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Lecture 4
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Example: Count

Count.java:

class Count {
public static void main(String[] s) {

int i;
for (i = 0; i < 10; i++)
System.out.println(i);

}
}

% javac Count.java
% java Count
0
1
2
3
4
5
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Example (cont.)

% javap -c Count
Compiled from Count.java
synchronized class Count extends java.lang.Object

/* ACC_SUPER bit set */

public static void main(java.lang.String[]);
Count();

Method void main(java.lang.String[])
0 iconst_0
1 istore_1
2 goto 15
5 getstatic #6 <Field java.io.PrintStream out>
8 iload_1
9 invokevirtual #7 <Method void println(int)>

12 iinc 1 1
15 iload_1
16 bipush 10
18 if_icmplt 5
21 return

Method Count()
0 aload_0
1 invokespecial #5 <Method java.lang.Object()>
4 return

%
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Java Virtual Machine Ar chitecture

A JVM containsthefollowing components:

Program Counter (perthread)

Stack (perthread)

Heap (shared)– containsall objects

Method Ar ea(shared)– byte-codesandconstantpools

Native methodstacks(perthread,if required)

Methodcodeis asequenceof byte-codeinstructionsthat
implementmethods(andconstructors).TheJVM byte-codeis
stack-based;mostinstructionstake their operandsfrom thestack
andleave their resultsthere.

Eachclasshasaconstantpool, whichcontainsall theconstant
datareferencedby themethodsof thatclass,includingnumbers,
strings,andsymbolicnamesof otherclassesandmembers
referencedby this class.
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Stacksand Frames

Thereis onestackperthread.A stackconsistsof asequenceof
frames; framesneednotbecontiguousin memory. Framesize
andoverall stacksizemaybelimited by implementations.

Oneframeis associatedwith eachmethodinvocation.Each
framecontainstwo areas,eachof staticallyfixed size(per
method):

� local variable storageassociatedwith themethod,and

� anoperandstack for evaluatingexpressionswithin themethod
andfor communicatingargumentsandresultswith other
methods.

Thelocal variableareais anarrayof words,addressedby word
offsetfrom thearraybase.Most localsoccupy oneword; long
anddoublevaluesoccupy two consecutivewords.Thearguments
to a method(includingthis, for instancemethods)always
appearasits initial local variables.

Theoperandstackis a stackof words.Mostoperandsoccupy
oneword; longanddoublevaluesoccupy two consecutive
words,whichmustnotbemanipulatedindependently.

Framesmayoptionallycontainadditionalinformation,e.g.,for
debugging.
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Typesand Verification

TheJVM directly supportseachof theprimitive Java types
(exceptboolean, which is mappedto int). Floating-point
arithmeticfollows IEEE754.Valuesof referencetypes
(classes,interfaces,arrays)arerepresentedasheappointers;
layoutof thesevaluesis implementation-dependent.

Datavaluesarenot taggedwith typeinformation,but
instructionsare.Whenexecuting,theJVM assumesthat
instructionsarealwaysoperatingonvaluesof thecorrecttype.
Theinstructionsetis designedto make it possibleto verify that
any givenmethodis type-correct,without executingit. TheJVM
performsverificationon any bytecodederivedfrom anuntrusted
source(e.g.,over thenetwork).

At any givenpointof execution,eachentryin thelocal variable
areaandtheoperandstackmusthave a well-definedtype state;
i.e., it mustbepossibleto deducethetypeof eachentry
unambiguously.

This is anunusualpropertyfor stacks!To enforceit, JVM code
mustbewrittenwith care.For example,whentherearetwo
executionpathsto thesamePC,they mustarrive with identical
typestate.So,for example,it is impossibleto to usea loop to
copy anarrayontothestack.

PSUCS577Spr’02Lecture4 c
�

Andrew Tolmach2002 7

Instruction Set

EachJVM instructionconsistsof a one-byteop codefollowed
by zeroor moreparameters. Instructionsareonly byte-aligned.
Multi-byte parametersarestoredin big-endianorder.

Theinnerloopof theJVM executionengine(ignoringexceptions)
is effectively:

do {
fetch opcode;
if (parameters) fetch parameters;
execute action for opcode;

} while (more to do);

Most instructionstake their operandsfrom thetop of thestack
(poppingthemin theprocess)andpushtheir resultbackon the
topof thestack.A few operatedirectlyon local variables.

Most instructionsencodethetypeof their operands;thus,many
instructionshave multipleversionsdistinguishedby their prefix
(i,l,f,d,b,s,c,a).

Theinstructionsetis not totally orthogonal;in particular, few
operationsareprovidedfor bytes,shorts,andchars,andinteger
comparisonsaremuchsimplerthannon-integerones.In all, 201
outof 255possibleop-codevaluesareused.
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Families of instructions

Instructionsgroupinto families.Eachfamily doesthesamebasic
operation,but hasavarietyof membersdistinguishedby operand
typeandbuilt-in arguments.

Example:load pushesthevalueof a local variable(specifiedas
aparameter)ontothestack.Variants:

Load1-word integer fromlocal variable � :
iload ��� �����	��
�����

iload_ ��� ����������

wide iload ��� ������������������


Load2-word long fromlocal variables � and ����� :
lload ��� �����	��
�����

lload_ ��� ����������

wide lload ��� ������������������


Load1-word float fromlocal variables � :
fload ��� �����	��
�����

fload_ ��� ����������

wide fload ��� ������������������


Load2-word doublefromlocal variables� and ����� :
dload ��� �����	��
�����

dload_ ��� ����������

wide dload ��� ������������������


Load1-word objectreferencefromlocal variable � :
aload ��� �����	��
�����

aload_ ��� ����������

wide aload ��� ������������������
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Load and Store

� load - pushlocal variableontostack
� store - poptop-of-stackinto local variable
� push,ldc,const - pushconstantontostack
� wide - modify following load or store to have wider
parameter.

Arithmetic and Logic

� add,sub,mul, div, rem, neg
� shl,shr, ushr
� or, and, xor
� iinc - incrementlocal variable

div andrem will throw anArithmeticException givena
zerodivisor.

Conversions

� i2l,i2f,i2d,l2f,l2d,f2d.
� i2b,i2c,i2s, etc. - never raiseexception.

Objects

� new – createnew classinstance
� newarray – createsnew array
� getfield,putfield – accessinstancevariables
� getstatic,putstatic – accessclassvariables
� aload, astore – push,poparrayelementsto,fromstack
� arraylength
� instanceof, checkcast – runtimenarrowing checks
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Stackmanagement

� pop,dup,dup x,swap

Control transfer

� if icmpeq,if icmplt, etc.– compareints andbranch
� ifeq,iflt, etc.– compareint with zeroandbranch
� if acmpeq, if acmpne – comparerefsandbranch
� ifnull,ifnonnull – compareref with null andbranch
� cmp – compare(non-integer)valuesandpushresultcode
(-1,0,1)
� tableswitch,lookupswitch – for switchstatements
� goto – targetis offsetin methodcode
� jsr,ret – intendedfor finally
� athrow – throw explicit exception

Method invocation

� invokevirtual – for ordinaryinstancemethods
� invokeinterface – for interfacemethods
� invokespecial – for constructor(<init>),private, or
superclassmethods
� invokestatic – for staticmethods
� return
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Multiple Encodings

Somecommonoperationscanbeimplementedby morethanone
instruction,with differing levelsof efficiency. For example,to
loadanintegerconstant� , wehave:

One-bytesequencesfor � �"!#��!%$

iconst_m1; iconst_0; iconst_1; iconst_2;
iconst_3; iconst_4; iconst_5

Two-bytesequencesfor � �'&)(*!+�,!��'&.-

bipush �

Three-bytesequencesfor �"/)&0-21)( !#��!%/)&.-21.-

sipush �

Two-bytesequencesfor arbitrary � loadedfrom first 255entriesin
constantpool

ldc 34�,5

Three-bytesequencesfor arbitrary � loadedfrom any entryin con-
stantpool

ldc_w 3+��5

javac will choosebestavailablesequencebasedon � .
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ConstantPool

Theconstantpool containsthefollowing kindsof entries:

� Utf8 – Unicodestringin UTF-8 format.

� Integer,Float,Long,Double

� String – String,representedby Utf8

� Class – Fully-qualifiedJavaclassname,representedbyUtf8

� NameAndType – Simplefield or methodnameplusfield or
methoddescriptor, eachrepresentedby Utf8.

� Fieldref, Methodref, InterfaceMethodref
– Class plusNameAndType.

Descriptorsarestringsthatencodetypeinformationfor fieldsor
methodsin termsof basetypesandfully-qualifiedclassnames.
Methoddescriptorsincludethetypesof methodparametersand
result.
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Java ClassFile Format

Theclassfile formatis therealstandardof binary
interoperabilityfor JVM programs.Eachclassfile describesa
singleclassor interface.It is astreamof bytes,whichmaybe
obtainedfrom afile, over a network, or elsewhere.

Theclassfile contains:

� Magicnumberandcompilerversioninformation.

� Constantpool.

� Accessflagsfor this class.

� Nameof this class,its super-class,andits direct
superinterfaces.

� Number, names,accessflags,typedescriptors,andvalues(if
constant)for its fields.

� Number, names,accessflags,typedescriptors,code,and
exceptiontablesfor its methods.

� Additionalattributeinformation(e.g.,for debugging)maybe
attachedat theclass,field, or methodlevel.
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Summary

JVM Bytecodeis intendedto bebotheasyto interpretandeasy
to useascompilerIR.

As anIR, it’sprettyhigh-level.

Explicates:

� Parameterandlocal variableoffsets

� Temporaries(usingstack)

� Orderof evaluation

� Controlflow within procedures

� Exceptions

But NOT:

� Objectlayoutandfield offsets

� Methodcalls(virtual or otherwise)

� Inheritancehierarchy

Safetyissuesdrove design(seeOakpaper)


