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Java™: Programming Language

A simple, object-oriented,
distributed, interpreted, robust,
Gecure; architecture neutral,
portable,[high-performance,
multithreaded, anﬂ“‘d:?{lami::
language.” [Sun95] o

. Properd=s of langLsge
Wednesday's class  implementations, not anguages
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Java™: Programming Language
compared fo C++, not fo C sort of
"A simple, object-oriented,
distributed, interpreted, robust,
secure, architecture neutral,
portable, high-performance,
multithreaded, and dynamic

language.” [Sun95]
Java: int 15 32 bits
C: int 15 >= 16 bits
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Java Virtual Machine

» Small and simple to implement

= All WMs will run all programs the
same way

* "Secyure”

Java Ring (1998)

Wem SEEIE Bp= mp 353 ~ copd=w &7 Bvrermm

Implementing the JavavM

load class into memory
zet the instruction pointer to point to the
beginning of main
while not finished:
fetch the next instruction
execute that instruction

Some ofher Issues we will B2lk about Wednessday:
Werfoaticn — meed T check Dyie oodes satishy ssourity pollcy
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Java Byte Codes

¢ Stack-based virtual machine

» Small instruction set: 202 instructions
(all are 1 byte opcode + operands)
-Intel x86: ~280 instructions (1 to 17

bytes long!)

» Memory is typed

» Every Java class file begins with

magic number 3405691532
= DxCAFEBABE in hex

Wem SEEOE Bp- =p 353H - cpd=w &7 Bvrermm

Stack-Based Computation

» push - put something on the top of
the stack

« pop — get and remove the top of the

stack e
h 2 z S
Pich 3 :
add
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Some JVML Instructions

Opcode | Mnemonic Description

0 nap Does nothing

1 aconst_mull  |Push mull on the stack
3 iconst_0 Push int 0 on the stack
4 const_1 Push int 1 on the stack

¥Why do we need both 2oonst_null and comst,_ 07
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Load Constant

Dpcode | Mnemonic Description

18 ldc <walue> |Push a one-word {4
bytes) constant onto
the stack

Con=stant may be an ink, fioat or String

e "EBellz™
Ide: 2k

The String is r=ally 8 reference to an
=nlry in the =tring constant table!
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Arithmetic

Opcode | Mnemonic Description

S0 iadd
the stack and pushes
their sum

Pops two integers from

lconst 2
lconst 3
laaa

o lEdl By mp 33H = capla-n &7 LRvrersam

13

Arithmetic

DOpcode | Mnemonic Description

=1 iadd Paps twa Integers from the
stack and pushes thelr um
Rons e bong Inbesgers: Trom the

37 lacd stack and pusnes thelr sum
Rons v floats from the Stac

108 frml and plehes ther procuct
Rops & doubd= from the stak:

11% dneg and puEhes s negatiom
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Java Byte Code Instructions

*« 0: nop

# 1-20: putting constants on the stack

» 95-119: anthmetic on ints, longs,
floats, doubles

» 1 byte opcode: 146 left

* What other kinds of instructions do
we need?

o Ll By =g 33H = capia-n &7 LRvrerssm

Other Instruction Classes
= Control Flow (~20 instructions)

—if, goto, return
» Loading and Storing Variables (65
instructions)
= Method Calls (4 instructions)
» Creating objects (1 instruction)
= Using object fields (4 instructions)
= Arrays (3 instructions)
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Control Flow

« ifeq <label>
Pop an int off the stack. If itis zero,
jump to the label, Otherwise, continue
normally.

o if_icmple <label>

Pop two ints off the stack. If the second
one is <= the first one, jump to the
label. Otherwise, continue normally.

Fo SEZTH By e I3~ cwic=w LT Lvrmwssm
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Referencing Memory

s iload <varnum=

—Pushes the int in local variable
<varnum> {1 bytes) on the stack

« Istore <varmum:

—Pops the int on the top of the stack and
stores it in local variable <varnum=
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