NO^$-'8( 1#-5"(-* ($(%1-8* . (;&-8 (`6%+(-*(&#9-56%1#-1.(0159&*#

JO C6#(6#-&,(-85198*,.

– Q&%1(S*6#.
– !1 9&51.(f6$#-&-"(*X(.$-$('*,,1'-1 .

ROU#.*(+$-'8

sub esp, 50
mov [esp-50], ebx

mov [esp-50], ebx

mov [esp-50], ebx

BE9('*%+&,1.('*.1BE9
A#9-56%1#-1.

'*.1

jmp instr_code
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/5#*,.LC".15(q ^V!A(F Nr[(>6,,(!6+,&'$-&*#(^5*X&,&#P

F u ll -D u p l ic a t io n  F r a m e w o r k

D u p l ic a te d  C o d eC h e c k in g  C o d e

M e th o d  E n try

C h e c k s

E n tr y
B a c k e d g e s

C h e c k
P la c e m e n t

e*(+$ -'8&#P{(&#9-1$.(P1#15$-1(-;*('*+&19(*X($(%1-8* .
pDY1'6-1(gX$9-(+$-8h%*9-(* X(-81(-&%1
pI6%+(-*(g9,*;(+$-8h * ''$9&*#$,,"(-*('*,,1'-(+5*X&,1
p!1%*#9-5$-1.(,*;(*01581$ . <(8&P8($''65$'"
pU91.(S"(Id($#.(*-815(5191$5'8159
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)*6591(26-,&#1

NOB$'?P5*6#.

JO D#P&#115&#P($(IAQ()*%+&,15

RO/.$+-&01(2+-&%&3$-&*#

KO>11.S$'?L!&51'-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9
@$-815&#P(+5*X&,1(&#X*5%$-&*#

Exploiting profile information in a JIT
>11.S$'?L.&51'-1.(* +-&%&3$-&*#9(agR$hb

/PP5199&01(9+1'6,$-&*#($#.(&#0$,&.$-&*#(agRShb

DY+,*&-&#P(+5*X&,1(&#X*5%$-&*#(&#($(47

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

NO/81$.(*X(-&%1(*+-&%&3$-&*#
– A-(&9(#1015(&#'*551'-<(+5*01(X*5(1015"(1Y1'6-&*#

JOC6#-&%1(9-$-&'(*+-&%&3$-&*#
– W&,,(#*-(51f6&51(&#0$,&.$-&*#

DYO(&#,&#&#P(*X(X&#$,(*5(9-$-&' (%1-8*.9

RO=+1'6,$-&01(*+-&%&3$-&*#9
^5*X&,1<(9+1'6,$-1 <(&#0$,&.$-1(&X(#11.1.

Q;*(X,$0*59[
$b Q561(#*;<(S6-(%$"('8$ #P1

DYO(',$99(8&15$5'8"($#$,"9&9LS$91.(&#,&#&#P

Sb Q561(%*9-(* X(-81(-&%1<(S6-(#*-($,;$"9
DYO(9+1' 6,$-&01(&#,&#&#P(;&-8(&#0$,&.$-&*#(%1'8$#&9%9

)6551#-(9"9-1%9(+15X*5%(J(_(R$<(S6-(#*-(%6'8(*X(RS
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)*%%*#(>!2(Q1'8#&f619

)*%+&,15(*+-&%&3$-&*#9
– A#,&#&#P

– )* .1 (V$"*6-

– 76,-&0159&*#&#P

– ^*-+*655&

C6#-&%1(9"9-1%(*+-&%&3$-&*#9
– )$'8&#P

– =+1'6,$-&01(%1-$L.$-$(51+5191#-$-&*#9

– @)(/''1,15$-&*#

– V*'$,&-"(* +-&%&3$-&*#9
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>6,,"(/6-*%$-&'(^5*X&,1L!&51'-1.(A#,&#&#P
DY$%+,1[(=DV>LdR(q:x ,3,1_U#P$5EdKr

– ^5*X&,1L.&51'-1.(&#,&#&#P(&#-1P5$-1.(;&-8 (9$%+,&#PLS$91.(
51'*%+&,$-&*#

– W81#(9$%+,&#P('*6#-15(-5&PP151.<('5$ ; ,(6+('$,,(9-$'?(-*(X&#.(g5**-h
%1-8* . (*X(&#,&#1(91f61#'1

/

j

RFF

B

)

dFF

!

NFFF

p!(-5&+9('*6#-15(-85198*,.
p)5$;,(6+(9-$'?<(1Y$%&#1('*6#-159
pC1'*%+&,1(B $#.(&#,&#1()($#.(!
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>6,,"(/6-*%$-&'(^5*X&,1L!&51'-1.(A#,&#&#P

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

/,;$"9(&#,&#1(g-&#"h%1-8*.9(a1OPO(P1--159b
U91(."#$%&'(&#9-56%1#-$-&*#(-*('*,,1'-('$,,(9&-1(.&9-5&S6-&*#

– !1 -15%&#1(-81(%*9-(X51f61#-,"('$,,1.(9&-1 9(&#(g8*-h%1-8* .9

)*#9-56'-9(+$ 5-&$,(."#$%&'('$,,(P5$+8(*X(g8*-h' $,,(1.P19
A#,&#&#P(.$-$S$91(-*($0*&.(+15X*5%$#'1(+15-65S$-&*#

DY+15&%1#-$,('*#',69&*#
– 691(9-$-&'(8165&9-&'9(*#," (X*5(9%$,,(9&31(%1-8*.9

– &#,&#1(%1.&6%L $#.(S&PP15(*#,"(S$91.(*#(+5*X&,1(.$-$
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A#,&#&#P(Q5&$,9(&#(=DV>(q!1$#($#.()8$%S159(dKr

^5*S,1%[ D9-&%$-&#P(&#,&#&#P(1XX1'-(*#(*+-&%&3$-&*#(&9(8$5.(
– 7$"(S1(.19&5$S,1(-* ('69-* %&31(&#,&#&#P(8165&9-&'(S$91.(*#(.$-$(X,*;(1XX1'-

=*,6-&*#[ gD%+&5&'$,h*+-&%&3$-&*#

)*%+&,15(-1#-$-&01,"(&#,&#19($('$,,(9&-1
=6S91f61#-,"(%*#&-*59('*%+&,15(-5$#9X*5%$-&*#9(-*(f6$#-&X"(1XX1'-(*#(
*+-&%&3$-&*#
>6-651(&#,&#&#P(.1'&9&*#9(S$91.(*#(+$9-(1XX1'-9
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)*.1(+*9&-&*#&#P
/5'81-"+1[(^1--&9($#.(:$#91#(q^V!A(dFr
D$9"($#.(+5*X&-$S,1[(1%+,*"1.(&#(%*9-(a$,,Zb(+5*.6'-&*#(479
="#15P"(;&-8(-5$'1(9'81.6,&#P(q1PO(=-$5LIAQ]2C^r

/

B )

D

!

>

jFF

J

KT

J

NFF

NFFjFF

/

B

!

>

)

D

FY'FFFFFFF

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

)*%+&,15(P1#15$-19(%6,-&+,1(&%+,1%1#-$-&*#9(*X($('*.1(
91f61#'1

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

=-$-&' 76,-&0159&*#&#P
– /,,(+* 99&S,1(&%+,1%1#-$-&*#9(P1#15$-1.(S1X*518$#.

– )$#(S1(.* #1(S"(9-$-&'('*% +&,15

– >!2[(2X-1#(.5&01#(S"(+5*X&,1L.$-$

!"#$%&' 76,-&0159&*#&#P
– 76,-&+,1(&%+,1%1#-$-&*#9(P1#15$-1.(* #L-81LX,"(

– C1f6&519(56#-&%1('* .1 (P1#15$-&*#
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=-$-&'(76,-&0159&*#&#P(DY$%+,1
@6$5.1.(&#,&#&#P(X*5($(0&5-6$,(%1-8*.(;](."#$%&'(-19-
^5*X&,1(.$-$(&#.&'$-19(%*9-,"(%*#*%*5+8&'('$,,(9&-19
e* -1(-8$-(.* ;#9-51$%(%15P1(+*,,6-19(X*5;$5.(.$ -$X,*;

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

&#,&#1.(X** E &#0*?10&5-6$,(X**&#0*?10&5-6$,(X**
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=-$-&'(76,-&0159&*#&#P(;&-8(2#L=-$'?(C1+,$'1%1#-(q=DV><(:*-=+*-<(I &?19(C47r

@6$5.1.(&#,&#&#P(X*5($(0&5-6$,(%1-8* . (;](+$-'8(+*&#-(_(2=C
– ^$-'8(#*L*+(;81#(',$99(8&15$ 5'8"('8$# P19

– @1#15$-1(51'*015"('*.1($-(56#-&%1(a%*51(,$-15b
e*(.*;#9-51$%(%15P1(Ls(S1--15(X*5;$ 5.(.$-$X,*;

e*L*+

&#,&#1.(X** E Q5&PP15(2=C&#0*?10&5-6$,(X**
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!"#$%&'(76,-&0159&*#&#P[()69-*%&3$-&*#(&#(=DV>

@1#15$-1(#1;('*%+&,1.(0159&*#(*X($(%1-8*.(X*5(1$'8(+*99&S,1(51'1&015(
',$99(*#(X&59-(&#0*'$-&*#(;&-8(-8$-(51'1&015

7*9-,"(-$5P1-1.(-*(1,&%&#$-&#P(0&5-6$,(.&9+$-'8(*01581$.
– \#*;(+51'&91(-"+1(X*5(y91, XEa-8&9b(;81#('*%+&,&#P

W*5?9(;1,,(X*5(9%$,,(+5*P5$%9<(9'$,$S&,&-"(+5*S,1%9
– e$|01 ($++5*$'8(1 01#-6$,,"($S$#.*#1 .

– =1,1'-&01(+5*X&,1LP6&.1.($,P*5&-8%(,$-15(.1 01,*+1.(&#(4*5-1Y(q!1$#(1 - ($,O(ydTr
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AB7(!\(X*5(I$0$(;&-8(>!2( q=6P$#6%$(1-($,O(EFNr

    1s t L eve l
C o m p iled  C o d e

      2n d  L eve l
C o m p iled  C o d e

M ixed  M o d e  
In terp re te r

H o t M eth o d
  S am p lin g

D e ta iled  V a lu e
    S a m p lin g

    3 rd  L eve l
C o m p iled  C o d e

D yn am ic  C o m p ile r

P ro filin g  S ys te m

Q u ick  O p t
C o m p ile r

  S am p lin g    
P ro file r

In stru m en tin g
P ro file r

F u ll O p t
C o m p ile r

S p ec ia l O p t
C o m p ile r

  M M I 
P ro file r

B yteC o d e

In vo c a tio n  F re q u en c y
L o o p  Ite ra tio n

77A(a7&Y1.(7*.1(A#-15+51-15b
– >$9-(&#-15+51-15(&%+,1%1#-1.(&#($991%S,15(

w6&'?('*%+&,$-&*#
– C1.6'1.(91-(*X(*+-&%&3$-&*#9

>6,,('*% +&,$-&*#
– >6,,(*+-&%&3$-&*#9(X*5(91,1'-1.(8*-(%1-8*.9

Special compilation
– Code specialization based on value profiling
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=+1'&$,&3$-&*#[(AB7(!\( q=6P$#6%$(1-($,O(yFNr

>*5(8*-(%1- 8*.9<('*%+&,15(+15X*5%9(
�“impact analysis�” -* (10$,6$-1(+* -1#-&$,(
9+1'&$,&3$-&*#9

–^$5$%1-159($#.(9-$-&'9

>*5(.19&5$S,1(9+1'&$,&3$-&*#9<('*%+&,15(
."#$%&'$,,"(&#9-$,,9(&#9-56%1#-$-&*#(X*5(
0$,61(+5*X&,&#P

B$91.(* #(0$,61(+5*X&,1<('*% +&,15(
19-&%$-19(&X(9+1'&$,&3$-&*#(&9(+5*X&-$S,1(
$#.(P1#15$-19(9+1'&$,&31.(0159&*#9

^5* ' 199('$#(&-15$-1

       Full Opt
Compiled Code

Install / Deinstall

  Sampling
   Profiler

Recompilation Request
    (w/ specialization)

Hot Method
Sampling Data

Code Generation

Instrumentation
          Code

Specialization  
Planning

Instrumentation
Planning

  
Controller

Code Generation

Impact  
Analysis

   Full Opt
  Compiler  

Database

  Instrumenting
        Profiler
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A%+$'-(/#$,"9&9
Problem[ W81#(&9(9+1'&$,&3$-&*#(+5*X&-$S,1Z

Impact analysis[()*% +6-1(19-&%$-1(*X('*.1(f6$,&-"(&% +5*01%1#-(&X(;1(?#1;(
$(9+1'&X&'(0$,61(*5(-"+1(X*5(9*%1(0$5&$S,19

– ) *#9-$#-(4 $,61(*X(^5&%&-&01(Q" +1

– ) *#9-$#-(> * ,.&#P<(=-51#P-8(C1.6 '-&*#(a.&0<(X+(-5$#9'1#.1#-$,b
– D,&%&#$-&*#(*X()*#.&-&*#$,(B5$#'819<(=; &-'8(=-$-1%1#-9

– DY$'-(2 S`1'-(Q"+1

– C1%*0$,(*X(U##1'199$5"(Q" +1()81'?&#P(2+15$-&*#9
– ):/(^51'&9&*#(A%+5*01% 1#-(Ls(A#,&#&#P(2++*5-6#&-"

– V1#P-8(*X(/55$"(2S`1'-

– D,&%&#$-&*#(*5(=&%+,&X&'$-&*#(*X(B*6#.()81'?(2+15$-&*#9
– V**+(=&%+,&X&'$-&*#

!$-$X,* ; ($,P*5&-8%

>*5(1$' 8(+*99&S,1(9+1'&$,&3$-&*#(-$5P1-(a0$5&$S,1b<('*%+6-1(8*;(%$#"(
9-$-1%1#-9('*6 ,.(S1(1,&%&#$-1.(*5(9&%+,&X&1.
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=-1$."(=-$-1[(AB7(!\(X*5(I$0$(c(>!2]=+1'&$,&3$-&*#(
q=6P$#6%$(1-($,OEFNr

%- 5- `199 '*% +5199 .S %+1P$6.&* `$'? `$0$' =^D)`SS @1*O(71$#

0

1

2

3

4

5

C
1,

$-
&

01
(^

15
X

*5
%

$#
'1

(-
*(

e*
(2

+
-

77ALX6,, 77AL$,,
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>!2(^*-+*655&
7$#"(* ++*5-6#&-&19(-*(691(+5*X&,1(&#X*(.6 5&#P(0$5&*69('*%+&,15(+8$919
/,%*9-($#"(8165&9-&'LS$91.(.1 '&9&*#('$#(S1(&#X*5%1.(S"(+5*X&,1(.$-$

DY$%+,19[
V**+(6#5*,,&#P(

– U#5*,,(g8*-h ,**+9(*# ,"
C1P&9-15($,,*'$-&* #(

– =+&,,(&#(g'*,.h+$-89(X&59-
@,*S$,('*.1(%*-&*#

– 7 *01('*%+ 6-$-&*#(X5*%(8*-(- * ('*,.(S,*'?9
DY'1+-&*#(8$#.,&#P(*+-&%&3$-&*#9

– /0*&.(1 Y+1#9&01(56#-&%1(8$#.,159(X*5(X51f61#-(1Y'1+-&*#$,(X,*;
=+1'6,$-&01(9-$'?($,,*'$-&*#

– =-$'?($,,*'$-1(*S`1'-9(-8$-( 19'$ +1(*#," (*#('*,.(+ $-89
=*X-;$51(+51X1-'8&#P

– ^5*X&,1(.$-$(P6&.19(+,$'1%1#-(* X(+51X1- '8(&#9-56'-&*#9
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)*6591(26-,&#1

NOB$'?P5*6#.

JO D#P&#115&#P($(IAQ()*%+&,15

RO/.$+-&01(2+-&%&3$-&*#

KO>11.S$'?L!&51'-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9
@$-815&#P(+5*X&,1(&#X*5%$-&*#

DY+,*&-&#P(+5*X&,1(&#X*5%$-&*#(&#($(IAQ

>11.S$'?L.&51'-1.(* +-&%&3$-&*#9

Aggressive speculation and invalidation
DY+,*&-&#P(+5*X&,1(&#X*5%$-&*#(&#($(47

TO=6%%&#P(U+($#.(V**?&#P(>*5;$5.
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DY$%+,1[((),$99(8&15$5'8"(S$91.(&#,&#&#P

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

}

/''*5.&#P(-*('6551#-(',$99(8&15$5'8"
– 2#,"(*#1(+*99&S,1(0&5-6$,(-$5P1-(X*5(foo.bar()
– A.1$[((9+1'6,$-1(-8$-(' ,$99(,*$.&#P(;* #E-(*''65

– A#,&#1(>** [[S$5ab

– 7*#&-*5(',$99(,* $.&#P[(&X(>**[[S$5ab(&9(*0155&..1#(

– C1'*%+&,1($,,(%1-8*.9('*#-$&#&#P(&#'*551'-('*.1

– B6-(;8$-(&X(,*#PC6##&#P71-8* .(#1 015(1Y&-9Z

– 2#1(*+- &*#[((*#L9-$'?(51+,$'1%1#-
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A#0$,&.$-&*#(0&$(2#L=-$'?(C1+,$'1%1#-(a2=Cb
q)8$%S159<:x,3,1_U#P$5EdNLdK<(>&#?_w&$#EFRr

Q5$#9X15(1Y1'6-&*#(X5*%('*%+&,1.('*.1( m1 -*('*%+&,1.('*.1( m2
101#(; 8&,1(m1 56#9(*#(9*%1(-851$.}9(9- $' ?

DY-51%1,"(P1#15$,(%1'8$#&9%( %&#&%$,(519-5&'-&*#9(*#(9+1'6,$-&*#

9-$'?

PC

frame

m2

m2

9-$'?

PC

frame

m1

m1
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2=C(71'8$#&9%9

pDY-5$'- '*%+&,15L&#.1+1#.1#-(9-$-1 X5*%($(969+1#.1.($'-&0$-&*#(X*5(%N
p@1#15$-1(#1;('* .1( %J X*5(-81(969+1#.1.($'-&0$-&*#
pQ5$#9X15(1Y1'6-&*#(-*(-81(#1;('* .1( %J

m2

9-$'?

PC

frame

m1

m1

'*%+&,15L

&#.1+1#.1#-

9-$-1

9-$'?

PC

frame
m2

m2J RN
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2=C($#.(A#,&#&#P

=6++*91(*+-&%&315(&#,&#19(/(B( )[

A'

9-$'?

PC

frame
A

A

JN R

I47(='*+1
!19'5&+-*5

/

I47(='*+1
!19'5&+-*5

)

I47(='*+1
!19'5&+-*5

B

C'

B'

9-$'?

PC

frame
m2

C'

A'

B'

AA

frame
C'frame

A'

frame

B'
frame
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/++,&'$-&*#9(*X(2=C

NO=$X1(&#0$,&.$-&*#(X*5(9+1'6,$-&01(*+-&%&3$-&*#
– ),$99L8&15$5'8"LS$91.(&#,&#&#P(q:*-=+* - r

– !1 X1551.('*% +&,$-&*#(q=DV>LdN<(:* -=+* -<(W8$,1"(JFFNr(

– !*# }-('*%+ &,1(6#'*%%*# ('$ 919
– A%+5*01(. $-$X,*; (*+-&%&3$-&*#($#.(51. 6' 1('*%+ &,1L-&%1

JO !1S6P(*+-&%&31.('*.1(0&$(."#$%&'(.1*+-&%&3$-&*#(q:*,3,1(1-($,O(ydJr

– /-(S51$ ?+*&#-<(.1*+-&%&31($'-&0$-&*#(-*(51'*015(+5*P5$%(9-$-1

ROC6#-&%1(*+-&%&3$-&*#(*X(,*#PL56##&#P($'-&0$-&*#9(q=DV>LdRr

– ^5*%* -1(,*#PL56##&#P(,* *+9(-* (8&P815(*+-&%&3$-&*#(,101,

U#*+-&%&31. 2+-&%&31. =+1'6,$-&01
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)*6591(26-,&#1

NO B$'?P5*6#.

JO D#P&#115&#P($(IAQ()*%+&,15

RO /.$+-&01(2+-&%&3$-&*#

KO >11.S$'?L!&51'-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9
@$-815&#P(+5*X&,1(&#X*5%$-&*#

DY+,*&-&#P(+5*X&,1(&#X*5%$-&*#(&#($(IAQ
>11.S$'?L.&51'-1.(* +-&%&3$-&*#9
/PP5199&01(9+1'6,$-&*#($#.(&#0$,&.$-&*#

Exploiting profile information in a VM
– !&9+$-'8(* +-&%&3$-&*#9
– =+1'6,$-&01(*S`1'-(%*.1,9
– @)($#.(,*'$,&-"(* +-&%&3$-&*#9

TO =6%%&#P(U+($#.(V**?&#P(>*5;$5.
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4&5-6$,]A#-15X$'1(!&9+$-'8

^*,"%* 5+8&'(&#,&#1('$'81(q:*,3,1(1-($,OydNr

receiver = …

call PIC stub

Update PIC and
Dispatch to correct

receiver

if type = rectangle
jump to method

if type = circle
jump to method

call lookup

Rectangle codei

i

^A)(9-6S

Circle code

)$,,&#P('*.1

C1f6&519(,&%&-1.(."#$%&'('*.1(P1#15$-&*#
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=+1'6,$-&01(71-$L.$-$(C1+5191#-$-&*#9
DY$%+,1[2S`1'-(%* .1,9

Q5&L9-$-1(8$98('*.1(1#'*.&#P(qB$'*#(1-($,O(ydM<(/P191#(=6#(D47r

)$#($,9*(1,&.1(,*'?;* 5.(qB$'*#(1-($,OyFJr

FF NF FN

U#8$981. :$981.
a8$98' * . 1(oo($..51 99b

8$98'*.1

:$981.(
$#.(7*01.

,*'?;*5.

8$98'*.1

,*'?;*5.

F

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

:$9(9"#'85*#&31.
%1-8*.

e* (9"#'85*#&31.
%1-8*.<(S6-(,*'?1.



145

AB7(C191$5'8

/)/)D=EFG HDynamic Compilation and Adaptive Optimization in Virtual Machines H(I6,"(JKLJM<(JFFG © 2006 IBM Corporation

/.$+-&01(@)(-1'8#&f619

!"#$%&'$,,"($.`69-(81$+(9&31
– AB7(!\(q!&% +91"(1- ($,O(yFFr(t+*,&'"(.1 +1#.9(* #(81$+(6-&,&3$-&*#($#.(

X5$'-&*#(*X(-&%1(9+1#-(&#(@)

=;&-'8(@)($,P*5&-8%9(-*($.`69-(-* ($++,&'$-&*#(S18$0&*5
– q^5&#-13&9(yFNr(t9;&-'8 (S1-;11 #(7$5?_=;11+($#.(7$5?_)*% +$'-(

X*5(%$-651(9+$'1(&#(P1#15$-&*#$,('*,,1'-*5

– q=*%$#(1-($,OEFRr(t%*51(5$.&'$,($++5*$'8(+5*-* - "+1. (&#(I&?19(C47

– e*-("1-(1Y+,*&-1.(&#(+5*.6'-&*#(479

2++*5-6#&9-&'(@)
– q:$"19EdNr(t?1"(*S`1'-9(?11+ (,$5P1(.$-$(9-56'-6519(,&01

– e*-("1-(1Y+,*&-1.(&#(+5*.6'-&*#(479
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=+$-&$,(V*'$,&-"(2+-&%&3$-&*#9(

7*01(*S`1'-9<('8$#P1(*S`1'-9(-*( &#'51$91(,*'$,&-"<(*5(+51X1-'8(

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

2S`1'-(9+,&--&#P

2S`1'-('*L,*'$-&*#
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=+$-&$,(V*'$,&-"(2+-&%&3$-&*#9(

DY$%+,19
– \&9-,15(_(>5$#3(EFF

– )8&,&%S&(1- ($,O<(Edd

– :6$#P(1 - ($,O(EFK

– /.,LQ$S$-$S$&(1-($,O(EFK

– )8&,&%S&(_(=8$8$#(EFG

– =&1P;$5-(_(:&531,(EFG

– D-'O

415"(8*-($51$
D#'*65$P&#P(5196,-9<(9*%1(;&-8(*XX,&#1(+5*X&,&#P<(9*%1(*#,&#1
DY$%+,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/.$+-&01(2+-&%&3$-&*#

KO>11.S$'?L!&51'-1.($#.(=+1'6,$-&01(2+-&%&3$-&*#9

5. Summing Up and Looking Forward
Debunking myths
Q81(-8511(;$01 9(*X($.$+-&01(*+-&%&3$-&*#

>6-651(.&51'-&*#9
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!1S6#?1.(7"-89

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

JO !"#$%&'(',$99(,*$.&#P (&9($(X6#.$%1#-$,(5*$.S,*'?(-*('5*99L%1-8*.(
*+-&%&3$-&*#

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

KO/(9-$-&'('*%+&,15(;&,,($,;$"9(+5*.6'1(S1--15('*.1(-8$ #($(."#$%&' ' *%+&,15

TOA#X5$9-56'-651(51f6&51%1#-9(9-&X,1(&##*0$-&*#(&#(-8&9(X&1,.

GO^5*.6'-&*#(479($0*&.('*%+,1Y(*+-&%&3$-&*#9<(X$0*5&#P(9-$S&,&-"(*015(
+15X*5%$#'1
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7"-89(C10&9&-1.(A

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

– -81"('$##* -(+15X*5%(9*+8&9-&'$-1.(* +-&%&3$-&*#9<(96'8($9(==/<(
P5$+8L'*,*5&#P(51P&9-15($,,*'$-&*#<(1-'O

Reality[
– ^5*.6'-&*#(IAQ9(+15X* 5%($,,(-81(',$99&'$,(*+-&%&3$-&*#9

– V$#P6$P1L9+1'&X&'(IAQ9(1Y+,*&-(-"+1(&#X*5%$-&*#(#*-($0$&,$S,1(-*()(
'*%+&,159(a*5(y',$99&'E%6,-&L,$#P6$P1(S$'?1#.(*+-&%&3159b

– =1,1'-&01(*+-&%&3$-&*#(9-5$-1P&19(96''199X6,,"(X*'69('*% +&,$-&*#
1XX*5-(;8151(#11.1.
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7"-89(C10&9&-1.(AA

Myth[ !"#$%&'(',$99(,*$.&#P(&9($(X6#.$%1#-$,(5*$.S,*'?(-*('5*99L
%1-8* . (*+-&%&3$-&*#[

– B1'$691("*6(#1 015(8$01(-81(;8* ,1(+5*P5$%<("*6('$##*-(+15X*5%(
&#-15+5*'1.65$,(* +-&%&3$-&*#9(96'8 ($9(0&5-6$,(%1-8* . (519*,6-&*#<
0&5-6$,(&#,&#&#P<(19'$+1($#$,"9&9

Reality[
– )$#(9+1' 6,$-&01,"(* +-&%&31(;&-8(519+1'-(-*('6551#-(',$99(8&15$5'8"

– =*+8&9-&'$-1.(&#0$,&.$-&*#(-1'8#*,*P"(;1,,L6#.159-* *.{(%&-&P$-19(
#11.(X*5(*015,"('*#9 150$-&01($996%+-&*#9

– =+1'6 ,$-&01(*+-&%&3$-&*#('$ #(S1(%*51($PP5199&01(-8$#('*#9150$-&01<(
9-$-&'('*% +&,$-&*#
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7"-89(C10&9&-1.(AAA

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

Reality[
– =$%+,&#PLS$91.(+5*X&,&#P(&9('81$+($#.( '$#('*,,1'-(9*+8&9-&'$-1.(&#X*5%$-&*#

– 1OPO((/5#*,.LC".15(X6,,L. 6+,&'$ -&*#(X5$%1; *5?

– 1OPO((AB7(!\(."#$%&'(&#9-56%1#-$-&*#
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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 to 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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