Tr‘adns - Just —In-Time compilation
(Jvradrﬂ Dt )

.+ Please \ﬂ‘\'U’fU.P‘\’ with TV&'HOQS‘(



1905 hinting at 4he ideaoc
pE S & s

1990 s H'\e, b \nm L
n%:\lafb ki orj

What 1s o ‘\,us’r-in-%hme comp‘\ler?
(337) -

ear)tj G0's the baﬂmnm
of Jrracmj T s

Whot  is o ’rracirlf‘ LT hb’rorj

late OO0 mMmodem +racir3 2



Prd‘lb{'orj: H'\n’“nﬂ ot the idea. of STT

Mclarthy ~ 1960°s -
J

o creaded Formalism  for daFian\j Functions
recuraive.\j

s+ ja [ TSE

- proqram mar could seect cectain Funchions
to be compled into machine code and

stered in cofe MQMOrj

- lpter | same funekions execuled from (otL memoryy
. valves 4hen <omputed 60x Sasler

H%C“S e Smalltale s Papular
o QuUf develops ov¥ ofF Smalltellc

L prototype - bas ed, dynamic
obyyect - oriented
L— hod \nFluences on Javadcnpt

C\\ambarj and Unﬂﬂr S%’C’I

¢+ SUF JTT compilef
¢ frst TLT compiler (wasnt caled +hot)

.sme,m{-e, machine code on demond and
coche for later vse




‘“c(.af‘ﬂ'\j V460 's

\

Chambhers and Unqor 1939

e boeth "generale code on demand and
stere Fcc’rr later yse

e ‘Chombers and Una&r" is 4he firsk JILT
(but not called  that)



Pfe)\i>+orj - The bea'mnir\j of TIT compilers

qq,c’ » Sun  switches Erom Self to Java
¢ Java. 1S @OPU‘OJ' -~ '\rv\eresﬁr\j d\o.(lenja_s

. wonis 4o be portable  secvre
X im‘arpmﬁnj is foo slow

X compilinq breaks N Coctable . Secure”
prang P .

\/ gomewhere  (n -~between

Cromer ot ot 1337

e the Java Virtval Machine (Tvm) is ene of the
Cirst 4o call wsalf o JLT coapiler

e B0
/ -
?@}iﬂ?ﬁ;) |

<TT compilel

e opﬁm\t
vp mo.chine cade..)

Wket s & OED comP3\(f?



What s o C)Us)f’in-*lrime. compiler (YT )

A AN N - A\

e combines POT oand \nterpredars
Flekibilﬁ‘z{ From

gpcad From

+
wmpiled code inlerpreving
code / S machine code ./
: bj’recod e low - level rapresct\\‘a‘rior\
o “just -in-time" = runs afler a proaram starts

+ uses cunhme Mformation

e

e ———

e \Z ran
‘ i c‘:o‘mp op’nm’\z‘in <
nd errd in com()\\mg comp "
/
\ ¥/ \
1T -com \I\Qd oPQ-\m\'L
/ smdl\ ne e,ode, mochine cide )

= » -

detedks nfo ot Nﬂﬁme’.{ = chon able
decides what 1o optimite hevris HE K

BT

B




ir\+erpre{er ahead -of -lime gust-in-time
AOT O EFT
S“'OJ"{”UP ?03_\, S‘OUJ Fas‘l' "S)\
dinne
P : FCaster
oxc ek «0n fast or Past W/ more
+ime Slow opwni 20 tions
vse es
rontime 3@5 -ish no 5
n€o )
| =

Whaet Winds

optimizoadions [



¢ rEN\OVE redur\danc.j

class ﬂ;

public. void foo (A bor ) ¢
x = bar . value .

// something thot doesnt

/ involve X

\3: bM.VQer—i

Xi\j}

return

3

closs A,
public void Feo (A bar) §
x =bor . valve
/] somethin
Y saMe—lhi)}j
|

Xt &
)

(‘Q:}ur‘n

| —

; +:y>c. spccia\iz,a’('ion

—

\ Fonction oo x - amjs 2

Cunction Foo(;ci in’() ? \

cedurn x « 1 Ceturn X ¢ 1)

3 g

Coo ( 19); Fov(l'ﬂ;

foo (13) FNLH)}

- op¥imn a| bj’re.code. reordcrin3

=1

load jconst « method  nlinin
icong+ " Q iload 2 .dead code elimination
load 2 Ll S N ruiur\do.n’r ~
imed iload by arra b‘lnds chodles
‘ladd 1 (de j

- istore Xx istofe X




MeCorthy 1960 °s

\

Chambhers and Unqor 1939

Coomer & ol 1999

e Sun adap*s "ﬂanaraie. ond store dea”
. provides su.ur‘ﬂj ond porhbilﬁj Yo Java
e JIT ideo expunded on

* now octually called “ITTY



The besinr\‘mj of Jrro.c,‘\n% DA

0000's +desire to optimize machine code
Bala . af 3000

* Dunomo system compiles:
J 3 optimized

machine c<ode 7 machine Code

s usin3 cuntime info

e detect 'hot" insiruction sequences and
ophm’asc.. those

%= \OO;
w hile (x 30) E
X= k-1 =
)
S

Mot instruction sequente = Frequex\*\j execvted
L= called trace”

How do we dotect ycaces ¢



%= 100 ) examp\e
while (x 2 0) é vser - Facin
o N x_\j prO%rOm
5
St

=

traces detected b:j “most (ecenﬂj execvted €ai)"
MKET

(‘whilt( ) ?
\|, S—— covnter incremends

I‘\?lq
W, example abstract
G C nacive instriuctions

ox QmP e Face

G
(\jeilowB H
&




Traces are
¢ chunlts oF the nodive instiverion  sYream

o discovered , not crealed

- evolved From st)sﬂms
LS execwvtion -yraces
L " sfline b&narj translator ' profilers

How ore “races used ?

native instruction  stream

find hot +race with MRKRET

!

op’rimize. 4race in%o Fraamm‘\'

stere in the Grajmm-& . cache



+race J'Z\ ‘Fl\,
(le\Ow) ® C \
< ° »
O & Cr men
t H aﬂ
o
E
G So'l‘o 8
\::,D 6010 =y
A
- \ .
e o eiel
E e
emiled 4o the Cragment cache
. ctores  fragments Toc  later eaecuton on the
procmbsof
. indexed b:j oddcess

Dyname overv: ew -
: intaerpret

/ hit

ex etute ?Toj men-

wWhet ghouy more
Lamptex Aroce s),

in@u*' stream

2

detect trace, loskup in coche

: M1 S

creaie

Croqmend :

add 10 coche

\

oxeLvte ?—fo.s men+t



e ——

1 € 5

MdzqanpDE

So’ro [
%o’to 2

/_\)

Frasmen’t in the

e B

via Fra.gmw’r h‘nll-%r‘\j

Frasmex\* cadhe vpdated

MdagqppoPe

so’ro [
3010 B

goto o

30\0 A



The besinr\‘mj of +raLc,‘mcj3 DR

mid J000's cwont o L Java on mohile ‘)\\or\es

XFUl\‘:)Co\\L LT comp'\le.rs Jack neca.ssarj
porFormo\r\cL

Y embedded ILT comprless provida.
performance, but ofe ‘oo spec

G

\)US"‘ -in~Yime— Comp')\inj NM

tembpedded SELt = -
1mp\¢meﬂ+ atioN

Gal ¢t al 9006

=
o Hof,po:lh\lm

Java bﬂmcoda — machine code

- lightueight JIT for embedded Jova VM ( Jamum)

. uses tracing and Single Static st‘pjnman—} (38)

. +ar3¢'rs “hot padhs similar o Damur\o

Qingle  Static F\ssiahmen%- = each variable assigned
3 J
exactly -once s defined

before i+ i3 uwsed

How s RotpathYM  similar ¥ D:’mmo?
and diferent?



Similarities °
both uUse the same ‘}l.c"lniqUQ. (mEET)
for 14 end 3?3“'3 troces

beth operate on lower -level ¢Code
Jova bj‘secon / nalive stroctions

some method ofF “Frajmu\t \inluna“

O iferences
K diferent definitions of “Yrace"

’ﬁ mos+ -&radn\z JITT> have a
unique defifition of "frace”

7] A\l

— ¥ = - Ccar
= tioeing JLT = 0Nt “malce”
—— ‘\‘facif\j JLT variotions = diferent “models™

Se whot W Hoi‘pajrh\lmxs deBinitjon o “trace’ ?



r\an~s¢qu¢n*lia\ cade tumed inato Linesar nstructions

maon (Srlrinj‘,:l 0"33) ¢
nt L ‘\L = 0;
Porli-0-1.<1000 . T:1) %
+ ¢l .) /> hO"‘SPQ"’
5
print ( i)
y
-
jeonst _ O
istore -
icons+ _ O duf'm execution
ictore | = h°+Pdh condime infe 1S
S = / caved +to0 creaice
A lead -\ 0 trace
SiPUS\’\ 1600 \ s oolue OF
¢ _ icmpqe ) +race ngram covnter
iine L ¥ instruchian
qoto A . trace Va\we on
Q] ge’rshxh“c 335*‘”“-0\”' +op OF INe
ead - 9 stacl
inyo £C Prm-l'(\‘n{—) . converted Yo
ceturn SSA




Diference  From Djncunol

X Dgnamc’) traces = «chunks of the nadive
fnp vt stream Found
o+ rudime and
op—}'\m\zad
e equiU. 10 "hat path”

% Ho%puhvm 4races =« linear record ofF
execution Sc:thertd
et runtime

e not QQUiV ‘{’o “hot Pa'*h §

e influenced DO wor le on
pofs“u\c) tree 3rammar.s

Row are Ho*paﬂs\/m traces used ?
Jave bd’tec,odc.

{

TLT-compile unti)
“hot " poth s d etected

reeord runbime  info
10 sedhcr }roce

d

opiimize ond compile
to madiing wde



mcLarh\j V460 's

\

Chambhers and Uaqar 1989

Cromer b, al 1997

I

Rala el. al

+hear
work-tn
parsm9
+ree
Sramrnar S

Gal el. ol 9006
\

‘RotN berrow +he idea of -races From adjaan+ Fields
*Doth ogply i to exi shing work en JLT'S



Whot 15 o.«\-rac‘mj Ebar

TTT thet calecds cuntime info in the Form of a
linear Sequence of ¥requ¢n’clj execvied instructions

# most &rac’mg JILTS have a
unique defifition of "frace”

u Ll

—= T T | = coyr
—9+rou‘nj ST T = one moke

—> ‘\'focir\j ‘S—LT \/Grl'O‘HOns — d;@cren_), “mon‘S“ I

= jeonst _ O
bl ) 5 i istore - @

icons+ - 0 iR
trace ‘IA e — hotpa
( Ll'OW) BD /
j — C_ R: ‘\‘Oﬁd ..‘
O sipush 1600
E W icmpqc &)
hwnc 9, )
iint 1 .
Ngg %(‘)1‘0 A \l‘ "
-_\:D @ getstatic S\dﬁem.(}u\-
J ioad - 9
$ S ice enndLind)
ceturn




Modern +radnj LS

late QwO‘s ":Ya\/asu{p\’ 'S Popu\ar'
Xd:)namc‘c languages are difficult
+0 coempile 05 -ljpe information
ionk knewn  varil runtine
JIT's can do 4390. spe,clal(w‘lian
at cuntime

Gol ei. oy 9009
--}racins JLT for Tovasu‘ip{' (Tracqmonkej)

. starfs fuaning 0S5 & IS in&uprcfer , ¥hen
compiles ‘q-.o*“ seqvences 4¢ Cast nalive

code

. assumplions *
,3Prc;3(ams spend most O

“het ' loops
— most loops are dnjge. stable

Diferences from Gal v, al J00C?
g\'mi\ari\'ies .
4race - based JTXLT
both +ar3¢,{' looPQ ["ho* PQH\‘S")

D &F( erences ;

X drace concept mare  €leshed ~out
X draces s?Lc(Fl‘ca‘lj Aesiahcd. {o ?r‘ovldg
'ije- spauqlitaﬁon

¢ Shar time In



What is a Tr&ccmcmlej frace \ike?

. SPLculaHva.
rinserts guards — do control flow

e tree — based

[—Far (vor (=3 ¢<\00; €ttQ) ¢

. [} ¢ < 1
N4 ( : Pr‘umu E _.)) " het PO\‘W\
00n+(r\ue."
for (var = 0t ) v €100 7 K*L\
primes (w]- Ralse;
i ‘00? wuf\\-e/f

| 2

svard——) L:: if\"'

- > suard.s contiol €low

= = ia in 4ne troce fmd
— primes = oarra wmpi(ad machu ne
primes (v ] = Ffalse code

end

What ahivt  the gsu*er'too@)?



form

Nesied IOOPS

“drace

trees"

{—Far Lvar L;a" U—\C)O; *TC) ?

€ (\ primes L))
continue ',

for (var z (el

primes («]- Ralse;

loop cown ter

> Y hot paH\

L€100 5 W+ L)

> alreadj
compi led

vard — == int
qvard gprimes ==

£¢) == int

- ?r'lﬂ\t-s
€ (¢ primes (D)
condiaue
. =B
end
(0 =2 o

- Wk =: jnt
—) Priﬂ'\CS = orva

pﬁmts [\L] = F&lgt-




Discussion

TITT thet colecds cuntime nfo in the form ot a

linear Sequence ot ¥requcntlj execuied Instiuctions

but  Gal et. al 0014 intreduced
trace trees, Does Ahis cho.nsc, the doEinition™

= Frasmanf \in us'nj



mcLarH\j V460 's

\

Chambhers and Uaqar 1989

Cramec o ol 1997

Rala el. al 9000/

Gal el. ol 9006

=

Jjnomic, Gal et al
compilation 29008 %

+heor
LY i-on
POTSN’I%
+ree
Sramrnars

e Golz et al
004, For Pj ?J
‘Bebeniba el. al

90103 For
Microsofts CLL

* NovemVerl QOBQ‘
new 4raci n(j S TT
Cer PHP

. applied existing vdeas L{fo.cinj <171) o
mod ern Proh\uv\ spaces

e« Bala ed. al poper paﬁhculor‘\j wel ~-himed






