Part 7
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Compiler for Constant Expressions

uday-laptop../ceCC -help

Usage: ceCC [options] [file]
Options:
-help Show this help
-tok  Show tokens in file.toks (or out.toks)
-ast Show abstract syntax tree in file.ast (or out.ast)
-dst Display abstract syntax tree using a postscript viewer
-tc  Show a trace of the tree cover matching performed by the
instruction selector in file.tc (or out.tc)
-olr Optimize local register usage through sethi-ullman
numbering
-src Show local register count for each expression
-insn Show instruction list in file.insn (or out.insn)
-d Demo version. Use stdout for the outputs instead of files
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Type ast: Abstract Syntax Tree

specs specs specs

l

Instruction Assembly
Parser AST Selector Insn Emitter
H
£ B < Assembl
Source S Semantic Symtab Register Progran'\{
Program canner Analyser Handler Allocator

UPK

IIT Bombay



IITDM, JBP Incremental CC: Simple Compiler 40/49

Type ast: Abstract Syntax Tree

specs specs specs
o
Instruction Assembly
Parser ASTD — Selector [ Insn — Emitter
H
Source S Semantic Symtab Register /;s;’soegrrabr!’\{
Program canner Analyser Handler Allocator
. . . state
op | arity | kid[0] | kid[1] — num
regCount
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Type ast: Abstract Syntax Tree

specs specs specs
o
Instruction Assembly
Parser ST Selector [ Insn — Emitter
H
Source s Semantic Symtab Register /;s;’soegrpabr!’\{
Program canner Analyser Handler Allocator
. . . state
L-op | arity | kid[0] | kid[1] | x F—r— num
j regCount

astPlusOp
astMultOp

astConstLeafOp

Expected as numbers by iburg.
Cannot be #define or enum
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specs

Type ast: Abstract Syntax Tree

Source
Program Scanner

zero_arity
binary

specs specs
Instruction Assembly
Parser AST Selector [ Insn — Emitter
H
g ‘\ i
Semantic Symtab Register /;s;’soegrpabr!’\{
Analyser Handler Allocator
. . . state
op | arity | kid[0] | kid[1] — num
\\ regCount
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Type ast: Abstract Syntax Tree

specs specs specs
o

Instruction Assembly

Parser ASTD — Selector [ Insn —| Emitter

H

s R - Assembl

Source s Semantic Symtab Register Ps',’soegrpan’\{
Program canner Analyser Handler Allocator

state

op | arity | kid[0] | kid[1] | X fF—bno——
regCount
NG AN S

TN

right child
left child

num
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Type ast: Abstract Syntax Tree

specs specs specs
]
Instruction Assembly
Parser AST Selector | "S" | Emitter iburg internal
! data for
s ® - ree matchin
Source S Semantic Symtab Register /;s;’soegrpabr!’\{ tree matc g
Program canner Analyser Handler Allocator
. . . state ———|
op | arity | kid[0] | kid[1] — num
regCount
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Type ast: Abstract Syntax Tree

specs specs specs

Instruction Assembly

Parser ASTD — Selector [ Insn —| Emitter

H

Source - Semantic Symtab Register /;s;’soegrpabr!’\{

Program Scanner Analyser Handler Allocator
. . . state
o arity | kid[0] | kid[1 — num
P y [0] [t regCount
1

\

number of
registers
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Source
Program

specs

Type ast: Abstract Syntax Tree

*| Scanner

specs specs
Instruction Assembly
Parser AST Selector [ Insn — Emitter
H
Semantic Symtab Register /;s;’soegrpabr!’\{
Analyser Handler Allocator
. . . state
op | arity | kid[0] | kid[1] — num
regCount \

value of the
leaf node
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Source
Program

specs

Quadruples for Instructions

*| Scanner

specs specs
Instruction Assembly
Parser AST Selector [ L= Emitter
H
"y i
Assembl
Semantic Symtab Register Progran'\{
Analyser Handler Allocator

UPK

IIT Bombay



1HITDM, JBP

Incremental CC: Simple Compiler

42/49

Source
Program

specs

L

*| Scanner

Quadruples for Instructions

specs specs
Instruction Assembly
Parser AST —— Selector [ L= Emitter
H
Ny i
A bl
Semantic Symtab Register PsrsoegTan'\{
Analyser Handler Allocator
op | opdl | opd2 | result
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Quadruples for Instructions

specs specs specs
Iex

Instruction Assembly

Parser AST —— Selector [ L= Emitter

T

"y v

v Assembly

Source s Semantic Symtab Register Program
Program canner Analyser Handler Allocator

L op | opdl | opd2 | result

tgtPlusOp
tgtMultOp

tgtLoadlmmOp
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Quadruples for Instructions

specs specs specs
Iex

Instruction Assembly

Parser AST —— Selector [ L= Emitter

T

"y v

v Assembly

Source s Semantic Symtab Register Program
Program canner Analyser Handler Allocator

L op | opdl | opd2 | result

tgtPlusOp
tgtMultOp
tgtLoadlmmOp

hy not load?
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Quadruples for Instructions
specs specs specs
B
Instruction Assembly
Parser AST —— Selector [ L= Emitter
Source - Semantic Symtab Register /;s;’soegrrabr!’\{
Program Scanner Analyser Handler Allocator
L op | opdl | opd2 | result
tgtPlusOp
tgtMultOp
tgtLoadlmmOp
hy not load?

We don't have variables (i.e. locations)
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Quadruples for Instructions

specs specs

|

L

specs

Source s Semantic Symtab
Program canner Analyser Handler

tgtPlusOp
tgtMultOp

tgtLoadlmmOp

1

Instruction Assembly
Parser AST Selector [ L= Emitter
H
“ i
] Assembl
Register Progran}\/
Allocator
L op | opdl | opd2 | result
A\ A\

type

num

name
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Quadruples for Instructions

specs specs specs
o

Instruction Assembly

Parser AST Selector [ L= Emitter

H

£ a < Assembl

Source S Semantic Symtab Register Progran'\{
Program canner Analyser Handler Allocator

L op | opdl | opd2 | result

1

tgtPlusOp type | num | name
tgtMultOp

tgtLoadlmmOp

localReg

Const
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Using Tree Parsing for Instruction Selection

e Given instructions in the form of a tree grammar, iburg generates a
program to tile a tree with minimum cost

Semantics

Rule Instruction Replace tree By tree Cost
reg:PLUS(reg,rOpd) | add 1
reg:MULT (reg,rOpd) | mult 1
reg:CONST load 1

immediate
rOpd:reg 0
rOpd:CONST 0

e Instruction selection is performed by the actions associated with a

grammar rule
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Semantics

Rule Instruction Replace tree By tree Cost
reg:PLUS(reg,rOpd) | add 1
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Using Tree Parsing for Instruction Selection

e Given instructions in the form of a tree grammar, iburg generates a
program to tile a tree with minimum cost

Semantics

Rule Instruction Replace tree By tree Cost
reg:PLUS(reg,rOpd) | add == 1
reg:MULT (reg,rOpd) | mult 1
reg:CONST load 1

immediate
rOpd:reg 0
rOpd:CONST 0

e Instruction selection is performed by the actions associated with a

grammar rule
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Using Tree Parsing for Instruction Selection

e Given instructions in the form of a tree grammar, iburg generates a
program to tile a tree with minimum cost

Semantics

Rule Instruction Replace tree By tree Cost
reg:PLUS(reg,rOpd) | add == 1
reg:MULT (reg,rOpd) | mult ;:; 1
reg:CONST load 1

immediate
rOpd:reg 0
rOpd:CONST 0

e Instruction selection is performed by the actions associated with a

grammar rule
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Using Tree Parsing for Instruction Selection

e Given instructions in the form of a tree grammar, iburg generates a
program to tile a tree with minimum cost

Semantics

Rule Instruction Replace tree By tree Cost
reg:PLUS(reg,rOpd) | add == 1
reg:MULT (reg,rOpd) | mult ; ; > 1
reg:CONST load 1

immediate
rOpd:reg 0
rOpd:CONST 0

e Instruction selection is performed by the actions associated with a

grammar rule
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Using Tree Parsing for Instruction Selection

e Given instructions in the form of a tree grammar, iburg generates a
program to tile a tree with minimum cost

Semantics

Rule Instruction Replace tree By tree Cost
reg:PLUS(reg,rOpd) | add == 1
reg:MULT (reg,rOpd) | mult ; ; > 1
reg:CONST load 1

immediate
rOpd:reg 0
rOpd:CONST 0

e Instruction selection is performed by the actions associated with a

grammar rule
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Using Tree Parsing for Instruction Selection

e Given instructions in the form of a tree grammar, iburg generates a
program to tile a tree with minimum cost

Semantics

Rule Instruction Replace tree By tree Cost
reg:PLUS(reg,rOpd) | add == 1
reg:MULT (reg,rOpd) | mult ; ; > 1
reg:CONST load = 1

immediate
rOpd:reg 0
rOpd:CONST 0

e Instruction selection is performed by the actions associated with a

grammar rule
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Using Tree Parsing for Instruction Selection

e Given instructions in the form of a tree grammar, iburg generates a
program to tile a tree with minimum cost

Semantics

Rule Instruction Replace tree By tree Cost
reg:PLUS(reg,rOpd) | add == 1
(e®) (0pd
reg:MULT (reg,rOpd) | mult @ = 1
reg:CONST load = 1
immediate
rOpd:reg 0
rOpd:CONST 0

e Instruction selection is performed by the actions associated with a

grammar rule
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Using Tree Parsing for Instruction Selection

e Given instructions in the form of a tree grammar, iburg generates a
program to tile a tree with minimum cost

Semantics

Rule Instruction Replace tree By tree Cost
reg:PLUS(reg,rOpd) | add CTLUS == 1
(e®) (0pd
reg:MULT (reg,rOpd) | mult @ = 1
reg:CONST load = 1
immediate
rOpd:reg == 0
rOpd:CONST 0

e Instruction selection is performed by the actions associated with a

grammar rule
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Using Tree Parsing for Instruction Selection

e Given instructions in the form of a tree grammar, iburg generates a
program to tile a tree with minimum cost

Semantics

Rule Instruction Replace tree By tree Cost
reg:PLUS(reg,rOpd) | add == 1
(e®) (0pd
reg:MULT (reg,rOpd) | mult @ = 1
reg:CONST load — 1
immediate
rOpd:reg == 0
rOpd:CONST 0

e Instruction selection is performed by the actions associated with a

grammar rule
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Using Tree Parsing for Instruction Selection

e Given instructions in the form of a tree grammar, iburg generates a
program to tile a tree with minimum cost

Semantics

Rule Instruction Replace tree By tree Cost
reg:PLUS(reg,rOpd) | add CTLUS == 1
(e (Opd
reg:MULT (reg,rOpd) | mult @ = 1
reg:CONST load = 1
immediate
rOpd:reg == 0
rOpd:CONST = (OpdD 0

e Instruction selection is performed by the actions associated with a

grammar rule

UPK

IIT Bombay

5



IITDM, JBP Incremental CC: Simple Compiler 45/49

An Example of Tree Parsing

e Consider the Input |10 + 5 * 3

Subject Tree Primitive Tree Matched Generated Instructions

o
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An Example of Tree Parsing

e Consider the Input |10 + 5 * 3

Subject Tree Primitive Tree Matched Generated Instructions

CeonsT>=> (=0

10

offe
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An Example of Tree Parsing

e Consider the Input |10 + 5 * 3

Subject Tree Primitive Tree Matched Generated Instructions

e => 11 $t0, 10

offe
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An Example of Tree Parsing

e Consider the Input |10 + 5 * 3

Subject Tree Primitive Tree Matched Generated Instructions
© EED=@ 1 w0 9
/
5
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An Example of Tree Parsing

e Consider the Input |10 + 5 * 3

Subject Tree Primitive Tree Matched Generated Instructions

e => 11 $t0, 10

1i $t1, 5
o
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An Example of Tree Parsing

e Consider the Input |10 + 5 * 3

Subject Tree Primitive Tree Matched Generated Instructions

e => 11 $t0, 10

1i $t1, 5
%
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An Example of Tree Parsing

e Consider the Input |10 + 5 * 3

Subject Tree Primitive Tree Matched Generated Instructions

e => 11 $t0, 10

1i $t1, 5
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An Example of Tree Parsing

e Consider the Input |10 + 5 * 3

Subject Tree Primitive Tree Matched Generated Instructions

(+) @@ 1i $t0, 10
1i $t1, 5
®

reg rOpd
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An Example of Tree Parsing

e Consider the Input |10 + 5 * 3

Subject Tree Primitive Tree Matched Generated Instructions

1i $t1, 5

() @# 1i $t0, 10
@ @ mul $t2, $t1, 3
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An Example of Tree Parsing

e Consider the Input |10 + 5 * 3

Subject Tree Primitive Tree Matched Generated Instructions
o @—> @) 1m0, 1
1i $t1, 5

@ reg mul $t2, $t1, 3
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An Example of Tree Parsing

e Consider the Input |10 + 5 * 3

Subject Tree Primitive Tree Matched Generated Instructions
o @—> @) 1m0, 1
1i $t1, 5

(reg) mul $t2, $t1, 3
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An Example of Tree Parsing

e Consider the Input |10 + 5 * 3

Subject Tree Primitive Tree Matched Generated Instructions

+ => 1i $£0, 10
/ \ 1i $t1, 5

/N
reg rOpd mul $t2, $t1, 3

UPK IIT Bombay



IITDM, JBP Incremental CC: Simple Compiler 45/49

An Example of Tree Parsing

e Consider the Input |10 + 5 * 3

Subject Tree Primitive Tree Matched Generated Instructions

sy =>(rg)  1i $t0, 10

1i $t1, 5

7/ \
mul $t2, $t1, 3

add $t3, $t0, $t2
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Use of Ambiguous Grammars

e Grammars used to represent instructions are usually ambiguous.
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e Grammars used to represent instructions are usually ambiguous.

e Consider the following two parses
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Use of Ambiguous Grammars

e Grammars used to represent instructions are usually ambiguous.
e Consider the following two parses

Input Reduction Instruction emitted
PLUS(c1,c2) = PLUS(reg, c)
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Use of Ambiguous Grammars

e Grammars used to represent instructions are usually ambiguous.
e Consider the following two parses

Input Reduction Instruction emitted
PLUS(c1,c2) = PLUS(reg, ) 1i $t0, ¢
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Use of Ambiguous Grammars

e Grammars used to represent instructions are usually ambiguous.
e Consider the following two parses

Input Reduction Instruction emitted
PLUS(c1,c2) = PLUS(reg, ) 1i $t0, ¢
= PLUS(reg, rOpd)
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Use of Ambiguous Grammars

e Grammars used to represent instructions are usually ambiguous.
e Consider the following two parses

Input Reduction Instruction emitted
PLUS(c1,c2) = PLUS(reg, ) 1i $t0, ¢

= PLUS(reg, rOpd)

= reg
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Use of Ambiguous Grammars

e Grammars used to represent instructions are usually ambiguous.
e Consider the following two parses

Input Reduction Instruction emitted
PLUS(c1,c2) = PLUS(reg, ) 1i $t0, ¢

= PLUS(reg, rOpd)

= reg add $t1, $t0, o
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Use of Ambiguous Grammars

e Grammars used to represent instructions are usually ambiguous.

e Consider the following two parses

Input Reduction Instruction emitted
PLUS(c1,c2) = PLUS(reg, ) 1i $t0, ¢

= PLUS(reg, rOpd)

= reg add $t1, $t0, o
Input Reduction Instruction emitted

PLUS(c1,c2) = PLUS(reg, c)
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Use of Ambiguous Grammars

e Grammars used to represent instructions are usually ambiguous.
e Consider the following two parses

Input Reduction Instruction emitted
PLUS(c1,c2) = PLUS(reg, ) 1i $t0, ¢
= PLUS(reg, rOpd)

= reg add $t1, $t0, o
Input Reduction Instruction emitted
PLUS(c1, ) = PLUS(reg, ) 1i $t0, ¢
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Use of Ambiguous Grammars

e Grammars used to represent instructions are usually ambiguous.

e Consider the following two parses

Input Reduction Instruction emitted
PLUS(c1,c2) = PLUS(reg, ) 1i $t0, ¢

= PLUS(reg, rOpd)

= reg add $t1, $t0, o
Input Reduction Instruction emitted
PLUS(c1, ) = PLUS(reg, ) 1i $t0, ¢

= PLUS(reg, reg)
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Use of Ambiguous Grammars

e Grammars used to represent instructions are usually ambiguous.

e Consider the following two parses

Input Reduction Instruction emitted
PLUS(c1,c2) = PLUS(reg, ) 1i $t0, ¢

= PLUS(reg, rOpd)

= reg add $t1, $t0, o
Input Reduction Instruction emitted
PLUS(c1, ) = PLUS(reg, ) 1i $t0, ¢

= PLUS(reg, reg) 1i $t1, o
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e Grammars used to represent instructions are usually ambiguous.

e Consider the following two parses

Input

PLUS(C1, Cz)

Input

PLUS(C1, Cz)

Reduction

= PLUS(reg, )
= PLUS(reg, rOpd)
= reg

Reduction

= PLUS(reg, )
= PLUS(reg, reg)
= PLUS(reg, rOpd)

Use of Ambiguous Grammars

Instruction emitted
1i $t0,

add $t1, $t0, o

Instruction emitted
1i $t0,
1i $t1, o
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e Grammars used to represent instructions are usually ambiguous.

e Consider the following two parses

Input

PLUS(C1, Cz)

Input

PLUS(C1, Cz)

Reduction

= PLUS(reg, )
= PLUS(reg, rOpd)
= reg

Reduction

= PLUS(reg, )
= PLUS(reg, reg)
= PLUS(reg, rOpd)
= reg

Use of Ambiguous Grammars

Instruction emitted
1i $t0,

add $t1, $t0, o

Instruction emitted
1i $t0,
1i $t1, o
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Use of Ambiguous Grammars

e Grammars used to represent instructions are usually ambiguous.

e Consider the following two parses

Input Reduction

PLUS(c1,c2) = PLUS(reg,
= PLUS(reg,
= reg

Input Reduction

PLUS(c1,c2) = PLUS(reg,
= PLUS(reg,
= PLUS(reg,
= reg

Cz)
rOpd)

Cz)

reg)
rOpd)

Instruction emitted
1i $t0,
add $t1, $t0, o

Instruction emitted
1i $t0,
1i $t1, o

add $t2, $to0, $t1
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Use of Ambiguous Grammars

e Grammars used to represent instructions are usually ambiguous.

e Consider the following two parses

Input Reduction Instruction emitted
PLUS(c1,c2) = PLUS(reg, ) 1i $t0, ¢

= PLUS(reg, rOpd)

= reg add $t1, $t0, o
Input Reduction Instruction emitted
PLUS(c1, ) = PLUS(reg, ) 1i $t0, ¢

= PLUS(reg, reg) 1i $t1, o
= PLUS(reg, rOpd)
= reg add $t2, $t0, $t1

e Cost associated with instructions is used to select “better” parse.
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Actions for Instruction Selection

e Task: Having identified a sub-tree, generate instructions for computing
that sub-tree

e Recursive function
codeForSubjectTree *

gen_Inst List_for_Subject_Tree(ast * p, int goalnt)
e If p is a sub-tree OP(leftOpd, rightOpd):
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Actions for Instruction Selection

e Task: Having identified a sub-tree, generate instructions for computing
that sub-tree

e Recursive function
codeForSubjectTree *

gen_Inst List_for_Subject_Tree(ast * p, int goalnt)
e If p is a sub-tree OP(leftOpd, rightOpd):

» Generate instructions for the subtree corresponding to the goal
non-terminal leftOpd
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Actions for Instruction Selection

e Task: Having identified a sub-tree, generate instructions for computing
that sub-tree

e Recursive function
codeForSubjectTree *

gen_Inst List_for_Subject_Tree(ast * p, int goalnt)
e If p is a sub-tree OP(leftOpd, rightOpd):

» Generate instructions for the subtree corresponding to the goal
non-terminal leftOpd

» Generate instructions for the subtree corresponding to the goal
non-terminal rightOpd
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Actions for Instruction Selection

e Task: Having identified a sub-tree, generate instructions for computing
that sub-tree

e Recursive function
codeForSubjectTree *

gen_Inst List_for_Subject_Tree(ast * p, int goalnt)
e If p is a sub-tree OP(leftOpd, rightOpd):

» Generate instructions for the subtree corresponding to the goal
non-terminal leftOpd

» Generate instructions for the subtree corresponding to the goal
non-terminal rightOpd

» In which order should we generate the instructions?
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Actions for Instruction Selection

e Task: Having identified a sub-tree, generate instructions for computing
that sub-tree

e Recursive function
codeForSubjectTree *

gen_Inst List_for_Subject_Tree(ast * p, int goalnt)
e If p is a sub-tree OP(leftOpd, rightOpd):

» Generate instructions for the subtree corresponding to the goal
non-terminal leftOpd

» Generate instructions for the subtree corresponding to the goal
non-terminal rightOpd

» In which order should we generate the instructions?

> Generate instruction for OP using the result of leftOpd and rightOpd
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Actions for Instruction Selection

e Task: Having identified a sub-tree, generate instructions for computing
that sub-tree

e Recursive function
codeForSubjectTree *

gen_Inst List_for_Subject_Tree(ast * p, int goalnt)
e If p is a sub-tree OP(leftOpd, rightOpd):

» Generate instructions for the subtree corresponding to the goal
non-terminal leftOpd

» Generate instructions for the subtree corresponding to the goal
non-terminal rightOpd

» In which order should we generate the instructions?

> Generate instruction for OP using the result of leftOpd and rightOpd

» Perform local register allocation
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Putting It All Together

specs specs specs
Iex
Instruction Assembly
AST Selector |~ ™" ] Emitter

|

i - Assembl
Source Scanner Semantic Symtab Register Progran'\\/
Program Analyser Handler Allocator

main(int argc, char * argv[])

{
processOptions(argc, argv);
sTree = get_Ast();
insts = sub_Tree List_To_Inst_List(sTree);
inst List_To_Assembly(insts);
}
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