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Ahbstract

Dynamic languages such as JavaScript are more difficolt to com-
pile than statically typed ones. Sinee no concrete type iniormation
iz available, tradittonal compilers need o emit genenc code that can
handle all pozsible Lype combinations at runtime. We present an al-
ernative compilation echnigue for dynamically-typed langoages
that identifies freguently executed boop races at run-ime and then
generates machine code on the Ay that is speciahzed Tor the ae-
wal dynamic types occwring on each path through the loop. Our
method prowides cheap iner-procedural type specializaton, and an
ekegant and efficient way of incrementally compihing lazily discoy-
ered altermative paths through nested boops. We have implemented
adynamic campiler far JavaSeript bazed on our technigue and we
have measured speedups of 10% and mare for certain benchmark
Programs.

LCategories and Sichject Descriptors D.3.4 [Programming Lan-

guages]: Processors — froremental compilers, code gemeration.

General Terms Design, Experimentaton, Measarement, Perfor-
mance.

Keywords JavaSonpt, just-in-tiime compilation, trace trees.

1. Introduction

fhmarmic languages such as JavaScripe, Python, and Ruby, are pop-
ular since they are expressive, accessible to non-experts, and make
deplayment as easy as disributing a source file. They are used for
small seripts as well as for complex applications. JavaScript for
example, i the de facto standard for client-side web programming

Fermiseion to make digital or had copies of all or part of this work for persomal or
elaceroom wee it granted withowt fee prowided that copies are not rade or distri br.ved
forpmofit or comire mial advantape and that copies bear this notice and the full citation
on the fimtpage. To copy othenwize, 1o epublish, 10 post on servers or to redistribate
o litke, mouime prior epacific pemiction andior afas.

FLDI'CF, Jome 1320, 2005, Dublin, Incland.

Capyright (1 2005 mCK 976-1-80558-392- 1109406, F5 00

and is used for the application logic of browser-based productivity
applications such as Google Mail, Google Docs and Zimbra Col-
laboragon Swte. In this domain, in order wo provide a Awmd oser
gxperience and enable a new generation ol applicadone, wvirtual ma-
chines must provide a low startim ime and high performance.

Caompilers for statically typed langnages mly on type informa-
tion ta generate efficient machine code. In a dynarmeally typed pro-
gramming language such as JavaScnpt, the types of expressions
may vary at runtime. This means that the compiler can no longer
easily ransformm operatons into machine instructions that operate
on ane specific ype. Without exact type informatian, the compiler
must emit slower generahzed machine code that can deal with all
patential type combinations. ¥While compile-time static type infer-
ence might be able to gather type information to generate opti-
mized machine code, traditionzl static analysis is very expensive
and hence not well stited for the mghly interac oive emvironment ol
a web broweer,

We present a ace-based compilation techmgue for dynamic
languages that reconcikes speed of compilation with excellent per-
formance of the generated machine code. Our systermn uses a mixed-
mode eascution approach: the system starts runmng JavaScriptin a
fast-starting bytecode interpreter. As the program runs, the system
identifes Rot (frequently execured) bytecode seguences, records
them, and compiles them to fast native code. We call sxh a se-
guence of instruchons a trace.

Unlike method-based dynamic compilers, aur dynamic com-
piler operates at the granulanty of individual bops. This design
choice is based on the eapectation that programs spend most of
their ime in hot loops. Even in dynamacally typed languages, we
gxpect hot loops to be mosdy rype-siable, meaning thatthe types ol
values are invariant. {12) For example, we wouldexpect loop coun-
ters that start as integers to remain integers for all iterations. When
bath ol these expectations hold, a trace-based compiler can caver
the program execution with 2 small numberol type-specialized, =1 -
fciently sompiled traces.

Each compiled trace covers one path through the program with
one mapping of values to types. When the Wil executes a compiled
trace, 1t cannot goarantee that the same path will be ollowed
or that the same types will occor in subsequent laop iterations.



