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Partial Value Number Redundancy Elimination

REI ODAIRAT and KEI HIRAKIt

The runtime optimizing compiler has, in recent times, gained widespread use. A runtime
optimizing compiler needs to keep analysis time short, and at the same time, to perform
redundancy elimination such as Partial Redundancy Elimination (PRE) and Global Value
Numbering (GVN). However, PRE can only deal with redundancy in lexically identical ex-
pressions, and GVN can merely remove redundancy in expressions which compute the same
value on all execution paths. Therefore, we need to use the method that iterates its whole al-
gorithm several times, in order to eliminate redundancy in lexically different expressions that
compute the same value on not all execution paths. In this paper, we propose an efficient
method for redundancy elimination called Partial Value Number Redundancy Elimination
(PVNRE). Using value numbers in data flow analysises, PVNRE can deal with redundancy
in expressions which are lexically different but compute the same value. It can also remove
expressions which compute the same value on not all execution paths, by converting value
numbers at join nodes through ¢ functions of the Static Single Assignment (SSA) form.
Moreover, PVNRE need not iterate the whole algorithm because it uses value numbers as the
representation of data dependency. We implemented PVNRE on Java Just-In-Time compiler,
and compared its analysis time and the number of eliminated redundancy with those of ex-
isting techniques, using SPECjvm98 and Java Grande Benchmark. PVNRE shows equal or
better ability to reduce instructions compared with existing algorithms, and on an average is
faster in analysis time than an algorithm with the same ability by 33%.
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Fig.2 Example of optimization by GVN.
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Fig.3 Example that is difficult to be optimized
by PRE or GVN.
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Fig.4 Example of optimization by PVNRE (1).
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Fig.5 Example of optimization by PVNRE (2).
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Fig.6 Example of backedge and transparency.
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Fig.5 (reshown) Example of optimization by PVNRE (2).
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Fig.7 Example of correct value numbering.
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AVAIL (a,n) = /\ ((AVAIL (o, m) A Transp(a, m—n)) (1)
Vme Pred(n)
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V(AVAIL™(8,m) s.t. a € Jlink'(BB(n), ﬁ,m%n))) (5)
AVAILY (e, n) = AVAIL; ™ (o, n) V (n € DefNodes(a)) (6)
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Fig.9 Equation system of AVAIL® and AVAIL®**™°.
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InsertNormal (o, m—n) < (AVAIL;,(a,n) = No A (n € DefNormalNodes(c))) (14)
V(= 38 . a € Jlink'(BB(n), 8, m—n)
ANAVAILoui (o, m) = No A AVAIL, (a,n) = May A ANTIC (v, n)) (15)
V(3y . v € Jlink'(BB(n), a, m—n)
NAVAIL i (o, m) = No A AVAIL;n (v, n) = May A ANTICE (v, n)) (16)

InsertPhi(az, N, ao, 1) %:e; Join'(N, o, 1) Aag € Jtarget'(]\]7 o, Q1) (17)
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V(AVAILin (a2, Head(N)) = May A ANTIC{ (v, Head(N))))  (18)

A= dn € Nodes .

(n.Op = ¢n A Num(n) = a2
ANum(n.Lt) = ag A Num(n.Rt) = aq) (19)
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Fig. 11 Insertion points of arithmetic instructions: InsertNormal and ¢ functions: InsertPhi.
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Fig.12 Dynamic count of eliminated redundancy (from left to right: PVNRE,
CPPRE1, CPPRE2 and CPPRE3).
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Fig. 13 Ratios of analysis time to PVNRE.
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Fig. 14 Eliminated redundancy per analysis time compared to that of PVNRE.
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for each N € BBNodes do
for each n € N do
Num(n) :=0
end
end
for each e € Edges do
UnTransp(e) =0
end
VN :=0
for each N € BBNodes in reverse post order do
GEN(N) =10
for each n € N in pre order do
if n.Op € Fized, Phi then
VN := VN +1
VN.Op :=n.Op
VN .Bedges := Bedges(N)
Num(n) := VN
else if n.Op € Copy then
Num(n) := Num(n.Lt)
else if n.Op € Normal then

© 00 N O U W N

— =
= o

NN R == s e e
= O © 00 N O Uk W N

a = call

Hash(n.Op, Num(n.Lt), Num(n.Rt))
22 Num(n) = «
23 GEN(N) := GEN(N) U {a}
24 end
25 end
26 end
27 for each N € BBNodes do
28 for each n € N . n.Op € Phi do
29 JT(N):=JT(N)U

{{Num(n), (Num(n.Lt), Num(n.Rt)))}

30 end
31 end
32
33 Hash(op,l,r) {
34 (op,l,r) 00000000DODOO0DDOODDOOOD
35 goooooooood
36 VN := VN +1
37 (op,l,r) 00000 VNOODOOO
38 VN.Op :=op, VN.Lt :=1, VN.Rt :=r
39 VN.Bedges := l.Bedges U r.Bedges
40 for each b € VN.Bedges do

41 UnTransp(b) := UnTransp(b) U { VN }
42 end

43 return VN

44 }

015 O0O0000O0OOOO0OOO
Fig.15 Algorithm of value numbering.
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1 for each N € BBNodes do

2 AVAIL®™ (N) = T, AVAILT*(N) = 0

3 end

4 for each e € Edges do

5 edge AVAIL®™¢(e) = 0

6 end

7

8  AVAILY (start) = 0, AVAILS) (start) = 0
9 W := Succ(start)

10 while W # 0 do

11 NeW

12 W:=W\N

13 call ConvThroughPhi(N)

14  call CompAVAILin(N)

15 newAVAILY, := AVAILY(N) U GEN(N)
16 newAVAIL) := AVAIL;)™*(N)U GEN(N)
17 if newAVAILY, # AVAILY (N)

V newAVAILT® £ AVAIL?Y™(N) then

out out
18 AVAILY (N) == newAVAIL

out

19 AVAIL(N) := newAVAILS
20 W := W U Succ(N)

21 end
22 end
23

24 CompAVAILin(N) {
25  AVAILYY(N) := T, AVAIL"™(N) := 0
26 for each M € Pred(N) do
27 AVAILY(N) := AVAILYY(N)
N (AVAILY!, (M) — UnTransp(M—N))
28 AVAIL?™*(N) := AVAIL"™*(N)
U (AVAILY (M) — UnTransp(M—N))

29 end

30 for each (trgt,Ink) € JT'(N) do

31 ba = true, bs = false

32 for each M € Pred(N) do

33 ba := ba A (Ink(M—N) € AVAILY, (M))
34 bs := bs V (Ink(M—N) € AVAIL;?"(M))
35 end

36 if ba then

37 AVAILYY(N) := AVAILYY(N) U {trgt}

38 end

39 if bs then

40 AVAIL;™(N) := AVAIL;;™°(N) U {trgt}
41 end

42 end

43 }

016 AVAIL*0AVAIL®™ 00000000000
Fig. 16 Algorithm for AVAIL®™, AVAIL**™¢ (the first
half).
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gooooooboooboobOoooooooo4o
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1 ConvThroughPhi(N) {

2 for each M € Pred(N) do

3 diff :== AVAIL}? (M) — edge AVAIL*°™¢ (M —N)
4 for each a € diff in ascending order do

5 ljs:={(trgt, Inky € JT(N)|ink(M—N)=a.Lt}
[ rjs:={(trgt, Ink) € JT(N)|ink(M—N)=o.Rt}
7 if ljs # 0 then

8 if rjs # ( then

9 for each (I, link) € lys, (r, rink) € rjs do

10 call DoConv(N, e, 1, link, r, rink)
11 end
12 else if a.Rt ¢ UnTransp(M—N) then
13 for each (I, link) € ljs do
14 call DoConv(N, e, 1, link, a.Rt, nil)
15 end
16 end
17 else if rjs # 0

A a.Lt ¢ UnTransp(M—N) then
18 for each (r, rink) € rjs do
19 call DoConv(N, e, . Lt, nil, r, rink)
20 end
21 end
22 end

23 edgeAVAIL®™ (M—N) := AVAIL™ (M)
24 end

25 }

26

27 DoConv(N, «,l, lnk,r, rink) {

28 trgt := call Hash(a.Op,l, 1)

29  if 3z . (trgt,z) € JT(N) then return end
30 for each M € Pred(N) do

31 if llnk = nil then It :=1
32 else It := link(M—N) end
33 if rink = nil then rt :=1r

34 else rt := rink(M—N) end
35 B := call Hash(a.Op,lt, rt)
36 Ink(M—N) := 3

37 end

38 JT(N):= JT(N) U (trgt, Ink)
39  JT'(N):= JT'(N) U (trgt, Ink)
40 }

0 17 AVAIL*0AVAIL®™ 00000000000
Fig. 17 Algorithm for AVAIL®™, AVAIL®**™ (the second
half).
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BBI

@ 1 | ao:=read()
1 | bo:=ao

AN

c:=bo+1
3 | di=c+2

BBS8
7 | ai:=read() | 5

b2:=¢sB4(b1, bo)

BB5

BB9
8 | az:i=bsso(a1, ao) 6 | g=brl
9 | x:=ax+1 I_
10] y:=x+2

July 2004
BB1
(b) 1 | rl:=read()
1 | ao:=rl
1 | bo:=ao
BB3 / 59\
4 | rd:=read() 2 | r2:=rl+1
4 | bu=r4 2 | c=r2
2 | r2:=rl+1 3 | 13:=r2+2
3 | r3:=r2+2 3 | di=r3
BBS ﬁ\ /
7 | r7:=read() 5 | r5:=¢BB4(b1, bo)
7 | an=r7 5 | bu=r5
14| r14:=r7+1
15| r15:=r14+2

BB7
BB6

BB9 p:=r2
8 | r8:=¢sro(a1, ao) g ;6:=rgs+l

r9:=0sBo(r14, 12)
10| r10:=dsBo(r15, 13)
ax=r8
9 | x=r9
10| y:=r10

L |

018 PVNREUODOOOOOO
Fig. 18 Example of optimization by PVNRE.

02 000O0OO0OODoOoOoodg
Table 2 Newly created value numbers.

Op Lt Rt
11 —+ 4 const 1
12 + 6 const 2
13 + 11 const 2
14 —+ 7 const 1
15 + 14 const 2

03 0opooooog Jro Jgr’
Table 3 JT and JT’ at join nodes.

BB4 B9

JT (5,(4,1)) JT (8,(7,1))
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04 AVAILO AVAIL*™ 0 ANTIC0O AVAILY°™*
Table 4 AVAIL®, AVAIL*°™, ANTIC®, AVAIL"*"™°.

17 17
AVAILST — AvAIL®T [ AVAILIO™ AVAILSOm®

17 17
ANTICOT — ANTIC™T [ AVAILYS°™  AVAILYSO™*

2,3 2,8
2,3,6,12
2,3,6,12
2,8,6,12
2,8,6,12

2,3,6,12
2,3,6,12
2,3,6,12
2,3,6,12

2,6

© 0o oA W =W

9,10 2,3,6,9,10,12  2,8,6,9,10,12

9,10
2,8,9,10
2,8,9,10
2,3,9,10
2,3,9,10
2,8,9,10
2,8,9,10

9,10,14,15

9,10

9,10
2,3,9,10
2,3,9,10
2,3,9,10
2,3,9,10
2,3,9,10
2,3,9,10

9,10,14,15

2,8

2,8,6,12
2,3,6

2,3
2,3
2,3,6

2,8 2,8

2,8,9,10 2,3,9,10

00000000000000 p0O0 ¢0000 2
002000000000000000000000
00 O(p*)0000000000000000000
0000 JTOO0000 p+0O(p?)=0(p*)0000
00000000000000000000000
00000JTOO0O00000000 O(p*)0o®p*)0
o(@®)000000000n000000 OR®*")D
000000 HeshOODODODDOOODODOODOOODO
000000000000000000000000
00000000000 O(n+p*")0000

00000000 O0000o00oO0000o0o0o0o0g
O0O00OOOOC0OOPVNREOOOOOOOOOOO
000000000000000000000000
000000 O(r*+np?") 00000000000
0000000 10000000000 p0O0O0 JT
0000000000000000000 O(n+pn)
00000000000000000 O((1 + p)n?)
0000

(00 150 120 20000)
(00160 2024000)

o e

oo O

0000000000000
goooooooooocooooon
ooobooooooooooooon
oooooooo/ooooooo
goboooooocoobobobooooo

oboooooooooooooooooboooboooo
gobooooooooooobooono oooobooo
ooogd

oo gooodgad

9o 00O0OoOOoOOoOoOooOoO
gboomooo0oooaooon
gooooooooooobooooo
go18200000000000
oooooo0o0oo0ooooO9ss O
oo 2001IBMO TJ. WatsonOOOOOOOOO
golvooooooooooooboooboooboooon
gobooooooooobooooooooboobooooo
gobooooooooobooooooboobooboooooo
gboobooooboooobooooouooooboooon
gboooboboooooooooboooooboooooo
goooooooooboo




