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Overview
¥ Main issues in Machine Code Generation

Ð Process Overview

Ð Memory Management

Ð Instruction selection

Ð Register Allocation

¥ Basic Blocks
Ð Computing 

Ð Transforming

¥ Control Flow Graphs
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Process Overview
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Memory Management Issues
¥ We already covered most of it.

Ð Placement of formals in stack frames

Ð Placement of locals in stack frames

Ð Placement of static data in data section

Ð Use of malloc  for dynamically allocated memory

¥ Code generation issue
Ð Compute the offsets of formals from Frame Pointer

Ð Compute the offset of locals from Frame Pointer

Ð Compute the size of classes

Ð Compute the offset of Þelds within classes

Ð Nothing much for static data (if we generate assembly)

4
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Instruction Selection
¥ What is this about ?

Ð Choosing carefully the instruction we output
¥ For each IR instruction

¥ Objective ?
Ð Two big (conßicting...) foci

¥ Minimize runtime

¥ Minimize code size

¥ Approach ?
Ð Assign a cost to each target instruction

Ð Choose sequence of instructions to minimize the cost

Ð Cost function should capture speed/size concern

5
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Simple Example
¥ Consider an IR instruction
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t0 := t0 + 1

mov R0, t0
mov R1, 1
add R0, R1
mov t0, R0

mov R0,t0
inc R0
mov t0,R0

Naive code Better code

Better because
 - Fewer instructions
 - total cost is lower!
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Cost ?
¥ What can we use?

Ð If concern is code size
¥ # bytes to encode the instruction

Ð If concern is speed
¥ # of CPU cycles to perform the instruction

¥ # of memory cycles to fetch/store the operands

7

mov R0,t0
inc R0
mov t0,R0

cost = 1
cost = 0
cost = 1
total= 2

mov R0, t0
mov R1, 1
add R0, R1
mov t0, R0

cost = 1
cost = 1 
cost = 1
cost = 1
total= 4
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Sequence Example
¥ Selection happens across multiple IR instructions!
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mov R0, b
add R0, c
add R0, e
mov d, R0

a := b + c
d := a + e

mov R0, b
add R0, c
mov a, R0
mov R0, a
add R0, e
mov d, R0
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Instruction Selection
¥ What we need

Ð A systematic way to optimize the instruction selection process

¥ We will come back to this topic later on
Ð During machine code generation

9
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Register Allocation
¥ Challenges

Ð We have a Þnite number of registers
¥ Potentially very few! 

Ð On intel: only 6 GPR: eax, edx, ecx, esi, edi, e bx;

È  registers are unique!

Ð On PPC:  ~ 30 GPR

Ð We have 
¥ Traditional variables

¥ And lots of temporaries

¥ Conclusion
Ð We must deal with two issues

¥ All ocation  ! Choose which ÒobjectsÓ will be in register

¥ Assignment " Choose which register will host a given object 

10



  

CSE244 Compilers

Register Allocation
¥ We will revisit the issue several time

Ð Naive allocation

Ð Spilling

Ð Smart allocation

11
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Platform Constraints
¥ To add to our misery...

Ð Target platform adds more constraints
¥ Some registers are dedicated  

Ð Examples: 
È esp/ebp on Intel
È R0 / LR on PPC

¥ Some registers can be overwritten
Ð Example

È The R1-R12 registers on PPC that hold arguments for calls

¥ Some registers must be used in ÒgroupsÓ
Ð Examples

È System/370 (IBM) for multiplications/division
È the operands must be in odd/even pairs  (e.g. R6,R7)
È the 64-bit result spans the pair of registers

¥ Some register cannot be accessed directly
Ð On Intel: Floating point registers (and instructions) operate like a stack!

12
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Memory Management
¥ Recall the runtime 

organization (frame)
Ð To do

¥ Allocate offsets
Ð Formals
Ð Locals

¥ Have a skeleton to
Ð Allocate MGMT area
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Formals Allocation
¥ Simple technique

Ð We have
¥ The MethodDescriptor with

Ð List of formals (name and type: we know the size of each formal)

Ð We wish to
¥ Assign an offset for each formal from the frame pointer (ebp)

Ð For each function/method
¥ Decide whether FP points to top or bottom of management area

¥ Compute Formal layout
Ð Work backwards (to account for the calling convention)

Ð Add the size of each formal to get offset of next formal

Ð Store the offset of each formal into the FormalDescriptor

¥ Compute Local layout (same deal)

14
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Calling Convention
¥ Arguments will be passed on the stack.
¥ Return value passed

Ð in register eax (if type is integer or pointer)
Ð in topmost ßoating point register (if type is ßoat or double)

¥ Return address is pushed on stack by call instruction
¥ Return address popped by ret  instruction
¥ Caller saved registers (these will not be preserved 

across the function call): eax,ecx,edx
¥ Callee saved registers

Ð ebx, esi, edi

¥ Reserved registers
Ð ebp, esp, eip

15
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Typical Caller Perspective
¥ Before the call:

Ð Save registers that will be destroyed (EBX, ECX, EDX)

Ð Push parameters on stack (right to left) 

Ð Make the call (that pushes IP into stack) this is the RET 
address.

¥ When you wake up again:
Ð Release stack space allocated before.

Ð Collect the return value from EAX

Ð Restore any registers you saved before.

16
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Typical Callee Perspective
¥ Upon activation (prologue)

Ð Push frame pointer so that it is saved 
push EBP  mov EBP, ESP

Ð Allocate stack space for locals.

Ð Push callee saved registers (e.g., ESI,EDI)

Ð execute code.. 

¥ Upon termination (epilogue)
Ð Put the return value on EAX

Ð Restore the callee saved registers

Ð Kill all local variables (mov esp, ebp)

Ð Restore the frame pointer (pop ebp)

Ð ret
17
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C-- Frame Layout
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First formal found at   FP + 12
Second formal found at  FP + 12 + size(1st formal)
Third formal found at   FP + 12 + size(1st formal) + size(2nd formal)

Return Address

Locals 

&

Temporaries

self

esp

efp
OLD efp (Link)

OLD esp

ebx

Stack Frame Layout On Intel

8 bytes

8 bytes

esi

edi

Callee Saved Registers 
12 bytes

12 bytes

Parameters
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C-- Frame Layout
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Return Address

Locals 

&

Temporaries

self

SP

FP
OLD FP (Link)

OLD SP

ebx

Stack Frame Layout On Intel

8 bytes

8 bytes

esi

edi

Callee Saved Registers 
12 bytes

12 bytes

Parameters

First local found at    FP - 20
Second local found at  FP - 20 - size(1st local)
Third local found at   FP - 20 - size(1st formal) - size(2nd formal)
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Structuring the Layout
¥ For each method of each class

Ð Update the variable descriptors so that the relative address 
information is preserved.

20
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Overview
¥ Main issues in Machine Code Generation

Ð Process Overview

Ð Memory Management

Ð Instruction selection

Ð Register Allocation

¥ Basic Blocks
Ð Computing 

Ð Transforming

¥ Control Flow Graphs

21
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Basic Blocks
¥ Purpose

Ð Decomposes the IR into fragments
¥ Each fragment is a straight-line program

Ð One entry 

Ð One exit

Ð no branches.

22
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Basic Block Example
¥ Go back to factorial case

23

class Foo  {
! int fact(int n) {
! ! return 0;
! }
! int fib(int x) { 
! ! return 1;
! }
};

class Main extends Foo {
! Main() {
! ! int x;
! ! x = fact(5);
! }
! int fact(int n) {
! ! if (n==0)
! ! ! return 1;
! ! else return n * fact(n-1);
! }
};

D_0=Foo.vtbl[0] = L_0
! Foo.vtbl[1] = L_3

D_1=Main.vtbl[0] = L_13
! Main.vtbl[1] = L_3
! Main.vtbl[2] = L_6

0!  prologue(0)
1!  set return 0
2!  epilogue
3!  prologue(0)
4!  set return 1
5!  epilogue
6!  prologue(0)
7!  param 5
8!  param self
9!  invoke(self,0,1)
10!  get return t0
11!  mov x,t0
12!  epilogue

13!  prologue(0)
14!  eql t0,n,0
15!  jumpz t0 L_18
16!  set return 1
17!  jump L_25
18!  sub t1,n,1
19!  param t1
20!  param self
21!  invoke(self,0,1)
22!  get return t2
23!  mul t3,n,t2
24!  set return t3
25!  epilogue
26!  param 4
27!  call malloc
28!  get return t0
29!  mov 0(t0),D_1
30!  param t0
31!  invoke(t0,2,0)
32!  get return t1
33!  ret
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Basic Block Example

24

¥ Rationale
¥ Blue block

Ð Start on entry
Ð Extend to branch

¥ Purple block
Ð Start where blue block ends
Ð Extend to branch

¥ Green block
Ð Start at target of branch
Ð Extend to target of next branch

¥ Brown block
Ð The rest

13!  prologue(0)
14!  eql t0,n,0
15!  jumpz t0 L_18
16!  set return 1
17!  jump L_25
18!  sub t1,n,1
19!  param t1
20!  param self
21!  invoke(self,0,1)
22!  get return t2
23!  mul t3,n,t2
24!  set return t3
25!  epilogue

13!  prologue(0)
14!  eql t0,n,0
15!  jumpz t0 L_18
16!  set return 1
17!  jump L_25
18!  sub t1,n,1
19!  param t1
20!  param self
21!  invoke(self,0,1)
22!  get return t2
23!  mul t3,n,t2
24!  set return t3
25!  epilogue

13!  prologue(0)
14!  eql t0,n,0
15!  jumpz t0 L_18
16!  set return 1
17!  jump L_25
18!  sub t1,n,1
19!  param t1
20!  param self
21!  invoke(self,0,1)
22!  get return t2
23!  mul t3,n,t2
24!  set return t3
25!  epilogue

13!  prologue(0)
14!  eql t0,n,0
15!  jumpz t0 L_18
16!  set return 1
17!  jump L_25
18!  sub t1,n,1
19!  param t1
20!  param self
21!  invoke(self,0,1)
22!  get return t2
23!  mul t3,n,t2
24!  set return t3
25!  epilogue

13!  prologue(0)
14!  eql t0,n,0
15!  jumpz t0 L_18
16!  set return 1
17!  jump L_25
18!  sub t1,n,1
19!  param t1
20!  param self
21!  invoke(self,0,1)
22!  get return t2
23!  mul t3,n,t2
24!  set return t3
25!  epilogue
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Control Flow Graph
¥ Directly from the Basic Block Structure

25

Start

Blue Block

Purple Block Green Block

Brown Block

End

13!  prologue(0)
14!  eql t0,n,0
15!  jumpz t0 L_18
16!  set return 1
17!  jump L_25
18!  sub t1,n,1
19!  param t1
20!  param self
21!  invoke(self,0,1)
22!  get return t2
23!  mul t3,n,t2
24!  set return t3
25!  epilogue
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Computing Basic Blocks
¥ Input

Ð The IR
Ð A method

¥ Output
Ð A list of Basic Blocks for the method

¥ Algorithm
Ð Determine  the leaders 

¥ First instruction is a leader
¥ Target of a branch is a leader
¥ Instruction that follows a branch is a leader

Ð For each leader
¥ Extend  block down until 

Ð Next Leader
Ð End of method

26
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Basic Blocks Exit Point
¥ For Each basic block

Ð Represent leader by a code label 

Ð Figure out the set of exits
¥ Each exit point to the leader of the target block 

27

13!  prologue(0)
14!  eql t0,n,0
15!  jumpz t0 L_18
16!  set return 1
17!  jump L_25
18!  sub t1,n,1
19!  param t1
20!  param self
21!  invoke(self,0,1)
22!  get return t2
23!  mul t3,n,t2
24!  set return t3
25!  epilogue

exitLeader(blue) ! ! = {L_18,L_16}
exitLeader(purple) ! = {L_25}
exitLeader(green) ! = {L_25}
exitLeader(brown)  ! = {}

leader(blue) ! ! = {L_13}
leader(purple) !! = {L_16}
leader(green) !! = {L_18}
leader(brown)  ! = {L_25}
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Computing the CFG
¥ Input

Ð A list of blocks

Ð The IR

¥ Output
Ð A Graph

¥ Algorithm
Ð Create a vertex in the CFG for each basic block

Ð Start with vertex of initial block

Ð Add a directed edge from Bi to Bk if and only if
¥ BkÕ leader is an exitLeader for Bi

28

leader(green) !! = L_18  AND exitLeader(blue) = {L_18,L_16}
leader(green)  IN  exitLeader(blue) => (blue,green) is an Arc of CFG
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Once CFG is available...
¥ Attach to each MethodDescriptor

Ð Its list of blocks

Ð Its entry block

Ð Its CFG

¥ Attach to each code Label
Ð The block that it leads.

29



  

CSE244 Compilers

Example
¥ This is a translation example: 

30

class Foo  {
! int fact(int n) {
! ! return 0;
! }
! int fib(int x) { 
! ! return 1;
! }
};

class Main extends Foo {
! Main() {
! ! int x;
! ! x = fact(5);
! }
! int fact(int n) {
! ! if (n==0)
! ! ! return 1;
! ! else return n * fact(n-1);
! }
};

D_0=Foo.vtbl[0] = L_0
! Foo.vtbl[1] = L_3

D_1=Main.vtbl[0] = L_13
! Main.vtbl[1] = L_3
! Main.vtbl[2] = L_6

0!  prologue(0)
1!  set return 0
2!  epilogue
3!  prologue(0)
4!  set return 1
5!  epilogue
6!  prologue(0)
7!  param 5
8!  param self
9!  invoke(self,0,1)
10!  get return t0
11!  mov x,t0
12!  epilogue

13!  prologue(0)
14!  eql t0,n,0
15!  jumpz t0 L_18
16!  set return 1
17!  jump L_25
18!  sub t1,n,1
19!  param t1
20!  param self
21!  invoke(self,0,1)
22!  get return t2
23!  mul t3,n,t2
24!  set return t3
25!  epilogue
26!  param 4
27!  call malloc
28!  get return t0
29!  mov 0(t0),D_1
30!  param t0
31!  invoke(t0,2,0)
32!  get return t1
33!  ret
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Block information

31

D_0 =! Foo.vtbl[0] = { bblock[0](0-2) }
! Foo.vtbl[1] = { bblock[1](3-5) }

D_1 =! Main.vtbl[0] = { !bblock[3](13-15),
 ! ! ! ! bblock[4](16-17),
! ! ! ! bblock[5](18-24),
! ! ! ! bblock[6](25-25) }
! Main.vtbl[1] = { bblock[1](3-5) }
! Main.vtbl[2] = { bblock[2](6-12) }

0!  prologue(0)
1!  set return 0
2!  epilogue
3!  prologue(0)
4!  set return 1
5!  epilogue
6!  prologue(0)
7!  param 5
8!  param self
9!  invoke(self,0,1)
10!  get return t0
11!  mov x,t0
12!  epilogue

13!  prologue(0)
14!  eql t0,n,0
15!  jumpz t0 L_18
16!  set return 1
17!  jump L_25
18!  sub t1,n,1
19!  param t1
20!  param self
21!  invoke(self,0,1)
22!  get return t2
23!  mul t3,n,t2
24!  set return t3
25!  epilogue
26!  param 4
27!  call malloc
28!  get return t0
29!  mov 0(t0),D_1
30!  param t0
31!  invoke(t0,2,0)
32!  get return t1
33!  ret

Label[0] = L0! bblock[0](0-2)
Label[1] = L3! bblock[1](3-5)
Label[2] = L6! bblock[2](6-12)
Label[3] = L13! bblock[3](13-15)
Label[4] = L18! bblock[5](18-24)
Label[5] = L25! bblock[6](25-25)
Label[6] =main ! bblock[7](26-33)
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Note
¥ A CFG is a general graph

Ð It can contain cycles

Ð It has one vertex v with inDegree(v) = 0

Ð It can have several vertices wi with outDegree(wi) = 0

Ð Transfer of control due to CALLS do not ÒbreakÓ blocks.

Ð Loops create cycles in the CFG

32
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Why do we care about BB & CFG?
¥ Reasons

Ð Many optimizations operate at the basic block granularity

Ð Register allocation happens at the basic block granularity

Ð Instruction scheduling happens at the CFG granularity

¥ Focus for now
Ð Intra-block

33



  

CSE244 Compilers

Basic Block Analysis
¥ DeÞnition-Use analysis

¥ Purpose
Ð Figure out 

¥ When a name is deÞned

¥ When a name is used

Ð I.E. Figure out the lifetime of a name.

Ð Notation
¥ use[next use ßag, label of next occurrence]

34
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Example
¥ On our factorial body....

35

13 !  prologue(0)
14 !  eql t0 , n, 0! ! ! [ use(T,15) , use(T,-1) , use(F,-1) ]
15 !  jumpz t0  L_18 ! ! [ use(F,-1) ]
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Example
¥ On our factorial body....

36

13 !  prologue(0)
14 !  eql t0 , n, 0! ! ! [ use(T,15) , use(T,-1) , use(F,-1) ]
15 !  jumpz t0  L_18 ! ! [ use(F,-1) ]

16 !  set return 1!  ! [ use(F,-1) ]
17 !  jump L_25 !  
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Example
¥ On our factorial body....
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13 !  prologue(0)
14 !  eql t0 , n, 0! ! ! [ use(T,15) , use(F,-1) , use(F,-1) ]
15 !  jumpz t0  L_18 ! ! [ use(F,-1) ]

16 !  set return 1!  ! [ use(F,-1) ]
17 !  jump L_25 !  

18 !  sub t1 , n,1 ! ! ! [ use(T,19) , use(T,23) ,use(F,-1)]
19 !  param t1 !  ! ! [ use(F,-1) ]
20 !  param self ! ! ! [ use(T,21) ]
21 !  invoke( self ,0,1) ! [ use(F,-1) ]
22 !  get return t2 !  ! [ use(T,23) ]
23 !  mul t3 , n, t2 !  ! [ use(T,24) , use(F,-1) , use(F,-1) ]
24 !  set return t3 !  ! [ use(F,-1) ]
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Example
¥ On our factorial body....

38

25 !  epilogue

13 !  prologue(0)
14 !  eql t0 , n, 0! ! ! [ use(T,15) , use(F,-1) , use(F,-1) ]
15 !  jumpz t0  L_18 ! ! [ use(F,-1) ]

16 !  set return 1!  ! [ use(F,-1) ]
17 !  jump L_25 !  

18 !  sub t1 , n,1 ! ! ! [ use(T,19) , use(T,23) ,use(F,-1)]
19 !  param t1 !  ! ! [ use(F,-1) ]
20 !  param self ! ! ! [ use(T,21) ]
21 !  invoke( self ,0,1) ! [ use(F,-1) ]
22 !  get return t2 !  ! [ use(T,23) ]
23 !  mul t3 , n, t2 !  ! [ use(T,24) , use(F,-1) , use(F,-1) ]
24 !  set return t3 !  ! [ use(F,-1) ]
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Example
¥ On our factorial body....
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25 !  epilogue

13 !  prologue(0)
14 !  eql t0 , n, 0! ! ! [ use(T,15) , use(T,-1) , use(F,-1) ]
15 !  jumpz t0  L_18 ! ! [ use(F,-1) ]

16 !  set return 1!  ! [ use(F,-1) ]
17 !  jump L_25 !  

18 !  sub t1 , n,1 ! ! ! [ use(T,19) , use(T,23) ,use(F,-1)]
19 !  param t1 !  ! ! [ use(F,-1) ]
20 !  param self ! ! ! [ use(T,21) ]
21 !  invoke( self ,0,1) ! [ use(F,-1) ]
22 !  get return t2 !  ! [ use(T,23) ]
23 !  mul t3 , n, t2 !  ! [ use(T,24) , use(F,-1) , use(F,-1) ]
24 !  set return t3 !  ! [ use(F,-1) ]
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Corollary
¥ We can use this def-use analysis to....

Ð Get rid of extra temporaries!

Ð Rename temporaries whose lifetime do not overlap

Ð Differentiate read-write usage 

40

18 !  sub t1 , n,1 ! ! ! [ use(T,19) , use(T,23) ,use(F,-1)]
19 !  param t1 !  ! ! [ use(F,-1) ]
20 !  param self ! ! ! [ use(T,21) ]
21 !  invoke( self ,0,1) ! [ use(F,-1) ]
22 !  get return t2 !  ! [ use(T,23) ]
23 !  mul t3 , n, t2 !  ! [ use(T,24) , use(F,-1) , use(F,-1) ]
24 !  set return t3 !  ! [ use(F,-1) ]
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Corollary
¥ We can use this def-use analysis to....

Ð Get rid of extra temporaries!

Ð Rename temporaries whose lifetime do not overlap

Ð Differentiate read-write usage 

41

18 !  sub t1 , n,1 ! ! ! [ use(T,19) , use(T,23) ,use(F,-1)]
19 !  param t1 !  ! ! [ use(F,-1) ]
20 !  param self ! ! ! [ use(T,21) ]
21 !  invoke( self ,0,1) ! [ use(F,-1) ]
22 !  get return t1 !  ! [ use(T,23) ]
23 !  mul t3 , n, t1 !  ! [ use(T,24) , use(F,-1) , use(F,-1) ]
24 !  set return t3 !  ! [ use(F,-1) ]
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Corollary
¥ We can use this def/use analysis to....

Ð Get rid of extra temporaries!

Ð Rename temporaries whose lifetime do not overlap

Ð Differentiate read-write usage 

42

18 !  sub t1 , n,1 ! ! ! [ use(T,19) , use(T,23) ,use(F,-1)]
19 !  param t1 !  ! ! [ use(F,-1) ]
20 !  param self ! ! ! [ use(T,21) ]
21 !  invoke( self ,0,1) ! [ use(F,-1) ]
22 !  get return t1 !  ! [ use(T,23) ]
23 !  mul t1 , n, t1 !  ! [ use(T,24) , use(F,-1) , use(F,-1) ]
24 !  set return t1 !  ! [ use(F,-1) ]

Bottom Line: 
 Only one temporary left in this block! 
 Two temporaries were eliminated



  

CSE244 Compilers

Computing Usage
¥ Technique to gather this data

¥ Do a backward sweep through each basic block
Ð During the sweep

¥ Track the liveness and usage location of each name

¥ When considering an instruction
Ð An operand used in ÒreadÓ  mode

È Record in the instruction the current Liveness and Usage point
È Updates the usage location of the operand (it is used here)
È Updates the liveness of the variable (the name is live since it is used)

Ð An operand used in ÒwriteÓ mode
È Record in the instruction the current Liveness and Usage point.
È Updates the liveness of the variable (the name is overwritten here)

43
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Example
¥ Start from bottom of block

¥ Work backwards

¥ Initially
Ð Temporaries have no use and are not live

Ð Names (symbolic) are assumed live

44

18!  sub t1,n,1 !  ! !
19!  param t1 !  ! !
20!  param self !  ! !
21!  invoke(self,0,1) !
22!  get return t2 !  !
23!  mul t3,n,t2 !  !
24!  set return t3 !  !

usageMap ! = {
! ! ! !
! ! ! }

nextMap ! ! = {
! ! ! !
! ! ! }
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Example
¥ Start from bottom of block

¥ Work backwards

¥ Initially
Ð Temporaries have no use and are not live

Ð Names (symbolic) are assumed live

45

18!  sub t1,n,1 !  ! !
19!  param t1 !  ! !
20!  param self !  ! !
21!  invoke(self,0,1) !
22!  get return t2 !  !
23!  mul t3,n,t2 !  !
24!  set return t3 !  ! ! [use(F,-1)] !

usageMap ! = {
! ! ! !
! ! ! }

nextMap ! ! = {
! ! ! !
! ! ! }
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Example
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18!  sub t1,n,1 !  ! !
19!  param t1 !  ! !
20!  param self !  ! !
21!  invoke(self,0,1) !
22!  get return t2 !  !
23!  mul t3,n,t2 !  !
24!  set return t3 !  ! ! [use(F,-1)] !

usageMap ! = {
! ! ! ! t3
! ! ! }

nextMap ! ! = {
! ! ! ! t3->24,24
! ! ! }

Live Names
of processed block

Next use of a name,
Last use of a name



  

CSE244 Compilers

Example
¥ Start from bottom of block

¥ Work backwards

¥ Initially
Ð Temporaries have no use and are not live

Ð Names (symbolic) are assumed live

47

18!  sub t1,n,1 !  ! !
19!  param t1 !  ! !
20!  param self !  ! !
21!  invoke(self,0,1) !
22!  get return t2 !  !
23!  mul t3,n,t2 !  ! [use(T,24),use(F,-1),use(F,-1)]
24!  set return t3 ! [use(F,-1)] !

usageMap ! = {
! ! ! ! t3
! ! ! }

nextMap ! ! = {
! ! ! ! t3->24,24
! ! ! }
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18!  sub t1,n,1 !  ! !
19!  param t1 !  ! !
20!  param self !  ! !
21!  invoke(self,0,1) !
22!  get return t2 !  !
23!  mul t3,n,t2 !  ! [use(T,24),use(F,-1),use(F,-1)]
24!  set return t3 ! [use(F,-1)] !

usageMap ! = {
! ! ! ! t3,n,t2
! ! ! }

nextMap ! ! = {
! ! ! ! t3->23,24
! ! ! ! n ->23,23
! ! ! ! t2->23,23
! ! ! }



  

CSE244 Compilers

Example
¥ Start from bottom of block

¥ Work backwards

¥ Initially
Ð Temporaries have no use and are not live

Ð Names (symbolic) are assumed live

49

18!  sub t1,n,1 !  ! !
19!  param t1 !  ! !
20!  param self !  ! !
21!  invoke(self,0,1) !
22!  get return t2 ! [use(T,23)]
23!  mul t3,n,t2 !  ! [use(T,24),use(F,-1),use(F,-1)]
24!  set return t3 ! [use(F,-1)] !

usageMap ! = {
! ! ! ! n,t2
! ! ! }

nextMap ! ! = {
! ! ! ! t3-> 23,24
! ! ! ! n ->23,23
! ! ! ! t2->23,23
! ! ! }
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18!  sub t1,n,1 !  ! !
19!  param t1 !  ! !
20!  param self !  ! !
21!  invoke(self,0,1) !
22!  get return t2 ! [use(T,23)]
23!  mul t3,n,t2 !  ! [use(T,24),use(F,-1),use(F,-1)]
24!  set return t3 ! [use(F,-1)] !

usageMap ! = {
! ! ! ! n,t2
! ! ! }

nextMap ! ! = {
! ! ! ! t3-> 23,24
! ! ! ! n ->23,23
! ! ! ! t2->22,23
! ! ! }
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18!  sub t1,n,1 !  ! !
19!  param t1 !  ! !
20!  param self !  ! !
21!  invoke(self,0,1) ![use(T,-1)]
22!  get return t2 ! [use(T,23)]
23!  mul t3,n,t2 !  ! [use(T,24),use(F,-1),use(F,-1)]
24!  set return t3 ! [use(F,-1)] !

usageMap ! = {
! ! ! ! n
! ! ! }

nextMap ! ! = {
! ! ! ! t3-> 23,24
! ! ! ! n ->23,23
! ! ! ! t2-> 22,23
! ! ! }
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18!  sub t1,n,1 !  ! !
19!  param t1 !  ! !
20!  param self !  ! !
21!  invoke(self,0,1) ![use(T,-1)]
22!  get return t2 ! [use(T,23)]
23!  mul t3,n,t2 !  ! [use(T,24),use(F,-1),use(F,-1)]
24!  set return t3 ! [use(F,-1)] !

usageMap ! = {
! ! ! ! n,self
! ! ! }

nextMap ! ! = {
! ! ! ! t3-> 23,24
! ! ! ! n ->23,23
! ! ! ! t2-> 22,23
! ! ! ! self->21,21
! ! ! }
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18!  sub t1,n,1 !  ! !
19!  param t1 !  ! !
20!  param self !  ! [use(T,21)]
21!  invoke(self,0,1) ![use(T,-1)]
22!  get return t2 ! [use(T,23)]
23!  mul t3,n,t2 !  ! [use(T,24),use(F,-1),use(F,-1)]
24!  set return t3 ! [use(F,-1)] !

usageMap ! = {
! ! ! ! n,self
! ! ! }

nextMap ! ! = {
! ! ! ! t3-> 23,24
! ! ! ! n ->23,23
! ! ! ! t2-> 22,23
! ! ! ! self->21,21
! ! ! }
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18!  sub t1,n,1 !  ! !
19!  param t1 !  ! !
20!  param self !  ! [use(T,21)]
21!  invoke(self,0,1) ![use(T,-1)]
22!  get return t2 ! [use(T,23)]
23!  mul t3,n,t2 !  ! [use(T,24),use(F,-1),use(F,-1)]
24!  set return t3 ! [use(F,-1)] !

usageMap ! = {
! ! ! ! n,self
! ! ! }

nextMap ! ! = {
! ! ! ! t3-> 23,24
! ! ! ! n ->23,23
! ! ! ! t2-> 22,23
! ! ! ! self->20,21
! ! ! }
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18!  sub t1,n,1 !  ! !
19!  param t1 !  ! [use(F,-1)] !
20!  param self !  ! [use(T,21)]
21!  invoke(self,0,1) ![use(T,-1)]
22!  get return t2 ! [use(T,23)]
23!  mul t3,n,t2 !  ! [use(T,24),use(F,-1),use(F,-1)]
24!  set return t3 ! [use(F,-1)] !

usageMap ! = {
! ! ! ! n,self,t1
! ! ! }

nextMap ! ! = {
! ! ! ! t3-> 23,24
! ! ! ! n ->23,23
! ! ! ! t2-> 22,23
! ! ! ! self->20,21
! ! ! ! t1->19,19
! ! ! }
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18!  sub t1,n,1 !  ! [use(T,19),use(T,23),use(F,-1)]
19!  param t1 !  ! [use(F,-1)] !
20!  param self !  ! [use(T,21)]
21!  invoke(self,0,1) ![use(T,-1)]
22!  get return t2 ! [use(T,23)]
23!  mul t3,n,t2 !  ! [use(T,24),use(F,-1),use(F,-1)]
24!  set return t3 ! [use(F,-1)] !

usageMap ! = {
! ! ! ! n,self,t1
! ! ! }

nextMap ! ! = {
! ! ! ! t3-> 23,24
! ! ! ! n ->23,23
! ! ! ! t2-> 22,23
! ! ! ! self->20,21
! ! ! ! t1->19,19
! ! ! }
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18!  sub t1,n,1 !  ! [use(T,19),use(T,23),use(F,-1)]
19!  param t1 !  ! [use(F,-1)] !
20!  param self !  ! [use(T,21)]
21!  invoke(self,0,1) ![use(T,-1)]
22!  get return t2 ! [use(T,23)]
23!  mul t3,n,t2 !  ! [use(T,24),use(F,-1),use(F,-1)]
24!  set return t3 ! [use(F,-1)] !

usageMap ! = {
! ! ! ! n,self
! ! ! }

nextMap ! ! = {
! ! ! ! t3-> 23,24
! ! ! ! n ->23,23
! ! ! ! t2-> 22,23
! ! ! ! self->20,21
! ! ! ! t1-> 18,19
! ! ! }
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Next topics
¥ Temporary reduction

¥ Naive code generation schema

¥ Naive register allocation

¥ Effective register allocation

¥ Sub-expression elimination

¥ Peephole optimizations

¥ Instruction selection
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