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Intermediate Code: Outline
• Overview
• Motivation
• High-Level Intermediate Representations
• The IR for MiniJava

n Examples of usage
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Overview

• Implications
n IR independent of source program
n IR independent of target program

source
program

target
program

error
messages

Front End Back Endintermediate
representation
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Motivation
• Intermediate code is abstract machine language without 

machine (processor) specific operations.

Java

C++

C#

Python

Pentium

Sparc

ARM

Java

C++

C#

Python

Pentium

Sparc

ARM

intermediate
code

Source Target Source Target
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Different Intermediate Representation
• There are many types of intermediate representation

n Postfix notation (for stack machines likes Java Virtual Machine)
n Two-address and three-Address code
n Simple expression tree representations (used in book)

• High Level IR (high-level language constructions)
n Has tree structure similar to AST
n Has expression nodes, e.g., AND, MUL, and statement nodes, 

e.g., IF-THEN, WHILE

• Low Level IR (low-level machine features)
n Is an instruction set describing abstract machine
n Has arithmetic/logical instructions, data movement, branch 

instructions, function calls
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if Statement
// previous statement
if (temp < no){
System.out.println("temp is smaller");

}
else{
System.out.println("temp is larger");
}
// next statement

1. Evaluate condition (temp < no)
2. If true jump to next statement, else jump to false part
3. Execute the statements in true or false part
4. Jump to the next statement
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if Statement, cont.
if(E){s1;} else {s2;}

Label Action Comment
t = evaluation of E ; store in temporary
if t is false jump else
code for s1 ; true part
jump next

else: code for s2 ; false part
next: ; next statement
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while Statement
int temp = 0;
while (temp < no){
System.out.println("temp is " + temp);
temp++;

}
// next statement

1. Evaluate condition (temp < no)
2. If false jump to next statement after loop
3. If true fall into loop body (println; temp++;)
4. Jump back to top of loop
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while Statement, cont.
while(cond){s;}

Label Action Comment

start:
t = evaluation of cond ; store value in temporary
if t is false jump next
code for s
jump start

next: ; next statement
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switch Statement
public void switcher(int no){
switch(no){

case 1:
System.out.println("Got one");
break;

case 2:
System.out.println("Got two");
break;

case 3:
System.out.println("Got three");
break;

}
}

1. Evaluate the expression (no)
2. Find the value in switch list equal to value of expression
3. Execute statement(s) associated with value
4. Jump to next statement after switch
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switch Statement, cont.
switch(E){case v1: s1; case v2: s2; case v3: s3;}

Label Action Comment
t = evaluation of E ; store value of E in temporary
jump test

L1: code for S1
jump next

L2: code for S2
jump next

L3: code for S3
jump next

test: if t =V1 jump L1
if t =V2 jump L2
if t =V3 jump L3
code to raise run-time exception

next: ; next statement
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Combined Statement
while(cond1){

s1;
if (cond2) break;
s2;
if (cond3) continue;
s3;

}

Label Action Comment
start_loop:

if not cond1 jump end_loop
evaluation of s1
if cond2 jump end_loop
evaluation of s2
if cond3 jump start_loop
evaluation of s3
jump start_loop

end_loop: ;next statement
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MiniJava: Expressions

CONST

i
Integer constant i

NAME

n
Symbolic constant n, i.e., a code label

TEMP

t
Temporary t, i.e., a register, assume here an infinitive number.
For storing intermediate results.

BINOP
Binary operator o to integer operands e1 and e2.
Evaluated in the order e1;e2e1o e2
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MiniJava: Expressions, cont.

MEM

e
Content of a word of memory starting at address e

CALL
Procedure call. Evaluation order first f then e1 to en

e1f en

ESEQ
Expression sequence. Evaluation order s (for side
effects) then e (to get the result)s e
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MiniJava: Statements
MOVE

Evaluate expression e and store it in the temporary t
TEMP e

t

MOVE
Evaluate expression e1 which returns an address a. Evaluate
e2 and store it at address a. When MEM left expression in 
MOVE the it is a store. Otherwise, it is a fetch

MEM e2

e1

EXP

e
Evaluate e and discard result
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MiniJava: Statements, cont.

Evaluate expression e1 followed by expression e2. Compare
values returned by e1 and e2 using relational operator o. Jump
to lt if true, else jump to lf if false.

Transfer control to address e. l1… ln are possible values for e
JUMP

l1e ln

CJUMP

e2e1 lt lfo

Statement s1 followed by s2.
SEQ

s1 s2

LABEL

n
Define constant value of name n as current node address.
Can be used as target of CALL, CJUMP, and JUMP
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Kinds of Expressions, Example
public class Expression
{

public static int calc(int a, int b){
return a + b;

}
public static void main(String args[]) {
// 1. call as an expression
int val = calc(10,4);
// 2. call as a statement ignore return value
calc(10,4);
// 3. use expression as conditional
if(10 < 11) {System.out.println("Smaller than");}
else{System.out.println("Not smaller than");}
// 4. use conditional as expression
boolean b = (2 < 3);
if(b){System.out.println("True");}
else {System.out.println("False");}

}
}
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Kinds of Expressions
• Expression kind indicate “how an expression is used”.
• In the book (inherits from Visitor.Exp)

n Ex expression that computes a value
n Nx expression that computes no value
n Cx jump to true or false destination

u RelCx for relational operations, e.g., left < right

n IfThenElseExp expression statement depending on use

• Conversion methods
n unEx(), convert to tree expression Tree.Exp
n unNx(), convert to tree statement Tree.Stm
n unCx(t,f), convert to statement that evaluates inner tree 

and branches to true destination if non-zero and false 
destination otherwise.
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Conditional to Expression
public abstract class Cx extends Exp{// Program 7.3 page 142

Tree.Exp unEx() {
Temp r = new Temp(); Label t = new Label(); Label f = new Label();
return new Tree.ESEQ(

new Tree.SEQ(
new Tree.MOVE(new Tree.TEMP(r), new Tree.CONST(1)),
new Tree.SEQ(

unCx(t, f),
new Tree.SEQ(

new Tree.LABEL(f),
new Tree.SEQ(

new Tree.MOVE(new Tree.TEMP(r),new Tree.CONST(0)),
new Tree.LABEL(t))))),

new Tree.TEMP(r));
}

} Label Action Comment
r = 1 ; set temp to true
if(self) then jump t else jump f ; evaluate my self + jump

f: r = 0 ; set temp to false
t: ; no nothing set true above

r; ; do nothing, to be ESEQ
; next statement
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Arithmetic 

BINOP

Expr 2Expr 1MUL

BINOP

Expr 1CONST 0MINUS

BINOP

Expr 2Expr 1PLUS

BINOP

Expr 1CONST 5DIV
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Simple Variable

• Provides access to a variable v in the current procedure’s 
stack frame

• fp = is the frame-pointer register (see lecture on 
activation record)

• k = offset of v inside the stack frame

MEM

BINOP

CONST kTEMP fpPLUS

MEM

+

CONST kTEMP fp

=
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public static void main(String args[]){
int[] a = new int[10];
for (int i = 0; i < 10; i++){
a[i] = i * i; // l-value

}
int i = a[2]; // r-value

}

Array Subscripting

• e = memory start address of the array a (relative to fp) 
• i = index number into the array a. What if i = 0?
• W = word size

MEM

+

MEM e BINOP

CONST WiMUL
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public static void main(String args[]){
int a, b, c;
a = 14; b = 12;
if (a >= b){c = a;}
else {c = b;}

}

Conditionals

CJUMP

GE MEM

+

CONST kaTEMP fp

MEM

+

CONST kbTEMP fp

t f
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While Loop
while(e1 >= e2) {

s1;
}

Label Action Comment
start:

if e1 < e2 jump end
evaluation of s1
jump start

end: ;next statement

SEQ

LABEL “start”

SEQ

STM s1 LABEL “stop”

SEQ

CJUMP (LT, e1, e2, “start”, “stop”)
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Summary
• The intermediate representation is a “little” internal 

language for the compiler.
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Opgave B1

a = b + 12

MOVE

MEM

a

BINOP

+ MEM

b

CONST

12
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Opgave B2
if (a>b) {c=1;} else {c=0;}

SEQ

SEQ

SEQ

CJUMP

MEM MEM

a b

LT tt ff

SEQMOVE

MEM

a

CONST

0
MOVE

MEM

a

CONST

0

LABEL

tt

LABEL

ff
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Opgave B3
while (i<10) {i=i+1;}

SEQ

SEQ

SEQ

CJUMP

MEM CONST

i 10

LT tr fl

SEQMOVE

MEM

i

BINOP

LABEL

tr

JUMP

start

SEQ

LABEL

start

MEM

i

+ CONST

1

LABEL

fl
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Opgave B4
for (int i = 0; i <10; i++) { c = c +1;} omskrives til

SEQ

MOVE

MEM

i

CONST

0

int i = 0;
int temp = 10
while (i < temp{

c + c + 1;
i = i + 1;

}

SEQ

MOVE

MEM

TEMP 

CONST

0

t

WHILE
se næste

figur
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Opgave B4, cont

SEQ

SEQ

SEQ

CJUMP

MEM MEM

i t

LT tr fl

SEQ

LABEL

tr

JUMP
start

SEQ

LABEL

start

MOVE

MEM

c

BINOP

MEM

c

+ CONST

1

LABEL

fl

int i = 0;
int temp = 10
while (i < temp{

c + c + 1;
i = i + 1;

}

SEQ

MOVE

MEM

i

BINOP

MEM

i

+ CONST

1


