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Abstract

Redundant expressions must be eliminated in order to apply optimization for expressions
in SSA Form from CTOC. This paper applied VN(Value Numbering) for this purpose. In
order to carry out VN, SSAGraph must be first generated to maintain the information in
the SSA Form, equivalent nodes must be found and SCC(Strongly Connected Component)
generated. Equivalent nodes are assigned with an identical valnum through SCC. We could
confirm elimiations for many nodes that added at SSA Form process after VN. The valnum
can be applied in optimization and type inference.
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lll. Value Numbering

{Block label_27 ENTRY)
label_27
(Block label_28 INITY
label_28
INIT Local_ref0_O Locali1_1 Locali2_2 Locali3 3
goto label 0
(Block label_0)
label_0
if0 (Locali1_1==0) then (Block label_12) else (Block label 4
(Block label_4)
label_4
evaluation (Locali4_13 := (Locali2 2 + Locali3_3))
goto label_15
(Block label_12»
Jabel_12
evaluation (Locali4 b 1= 3)
goto label_15
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(Block abel_15)
label_15
Locali4 20 := PHI(label_12=Locali4 5, label_4=Locali4_13)
evaluation (Localib 9: = ((Locali2 2 + Locali3 3) * Localid 20))
label_23
return Locali5_9

(Block label_29 EXIT)
label_29

32 1. SSA Form Ofix
Fig 1. Example of SSA Form
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Stmt — ExprStt | InitStmt | JumpStmt | LabelStmt

LabelStmt — Label

InitStmt — INIT LocalExpr{}

ExprStmt — eval Expr

JumpStmt — GotoStmt | 1fStmt | ReturnExprStmt

1fStmt — IfZeroStmt

GotoStmt — goto  Block

ffZeroSmt —if0 ( Bor (== |'= ) )= KK=) (ull0) ) then Block
else Block

ReturnExprStmt — return  Exp

Block — {block Label)

Label — label_ Num

Expr — ConstantExpr| DefExpr | StoreExpr

DefExpr — MemExp

StoreExpr — ( MemExpr := Expr )

MemExpr — MemRefExpr | VarExpr

VarExpr — LocalExpr | StackExpr

LocalExpr — (Stack | Local ) Type Num (_undef [ _Num)

ConstantExpr — " 1D " | Num F | Num L | Num

T3 2. BNF 2= £ 98
Fig 2. Part of BNF
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£ visitVarExpr (expr)e] 7-$oit}.

public void visitVarExpr(VarExpr expr) {
it (! expr.isDef()) {
VarExpr def = (VarExpr) expr.def();
if (def != null) {
mkEa(expr, def);
}
}

}

T8 3. visitVarExpr(expr) of A<
Fig 3. Case of visitVarExpr
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Algorithm 1. Algorithm of find equivalance nodes

Input: nodel, node 2 € Node
Output: equiv € HashMap
procedure mkEa(nodel, node2)
begin
Set s1 < equival(node1);
Set s2 < equival(node2):
if (s11=s2)
s1.addAll(s2);
lterator iter «— s2.iterator():
while (iter.hasNext())
Node n < (Node) iter.next():
equiv.put(n, s1);
endwhile
fi
end
procedure equival(Node node)
begin
Set s < (Set) equiv.get(node):
if (s == nul)
s < new HashSet(1);
s.add(node):
equiv.put{node, s);
fi
return s;

end
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{
1. (Locali4_13 := (Locali2_ 2 + Locali3 3))=
{(Locali4 13:= (Locali2 2 + Locali3 3)), Localid 13, (Locali2 2 +
Locali3_3), Locali4_13)},

9. Locali4_13=
((Localid_13:= (Locali2_ 2 + Locali3 3)), Localid 13, (Locali2 2 +
Locali3 3), Locali4_13),
10. Localil_1=
{Locali1_1, Locali1_1),
11. (Localid 6 := 3)=
((Locali4 5 := 3), 3, Locali4 5, Locali4 5},

20. Localil_1=

{Locali1_1, Locali1_1),
21. Localid_b=

((Locali4 b := 3), 3, Locali4 5, Locali4_b},
22, Locali3 3=

{Locali3 3. Locali3_3. Locali3 3)

}

12l 4. equiv LH22| 2B
Fig 4, Part of contents of equiv
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Algorithm 2. Set VN

Input: node € Node, table € HashMap
Output: changed € Boolean
procedure VN(node, table)
begin
boolean changed < false;

int temp < -1;
Tuple tuple < (Tuple) tuples.get(node);
iftuple == null)
Node s < simplify(node):
tuple < new Tuple(s);
tuples.put(node, tuple): /7 {node = key, Tuple = value}
fi
Node w < (Node) table. get(tuple):

int value < -1;
if(w I=null && w.getVN() !=-1)
value < w.getVNQ) ;
else
value < next++;
fi
Iterator iter < ssaGraph.equivalent( node).iterator() :
while(iter.hasNext() )
Node v < (Node)iter.next() ;
Tuple t < (Tuple) tuples.get(v);

if(t == null)
continue;

fi

temp < v.getVNQ :

if(v.getVNQ = value)
v.setValueNumber( value);

table.put( 1, v);

changed « true;
fi
endwhile
return changed.
end
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(SCC) = Locali1_1 {3} Locali1_1 {10}

SCCH 18t & 3% (SCCH 1)
(13} 28 )
(node) Locali1_1 {valnum) -1 {3}

{new valnum) 3
*(node) Localii_1
{(node] Localit_1 (valnum]
(already)Locali1_1
*(node) Locali1_1

{valnum) 3 {3}
-1 {10}

(valnum) 3 {3}

{valnum) 3 {10}

(28 3 )
{node] Locali1_1 {valnum} 3 {3}
(already}Locali1_1 (valnum) 3 {10}
(node) Locali1_1 (valnum) 3 {10}
{already)Locali1_1 [valnum) 3 {10}
(node) Locali1_1 {valnum} 3 (3}
[new valnum) 4
*(node) Locali_1 (
*{node) Locali1_1 [valnum) 4 {3}
(node) Locali1_1 (valnum} 4 {10}
(already) Localil_1 (valnum) 4 {3}

valnum) 4 {10}

17 6. VNo| sl 2Ry
Fig 5. process of VN
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[Block) (Block label_27 ENTRY)
(Block]) {Block label_28 INIT>

(statement) @ INIT Local_ref0_0 Localil_1 Locali2 2 locali3_3
[valnum) 2 (node) Local_ref0_0
(valnum] 4 (node} Localil 1

{node] Locali2_2

[valnum) 8 (node} Locali3 3

(valnum) 9 (node) INIT Local_ref0 0 Localil_1 Locali2_2 Locali3_3

[valnum] 6

[Block) (Block label_0»

(statement) : if0 (Localil_1 ==0) then {Block_12) else {Block_4>
[valnum) 4 (node] Localil_1
{vainum) 13 (node) if0 (Localil_1 ==0) then (Block_12) else (Block_4)

{Block) (Block label_12)

(Block) {Block label_4>

: evaluation (Locali4_13 :=
[valnum] 6 (node) Locali2_2
{valnum) 8 [(node) Locali3_3
[valnum) 25 (node) (Locali2_2 + Locali3_3)
[valnum) 25 (node) Locali4_13
(valnum) 25 (node) (Locali4 13 :=
(valnum] 26 [node) evaluation (Localid 13 :=

{statement) (Locali2_2 + Locali3_3))

{Locali2_2 + Locali3_3))
(Locali2_2 + Locali3_3))

(Block] {Block label 15)

{statement) :Locali4_20 := PHi(label_4=Locali4_13, label_12=Locali4_5)
{valnum) 25 [(nede) Locali4_13
{valnum] 18 (node] Locali4 5
(valnum) 30 (node] Locali4 20
(valnum) 28 [node) Localid 20 := PHI(label 4=Locali4 13, label_12=Locali4 5}

(statement) : evaluation (Locali5 9 1= ((Locali2 2 + Locali3 3) * Localid 20))
(valnum) 6 [node) Locali2 2
(valnum) 8 (node) Locali3_3
[valnum]} 25 (node] (Locali2_2 + Locali3_3)
[valnum) 30 [node) Locali4_20
(valnum) 34 (node) ((Locali2_2 + Locali3 3) * Localid_20)
{vainum) 34 [(node] Locali5 9
{valnum] 34 [node) (Locali5 9 1= ((Locali2 2 + Locali3_3) * Localid_20))
[valnum) 35 [node] evaluation (Locali5 9 := ((Locali2_2 + Locali3_3) *
Locali4_20))

(Block) (Block label 29 EXIT)

[Value Numbering 3% = §) : 43

% 6. VN =3 Zz}
Fig 6. Result of VN
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Table 1. Example and simple explanation

SquareRoot | 37 94 60 15 181 99

SumOfSquareRoct| 38 103 63 18 19 | 108

Fibonacci 42 76 69 18 22 | 86

BubbleSort | 30 79 68 16 21 1101

LableExample | 28 51 59 13 16 | 58

Exceptional | 41 99 149 26 29 | 151

W7 F(no.)E CTOCE B3 712 B&S Ay 9
8 712 2=& WHshs FAAA F7IEAY ARE
o Z= ] 5 oudt}, 712 BE(ea) HAY =
% 718 BE2 g g9 B3 A4E V1R B2 5
Suigtt, (ea) S 718 E53 2 7|2 E= Aol
WS FH] 8 AHEE 7HHY) £ U x=
(ea) 718 £F dd) Hoist 8342 Q237 98 A
8 x=9 ALE ujditt (F 3)e VNY g gE
ojch.

LabelExample | 2p#8lE break®t continue Z212Y

Exceptional | try-catch-finally Giix{2|
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Z277y o E 3. VN BAE
SquareRoot | RAl2| HFZ 37| Table 3. VN Test
SumOfSquareRoats| 012l 2} noll thell 151 n7kx| MiE=e) ot opt
- CFG VN copy | dead '
Fibonacci | ZOIZl 4Kt nofl Cish TELEx| 2Ki0l Fn & VN
QuickSort | % Fzig oI8sol B s Waew| Sauarefloot | 99 | T17 | 117 | 117 | 118

SumOfSquareRoot| 108 143 143 | 129 125
Fibonacci 86 126 126 108 96
BubbleSort 101 133 133 117 113
LableExample 58 74 74 70 66
Exceptional 151 240 | 240 195 194
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