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p |= proposition iff  proposition € L(sg)

P9 iff  mot p = ¢

PE 1A P ff pkEdé1andpl= ¢o

pEXo iff p1Eo

pE Go iff for any i > 0, p1 = ¢ and p;;1 exists
pE d1Ud iff  p; | ¢ for some i > 0, and

p; = ¢1 for any j such that 0 < j <
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¢1— Q2 = Q1 Vo

Fo = truelU ¢

p1Wea = (01U¢2) V (Gor)

033 LTLOOOOO

FOwWoooDoOoOooOo0DOoO00DOFutureD Weak until DO OO0D0OO0OO00OOO
gobobooooooobooan

plE F¢ . 00pO0O00000 ¢O0OOOOO
pEmWe¢, : D0O0pO0O00¢, 0000000 ¢, 00000000
UO0O0O0O0¢,00000000000000

gooo

LTLO OO
03.100LTLOO0O0OOOO0O0OODOO0ODOOO0

17



N T Y SN N
e @@@@

(a) pEXo¢DOOOODD (b) p=¢p1Upe 00DDDODO
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CTL-formula == state-formula
state-formula = proposition
- state- formula
state- formula N state-formula
FE path-formula
A path-formula
path-formula = X state-formula
| G state-formula
| state-formula U state-formula

| state-formula W state- formula
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state formula

s = proposition  iff  proposition € L(s)

s E ¢ iff not s = ¢

s ¢1 N b9 iff sk ¢ and s = ¢o

s = Ey iff p | for some path p=s — 51 — ...
s = Ay iff pl for any pathp=s — s1 — ...
path formula (p=s9— s — ...)

pEX¢ iff  sp exists and s = ¢

plEGo iff forany i >0, s; | ¢ and s;41 exists
pE 61Uds iff  s; | ¢o for some i > 0, and

s; = ¢1 for any j such that 0 < j <1
pE 01 W2 iff pE¢1Udz orpl= Goy
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P11V = (=1 Ado)
P1— Q2 = PV P
Fo = truelU ¢

036 CTLOOOOO

CTLOoOO
03200Kripke0 000 CTLOODOODO0O0O0DD0DO0DODODOODODODODOOODODO

{s|sEEX ¢} = {1,4,5,6,7}
{s|skEAX ¢1} = {5,6}
{s|sEE(@Ude¢)}t = {1,3,4,56,7,8}
{slsEAGLU@)} = {3,4,8}
{s|sEA01 W)} = {3,4,5,6,7,8}
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CTL *-formula == state-formula
state- formula = proposition

= state- formula

|
| state-formula A state-formula
| E path-formula
| A path-formula
path-formula 2= CTLx-formula
= path- formula
path-formula A path-formula

|
|
| X path-formula
| G path-formula
|

path- formula U path-formula
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state formula

s |= proposition

s = ¢
s | ¢1 N\ b2
s = Ey
s = Ay

path formula

pE®
pEY
P Ao
pE Xy
pEGY
p = 1 Ut

iff  proposition € L(s)
iff notskEo¢
iff s ¢ and s = ¢o
iff p = for some path p=s— s; — ...
iff p 4 for any path p = s — s; — ...
(p=150— 51— ...)
iff so ¢
iff not pE1
iff plE1and p = e
iff pEY
iff for any ¢ > 0, p; =1 and p;;1 exists
iff  p; = 19 for some ¢ > 0, and
pj =1 for any j such that 0 < j <4
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P11V = (=1 A o)
¢1— Q2 = 01V o

Fo = truelU ¢
01Wepa = (1Ugp2) V (Gor)
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Lin) = {node(N) | n=N}

U {block(B) | nO0D000000BOOOOOO }

U {use(X) | XOnOOODOODODOO }

U {def(X) | XOnOODOODODDOODO }

U {ecomp(E) | EOnO0D0000C0OOO }

U {trans(E) | EOn00000C00O0OODO

000 E0D00OOOO0ODO0ODnO0D0O0DOOO }

U {mark(M) | n00000MOODODOO }

041 L(n)00OD0OO0ODOOCODOODO
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CTLpg-formula == state-formula

state- formula

path-formula

state formula
s = proposition
s = o

s ¢1 A 2

s = Ev

s |= Ay

sk By

sf Av
path formula
plEX¢
pEGo
pE1UP

pE W

t=  proposition
- state- formula

state- formula N state-formula

|
|
| E path-formula
| A path-formula
| B path- formula
| A path-formula
= X state-formula
| G state-formula
| state-formula U state-formula

| state-formula W state-formula

042 CTL,aOOOOO

iff  proposition € L(s)
iff notsk=¢
iff sk ¢ and s = @9
iff  p 4 for some path p=s — s1 — ...
iff p 4 for any path p=s— s1 — ...
iff p = 4 for some path p=s—° 351 — ...
iff p 4 for any path p =5 —° s — ...
(p = so —' sy — ... in which — is — or —°)
iff  sp exists and 51 = ¢
iff  for any i >0, s; = ¢ and s;11 exists
iff  s; = ¢o for some ¢ > 0, and

sj = ¢1 for any j such that 0 < j <4
iff pE@1U¢2orpl=Goy

043 CTL,aOOOOO
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s = EF use(x) (4.2)
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goobooooooobooooooon
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et=a+b00000 a+bO00000000O0OO0OO
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MARK m
FORMULA ¢

531 O0O0OO0O

0000000000 510000000 specification 00000 formulaO CTL-
FVOOOoOOoOoOOOpredicate 0000000symbol 000000000 OCTL-FV
0000043000 4200000 CTLywOOODOOOOODOODOOOO

532 00000

00 (me)0MUO0O0 mUOOOUOOOUOOO 0000000 O0DOOOOOOOOO
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VYn € N, mark(m) € L(n) = M,n k¢ (5.1)
gobobooooooooooooon
Vn e N, M,n k= mark(m)— ¢ (5.2)

gbbbdnUdUdobbOoooonbobobooand

CTL-FVDOOODODOO 43000 430000000000000000004.1.20
ggouooboobobodooobbboooouoobbboooooouobbbboooooobo
412000 410000000000000D00DOOO
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O0000000000DD00OD 5.20 Lazy Code Motion 0 0000 O0O0O0OOODOO
000*000000000000000
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34



spect fication

CTL-FV-formula

state- formula

path- formula

predicate

mark

(mark, CTL-FV-formula)

state- formula

true

false

predicate

= state- formula

state- formula A state-formula
FE path-formula

A path-formula

E path-formula

A path-formula

X state-formula

G state-formula

state- formula U state-formula

state- formula W state- formula

node(symbol)
block(symbol)
use(symbol)
de f (symbol)
comp(symbol)
trans(symbol)
mark

mark(symbol [, symbol]x)

goobobogo
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MARK (ins, t,e)

5.3
FORMULA A (trans(e) W mark(rpl, ¢, e)) (5:3)
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000000000000 000000000000000 (ins,t,e) 00000000
000 (rpl,t,e) 0000000000000 O0O0ODODOO0OOODODODOOOODODOO
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1. (Ping Pryt) — analyze()
2: for all p € P;,s do

L: (Pins, Prp1) < analyze() 3: insert t = e at p

2: for all p € P;,; do 4 marking,s(p)

3: insert t=-ec atp 5: for all ¢ € P,y do

4: for all g € P,y do 6 replace e with t at ¢
5:  replace e with t at ¢ 7 marking,1(q)
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labelEX()
1: for alln € N do

2:  wal « false

3. for all n’ € succ(n) do
4 val —valVn' = ¢
5. if val = true then
6 label n = ¢

7. else

8 label n = ¢

000000 5.2AX 000000

labelAX()
1: for all n € N do
2:  if suce(n) is empty then
3 label n = ¢
4: else
5 val < true
6: for all n’ € succ(n) do
7 val «—val An' = ¢
8 if val = true then
9 label n = ¢

10: else

11: label n = ¢

EU
p=E(¢ U¢,) 000000 n0 ¢0000000n000000000000 pO
0oOO0ooo0o0ood
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000000 5.3 E(p1U¢2)000000

labelEU ()
1: for all n € N do

2 unlabel n

3: for all n € N do

4 if n is not labeled then

5 if n j~= ¢1 A n j= ¢y then
6: label n [~ ¢

7 else if n = ¢2 then

8 label n = ¢

9 for all n’ € pred(n) do
10: subEU (n')

11: for all n € N do

12:  if n is not labeled then

13: label n £ ¢

subEU(n)

14: if n is not labeled then

15:  if nfE= 1 A n = @2 then
16: label n = ¢

17  else

18: label n = ¢

19: for all n’ € pred(n) do
20: subEU (n')

000000000000000000000000000000000000000
0000®00000000000000000000000000000000000
00000000000000000000000¢,00000000 ¢,000000
000000000000000000000000nO00A(¢U¢)000000
00 nke¢O00000000000000000000000000 540000

*000000000000000000000000000000
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000000 54 A(p1U¢)000000

labelAU()

1: for alln € N do

2:  unlabel n

3:  unmark n

4: for alln € N do

5. subAU(n)
subAU(n)

6: if n is not marked then

7. mark n

8:  if nlE @1 A nl~E @2 then

9: label n [~ ¢; return false
10:  else if n = ¢5 then

11: label n |= ¢; return true
12:  else if succ(n) is empty then
13: label n [~ ¢; return false
14: else

15: for all n’ € succ(n) do

16: if —subAU(n’) then

17: label n [~ ¢; return false
18: label n |= ¢; return true
19: else

20:  if n = ¢ V nis not labeled then
21: return false

22: else //niEo¢

23: return true
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000000 5.5 A(p1 We)OODODOO
label AW ()
1: for alln € N do
2:  unlabel n
3: for alln € N do
4:  if n is not marked then
5 if n = ¢2 then
6: label n = ¢
7 mark n
8 else if n = ¢1 V suce(n) is empty then
9 label n = ¢
10: mark n
11: for all n’ € pred(n) do
12: subAW (n')
13: for all n € N do
14:  if n is not marked then
15: label n = ¢
subAW (n)
16: if not marked n then
17:  mark n
18:  if n |= ¢2 then
19: label n = ¢
20: else
21: label n = ¢
22: for all n’ € pred(n) do
23: subAW (n')
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Function ”fooq
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FlowGraph |
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Function ”bar”l
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Flowsraph

BasicBlk "labl" s BasicBlk "lak2a"

BasicBlk "lak3"

predList | "lakZ" "labk3"

instrListl

[SET (REG "i") (ADD (REG "i")
{INTCONST 1)))
{SET (REG "a") (MUL (REG "a") (INTCONST 3)))
{ JUMPC (TSTEQ (REG "i")({INTCONST 1031)
(LABEL "lab4") (LABEL "lab3"))

LirNode

succList "lakd" "lak3

BasicBlk ”labd”l g/// BasicBlk "lakb"
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BiList imstrList

(SET I32 (REG I32 "i")
(&DD I32 (REG I32 "i") (INTCONST I32 1)1)

LirNcode ; LirNode

REG |I32 | "i" INTCONST |I32 |1

LirNode

ADD I32 \n :/

LirNode \

SET I3z )

e
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¥
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pill 7.3
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00o0*o

M = mark(ins, t,a + b)
— 2 EF (—node(n) A def(t)) A ~EF (—mode(n) A def(t)) (7.4)

M = mark(rpl,t,a+b)
4 (trans(a+b) W mark(ins,t,a + b)) (7.5)
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M = mark(rpl,t,a+b)
~ A (trans(a+b) W mark(ins,t,a + b, n)) (7.7)
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1: class HLI {

2 void doIt(Function f) {

3 Set<Loop> loops = getLoops(f); // OOOODOOOO

4: for (Loop 1 : loops) {

5: Set<LirNode> exps = getExps(f); // OOOOO0OODO0O
6: for (LirNode e : exps) {

7 if (isHoistable(e)) { // DO OOOODODO

8 LirNode t = makeNewTemporary();

9: insert(t, e, l.phead); // DO0OODOOODOODOODO
10: replace(t, e); // 0000

11: X

12: }

13: }

14: }

15: }
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: 0Glue class HLIGlue {

@Before ("HLIGlue.makeModel ($1)")
Pointcut point_make = Pcd.call("HLI#doIt(..)");

static void makeModel (Function f) {
// 000000000000
}

@After ("HLIGlue.mark_ins(...);")
Pointcut point_ins = Pcd.call("HLI#insert(..)");

static void mark_ins(...) {
// 000 (ins,t,e) OOO0O
// 00000000000 0oO
}

@After ("HLIGlue.mark_rpl(...);")
Pointcut point_rpl = Pcd.call("HLI#replace(..)");

static void mark_rpl(...) {
// 000 (rpl,t,e) DO OO
// 0000000000000
}

: )

Oovs OD0O0OOODOOoOOObOOODbDOoOoDOobOOb
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class Opt { class Opt {

void doIt(Function f) { void doIt(Function f) {
someTransform() ; someTransform() ;
. OptGlue.dummyMethod () ;
}
+ +

@Glue class OptGlue {
OBefore("someAdviceBody();")
Pointcut point_make

= Pcd.call("Opt#doIt(..)");

static void dummyMethod() {}
}

() 00000000 () DOoOOOOOO

076 O0O0O0O0OODOOODO
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CPU Intel Pentium 4 CPU 2.80GHz
OS Linux 2.6.17-13msmp

JavaVM 1.5.0-08

Heap Size 256Mbyte

Stack Size | 2048Kbyte

COINS 1.4.1

GluonJ 1.2

Benchmark | SPEC CPU2000 version 1.2
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00 System.ge() DD O0O0D0O00O0000O0OOSystemmanoTime() DO0O0O00O0O00OO0
o
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000000000000 16700000000%00000000000000O000
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A B 3 C D 2

175.vpr 6.85 43.56 6.35 325.79 487.49 1.49
181.mcf 1.78 8.99 5.0 47.86 98.45 2.05
186.crafty 14.21 380.29 26.74 303.51 834.97 2.75
197.parser 5.92 29.49 4.97 364.93 504.66 1.38
254.gap 2717 | 400.42 14.73 || 1541.74 2303.60 1.49
255.vortex 21.32 112.57 5.27 || 1175.71 1675.16 1.42
256.bzip2 1.25 11.74 9.34 108.85 149.58 1.37
300.twolf 25.03 475.61 19.00 459.80 1234.32 2.68
171.swim 0.52 12.46 23.70 10.21 27.59 2.70
172.mgrid 0.81 17.10 21.02 19.12 42.81 2.23
177.mesa 29.53 540.70 18.30 || 1654.83 2622.32 1.58
179.art 0.53 3.66 6.89 30.43 43.41 1.42
183.equake 1.00 23.69 23.68 50.63 88.18 1.74
188.ammp 9.88 140.19 14.18 281.46 554.08 1.96
sum(A) | sum(B) :32%3 sum(C) | sum(D) ZEEE?}%

sum 145.86 | 2200.52 15.08 || 6374.93 | 10666.66 1.67
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