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COMP 5

CCRG Open MP

S1:
S2:
S3:
S4:

a<b+c
if (a > 10) goto L1
d<b*e
ec—d+1

S5: Ll:e«d/2

a<b+c

d<b*e

if (a > 10) goto L1

e—d+1
Ll:e<d/2
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ERERMTIER, MRIES(ER)ARREES(ER)BZ
BUAT, MFRBIRFITFA

ik REERATINE LRILTR

S1: a<—b+c
S2: if (a > 10) goto L1
S3: d—b*e
S4.: e<—d+1
S5: Ll:e«d/2
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eYH-1E8%%
+1983FE5R I BEEBYNTRNHAHIELN, RARSIITRESHE

SIEENEELEFI 12/ % (100MFLOPS), ERESE(Z R ITEM
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rHiBAIS 2B TS BRI EaS 189MmE, FRiBa)s2iEHl{k
Figa)s
r 1B 2= HIKERTF1BERIST1, iCE S1 652

S1: :';\(—b+c S2 8¢ S3
S2: if (a > 10) goto L1
S3: d<«b*e S2 8¢ S4

S4. e<—d+1
S5: Ll:e«-d /2 S2 &¢ Sh ??
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rHEARRB2BNITESEXHMRTFERRBIAY L, FREAFIRB2
fEdlkii R4 IRB

#184E B1 &¢ B2

S1: a<—b+c
S2: if (a > 10) goto L1

S1: a<—b+c

S2: if (a > 10) goto L1

S3: d—b*e S3: d<b*e

S4: e«d+1 S4: e<d+1

S5: Ll:e < d /2 T

S5: L1:d«e /2

B1 8¢ B2 B1 8¢ B3 ??
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"E— B (Graph) A, MRNEGRBELORNS—RIEE
GEEERA"

1R ARBRI—1N s E(3ZED) %S = (Postdominator)

i8{E: A pdom B, 8 Aepdom(B)
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CCRG Open MP

eEHIRE(CFG)R—RIFAIE, BTMERE—1ETR
rIRNEFIRBEA, BIEXitHE—RIBFREHRTEETE IR

A, BBAARVEBRIRHES R

Entry

U= D = 0 =N =

o/

/N \

oo

|

EXxit<

pdom(Entry) = {Entry, 2, Exit}

pdom(2) = {2, Exit}

pdom(3) ={2, 3, 4, 9,Exit}

pdom(4) ={2, 4, 9, Exit}

pdom(5) ={2, 4,5, 8, 9, Exit}

pdom(6) = {2, 4, 6, 8, 9, Exit}

pdom(7)={2, 4,7, 8, 9, Exit}

pdom(8) ={2, 4, 8, 9, Exit}

pdom(9) ={2, 9, Exit}

pdom(Exit) = {Exit} 1



SR FEfE SR S R

CCRG Open MP

HIREFRARERBRRYELSS BH A#B, NFRARBRI™HS
R E4E = (strict postdominator)
G ANEE PR LBEEELRKL AT ML BEEESTHR

w45 2|
pdom(Entry) = {Entry, 2, Exit} | spdom(Entry) = {2, Exit}
En:ry pdom(2) = {2, Exit} spdom(2) = {Exit}
; pdom(3) = {2, 3, 4, 9,Exit} spdom(3) = {2, 4, 9,Exit)
; pdom(4) = {2, 4, 9, Exit} spdom(4) = {2, 9, Exit}
9 pdom(5) ={2, 4,5, 8,9, Exit} | spdom(5)={2, 4,8, 9, Exit}
- 5\ pdom(6) = {2, 4, 6, 8, 9, Exit} spdom(6) = {2, 4, 8, 9, Exit}
6\ /7 pdom(7) ={2, 4, 7, 8, 9, Exit} spdom(7) ={2, 4, 8, 9, Exit}
8 pdom(8) ={2, 4, 8, 9, Exit} spdom(8) ={2, 4, 9, Exit}
9 < pdom(9) ={2, 9, Exit} spdom(9) = {2, Exit}
Exit4 pdom(Exit) = {Exit} spdom(Exit) = {} .




e =k =D A ] cormp S

CCRG Open MP

MIRESARGERBRBRVESR, BHAFESRC, WE A
spdom C, and C spdom B , NIfFARBREEEVEES
(immediate postdominator)

CHBRELBEER "EERL HERELBEEE

v pdom(Entry) = {Entry, 2, Exit} ?pdom(Entry) :_{2}
¥ pdom(2) = {2, Exit} ipdom(2) = {Exit}
; odom(3) = {2, 3, 4, 9,Exit} ipdom(3) = {4}
; pdom(4) = {2, 4, 9, Exit} ipdom(4) = {9}
"3 pdom(5) = {2, 4, 5, 8, 9, Exit} ipdom(5) = {8}
- 5\ pdom(6) = {2, 4, 6, 8, 9, Exit} ipdom(6) = {8}
6\ /7 pdom(7) = {2, 4, 7, 8, 9, Exit} ipdom(7) = {8}
8 pdom(8) = {2, 4, 8, 9, Exit} ipdom(8) = {4}
9 )e pdom(9) = {2, 9, Exit} ipdom(9) = {2}
Exits pdom(Exit) = {Exit} ipdom(Exit) = {}
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BYEERN

COMP ﬁ

CCRG Open M

PEEREVEERXRERILUEAMNN, BELESS

Bt (dominator free)

r HEE G R R RAI TR S R

Entry

Ol = = QO = N =

ipdom(Entry) = {2}
ipdom(2) = {Exit}
ipdom(3) = {4}
ipdom(4) = {9}
ipdom(5) = {8}
Ipdom(6) = {8}
ipdom(7) = {8}
ipdom(8) = {4}
ipdom(9) = {2}
Ipdom(Exit) = {}

Exit
b
2
Entry 9
v
4
3 8
5 6 7
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CCRG Open M

\ 2.0 JE AR gg‘g COMP fj

S PR RER S M AN SR S I
R

il ipdom(B1) = {B8)
BZ/\ ipdom(B2) = {B3)

l B4 ipdom(B3) = {B7}

B3 ipdom(B4) = {B8}
Bm(ﬁ ipdom(B5) = {B7}
iIpdom(B6) = {B7}

\8‘7/ ‘e ipdom(B7) = {B8}

J ipdom(B8) = {}
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F B RRB 3t FIRHTA(B1,82) SAINS

B12|B3A — &A% TB1,B2)E=R42L, j EBIRMKR TBIS, X &
B2 LR R R G b B4 B

eS| NiB{RERT LA E4miFE RS AlE M B 1 2 IR 2 A B3

Bl (B1,B2) &¢ B2

O\

| B4 (B1,B2) & B3

B3
(B1,B4) ¢ B4

B5
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comp .

CCRG Open MP

eXJFLETE

in(B,S), MRLEEAIRE

{5!5‘7(8%}%')4 éé/a .‘E\LZ‘KB%}%')A o .$ é,]/a

Bl

B5
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(B1,B2) & {B2, B3, B7}
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comp

eXIFLETEN(B, S), MEREFRIZFHAIIFIZA?
RGN B EMT, USHR L, EX M Hipdom(S),
ipdom(ipdom(S)), --- 2] ({2 R &L$) i& F|ipdom(B)H 1k

Bl

B5

(B1,B2) &c {B2, B3, B7}
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COMP 5

CCRG Open MP

find_control_dependent (edge: (B,S))
{
depends = J;
X =8S; //X is successor of B
while X = (ipdom(B)) do
{
add X to depends
X = ipdom(X):
}

return depends;
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CCRG Open MP

PARBIRRIIERE  (E . S (e ek .

B1
B;/\
\ 4 B4 > »
BV THIA(B1,B2)MEHIKBIES
X ={B2}
Bf’ B2 #ipdom(B1), depend(B1,B2)={B2}
find_control_dependent (edge: (B,S X =ipdom(B2) = {B3}
find_control_dependent (edge: (B.S) B3 % ipdom(B1), depend(B1,82)={B2, B3}
depends = J;
X =S; //X is successor of B _
while X = (ipdom(B)) do X =ipdom(B3) = {B5}
{ = | =
add X to depends B5 =ipdom(B1l), depend(B1,B2)={B2, B3}
X = ipdom(X):
}

return depends:
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CCRG Open MP

B1
BZ/\M Calculate the control dependence of (B1,B2):
B3 X ={B2}
— B2 #ipdom(B1l), depend(B1,B2)={B2}

B5 B6

\/ X= ipdom(BZ) = {B3}

- e B3 #ipdom(B1l), depend(B1,B2)={B2, B3}
find trol_d dent d\ll' B,S - Idem(BB) - {B7}
f necontroldependent (edge: 5.5 g7 » ipdom(B1), depend(B1,B2)=(B2, B3, BT}
depends = J;

X = S; //X is successor of B X =ipdom(B7) = {B8}

hile X # (ipdom(B)) d i

il = (i = ipdom(B1), depend(B1,B2)={B2, B3, B7}
add X to depends
X = ipdom(X):

return depends:



CCRG Open M

iy -1 E = . coMpl )

e WRSEBH—NMRHER, WEASEBHRVESER, BA
pdom(B)Rpdom(S) IR RS
HERR: BASKRAEBH GRS B &, S THEM—FMSE E 2@ R2AL, LTRAY EA
—#MBE| v #93442L° o H b, pdom(B) & XAEXEFHEZLE, RHS, HAEMRSEH
ot F—5%2 L, B, pdomB) b RRSHELZLE L, #—FTEHILRE
pdom(S) #y J& w4 & 45 &[]

e UIR , BBZpdom(B)Rpdom(S) NG ELE R

e IHSBHN— 1 EHESHXHNFABEHRSERE, —ESEIETFBRIE
AR, HRIEIJEILEL/LE
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2.4 PRE/NGS5/E

o5

SA

COMP

CCRG Open M

=)

S1:
S2:
S3:
S4.
S5: Ll:e«d/2

a<b+c
if (a > 10) goto L1
d<b*e
ec—d+1

S1:
S3:
S2:
S4.

a<b+c
d<b*e
if (a > 10) goto L1
e—d+1

S5: Ll:e«d/2

158 S3RI SEIEAS2RIHIIT?

S2 &¢ S3 or B(S2) &¢ B(S3)
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\ 3.1 Hfim e A iEE |_5 gg 19“ c ‘;‘j_} .

riEf)(statement)EXAREFRNEREI, ESHSHEEE
e3fl(instance)E@EFIEITHIEAR—RNT, ESHE
efilF: SHTEIVIBERRIE R RZIERSCH]

do 1=1,100 154): S, T
s:  A(l) = B(1+2)+1 IgRIER: S(1), T(1)

T: B(1) = A(I-1)-1 $(2), 1(2)

enddo S( 100), T(100)



‘ 3.1 HE K A& iEE _5 g‘ﬁ“ COMP ﬁ

FRRIEERR
+FFSiTe: EFRXAREASHTHFSMATIBAT, ic S<T
+B)iSie: ERFEITRIERUSETZANIT, ic S T

S: A=0 do 1=1,100

S, B=A S: A(l) = B(1+2)+1

S;: A=B+A T: B(l) = A(l-1)-1

S;: C=A enddo
S1<3S2<S3<354 S<T
S1<S2<1S3< 54 S(1) A T(), T(i) < S(i+1)

YNFEARR, <= XJFEIAR, < # <
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vitig: SHITAILABR—iEDIE?

S:A=B+A
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miEATKEIFI5RS, icfE: SO T
+iFAISEKHCRMIE (source)
$IFAITRREICRAIE (sink)

<RI \
i S;: A
S,: B

IV /

S8,
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r =RAURRIRR R

‘ X =
Tk (flow-) : ]y

SR (anti-) ]
X —_
WHHEKER (output-) ; ] N

B ARE SRR D B
F RAKESHE LRI LSS SERR R A FIGIHIR
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e 3l FECES RIEHRIRENC R

S, 8 S, for A
S, & S, for A

S;: A=0

S,; B=A 5,85, fora
S;: A=B+A 5: 8% 5,  forA
S,; C=A S, 51 S, for A

S, &18, for A

S2 & S3  forB
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SR E]

comp

B ARAZERRXRIULIBBREAE (DAG) TR, R

PEEARTRE]

2 =P 7Nt

+BMBRF—PMEEERE, XoBpISE
S, & S,
S, & S,
S, & S,
S, 88,
S, 518,
S, § S,
S, § S,

¢ BELREKIRER
¢ DEQEREHEER

=

> m > O
+
>

»w nh unu O
N

-b- o e

w
O > W >
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3.1 Bl Mok A

SR E]

comp

B ARAZERRXRIULIBBREAE (DAG) TR, R

PEEARTRE]

2 =P 7Nt

+BMBRF—PMEEERE, XoBpISE
S, & S,
S, & S,
S, & S,
S, 88,
S, 518,
S, § S,
S, § S,

¢ BELREKIRER
¢ DEQEREHEER

=

> m > O
+
>

»w nh unu O
N

-b- o e

w
O > W >
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CCRG Open M

EThe edge from S1 to S2 is labeled with an integer that is
the required latency between them

. 12 € [r1](4)

. 13 € [r1+4](4) ? 9
. 14 €r2+r3 o A
. r5€r2-1 6 é
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3.1 HE K A&

SERERE]

CCRG Open M

comp

EThe edge from S1 to S2 is labeled with an integer that is
the required latency between them

1.
2.
3.
4,
5.
6.
7.
8.

r3 < [15](4)

r4 < [r15+4](4)
r2<r3-r4

r5 < [r12](4)
rn2<ri2+4
ré6 € r3*rd
[r15+4](4) < r3
15 <ré6+2

6o

0
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3.1 BRI RS %&;E 1&%& COMP

CCRG Open MP

EDependence DAGs can be used to find an efficient
instruction schedule

schedule 1
!i }|! schedule 2 )

1

I

| /]

I

1

I

I

I
schedule 1: 1,2,4,5,6,7,8,3
schedule 2: 1,2,4,5,6,8,7,3 "
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v B FER BRI RRE i

S1: A=0
S2: B=A
S3: A=B+A
S4: C=A

OIS . 1BE4RKET1EEIS3, ABEiRBIZIS3BIH T
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FERERR
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SETE comp S

CCRG Open MP

e (BRmERIQITSEM) (B78) H9E
E Building an Optimizing Compiler, ch3.6

E Optimizing Compilers for Modern Architectures, ch2-ch3

F SFIEX

¢ Ron Cytron, Jeanne Ferrante, Barry K. Rosen, Mark N. Wegman, F. Kenneth Zadeck:
An Efficient Method of Computing Static Single Assignment Form. POPL 1989: 25-35

¢ Gina Goff, Ken Kennedy, Chau-Wen Tseng: Practical Dependence Testing. PLDI 1991:
15-29
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