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Abstract

Redundant expressions must be elimnated in order to apply optimization for expressions
in SSA TForm from CTOC. This paper applied VN(Value Numbering) for this purpose. In
order to cary out VN, SSAGraph must be first generated to maintain the information in
the SSA TFam, equivalent nodes must be found and SCC(Strongly Commected 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 INT>
label_28
INT Local ref0_0 Localil_1 Locali2 2 Locali3 3
goto label 0
<Block label_0>
label 0
if0 (Localil_1=0) then <Block label 12> else <Block label 4>
<Block label_4>
label 4
evaluation (Localid 13 = (Locali2 2 + Locali3 3)
goto label_15
<Block label_12>
label_12
evaluation (Locali4 5 = 3
goto label_15
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<Block label_15>
label_15
Locali4 20 = PH(label_12=Locali4d_5, label_4=Localid_13)
evaluation (Locali5_9= ((Locali2 2 + Locali3 3) + Localid_20)
label_23
refurn Localis 9
<Block lakel 29 EXT>
label_29
2! 1. SSA Fom Off&|
Fig 1. Bxample of SSA Form
B =R E CTOCAA VN 348 A&slr] 8] <z
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Stimt — ExorStrt | InitStrt | JumpStmt | LabelStrrt

LabelStmt — Label

InitStmt — INT  LocalExprd]

BxprStnt — eval  Expr

JumpStmt — GotoStmt | IfStmt | ReturnBExprStnt

IfStmt — IfZeroStmt

GotoStmt — gato - Block

fZeroStmt — 0 ( Bxpr (= = > >= < [<=) (nulll0 ) ) then Block
else  Block

RetunExorStmt — retum Bxp

Block — <block  Lebel>

Lebel — label . Num

Bxor — ConstantExpr| DefExpor | StoreExor

DefExor — MemExp

StoreExor — (- MemBxor = Bxpr )

MemBxor — MemRefExor | VarExor

VarBExor — LocalBxpr | StackExor

LocalExpr — (Stack | Local ) Type  Num (undef | _Num)

ConstartExpr — ' ID | Num F | Num L | Num
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2 visitVarExpr (expr)$] 73$-o]tt.

public void visitVarExpr(VarExpr exor) {

it ( exprisDef() {
VarExor def = (VarBxor) exor.def(;
if (0ef 1= null) {
mkEglexor, defl;

}
}

}

22! 3 visitvarExpriexpn) 2| 29
Fig 3. Case of visitVarExpr
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Algorithm 1. Algorithm of find equivalance nodes

Input: nodel, node 2 € Node
Qutput: equiv € HashMap
procedure mkEgnodel, node?)
begin
Sat 51 < equivalinodel);
Set 82 «— equivalinoded;
if (51 1=<2
s1.addAl(s2);
Iterator iter «— <2 terator();
while (iter hasNext()
Node n < (Node) iter.next(;
equiv.puting st
endwhile
fi
end
procedure equivallNode node)
begin
Set s« (Set) equiv.getinode);
if (5= nul)
s < new HashSat(1);
s.addinodel;
equiv.putinode, s)
fi
return s;

end

equival) AAEE =EF dgom wol FES &
o] ZAFThH 4 wW(HashMap) o2 B equivEFE U
45 7Lt} o) nodet® keyolm ATE RAF sv} uh
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Asta 2 FFel @A =25 Fosit) dg 1 <Block
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<GuFE Dolal TheF slv) 27 o A9E sl s
= sle2 vl dE W <Block label 0>9l4 Local
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equive] keyE =E ng AMSlAL valueE Set s1& AR
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10, Localil 1 = [Localil 1, Localil 1]} 3 Zolxit}.

BE Zo] 79HE ¥ AF equive] W] UdRE <O

4>9} 2

{

1. (Localid 13 = (Local2 2 + Localid 3)=
[Localid 13= (Local2 2 + Locali3_3),
Locali3 3, Locali4_13],

Localid 13, (Locali2 2

9. Locali4 13=
[Localid 13= (Local2 2 + Locali3_3),
Locali3 3, Locali4 13],
10. Locali1_1=
{Localii_1, Locali1_1]
1. (Localid 5 = 3=
[(Localid 5 = 3), 3, Localid_5, Localid 5],

Localid 13, (Locali2 2

2. Locali1_I=

{Localii_1, Locali1_1]
21. Loceli4 5=

[(Locali4 5 = 3), 3, Localid_5, Localid 5],
2. Loceli3 3=

[Locali3_3, Locali3 3, Locali3 ]

}
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o dE E9], Block lahel 28 INIT>o] $+= Localil 1
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ARt A ElolBelE nulldl Ae]r] wEe] HolERR
Bt 39 =25 28 4 gk gebd @4 =sde Al
2 vanums Agsol @tk 719 valuer} 2744 W)
g et 7T AZE vanums 247 $s8l

value = 302 st Hoh

UTRIE 2 NS MBI 2TRIE

Algorithm 2. Sat WN

Input: node € Node, table € HashMap
Qutput: changed € Boolean
procedure VN(node, table)
begin
bodlean changed <« false;

int temp < -1;

Tuple tule < (Tuple) tuples.get(nodel;

ifttuole == nul)
Node s < simplify(nods);
twle < new Tuplels);
tuples.putinods, tuple);

fi

Node w < (Node) table.getltuple);

/! {node = key, Tuole = valug}

int value < -1;
iftw 1= null 8& w.gatVN) = 1)
value «— wgetVN0 ;
else
value < next+
fi
Iterator iter «— ssaGraphequivalent( node). iterator() ;
while(iter hasNext) )
Node v < (Nodeliter.next( ;
Tuple t < (Tuple) tuples.get);

ift = nul)
continue;

fi

temp < v.getUND ;

iftv.getVN0 1= value)
vsetValueNumber( value);

tadle.put( t, v

changed < true;
fi
endwhile
return changed;
end

i #A mme) B wr) JYENE 3
53 w22 Localil {10} Az] Al
gtk dF =52 7129 tuplesolld Fe

O
o] A% old FgellA Localil_1{3} =55 tuplesd

ek B
Localil_1{3}

F7kelR 7] wEo] Localil {3} =% tuple® T5HA
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7] W&ol value @ T2 v dvh whEbA Lecalil
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[SCC] = Locali1_1 {3 Locali1_1 {10}
SCCIH 1EE|- 2 42 (CC> 1)
(13 34
[node] Locali1_1 fvalnum) -1 {3}
[new valnum] 3
{node] Localil_1 lvelnuml 3 {3}
[node] Locali1_1 [valnum] -1 {10}
[alreadylLocali1_1 fvanum] 3 {3}
{node] Localil_1 [valnum] 3 {10}
3] 34 )
[node] Locali1_1 fvanuml 3 {3}
[alreadylLocali1_1 [valnum] 3 {10}
[node] Locali1_1 [valnum] 3 {10}
[alreadylLocali1_1 [valnum] 3 {10}
[node] Locali1_1 fvanuml 3 {3}
[new valnum 4
{node] Localil_1 [valnum] 4 {10}
{node] Localil_1 [velnum] 4 {3}
[node] Locali1_1 [valnum] 4 {10}
[alreadylLocalil_1 lvanum 4 {3}

02! 5 WNO| FEizj= 2r
Fig 5. process o WN
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<Block local 0>¢] Localil 10] 72+

o]

=

[Block] <Block label 27 ENTRY >
[Block] <Block label 28 INIT>

[statement] :© INIT Local_ref0 0 Localil 1 Locali2 2 Locali3 3
[valmum] 2 [node] Local_ref0_0
[valnum] 4 [node] Localil_1
[valnum] 6  [node) Locali2 2
[valnum] 8  [node) Locali3 3
[valnum) @ [nede] INIT Local ref0 0 Localil 1 Locali2 2 Locali3_3

[Block] <Block label 0>

[statement] : #0 (Localil 1 ==0) then <Block_12> else <Block_4>
[valnum] 4 [node] Localil_1
[valnum] 13 [node] if0 (Localil 1 ==0) then <Block 12> else <Block 4>

[Block] <Block label 12>

[Block] <Block label 4>

[statement] : evaluation (Locali4 13 = (Locali2 2 + Locali3 3)
[valnum] 6  [node) Locali2 2
[valnum] 8  [node) Locali3 3
[valnum] 25 [node) (Locali2 2 + Locali3_3)
[valnum] 25 [node) Localid_13
[valnum] 25 [node) (Locali4 13 := (Locali2 2 + Locali3_3))
[valnum] 26 [node] evaluation (Locali4 13 := (Locali2 2 + Locali3_3)

[Block] <Block lakel 15>

[statement] ‘Locali4 20 = PHI(label_4=Locali4 13, lahel_12=Locali4 5)
[valnum] 25 [node] Locali4_13
[valnum] 18 [node) Localid 5
[valnum] 30 [node) Localid 20

[valnum] 28 [node] Localid 20 = PHI(label 4=Locali4 13, label_12=Locali4 5)

[staterment] : evaluation (Locali5 9 = ((Locali2 2
[valnum] 6  [node) Locali2 2
[valnum] 8  [node) Locali3 3
[valnum) 25 [node] (Locali2 2 + Locali3_3)
[valnum] 30 [node) Localid 20
[valnum] 34 [node) ((Locali2 2 + Locali3 3} * Localid 20)
[valnum] 34 [node) Locali5 9
[valnum] 34 [node] (Localis 9 = ((Locali2_2 + Locali3_3) * Locali4 20)

% [node) evaluation (Localis 9 = ((Lecaliz 2 + Locali3 3) +

+ Locali3_3) * Locali4 20)

)
[valnum]
Localid_20))

[Block] <Block label 29 EXIT>

[Value Numbering 4

AF e 5 4

26 W S8 2o
Fig 6. Result of WN
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Table 2. Conversion resuts

42 [HOEZE |wp [T E= | |nc
SquareRoot 37 A [44] 15 8| P
SumOiSquareRoot | 38 103 €3 18 19 | 18
Ficonacci P2 i¢] 18 2 | &%
BubboleSort 0 18 21 | 10
LableExanmple 8 5 s¢] 13 16| 8
Exceptional 1 @D 149 % 29 | 151

Tel AR E2E AN 4
g wAske FAdA FIMEAY ARlE £
o BE 29 4 Jgudtl 7R BE(eq)S WAY IS
s 71 BES 9% aﬂ% Toll AdE T B2 45

ougtt. HA(ea)2 712 EE3 i /12 BEE /\}0194
s wdsy) sl AP&% el 5 et ==

(ea)& 718 E5 o Byolel 238 A8 3 A
E 1. A3 offlot Zictet 8 89 w=d A5E udn < 3> VN 3 HaE
Table 1. Example and simple explanation
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N CFG W copy dead ]
Fooreod | FOf8 2} noll il TIELX| SeAiel Fo &7 ),
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LacdBrarrle | ERMSIE! breaket continue =22 W S | | IS S
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Boegtioral | try-catchfraly Oillxfe) BuddleSort o] B | 1B | 17| 113
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