
2 THE JVM ARCHITECTURE 2.3 TheInstruction Set

7 aload_0
8 iconst_1
9 aaload
10 invokestatic #2 <Method int parseInt(java.lang.String)>
13 istore_2
14 iload_1
15 iload_2
16 invokestatic #3 <Method int Min(int, int)>
19 istore_3
20 getstatic #4 <Field java.io.PrintStream out>
23 iload_3
24 invokevirtual #5 <Method void println(int)>
27 return

Method int Min(int, int)
0 iload_0
1 iload_1
2 if_icmpge 10
5 iload_0
6 istore_2
7 goto 12
10 iload_1
11 istore_2
12 iload_2
13 ireturn

Notethateach“line number”is actuallyanoffset,i.e. thedistancein bytesof thegiveninstructionfrom the
beginning of thegivenmethod.

Let’sfirst look at theLocalVariablessectionof Main()’sstackframe:

slot variable

0 pointer to Args
1 X
2 Y
3 Z

Now consider thecall to Min. Thecode

Z = Min(X,Y);

getscompiledto
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14 iload_1
15 iload_2
16 invokestatic #3 <Method int Min(int, int)>
19 istore_3

As in a classicalarchitecture,the argumentsfor a call will be pushedonto Main()’s OperandStack,as
follows. The iload_1 (“integer load”) instructionpushesslot1 to theoperandstack.Sinceslot1 in main()
containsX, thismeansthatX will bepushedontotheoperandstack.Theinstruction in offset15 will then
pushY.

If Min() hadbeenan instancefunction, i.e. not declaredstatic, thefirst argumentpushedwould have been
this, a pointer to theobjectonwhichMin() is beinginvoked.

The call itself is thendoneby the instruction invokestatic in offset 16. (For a nonstatic methodcall, we
would use invokevirtual.) This instruction is threebytesin length, as can be seenby the fact that the
following instruction begins at offset 19. The instruction’s two-byte operand,in this case3, servesasa
pointer to anentrycorresponding to Min() in theConstantPoolof theMethodArea. In thisway, theJVM
will know wherethefirst instruction of Min() is located,andthepc will besetaccordingly, causingMin()
to begin execution.

Theactionsof invokestatic is to poptheargumentsoff thecaller’s (in thiscase,Main()’s) OperandStack,6

andplacethemin theLocalVariablessectionof thecallee’s(in thiscaseMin()’ s)Stack.

Theistore_3 instruction following thecall, in offset19,popsthetopof Main()’sOperandStackandplaces
it into slot3, in ourcaseZ.7

Thebytecode in Min() is similar. Themainnew instructionhereis if_icmpge (“if integercomparegreater-
than-or-equal”) in offset 2. Let’s refer to the top elementof the current(i.e. Min()’ s) OperandStackas
op2 andthe next-to-topelementasop1. The instruction popsthesetwo elementsoff the OperandStack,
comparesthem,andthenjumpsto the branchtarget if �����������	� . Again, keepin mind that theseitems
on Min()’ s OperandStackwereplacedthereby the iload_1 andiload_2 instructionsin Min(), which took
themfrom Min()’ s Local Variablesarea,andthey in turn hadbeenplacedthereby Main() whenexecuting
invokestatic.

Thebranchtargetis specifiedasthedistancefrom thecurrentinstruction to thetarget.As canbeseenin the
JVM assemblercodeabove,our targetis offset10(aniload_1 instruction). Sinceour if_icmpge instruction
is in offset2, thedistancewill be8, i.e. 0x0008. Thoselattertwo bytescomprisethesecondandthird bytes
of theinstruction.

Min()’ s ireturn instruction thenpopsthecurrent(i.e. Min()’ s)OperandStackandpushesthepoppedvalue
on topof thecaller’s (i.e. Main()’sOperandStack.

From the SunJVM specifications (seebelow), we know that the op codefor the if_icmpge instruction is
0xa2.Thustheentireinstructionshould be0xa20008, andthisstringof threebytesshould appearin thefile
Minimum.class.Runningthecommand

od -t x1 Minimum.class
6NotethatthismeansthatJVM doesits own stackcleanup.
7Explainedbelow, thevaluenow poppedhadbeenplacedthereby theiteturn instructionin Min().
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