CSE 378 Win ter 1998

Mac hine Organization and Assem bly Language Programming

Problem Set #5

Due: W ednesda y , F ebruary 11

This assignmen t is the con tin uatio n of Assignmen t #3. Y ou are going to complete the sim ulation

of the JVM and test y our program on a small JVM program that y ou will write y ourself.

In order to write the program, y ou will need one more b yteco de, namely:

Name Bco de Instr. format Stac k op erations Description

IDIV 0x6b IDIV P op v1, P op v2, Push res In teger div

The JVM mac hine

The JVM is a stac k mac hine. This means as y ou ha v e seen in Assignmen t #2 that arithmetic

instructions will tak e their source op erands from the top of the stack (p opping t wice) and store

(push) the result on top of the stac k (b y con v en t ion, the JVM stac k gro ws \up w ards", i.e., to w ards

increasing addresses). In addition to the stac k, the JVM pro vides lo c al stor age for v ariables. The

instructions for loading/sto ring lo cal v ariables to/from the stac k are describ ed b elo w.

Instruction seman tics

In Assignmen t #3 y ou w ere giv en the syntax of the b yteco des, i.e., the op co de and the t yp e of

op erands follo wing a giv en op co de. W e no w describ e the semantics of the b yteco des, i.e., the

meaning asso ciated with eac h op co de.

The arithmetic instructions (IADD,ISUB,IMUL,IDIV) all op erate on signed 32-bit in tegers but

y ou don’t ha v e to w orry ab out o v er o w. F or ISUB, the result is (v2 - v1). F or IDIV, the result is

the in teger quotien t of (v2/v1 ). F or IDIV, y ou don’t ha v e to w orry ab out the remainder.

The lo c al variable instructions (ILO

AD, ISTORE) ha v e a one-b yte op erand that has to b e in-

terpreted as an unsigned index v alue. This index determines the lo cation within the lo c al stor a ge

area that should b e Pushed on top of the stac k ( ILO

AD) or P op ed from the stac k in the lo catio n

(ISTORE). Y ou ma y assume that 256 v ariables will b e enough and that this area w on’t o v e r o w

(of course in a real implemen tati on y ou migh t ha v e a larger index as w ell as routines to c hec k for

o v er o w and undero w). Eac h v ariable stored in the lo c a l stor age is a 32-bit signed in tege r.

The imme diate instructions (BIPUSH, SIPUSH) are follo w e d resp ectiv ely b y an 8-bit and a

16-bit signed immediate v alue. When BIPUSH is executed, the 8-bit immediate v alue is to b e sign-

extended to 32 bits and Pushed on top of the stac k. F or SIPUSH. the immediate v alue is calculate d

as (immed1 << 8) O R immed2 (where << is a logica l left shift) and then sign-extended to 32

bits and Pushed on top of the stac k (i.e., \SIPUSH 0x80 0x01" will push the 32-bit v alue 0x�8001

on top of the stac k and \SIPUSH 0x01 0x80" will push the 32-bit v alue 0x00000 18 0).

The br anch instructions (GOTO, IFNE, IFEQ, IFLE, IFL

T, IF

GE, IF

GT) compare the top

of the stac k to the v alue 0 and then p op the top of the stac k. These instructions are follo w ed b y 2

b ytes: o�set1 and o�set2. If the comparison is successful and in the case of the GO TO, the con trol

in the in terpreted program is transferred to the instruction whose o�set, IN BYTES, relativ e to

the start address of the branc h instruction is computed as (of f set1 << 8) O R of f set2 (e.g.,

\GOTO 0x00 0x03" is a no-op since it transfers to the instruction follo wing the GOTO; \GOTO

0x� 0xfd" will transfer to the instruction whose start is 3 b ytes b efore the GOTO). Since w e don’t

ha v e a JVM assem bler, y ou’ll will ha v e to compute these addresses y ourself in the test programs

y ou will write.

Finally

, the POP instruction discards the top of the stac k and the IRETURN instruction signals

the end of the computation (in this simpli�ed mac hine w e don’t ha v e call/ret urn facilities) . The

v alue at the top of the stac k is p opp ed and used as the return v alue to the main program.

Y our task

Complete the JVM in terpreter that y ou started in Assignmen t #3. Recall that the basic structure

of the in terpreter should b e a lo op that will go through the 5 steps

1. F etc h the next b yteco de

2. Deco de it

3. F etc h the op erands (if an y)

4. Execute the op eration

5. Store the results (if an y)

Y ou should test y our in terpreter on test programs of y our o wn so that ev ery b yteco de is used at

least once.

When y ou turnin y our program, the test program that y ou should turn in is a binary searc h

algorithm (cf. details b elo w). Since the basic JVM that y ou in terpret do es not ha v e call/ret urn

instructions, use an iterativ e v ersion of binary searc h (an y elemen tary programming textb o ok should

ha v e a v ersion of this algorithm).

The en vironmen t pro vided to y ou

The en vironmen t is almost the same as in Assignmen t #3. A sligh tly mo di�ed v ersion of jbm.s

can b e found in:

/cse/courses/cse378/CurrentQtr/ProblemSets/assn5/jvm.s

and recall that

� Y our in terpreter routine should b e called java interpret.

� Y our test program should b e loaded in the program area. This is done b y loading $a1 with the

address of the test program and $a2 with its length b efore the call to memcp y (jal memcpy)

� java interpret is called with 3 argumen ts

{ $a0 { the address of the program arra y (that will con tai n y our test program after exe-

cution of the jal memcpy)

{ $a1 { the initial address of the top of the JVM stac k

{ $a2 { the address of lo catio n 0 of the lo cal storage of the JVM

In the case of the binary searc h test program, y ou will ha v e to �ll the JVM lo cal storage area.

This should b e done in jvm.s using memcpy as is done for the test program. The lo cal area should

con tain (in this order)

� the k ey that y ou w an t to searc h for (at lo cation 0)

� the size of the sorted arra y (at lo catio n 1 { coun ted in w ords)

� the sorted arra y itself ( use only p ositiv e in tegers)

(Be careful that the size of the arra y in w ords in the lo cal storage area and the size of the lo cal

area in b ytes that y ou will pass in $a2 to memcpy are not the same!).

The v alue that y ou should return is the v alue of the matc h if the searc h is successful, and the v alue

\-1" if it is not. Y ou should put that v alue in $v0 b efore returning to jvm.s