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2.1 OOO0OOOO
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googobodbooooboboobuoobbooboobbooboooboobn
gbogbobodbobodobobobobuoobbooboobbboobbodboon
gbbbuoooobbbuooobbbuooobobboooobbboooon

gooobobobbbbbbbbbbbdoddouuouuuouoooooooooo
gboobooooobobogsoonoobooon

e 00O (true dependency)J 00 a0 000 XOOOOODDOO bOOOOOO XO
OO000DO0DO0O0OO0ObOODa00D00DODODOOODOODOODODO 210 5
000000 load Afij00 S, 000000 store Alij00000000DOOOOO

e 000 (anti-dependency)0 00 aDO0O0 XOOODODOOO bOOOOOO XO
OO00ob0obO0obo0obOoboboooboubo bbb «ObODbObDOODOObOn
00000210 53000000 store Alij00S, 000000 load AfijO0O0O0O
gboboogaon

e 0000 (output dependency) 000 a0 000 XOOOODDOOObOOOOODO
XO0oOoooooooooooooobooobobObOOaOOOODOOOOOO
000000000210 53000000 store Alij00S, 000000 store Afi
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gboboogobobooon

e 100D (input dependency)J 00 a0 000 XOOODOOODObOODOODODO X
OO00bOO0DOOo0o0o0ob0bOOOa0O00ODOODOOOODODOOODOODO 21
O0S,000000Ilead BlijOOS,000000Ilead BlijDOOOODODOOOOO
goo

e 0000 (control dependency) 000 a0 0000000000 bODOO adOdOd
O0oobooooboooobDobOobObOa0OO0O00DOOO0ODOOODOOOODOOO
210 ;00 SsO0O00O0oDOO0O0DOOoOooOOoOoOooDObOOoOoDOboOooOoboOn

googodbooboboobooobuoobbooboobobuoooobooboo
gboobooooobogoboobooobooobooobobobuooobooooba
gbogdgbogobobbbbuoobbuoobbuoobobobbboobboobbn
gbuodgbboobudgboobobuoboobbodboobboobuooboon
gbobboogogbbobuooobobbuooooboobbbuoooon



for (i=0; i<IMAX; 1++){
Si A[i] = BJi];
S2 Cli] = Alil;
Ss Ali] = C[i-1];
BJi
D

Ss i-1] = DIA[]];
Ss i] = Bil;

U 21:500000000000000

gbooboogobogbboobboobbbboobobboobboobbooo
googobodgbogbobooboobbooobboobobooobooboon
oboboobooboo2000000000

e 0OOODODOO (loop-independent dependency)D 0 0000000000 OO0ODO
gboodao

e 10DOODOODO (loop-carryied dependency) D0 0000000000 O0OOOOO
gogd

oogbobobooobo400b0bobooboboboooboboosgn
gbobobbouooogbbobooooobbbboooobobobobuoooobboboboooog

Dooobdobi=tdbodboodbooobb XO0bhi=k+10000O000ooog
gobobooggd
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gboboboooobbobooooboboboooobbobtoeoonbobod

1. SISD (Single Instruction / Single Data)
g 1o liooggogobobooogooboboodgo 1obooonn
goddooooooooooooobbbbbbbbbbbooooooooobn
gdoddoooooouoooooobobbbobbbboooooooobbobbn
OO0Oo0ooOooSISbooooooobDOooboOooDooooooooog
(000000000 (PC)0 10000000
(hpCOOOOODODO10D0O0O0OOO

2. 0000000 (superscalar)
SISbO00 1000000000000O0ODLOO0OOLOO0ODOO0ODODOOOOoDOObOOD
gooboodbooobobobuooooboboooobobobobbuooobbboo
goodoooooobbbbtboooooooouoboobbbboogo

3. VLIW (Very Long Instruction Word)
SISbO0O0O (h)JODODO0O0OO0OO0O0O0ODOOOoOoOooPCO10000000DOOOO
gobbbbbuooooobobbbbl1obbbbbboblibobboboodadd
gbbogobobbugobbuooobboobobbuooobbbooobboo
gbbooggbbboolgbbbuoogbbbuooobbbuoooboboboo
gboboboogobbboooobboboooobood

4. SIMD (Single Instruction / Multiple Data)
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1ggobbobbooooogobobboooogbboboboooooobooboon
gboboboogobobboogobbboooboboboood

5. MIMD (Multiple Instruction / Multiple Data)
SISbO000 () 0000000000000 00PCOOOOOOOODOOOO
gdddddododddoououooooboooboboobbbbbbbbobooon
O000000O0O00O00D0OO000O00OO0O0bOO00bO pCOD0DOODOODOO
obobobooboob1obobobobobon

6. 000000 (dataflow)
SISDOD0OO (a),(b)D000000O0O0O0O00O0O0O0O0OO0OOOOOODODODOO
OO00000000bOO0oDbOobOpCO0DOOOODOODODODODODODOOO
dgddddodoooooooooooboooobbboboobbbbbbbobbbn
goooooog
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F—H/70— MIMD 2—/\—ZH5/ VLIW SISD
PC PC PC PC
1 2 3 1 3 1 2 3 1
m 2 5 4 5 6 2
4 5 6 15
4 6 7 8 3
7 n 7 8 9 4

9 5
9 V—

6

k) PC: 7RY3LhH 4 7

8

m— . RATIE R
9
v

U 22 0000000000000

O220000000000000DOO0DODOOOOOODOMIMDOOOOOOD
gbbobuoooobbbouobuoooobbbooobboboooobobobooon

ooooobo400b0o0o0booobooboboobboo veiwiogo s00
gooobobobbobobobobbobbbboboboooddodooooooooooooon
ooooo
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000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
(PDG)[1]000000000000 [23000000000000
00000000000000000000000000000000000000

3.1 UO0ouoogn

gbouogbbodbogbbuodoboobbuoobbooboobbooboboaboo
gbobobooogbbobooogbon

e JUUOOOOO

o JUUUOOOLOODODODO

gboboboogoobbboduaodon

3.1.1 00obooggad

googobuogbbodgboobogbbodgboooboobboobbooooo
gouogbboobuodbogbbogbuogbboooboobboobuooboon
gbooboogooboboooooon
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e 000 (true dependency)
e 000 (anti-dependency)
e 0000 (output dependency)
e 0000 (control dependency)

00000000000000000000000000 (name dependency) O 00O
O00D00SSAOO (Static Single Assignment Form)[4] 00 0000000000000
godbobbbbodooooobobooooooubooobbobbbuuuuuua
guoooooooooooobobon

3.1.2 0OJO0O0OO0OOO0OOd

gbdgobogbbodbboobbbuoobboobbooboboobbooboo
gboobuogbbodgboooboobobuoobbboobobuoobbooooboon
gboogbboobuodgboooobuooboobbodgboobboobuooboon
gboogoobbodbb20bbodgbbogbboobbodgbobboboon
googobodbooobooboboobuoobbooboobbuooooobboon
goobgboboboboboboboboboooobobobobobobobo
gbogbbodbbbuoobobobobuobboobuoobbboobbooboon
gbogbbuoobbuodgb 1iuogbuoobbuoobbooboouoobboobboon
gbobobuooogbbbugolobuoooobbodooonoobooooboboboo

gooboggbgbbooobooobooobodgboougbobuobboboo
gboogobogbobooboobbooboobboobooobooboonoon
OO000000000b000bO0O0O0O0OD0O0O0O0OD0O0DOO0OD000000000
oooooboogbbOobOooboOobooobbOobbobOoboobobooboogo
OO00000a00bOOODOODOODOObBOOaO0O0ODOODOODOO
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3.2 UO0OOO0Oooon

goooooboboboboboboboobbbobbbboboooooooooouoooooao
ob400000000000000O00O0OOO0DODOOODOODOOOObObO0O0DOO
oboboboobooboboboo40boobobooboboobobgs3bg
gboobobobobobbbobboboobboobboboobooboobooobad
goosbbugoboboogbobooogbbuoobboobboogbbooobbon
gbostogobuogbbodgboggobob20bbogboooooobobuoobood

0000000000000 0DO0Db0DbO0DbO SsSsAOo0DO0OOoOooooobooboooog
O0000000000000000PDGOOOOO GPDG (Guarded PDG)[5] 0 OO0
gbbboooobbbuoogbbbuoooobbbuooobbbdao

3.2.1 SSAOO

gboogobuogbbodbbooboobobdubogliooooboobbooboo
goooboboooobobbbbbboboboooouugooooooooooooon
000000000000 Db0ODOo0OSSsA0000DOO0ODOoDOOooOooOOoooOoSsAOdD
obobobooboobooboon

1. 0000000000000D0 10000000000000 (D0D a) 0000
0000000000000 0Doooo000 (000 ay,ae,...) 00000000
gooobodgog

2. 0pbooboboboboobuoobobbooboobobbobooboon
O0000000000000000e 00 4000000000000 OODOO
gboboooobbobuooooboboooon

SSAOD00OD0O0O0OD0O0O 310000



N = 10000:; N = 10000;

| =0; jo=0;
while (i < N) { while (i1 = @ (io, i2), i1 < N) {
b = BJi]; bo = BJi1];
tmp1 = y+2; tmp1 = y+2;
if (b <tmp1){ if (bo < tmp1){
b=b+1;  SSA b1 = bo+1;
} else { } else {
b =tmp1; b2 = tmp1;
} }
tmp2 = b*12; bs = ¢ (b1, b2);
Bli+1] = tmp2; tmp2 = b3*12;
| =i+1; Bli1+1] = tmp2;
} 2 =11+1;

0 3.1: SSAO0D0O0OO

OO0O0O000oboobognitelsed 0000000 DPOOOOOOODOOO b,0o000
000000000000 000000000000 0g (b,b)0000000O0O0O
thenOODOOODOOOODOOO hUelseODOOODODOOODOOODO ODOOO

3.2.2 GPDG

pbGOOO0O0O0OO0OOOOO0OODOODOODOODOODOODODODODOODObOODODODODOn
DoobooboooopbGOOOOO0OODODOOOObOODObOD40bODOODOD



32. 0J0o0o0dooooog 17

gooopoobooobobobbbbbooboooouuuooooooooooooon
00000000000 (Guard) OO0O0OD0OO0OO0OOOOOOOOODOOOODODODOOO
gooooobooooooooododdddoooooooooooooooon
oboobobobobooobobooooboboboooobobobooobbobo
gbobbbooooobbbooooobbbbooobbbooooobbbboooad
STARTOOOO ENDOOOOOODOODOODOOOOOODOOOOOOODOOOD
O000O0STARTOOOOOOODOOODOODOODOOODOOODODOODOOO END
gboboboooobbboooboboboooon

3.2.3 GPDGOO

GPDGOOODO 320000
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START

(*ccl) i1 = @ (io, i2)

ccl =i1<N \
\' R

==

(cc1)bo = BJi1] (ccl)tmp1 =y+2 (lccl)exit (ccl)iz = i1+1

(cct)cc2 = bo<tmp1
— T
(cc1&cc2)bt =bo+1  (cc1&lcc2)b2 = tmp1
\/
(cc1&*cc2)bs = ¢ (b1, be)

|
(cc1)tmp2 = b3*12
~
(cc1)BJi2] = tmp2

— HiEk#E
e KT

0 3.2 GPDGODO

0000000000000 00000000000O0000000D0O000O(ec) O

gobbuooobobbuoodbbectdbbbooobbboooobbbooobbo

O00000O(lecc) DODODODODODODDOOOOOOO ccODODOOOODODDODODODDO
O0000D00D0OD00OD0D0O00O(*ec)D0D0O0OOOOOOOSSADDODOODOODODODO
gbodbudbtbebbobbo0obuogbuooboobbobboobbooboabo
OOopPDGUOOODOOODOODOOODOODOODOOOOODOODODODOD
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3.24 U00O0O0OOOOOOOOO

gboogobogogbogobogbbooboboobbooboooboooo
gboogobodbooobobbooobboobuoobbooboobbooboon
obobobooobobobobboobuobooboboobobosuobuoobobo
gbuodbboogbuoobboobuodoboobbodboobboobooboon
gbobbbooogobbobooooobbooooobbbodoooobbboooag
gbbouogbbooobbuoogbbolbooobb2000b0b0o00bboboon
gboboggbboodbboodgbooglogobbuooob 1ioboobbboon
gogbbdobgobobboobbooboooboobobuoobobbooboon
giloboboogobobobooooboboooonooon

3.25 0OUOOOOOOooooood

gbbbuoodgobbboodgbb 330000
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gbboobobogbabobbobboobuoobobboobooboobbboon
gooobooboobooboboboobboboobooboobobboobob
oooboobdbooboboobobboobooboboobo NOOoDbOoD BO
gobooobbboooobbuooo NbOooobbooobboBhoooooo
oboobooboobooobooboobooboboNOObOobDboobooboobooo
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DooooooooooooooooooooogbouooboNDOobobonbonDo
OoodBOOOOODOOObOOOLbOOoOoObDObOOobODbOoOobOoOobOoOoBOODO
ONOODOOOoboooooboobooo BOboobooobobobobooboobo
Ooob0oobooboboboboobooboboboooooooo Boooooooboon
obobONODOOOoDbooboobooboboo
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4.1 0O0OOO

gt booooob oo oobobuoooboboo
godoboooboboooobuoooobb oo oooboboooobUoo
gobbodooogooooboobbbbbboooooobbbbbboooooa
goodooooobbbbboooooooooobbbbbboooooooog
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