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Static Single Assignment Form for Java Bytecodes in CTOC
Ki-Tae Kim" - Weon-Hee Yoo™

ABSTRACT

Although the Java bytecode has numerous advantages, there are also shortcomings such as slow execution speed and difficulty in
analysis. In order to overcome such disadvantages, bytecode analysis and optimization must be performed. We implements CTOC for
optimized codes.

An extended CFG must be first created in order to analyze and optimize a bytecode. Due to unique bytecode properties, the existing
CFG must be expanded according to the bytecode. Furthermore, the CFG must be converted into SSA Form for a static analysis, for
which calculation is required for various information such as the dominate relation, dominator tree, immediate dominator, & -function,
rename, and dominance frontier.

This paper describes the algorithm and the process for converting the *existing CFG into the SSA Form. The graph that incorporatés
the SSA Form is later used for type inference and optimization.

Key Words : CTOC, Java Bytecodes, CFG(Control Flow Graph), SSA(Static Single Assignment) Form
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public class Temp extends java. lang.Object{
public Temp();
Code:
0 aload 0
11 invokespecial #9;
1: public class Temp { 4:  return
2 int f(boolean b){
3 int x; int f(boolean);
4 x =1 Code:
5 if(b) 0 iconst_1
6: x =2 10 istore_2
7 else 2: load.1
8 =3 3. ifeq 11
9 return x; 6:  iconst_2
00} 7. istore_2
11} 8 goto 13
11: iconst_3
120 istore_2
13: iload 2
14: ireturn
¥

(32 1) (a)od =238  (p)HO|ER=

<block_16>
label 16

<block_17>
label .17
INIT Local_ref0_0 Localil_1
goto label 0

<block_0>
label 0
eval (Locali2_2 := 1)
label 2
if0 (Localil_UDef == () then <block_11> else  <block 6>

<block_6>
label_6
eval (Locali2_6 = 2)
goto label 13

<block 11>
label_11
eval (Localiz_4 := 3)
goto label 13

<block_13>
label_13
return Locali2_UDef

<block_18>
label_18
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Input : graph € FlowGraph
Output : dom{i] € Set of dominator
procedure buildDomTree(Flow(Graph graph)
begin
size < graph.size()
dom[] < new BitSet[size]
all < new BitSet(size)
for i <0 toi < size do
all.set(i)
endfor
for i < 0 toi < size do
blockDoms < new BitSet(size)
dom[i] < blockDoms
if i != root
blockDoms U ALL
else
blockDoms.set(root)
fi
endfor
boolean changed < true
while changed do
changed < false
Iterator blocks < graph.preOrder().iterator()
while Dblocks.hasNext() do
block < blocks.next()
i <= graph.preOrderIndex(block)
if (i == root)
print("ROOT")
continue
fi
oldSet < dom[i]
blockDoms < new BitSet(size)
blockDoms U oldSet
Collection preds < graph.preds{block)
Iterator e < preds.iterator()
while e.hasNext() do
pred < enext()
j < graph.preOrderIndex(pred)
blockDoms M dom(j]

endwhile
preds < (Collection) snkPreds.get(block)
if preds !'= null

e < preds.iterator()
while e.hasNext() do
pred < e.next()
j = graph.preQrderIndex(pred)
blockDoms N dom(j]
endwhile
fi
blockDoms.set(i)
if ! blockDoms.equals(oldSet)
changed < true
dom[i] <= blockDoms
fi
endwhile
endwhile
end
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3(6) {0,1,2,3,45,6} {0,1,2,3} - {0,1,2,3} {0,1,2,3}
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(Za2E 2> &A™ XAt idome +oks YIEE

Input : blocks € FlowGraph

Qutput : idom
procedure findldom(blocks)
begin

while blocks.hasNext() do
block = blocks.next()
i «<— graph.preOrderIndex(block)
if i == root
block.setDomParent (null)
else
blockDoms < domli]
idom < new BitSet(size)
idom U blockDoms
idom.clear(i)
for j < 0toj < size do
if i!=j && blockDoms.get(j)
domDomBlocks < dom[j]
b < new BitSet(size)
b U domDomBlocks

b ® (ALL)
b.set(j)
idom 1 b
fi
endfor
fi
endwhile

end
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idom := dom(block) - dom(dom(block)) ~ block (1)
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Input : block € Block, graph € FlowGraph
Output : df € LinkedList
procedure dominanceFrontier(Block block, FlowGraph graph)
local[] < new Block[graph.size()]
children < block.domChildren().iterator()
(i) while children.hasNext() do
child < children.next()
df < dominanceFrontier(child, graph)
e < df.iterator()
while e.hasNext() do
dfChild < e.next()
if block != dfChild.domParent()
local[graph.preOrderIndex(dfChild)] < dfChild
fi
endwhile
endwhile
suces < graph.succs(block).iterator()
(i) while succs.hasNext() do
stce < succs.next()
if block != succ.domParent()
local{graph.preOrderIndex(succ)] < suce
fi
endwhile
v < new LinkedList()
for i =0 toi < locallength do
if localli]l != null
v.add(locallil)
fi
endfor
block.domFrontier().clear ()
block.domFrontier().addAll(v)

return v
end
(E 5) X|uix ZA|
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Input : cfg € FlowGraph, info € SSAlnfo

Output : df € LinkedList
procedure PhiFunctions(FlowGraph cfg, SSAlnfo info)
begin
killed < new BitSet(cfg.size())
nonLocal < false
reals < info.reals().iterator()
while reals.hasNext() do
real < reals.next(}
block < real.block()
if real.isDef()
killed.set(cfg.preOrderIndex(block))
else if ! killed.get(cfg.preOrderIndex(block))
nonLocal < true
break
fi
endwhile
if ! nonlocal
return
fi
df < iteratedDomFrontier (info.defBlocks())
while df.hasNext() do
block < df.next()
if block !'= cfg.sink()
info.addPhi(block)
fi
endwhile
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Input : blocks € Collection
Qutput : idf € HashSet
procedure idf(Collection blocks)
begin
idf <~ new HashSet()
inWorklist < new HashSet(blocks)
worklist < new LinkedList(inWorklist)
while ! worklist.isEmpty() do
block «— worklist.removeFirst()
df < block.domFrontier()
iter < df.iterator()
while iter.hasNext() do
dfBlock < iter.next()
idf.add(dfBlock)
if inWorklist.add(dfBlock)
worklist.add(dfBlock)
fi
endwhile
endwhile
return idf
end
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<block_16>
label 16
<block_17>
label 17
INIT Local_ref0_0 Localil_1
goto label_0
<block_0>
label 0
eval (Locali2_2 := 1)
label 2
if0 (Localil_1 == 0) then <block_11> else <block_6>
<block_6>
label_6
eval (Locali2_6 :
goto label_13
<block_11>
label_11
eval (Locali2_4 := 3)
goto label_13
<block_13>
label_13
Locali2_10 := Phi(Locati2_4, Locali2_6)
return Locali2_10
<block_18>
label _18
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