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. 100000000 0ooo0ooooooooooooooo 4000000000000
4. 00b0Oo0O0oO0obOoO0obocOobO0obOoOoOoboOoboooboobon

5. o0obOoO0ObOobooooboobOOobooobOooooboboobooobooboooaon
0000000000000 0000000000000NU0O0 100000000 (3)
gboooood

6. oob00ooboobooboobooboboobooooooboooboooooboaooo
oono

7. 000oboooog

gbooboobobooboobooboobooobooboOol.00e0bO0ob0oOOobOOODOOOn
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[y

for(i = 0; i < 100; i++){
z[i] = 2.0*%x[1]+y[i];

N

3 }

g 81l:000boooooo

4 N
0 *
[ (ldfd £f2 = [r1], f1
) \/ /
[Ml (fmpy £3 = £1,£2) (1dfd f£4 = [r2],8)

3

6 *

[Al(fadd f5 = £3,£4)

8 *

[ Sl(stfd [r3],8 = £5)

082 081000000000 0O0DLO0ODbO0ODLOOnOn D
\

81 O0O0OUOOooooon

2 oboooobooboooboboooboob 410000000000000 8100 6.1000
s 00000000 O00OO0O00O0O0O0O0O0b0OO00OoOooOoOoOooo0og 82000000000
« ODf10000200000000000000000DO0O0O0DOO0e0OOOOLOOOOOOOOOOO
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[y

for(i = 0; i < 100; i++){
acc = acc*x[il+y[il;

N

3 }

83 bugbuoboobobbobobooboo

go gooooowven
1dfd 3
stfd 1
fmpy 3
fadd 2
add 1
comp 1
br.cond 1

00o0oooD40000000000000D00O0000000D 4100000000000
0000o0oooooooo0o00ooo0oogogoooooooooogooooooooo
000000000000 0D00O000D000Oclosed pathDOO0O0D00OO0O00ODOOOOOO

000008300000 000D000000000000000O0d accOODOODODO iteration
Oacc00D000D0D00O00DODOOODOOOODOOODODODOloop-carried dependenced 00000
0000000000000 84000000000 M 0O0000DO iterationOOO M1OOO
000oDooooooooooooooooogo

gbOog8s00000D000OOODbDObOoObDOD

odoooooooooooooooooooDpDoooo0ogoooooDooooogooooon
00000ooooooooooooo0ooooooooooooooooo0ooooooDoooo
ooopoooooooog

8.2 iterationOJ0 O OO0OOIIOONO

noooooooooooooooobooo

(1) D0DO0D0O0DODO0OO0O00O0O0UDO0OO0O0DDOUDOOOO0O0

(2) D0D0D0O0DOOUOOO0O0OUDOODOO0DDOOUDOOOOO
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a N
[ (ldfd f2 = [r1],8
[Ml (fmpy £3 = £1,f2) (1dfd f4 = [r2],8)
(fadd £3 = £3,f4)
2
084: 083000000000 OOObOOOO
o /

1 for(i = 1; i < 100; i++){
z[i] = z[i-1]*x[il+y[i];

w N

}

Og8s: 00b0000ooobooooboobooon

000oo00o0oo0ooO (2)0o0b0o000 (H)Oooo NooUoOoUOooOoooOUoOoooOoo

gbooooogooboo

goboob10o0d

gboobooilgboooboboobooooboboboooboboboobobobe1bmm

gboooooobooon 1:

L1:

o0 k

r0 = r0,1

cmp.< r0,100
br.cond L1
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gddodoobooobooboooooouoobooboooboooooboooooon
0000000 k0000DOCOOO0nep0OOOOODOOO

Il = (k+3) MC

go0oDoDbooOoooooooDs200000000k=5000001IIO08MCOOOODOOO
gbooobOOnepO00O00OobOOoObOOODOOO0ODOO0O0O0OODOOODOOOOOOOOOO

nNIooooDo0o000DDO0O000000000 nop000O0DOOO0OO0O0ODO IIOOOOO

gonoooooooboooooooooonooooooboooooboooooobooboooooo

gbooogo2000

goboog2000000000000000000O0000O0O00000DOO00006.300
obooooooooon 2:

Li: o011 ; ogd 2
oo s ; ad 4
00 k-4 ; 00 k-3
00 k-2 ; add r0 = r0,1
o k-1 ; cmp.< r0,100
00 k ; br.cond L1

gboboboooooooboboboooobooooboobobooooo noooooboboo
gboooooano

ggd II
1

~N O O WwN
OO W Www

gbooooooo110boo0 —oboooboooooboboooboobooonbo —obooooobooo
gooo0o00obobo0o0o40000000200000200000000000000DO
g0o0ooooooOooO0o0oO0oooooooDOOobIICc300o00ooooooooo 40000
goooooooboooooooOooobobo0oor0ooooObO0O0b0 2000000000 I0DO
00400000000000000000 k(>2)00000

11 = [(k+3)/2] MC

000000[x]00000000000000000 ceil functiond0000k=1000000
000000000000 8200000I=[(5+3)/2]=4MCO000
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g8l O0obOopobobooboon

goooog3gboboooooooboooobbobobooobobobobooobon
00000 k00000 nep00000000ODODOCOOOOOOOONNOOOOODOLOO

83 UUOLUooboo

gobgobooboobgoobobooboboobo io20b00b0o0bOoooboboon
goboboooboboobboobboooobbooobbooobbooboboooboooobo
gooo0o0ooOo0ooOo 20000000000 00D 1OD0O000 II=8MCOOOOODO
obooooooooon

0 0

1

2

3

4

5 add rO = r0,1
6 cmp.< r0,100
7 br.cond L1

sO000b0OvOO00OO0oOOO0OO0OO0OO0OOO0ObOO0O0OOO0bOOoO0oOOoOoboOoOo400000100000

v OMCODO 1000001,2,3,.00000000000C0000CODOO000O0OCOOOOOOO

11

12

13

15

16

17

18

19

20

21

goooooMcCcooooooooo,1,2,...00000000000000CCCOOOOQCOOLOO
gboooooao
oo0o0p0o0 20000 I=4MCOODOOOOODOOOODOOO

0

1 add r0 = r0,1
2 cmp.< r0,100
3 br.cond L1

goooooi1ooooooMcoooboooOOo,1,2,.0000

84 UULODOO

gbobooooboooooobooboboooboooooooboooboooobooobooobon
goobooooooobooO0oooobObo0oooDbobo400000000000000400000
gbooooogo

e 420 (I) + (I) + (IIDD DO O

e 420 (I) + (II) + 4.3 0 (III')
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gooooooboobboboooboboboboboooobooboobooooobooboobooo
gobgg200b000bgoobooboobobboboobooboobooboon
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g3ibboboboooboobooboobooobooooooboooooboobooobooooon
gboooooobooooobooboooobobooooobon

1. 00000000 GoOoooOOooOOogooopooDoOo0oOooOoOoopooooooDon
oooosoooo

2. 0000 sSO000DOOO0O0O0ODOOOO0R,O000DOO

3. 00»,00000000000000000RDO0O0O0O0O0O0On00000 ¢n)0 OO0
000000 ¢«n) 00000000000 0O0O0O0OOO 100000 10000MCOOO
oooo0o000CO0O00DOOOODOOOOMCOOOOO

() DOO0O0ODO0OO0OOODOOOO0DOO0OO0OOMO.Om 00 nO000D00000O0
O000000oooooon startDbend0 0000000 Ly,O0..0L, 000 mO..0
m, 0000000000

start = max(¢(mq1)+ L1, ...,t(mg) + Lg)

end = min(¢t(mq) + 11, ..., t(my) + II)

O00000O0start 0 nOO0O00OO0O0O0OD0O0DOODOOOODOODOOOOOOODOO
O0oo0o0oooooooo0o0ooooo0o00oobDendd0 nOOOOOOODOO
ob0oo0o0o0oobOobOobO0obOOobO0b0obobO0o0ooo00on0n0n iterationO0 OO0
ooboobooooboboooooboooobooboooobooom

i 00start >end 000000 IOOOOOOOCOOODOOOCOOOOOOOOO

ii. 00 start <end00O00000O0 start%II0000000000OO0O00O0O00O0
000000000000 000000n0000000000000 (start+1)%II0
(start + 2)%II0 ...0end%I1 000000000000 0O0OOOOOOOOOO
obooboooooooooooboooboooboobooooboooboobooa
0000000000000 0000000000000 n0O (start 4 5)%II O
000000000000 000¢n)=start+50000

(b) 00 nO0000000000C0O0O0O00O0OOO0O0OO0O0O0O0O0O0O0O0O0O0ODO0O0O0OO
bdbOndbooboboobobuobobdnbOboboobob pgboood
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8

9
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g8l O0obOopobobooboon

0 81:0820000000000000000¢0 1, II=80

(me | w1 [ w2 | w3 | #a [ #5 |
0 [ L1(0) [ L1(0) | L1(0) | L1(0) | L1(0)
1 21(9) | A1(9)
2 X
3 M1(3) | M1(3) | ML(3) | M1(3)
4 L2(4) | L2(4) | L2(4)
5 % * * * %
6 % * %k * %k
7 % * * * %k

0p%00000000000000000000000000000000000
0,0000000000000 (p+ %O (p+2)%I10...0 (p+ 11— )% 000
00000000000000000-,O00000000 (000000000000
0000000000000000000@n0 (p+/)%000000000000
00000¢n)=p+;0000

4. 000000 GOOOOOOO

5. 00 GoO0O0O0O0O0OOOOOOOOOOOOOOOOOO 1. 0000

g30000buoobboboboob1bbgs2b000b0b000bOo0obOo0obboOooDbOad
gooooos10doooboobooobobodbn x00odbooooooooboooooooo
gbooooo

1. 000g82000000000000C0LIO00O0O0C000O00O0DLOOOOOOOO00OO0O0
00 3b)000000LI0000000000O0000O0O00O0%S =00001L1000
00000 ¢L1)=0000008100¢1L1)00000000O00O0O0O0OL(0)0000O0

2. 0000000000MIO0000MI0 1000000000 3(x)000000O0O0O0
start = max(#(L1)+[L1000000]) =max(0+3)=3
end = min(¢(L1) +II) = min(0 +8) =8

00O start <end 00000000 3(a)i. 0000000000000000000000
0000000000000000000000000000000000000MMO00
start%8 =3000000 3000000000000 3(a)i.000 M 030000000
000 ¢M)=3000008100000M(3)00000
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3. 000000000 wLoi0oUiL0d0d0do0o0ooouooooooo 3(b)ooo
000000 3%’=300000000000000000000MI0O00000000O0O0
0040000000000 ¢L2)=400000 8100000 L2(4)00000

4. 0000000000 MO000A10M10 2000000000 startDendd 0000
gobogbooan

start = max(t((M1)+MIOOO0O0OO0OO,¢(L2)+[L2000000))
= max(3+3,4+3)=7
end = min(¢(M1)+ IT,¢(L2) + II)

= min(3+8,4+8) =11

O00O0OOstart <end 000000000000 3(2)i0000000000 3(a)ii.00
0000 "™8=7000A10000000000000 br.cond0OO0OOOOOYOO
O« 00000 ("+1)%8=0000000000000000LLO0O0O0O0OOO0OOO
0000 (T+2)%8=100000001 0000000000 A10 1000000000
0t¢A1)=90000000¢A1) 000000 % =10000000000000 8.10
0000 A1(9) 00000

5. 000 s10000s10 10000000

start = max(¢(A1)+[A1000000)]) =max(9+2) =11

end = min(t(A1) + IT,£(L2) + IT) = min(9 + 8) = 17

0000000O000start <endJODOO0OOD0000000 3(2)i000000000000
03(a)ii. 000000 11%8=3000s10000000000000M 00000000
000 (1141)%8 = 40 (11+2)%8 = 50 (11 +3)%8 = 60 (11 +4)%8 = 70 (11 +5)%8 = 00
end%8 =17%8=10000000000000000000000000000s1000
00000000000000000000000000000020002MCO0000
0000000 S1000000000000000000A1IO0 100000000200
0000000000000000000000

oboooooobOoobooooooolnoooobooboobooooooboOobooon 1o
gboooboooobooboooooooooobbooooboooooooobooobooobooon
gooonoooooboooooooooooooooOoooonnoooooooooooooDo
gbobooobooooooboooboobooooboboobobooobooobooboobooboaoon
gooooooobooooooooooDobooo nIoooooooonooooooooooooDo
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082 0820000000000 0000O000OO0 1,I1I=90

(ve | w1 [ w2 | w3 | w4 | #5 |
0 [[L1(0) [ L1(0) | L1(0) | L1(0) | L1(0)
1 A1(10) | A1(10)
2
3 M1(3) | M1(3) | mM1(3) | M1(3)
4 L2(4) | L2(4) | L2(4)
5 S1(14)
6 * E 3 * b3 *

7 * * * * *
8 * * * * *

08308600 0000DO0O0O0ODOODOOOOODOO

0 S1(24)
1 AL(17)
2 || M1(10)
3 L2(11)
4 L1(4)
5 *
6 *
7 *

go0obOo00ooDOo0o0oooOo0ooobo0oooOI=s00oooO0o0on=90000000
gooboobogoog20b0boboboooobobbo0sigsubooobobobognoo
goboobobbooboobod

gboooboobooboooobooobooooooboviooboobo v300b00Oo0ooIIno
sMCOOOOOOOoOoOoooOoOoOoooooooooooooooooobooooooboOooo
gboooobooobooooobooobooboooboobooobobooobooobooos1ooaon
gbbooobodsitocgbooooooooooboob 2000 mb00bO0O0obOOoOoboooaon
gbobooboooboooboooobooobooooboobooooooobo0oob g L20
goobooooboobooooooobooooobobobooobooboooo

goobooobooobboobooobobooobboobbobooobboobboaon
gboooboobooobooooobooobooobooboobooobooobooboooboboOossn
geld0000000O000O0O0O0OO0O0OOOOOOODOOOOOOOOOOO0O0O L1oL20M0O
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a 1 L1: ldfd f2 = [r1],8 // L1 h
2 1dfd f4 = [r2],8 // L2
3 nop
4 fmpy £3 = f1,f2 // M1
5 nop
6 nop
7 fadd f5 = £3,f4 // Al
8 nop
9 stfd [r3],8 = f6 // S1
10 add r0 = r0,1
11 cmp.< r0,100
12 br.cond L1

g g86: 0610000000000OO
gbe630000

)

0 84: 0820000000000 O0D0O0OOO0O 2, 11=40

e [ w2 #3 \ #4 |
0 || L1(0) L1(0) L1(0) L2(4) | L1(0) L2(4)
1 * * * X *
2 * * * X *
3 * [ M1(3) * | M1(3) * M1(3) *

AM0s1000000000000000000¢)0000000000000000 I=800
gbobooobooboooooboboooooboboboobOobos3bom

gbooboooboooobooboboooooboooboooboboobooOooboooooobobooboOoon
gbboobooobooobooobooboobooOooooOoboooobooboooboooboooOoooon
gboooooooooboobobooboobooboobobooobooooobooobooooo
gbooboooooboobs3boobouooobooo40b00boooooonb v3000ao
gbooooboooooogooboo

goooobooobbooooboooboooboooobooboooooDooo NPODOODO
oo

obobooobooboo 20000000000
0840 II=4MCOUO0O0O0 A10000D0O00ODOODOOOODODOOOOOODOL2000O
0000000000000 O¢M)=30¢L2)=400000000M 00000

start = max(¢(M1)+ M1 OO00000],¢L2)+([L2000000))
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085 0820000000000 0O000O000O0O 2, II=50

e | w2 | w3 | | #5
0 || L1(0) L1(0) L1(0) L1(0) L1(0) s1(10)
1
2 * * | AL(T) AL(7) *
3 M1(3) * | M1(3) x| M1(3) M1(3) *
4 * | L2(4) * | L2(4) L2(4) *

= max(3+3,4+3)="7
end = min(¢(M1) + 11, £(L2) + I0)

= min(3+4,4+4)=7

00 startOend 000 007%4=30000000000000000000000000O0O M1
Obr.cond0000000O0O0O0O0ODO
Mooooo0o00lI=s0000000000000000000 85000

0000000ooooo3(b)0000Uooo

0000 COO0000ooooooo3() 0ooo p%lld((p+ 1)%I0...00 (p+ C)%IIO
(p+C+1)%I0..000000000000000O0O0O0OOOOOOOO0OOOOOOOOO
gooooooOoooobooOoocoo0oooooboo nNoooooooooooogoooo
goooooooo cooooooooooooooooobo0ooobooooooooooDo
gooOoooooooOooopooOo0oOooOooooCcoooooooDoUUoooooDOoUOooo
gbbooobooooobooboobooooooooboooboobooboboooooooobooaoon
gboooobooooboooooon

86 UUODIOO

0000000000000000000000000000000000000000000
00000000000000000000000000000000
000000000000000000000000000000000000000000 S
000000000 »n000000000000000000000000000 s(r)0000
00O0s(n)000000000000000000 #nr)00000s(n)=|t(n)/11]+10000
000|z)0000000000000000000
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 DOobooogo

2 i=1,2,..,5-1000000000000

3 j=0,1,2,..,11-10000000000000 ;00000000000 n;, 00000
4 Oooopoooooooo

5 1. s(n;) <i000000000000000000

6 2. s(n;)>i0000nop000000O0OO

7 3. 000000000000 0DOnepO000DOOOOODOOD

8 4. n; 00000000 add r0 = r0,10000000000000000

9 5. n; 00000000 emp.< r0,1000 000 br.cond L1 O0OOnop 00000
10 oood

uw 00000000
12 ooooobn:o0booobooooboooobooobo0 oo I—-1000boooo
13 goboboobooboobooboibnepddbgooboooonOO

w 0OOooOooogo

15 i=1,2,..,5-1000000000000

16 j=0,12,..1I-10000000000000 jO00000000000 n;, 00000
17 oooobooogoooo

18 1. s(n;) >¢0000000000D000O000CODO

19 2. s(n;)<i0000nep 00000000

20 3. 000000000000000 nop0000O00oO0OOOOO

21 4. n; O0O0O0O0OO0O0O add r0 = r0,10cmp.< r0,1000 br.cond L1 00O Onop
2 oboooooogd

2 gobogogebdnog200000b00bO0bOo0obobOobooboobobooobon
» 0000000¢)0s)000D00D00O00O0O0O0OOR7TO00000O00OOOOOODOODOOD
2 gsrooO0oss00ooooobooboobooboooooboooooboooon r2000
 O00O00000O00OO0O0O0O0CODO0
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0 86:0820000000000000O0O

JEE EES

0 || 1fdf f2 = [r1]1,8 | O

1 || fadd f6 = £3,f4 10 | 2
2

3 || fmpy £3 = f1,f2 1
4 || 1dfd f4 = [r2],8 | 4 1

5 || stfd [r3],8 = 65 | 14 | 2
6 add rO = r0,1 - -
7 cmp.< r0,100 - -
8 br.cond L1 - -

o 8r-0820b000000000000O0O

EEEE I EER [0 | 50 |
0 1fdf f2 = [r1],8 | O 1 stfd [r3],8 = £f5 | 10 3
1
2 fadd £f5 = £3,f4 7 2 add r0 = r0,1 - -
3 || fmpy £3 = f1,£f2 3 1 cmp.< r0,100 - -
4 1dfd f4 = [r2],8 | 4 1 br.cond L1 - -
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© 00 NOoO O WN -

10
11
12
13
14
15
16
17
18

19
20
21
22
23
24
25
26
27

L1:

1dfd £f2 = [r1],8
nop

nop

fmpy £3 = £1,f2
1dfd f4 = [r2],8
nop

add r0 = r0,1
nop

nop

1ldfd f2 = [r1],8
fadd f5 = £3,f4
nop

fmpy £3 = £1,f2
ldfd f4 = [r2],8
stfd [r3],8 = f5
add r0 = r0,1
cmp.< r0,100
br.cond L1

nop

fadd £f5 = £3,f4
nop

nop

nop

stfd [r3],8 = f5
nop

nop

nop

//000000

//00000

//000000

//00000000

gg8rog8elbunoooon
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1 1fdf f2 [r1],8; nop // 000000
2 nop; nop
3 nop; add r0 = r0,1
4 fmpy £3 = £1,£2; nop
5 1dfd f4 [r2],8; nop
6 1fdf 2 [r1],8; nop
7 nop; nop
8 fadd f5 £3,f4; add r0 = r0,1
9 fmpy £3 = £1,£2; nop
10 1dfd f4 [r2],8; nop
11 L1: 1fdf £2 [r1]1,8; stfd [r3],8 =f5 // O0O0OOO
12 nop; nop
13 fadd £f5 £3,f4; add r0 = r0,1
14 fmpy £3 = £1,£2; cmp.< r0,100
15 1dfd f4 [r2],8; br.cond L1
16 nop; stfd [r3],8 = f5 // OO0OODOO
17 nop; nop
18 fadd £f5 £3,£4; nop
19 nop; nop
20 nop; nop
21 nop; stfd [r3],8 = f5
22 nop; nop //00000000
23 nop; nop
24 nop; nop
25 nop; nop
088 0O08rO0ouonooooon
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gboooboooooboooosrooboooboooboOooooooooboooooboooO
gooooooboogoooooobooooboobbooooooboooboboobooboooooboboobbooo
gboboooog

obobooooboooosboooooooooobsy0oboboOn f20..0f500000 v20...0
vbO0OOOOOO0O0Ooooooooooobooooooboooooooslooooooon
go0o400000000000000DODDOOODDOOODOO0OOOOODODDOOODOOOOO
gbooooboooooao

9.1 UOOOOOO

0000000000000052000000000000009100000000
v2 = (10,13], v5= (11,15

gb0odoobooobobooOOiteration0 00000000000 OOOCOOOOODOOODOO
gboobool0Owv3bOO0O 130000000000000000DO0MOOOObOOO00O00
gbooboiterationO0 00 11 00000000CODOOOOOOO0OMOOOOOOOOOO
gbooooboooooogooboo

v3 = (—o0,11] U (13, 00)

00000000000D000C0D0DOcyclic live range, cyclic interval 00 00000000000
000000 0000000000000 0D0OoooOoOoOoODOOD v4OOOOOOOO

v4 = (—o00,11] U (14, c0)

oooo
gboboooboooboooooobooooboooboobooOoooboosbo00bo00oan
gbooooboooboobobooooobo

e JO00ODOOOOODOODOOOODODOOOODOO
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8

9

10

090 O0OoOOoooOOoboOooOg

s N
10 L1: 1fdf v2 = [r1],8 //00000
11 fadd v5 = v3,v4
12 nop
13 fmpy v3 = f1,v2
14 1dfd v4 = [r2],8
15 stfd [r3],8 = vb
16 add r0 = r0,1
17 cmp.< r0,100
18 br.cond L1
091 0870000noooooboOooon
N )
a I
v2 v3 v4 vb
NN e
! ! 2

10| O X X 3

11 e o . O 5

12 L 5

3] @ O | : 9

14 L O 3

15 X @

i i 2
</ U
092 000000000

o %

0000000000000 0000000000000000UDO0000000 {v1,...,Um}
goooobooooooobbooboooooboooboooobbooboooboooboobobooobooboon
uboooooboooboooboooobooobooboooooboooooosbboobonoon
goooooooooo0oooooooooDoooOooNPOOOOODOOOODOOOOODOO
gbooboboooboooboooooooboooobooboobbooobooooobooooboooboooo
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00000Mne0 (p+4)%I00 0;000000000000000000000
00000tn)=p+;0000

000000o0o0oo0oooUooo3() 0000000000000 0U0O0DoO0oooOooD
gboboooooooooobooogoo
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gOooooooooon
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2

3

4

5

010 0OobOoobooboobooboobobooboon

4 N
1 for(i = 2; 1 < 100; i++){
2 Z[i] = z[i-2]*x[il+y[i];
3 }
0 104: 2000000000000000000O
oooooooooo 1
/
4 N
1 accO = 1.0;
2 accl = 1.0;
1 for(i = 0; i < 100; i++){
2 acc2 = accl;
3 accl = accO;
4 accO = acc2*x[il+y[i];
5 }
0 105: 200000000000000000O00O
oooooogoood 20
J

10.8 200000000000 0O0O00O000O00

oobO0o0d 10400 10500000000000000 iterationOOOD0OOODO iteration O

gboobobobobooobobobobobobobo20b0b0obobobooobooobo

00 IIoo0o0oooooboodbDn000 teration00000000D00O0D0OOODOOODOO

OnO000000O0O0O0OC0OOO0DOOOO0ODOOO0
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gOoobOooobooboooboOoooobooooboooooobooooooDooooboooDoo
0000000000000 start%II 00 end%lI0D 0000000000 OO0OOOOOOO
0000000000 850000 3(x)I00MUIO00O0OOOOOO rotating register 0 0 O
00000000 start®lI000 0000000000000 0OO0 O00OO0O0O0OCOOOOOOO
goooogs20fdooooolnIooooooooobooboOobo0oooooobo0oooooDoon
gboooboobobooobobooooobobooobooboooon

O0000000OOrotatingregister 000 D0OO0O0ONPODDOOODOOOODOOOO
opOOO000ODOOO0OODODOOOOODOO

11.1 rotating register

ubo0f3200000000 3200000000000000000000000000OAO
gboooooooooob 20000000000000DOO0ODOODOOOOOOOOOOOO0
gboboooboooboobobooooboooboobooobooobooobooobooooboobooon
gboooobobooobodbdOrenamingD 000000 O
ooboooooobooooooooDo:

rotate.f
gogboobobboobooboobooboobo

£3200 £330 .. .0 f1260 £127
oooooooo 1Mcoooo

£330 £340 .. .0 £1270 £32

0000000000000 00000000000f320 £3300000£330 f34000
O0...0f1270 f12800f1280 f320 00000000000 0000OC0O00OODOOO0ODOO
00000000000 £3200 f1280000000000000D0OOOOO0OO0O0OODOO
0000000 rotating registerd 0 O O O rotating register fileD D OO0 000000000
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0 110 rotatingregister 1O DO UODO0O0OODOOODOOONO

4 N
1 fadd f40 = £31,£32
2 rotate.f
3 fadd £f50 = £31,f41
4 rotate.f

0 11.1: rotating register 0 0 00000000

0 fadd £40
1 fadd £50

£31,£32; rotate.f
£31,£41; rotate.f

O 11.2: rotating register 0 OO0 DOO0OOODOOO
oooo20000

/

0MoooooooDooD fo0...0fr310 GROODODODODOOOODODODODOOOOODOO
ooooooo o

rotating register 0 0 00000000 CMUOOOODOODOOODODOO Cydrab00000
0000000 000000000 /o000oo Cp-PACSO0O0OOODOODOOOOOO
00000000 e64bit 00000 TA-64000000000000DOOO0OODODOO

000o0ooDpooo+f310£32000 1.002.000000000000000O00O000O00OO
g0 111000000b00o00b0o0oo0ob0O0o0bO0o10b0o0on0oO f400 300000DO0O
20000000f320f4000000 £330f4100000000000£330f41 000000
2003.0000000000C0COO0O0000DODODODOOODO 3100000 DODODDODODOOOOO
00000000 200000005000 4.0000000030000000+£330 £410£50
0000 £340£420£51 000000000000000 40000004£340f420£f51 000
000 2o0030040000000000

00000 2000000000000000 112000000 1110000000000
ooo

gdoDodooOoooooodooooodoo0oooooooooooooooooooon
gdo0oodooooooooo0ooU0ooooooogoooooooooOooooooooo
oooo0ooooooo00oooooooo0ooooooooDoooooooDooooOooon
00000dooo0oooooooooo00ooooooooooDooOo0o00oooooooon
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register 00000000 rotate.f000000000O00OO0OOOOO
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0 110 rotatingregister 1O DO UODO0O0OODOOODOOONO

1 for(i = 0; i < 100; i++){
z[i] = 2.0*%x[1]+y[i];

N

3 }

U113 g0o0oooood

01ll:06100000000000000000O00O0O00OCOOO

v || 00 [0 | 50 |
0 1fdf £40 = [r1],8 0 1
1 1dfd £f60 = [r2],8 | 10 | 2
2 fmpy £50 = f1,f42 | 20 | 3
3 fadd £70 = £51,f62 | 30 | 4
4 stfd [r3],8 = £71 | 40 5
5 add r0 = r0,1 - -
6 cmp.< r0,100 - -
7 rotate.f - -
8 br.cond L1 - -

000000000000000000000000D0D0D0D0DD '000000000000
00000 Register Rename Basel 000 IA-640000000000O0COOOO0ODOO
000000 0dbo0d rrb0000D00O0O0OOO0ODOO tfn032<n< 1270 OODOOODOO
googn

(n — 32 + rrb)%96 + 32

gdddoooooooooooooooooboboDObObbObOb0Ob000000000000d rotate. £
UOrrbd0000000C0O0OO00OO00 rebd00b000o0oOoOoOoOooOOobOOobOobOOobOn
gboobooboobooboooobooboboobo0oboboOobO0UdDrotate.f00000O
f3200000000000O0000DO0O0OO f3300b00ooooboooogon

11.2 rotatingregister U0 00000 0O0O0O0OOOOOOO0O

rotating register 10 0 000000000000 O0OO0O0OOO0OOOOOOOOOOOOOOO
ub00ooo0oooOoobO0o0obooboOobooOon0ononnO 11.300 rotating register OO0 OO0

000000000000 00000000000000000000000000000000000000000
gooooooooOOOoOO0OO0OO0OoOoOoOoOOOOOODOOODOOOOOOOO0O0OO0O0O0O0O0O0O0O00OO0OO0OObObOO
gdboooooooooooooooooboooooooboooooooboooooooo0ooooooo0oooooon
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gboboov7oboboob0ooooobOoboboboboo nooobooboooooobooobooboon
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0 110 rotatingregister 1O DO UODO0O0OODOOODOOONO

0113 061000000000000D0O00O00O00O0O0O0O0OOO

EIEER [t)|s0 [ DD 2 [0 | 50 |
0 || 1fdf £f40 = [r1]1,8 | O 1 1ldfd f60 = [r2],8 5 2
1 || fmpy £50 = f1,f44 | 21 | 5 fadd f70 = £51,f64 | 26 | 6
2 || stfd [r3],8 = f71 | 32 | 7 add r0 = r0,1 - -
3 cmp.< r0,100 - -
4 rotate.f - - br.cond L1 - -

11.3 rotating register 00000000 0OOOOO0O

SO0U0000D000000DO00D0O0000000D000R0 rotating register 10O O0O0OOO
gboboobooboooooboooonoo

0. 000D0OO000DOOO0O00DDO0O00DDO0O00DDO virtual registerDO0O00D0OO
1. 000obOoo0oocoOooobooooooboon

2. 000000000000 teration0 00000 IIOODOOO

. 1000000000000 ob0boooon

4. 000000O0bOOoO0bo0OooboOoboOooboobooboOooboOoo

5. Jbobodbuooboboobuoobobobooboobobobobooboooboboo
gon

6. 0000000000

rJob0obooooooboooboogoooooboobooboooooDoooDooooooo
goo

sO00000000.000000000005.00000000000000 20

11.3.1 00000000

rotating register 10 0 0000000000000 O0O0OO0O0OOOOOOOODOOOOOO
gbooooboobooboooobooooboooobooooboobooobooobooooboon
gboooooobon £320f330...0000000000fe10fe20... 000000000
eifje20 ... 0000000 DOODOOOLODOOODODOOODOODOOOOODOODOODO

20000000000000000000000000000000000 rotating register 1000000000
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00000000000 00000D0 GRO FRfoOf31 0 rotate 1000000 0OO0OODOO
gogbooobobooboobooboobon
gbooooobooboobooboo 1n3obooobooobooooobooooooobooooon

1fdf fe1 = [r1],8
fmpy f@2 = f1,f@3
1dfd fe4 = [r2],8

fadd f@5 = £@6,£fQ7

stfd [r3],8 = f@8

gbodb0eiDesdbOOOOOOOOOOOODOOOO

11.3.2 0J000O0OO0O00ogoboo

100000000

11.3.3 iteration0 O UOOO0O IIOOOOOOOOOOODOOOO

82008300000 00O0O0OODO retate.f00D000O0OD0OO0OOOOOOODOODODOOOIL
0000000000000 000O0D k0000000000000 100000 1II= (k+4)MCO
00000200000 1II=(k+1)/242)MCOO000O0OOD0OOO0OODOOOOOOOODO
O00O rotate.f 00 000O0ODOOODOO

11.3.4 0O00OO0OOOOO0OO0

g400000bOoOoobbooOoboobooooOU0L0D n400booboobboobbooboogo
goboooooboo40b0o0b0obboooboobobooboooboobobooboOob wdtdabOn
gbobooobooboobobooboboooobob 40000000

11.3.5 0O0gooooogd

00000000000 3(a) 000850000000 000O0O0O0UODODOOOOOODOOO
gboboooboobooli3s3sbooboono nooooooboooooobooon

1. 00000000 Gooooooooo0gooooooooooooogooooDoo
sSooono

2. 0000 sSO000DOOO0O0O0DOO0O00R.O000DOO
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0 110 rotatingregister 1O DO UODO0O0OODOOODOOONO

\

~

0 *

[ (ldfd fel = [rl1],s8 f1

\/

[Ml(fmpy fe2 = f1,fe3) (1dfd fea = [r2],8) ]

m\ -

(fadd fe5 = fe@6,f@7)

28*

[Sl(stfd [r3],8 = f@8)

0114 061000000000000000 )

., 3. 00n0000 ()0()0000000000R000000000 ¢(n)000000

2 () JODO00D0DO0O0OO0O0DDDOODOO0OODO0 mO.0m, 00 nO000D0O0OO00O0ODOO

3 goog

i 000000 start 00000000 LO..O0OL, O mO..O0m, 00000DO

iii.

000000000000 Orotatingregister 00000000 enddO0OOOO
oood
start = max(t(my) + L1, ..., t(my) + L)

. 00000 start%II0 000000000000 0OO0OO0O0OOOO0ODOOOO0OO

n0000000000000 (start+1)%I10 (start+2)%I10...0 (start +11— 1) %11
00000000000000000 0000000 nO (start+H)%IIO00
000000000 n)=start+50000

goobooo m;000boobobboobbooobtbotdexdoobobbd
bbb n000D0O0OD0DOOO0DOO0ODO0ODOO0eyOOOOOOO0ODOOOO
ggodoboboobbooboooooobobbooooooonbbbbouoooo

Qy = @x + t(n)/II — t(m;) /11
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0g11d

rotating register U O O OO O0O0OO0O0OOOOOOO

0 114: 08200000000000000000 3, I1I=30

| #1 #2 #3
0 || L1¢0) * L1(0) * L1(0) M1(21) *
* * *
2 * * L2(5) * * L2(5) * *
| #4 #5
0 L1(0) M1(21) * L1(0) M1(21) *
A1(28) * A1(28) S1(31) =*
2 L2(5) * * L2(5) * *
0 11.5:0114000000000000000
EEER 110 |50 [ DD 2 I EEE [0 | 50 |
0 1fdf fe1 = [r1],8 0 1 fmpy f@2 = f1,fe3 | 21 | 8 add r0 = r0,1 | - -
1 fadd f@5 = fe6,fe7 | 28 | 10 || stfd [r3],8 = fes | 31 | 11 || cmp.< r0,100 - -
2 1dfd fe4 = [r2],8 5 2 rotate.f - - br.cond L1 - -

000 ¢(n)/II—t(m;)/II000000 n0 m; 0000000000000000O

goboobooobooon

(b) 00O 0OUOn000O0O00ODOUOOO 00000 p%lIOO00OC0O0OOO0OOOCOOOO

00000000000000000000 n0000000000000 (p+1)%I10

(p+2)%10..0(p+1T-1)%I00000000000000O00OR00OOOO0ODO

00nO (p+)%II000000000000¢n)=p+,0000

4. 000000 GOOOOOOO

.00 foooboooooooOoooooOooooooo.0cooo

gooo0dooo0 1140000000 30000000DOOODOOOODOOODOOO ()

00 +)000000¢)000000000 s()=t)%I+10000000000000000

«J00000000o00a

0000000000000 0o0000¢()Us)0O0O0DO0O0O0OUOD 1150000000

11.3.6 0O0O0OO0OO

00000 3(a)iii. 000000000000 O0O0OU0ODOOOOUOOOUOOOOOOOO

gobooboooobobooonsgbooooboboooooboooobobn
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0 116: 0 1140000000000000000

EJEER [t) |50 [ DD 2 I EEE [0 | 50 |

0 || 1faf £40 = [r1l,8 0 1 || fmpy £50 = £1,£47 | 21 | 8 || add r0 = r0,1 | - -

1 || fadd £70 = £52,f68 | 28 | 10 || stfd [r3],8 = £71 | 31 | 11 || cmp.< r0,100 - -

2 1dfd f60 = [r2],8 5 2 rotate.f - - br.cond L1 - -
@3 = Q1+7
06 = 02+2
Q7 = ©4+8
@8 = ©@5+1

goboobooboobooboooboboooboonb 3200 12700000000000000
oono
gbooooooboooooboboooooo

@1 = 400 @2 = 5000@3 = 470004 = 600 @5 = 7001 @6=52] @7 = 6801 @8 = 71

goooboobooboobooooooboboooobobobooooboo 11eooobOoOO
U0 rotating register 10 D 00000000 O0OOOOOO

@1 = 320002 = 3900 @3 = 390004 = 41005 = 42[1@6 = 41007 = 49J @8 = 43

obooboobooboobooooobobooooboooooooboo

11.3.7 O0O0OO0OO

el oOobodDb 11tedboobobo0oboobooboboboOo11oboo
0000000000000000000000000000IIx(11-1)=3x10=30000
gbogbgoboobobobobbobboobodoo

11.4 000000O0O0Oloop unrolling(]

o0OOdbOO00OO0DO0obOOo0O0obOO0bO0obO0ObOOoDOObOOoDOOoOoOoDOOobOO0 40000 add 0
= r0,10cmp.< r0,1000rotate.flUbr.cond L1 0O 0000 OOOOOOOOODOODOODOO
0000 111 0000000000000 iterationO0O0O 500000000 DOOODOOOOO
0000000000000000 4/4+45)=44%00000000000000000 loop
unrollingd 00000000 O0ODOODOODOO
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0 110 rotatingregister 1O DO UODO0O0OODOOODOOONO

4 N
1 for(i = 0; i < 100; i+=2){
2 z[i] = 2.0*%x[i]+y[i];
3 z[i+1] = 2.0*x[i+1]+y[i+1];
4 }

0 115: 01130000000 20000

\_
a )
1 for(i = 0; i < 100; i+=4){
2 z[i] = 2.0*x[i]+y[i];
3 z[i+1] = 2.0*xx[i+1]+y[i+1];
4 z[i+2] = 2.0*xx[i+2]+y[i+2];
5 z[i+3] = 2.0*x[i+3]+y[i+3];
6 }
0 116: 0 113000000040000

/

000000000000000 11300000000 11.5000000000000000
0020000000400000 1160000000000000000000000000
00000000000D000000000100020400000000000000000

011.500000000000000 iteration D 100 00000000000000000
0000000000000000000 4/(44+10)=29%0000000000000000
0000000 ((4410)%50)/((4+5)%100) =78% 000000000 11.600000000
0 4/(4+20) = 17%0 (44 20) % 25)/((4+5)*100) = 67%00000000000000000
0000000000gee0000000000000000000000 loop unrolling 000
0o0oooo

0000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
0000000000000000000 30

30000000000000000000000000000000000000000000000000000
oooooooooobooooooooo
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1 1dfd v60 = [r2],8 | 10 | 2
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3 || fadd v70 = v51,v62 | 30 | 4
4 stfd [r3],8 = v71 | 40| 5
5 add rO = r0,1 - -
6 cmp.< r0,100 - -
7 rotate.f - -
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gboobOobooO0oboobO0bO0OdDbDOrotatingregister O OO0OODOOO0OOODOOOOOO

gboobostboboobooobooboooooboooboobooooooooboooboooboaon

gogbooobooboooboo
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0130 0OdO000odoooooodoogd
Od0ooo0oooooogi1o:
Hierarchical Reduction

goooooboooooooooooooooooobooooooOoooDOOobooOooooDoDOD
O0O0D0O00b00000 loopunrolling 00O OO00ODOOOOODOOONODO rotating register 0 O
goo0ooooOoooooonNoooo0oooopoooooodooooOoooooboooo

go0oo00DooO00DOoO0OoO0o0boOo00oDoo00oDooOoooOOodOifthen-else0 000
oooopboooooobooo

gooboooOoooboooooobooooobbooooo

Hierarchical Reduction (HR) ... if-then-else 000000000000 O0O0O0OOOOOOO
gbooooboooooobooo

Predicated Execution (PE) ... predicate register 00 000000000000 O000O

Enhanced Modulo Scheduling (EMS) ... predicate register 1 D0 00000000

00000000 HROOODOOOO PEOEMSODOOOOOODOOOOOODPED EMSO
O0O00OOthen/else 0000000000000 O0OO0O0O0O0UO0OUOOOUOOOOOODO PE
000000000 EMSOOO0OOOCOOOOOOCOO0O0CDOO0OO0ODO0OOCO0OO0OO00 HR
oo0oo0o0oO0O0O0OOOOOOOPEOOOOOOOOODOOO EMSOOCOOO

13.1 UO0Ouooooon

011o0if0oofd0oooo0oooooogoooooooooooo1ogooooooo
gbogbgoooboaboo

oo gboodaodwmed
1dfd 5
stfd 1
fmpy 3
fadd/fsub 2
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0130 0O0O0O00O00O0ODO00000ODOO00000D0ODO0O0OD 10: Hierarchical Reduction

e N
1 for(i = 0; i < 100; i++){
2 if(ali] > 0.0){
3 x[i] = 2.0xy[il*z[i];
4 Yelseq{
5 x[i] = y[il+z[il;
6 ¥
7 }
0 13.1: 000000000000000000
/
fcmp 2
add 1
cmp 1
br.cond 1

0131000000000000000000 1320000000000 alilOx[i10y[i10
z[11]O0O00ODO0O0OO0OO00 ri0r20r30r4000000000000O00O00O0O 0.002.00 foO £1
Ub00o00oobo0obooOobOOobOoO0O0O0b0OdOrotating register 10000000

13.2 HROODOOOOOOOOOODOOOO

000ooooooooooooDoooob0oOoD 13200000000 thenOO elsed0000O
0000 133000000000000000000 thenOO else O :

*8 br.cond L2

*9 fmpy £5 = £3,f4 L2: fadd f6 = £3,f4
*10 nop nop

*11 nop

*12 fmpy £6 = f1,f5

*13 nop

*14 br L3

gboooobooooboooooooooooboooboboooooboooboobooobooooobooboon
U000 nop0000O0OO0OO0OO0ODOOODOOOOOOOODOOOODOOODO 134000000
0000000 1340x000«6000«80000000then00 else0D0000000O0O0O
gbooooogooboo

oooob14000000000000DDOODOODOODOD 132000 133000000
goooooobogoboob 134000 135000000 00DOOODODOODOODOODOO
gbooooobooboooobooobooboo
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0130 0O0O0O00O00O0ODO00000ODOO00000D0ODO0O0OD 10: Hierarchical Reduction

e . R

1 L1: ldfd f2 = [r1],8 //alil

2 lddf £3 = [r3],8 //ylil

3 ldfd f4 = [r4],8 //z[i]

4 nop

5 nop

6 femp.<= £2,f0 //ali]l <= 0 7
7 nop

8 br.cond L2

9 fmpy £5 = £3,f4 //y[il*z[i]
10 nop

11 nop

12 fmpy £6 = £1,f5 //2.0%y[i1*z[i]
13 nop

14 br L3

15 L2: fadd f6 = £3,f4 //ylil+z[i]
16 nop

17 L3: stfd [r2],8 = £6 //x[i]

18 add rO = r0,1

19 cmp.< r0,100
20 br L1

0 132: 0 13.100000000000

N /

0000000000000 0000000 i=k—-10iterationD if000000O0COODO
O00O0alk-11 > 000000 i=Fk01iteration0 if00000000O00O00000O0C0O
O0Oalk] >0000000000000001=k0iterationd0000000000O0DCOO
1B3e0oooogono

g000ogdooob 135000000 iterationD 12MCOOO 1oMCOOOODOOOOCODO
000000000 132000000000000000000 iteration 0 18MCO OO 14MC
0000000O0000000000 1350000000 132000000001.400=14/100
00 1.500=18/12000000000000O0OO00OOOO0OODO

HR O Hierarchical Reduction=00000000000000000000O00CCOO0O0O0OO
gboooboooboooboobooooooboooobooboooooboooboobooobooboaon
gboooobooobooboooomoboooboooooboooooboooobooooboon
000000000000 0o0000D0O0000D thenODO elseJ00D00OO0O0O00ODOODO
gooooooboooHROOOOODOOOOODOODOOOODOODOODDOODOO
goooobooooooooooooboooooooobooboobooooboooboboobboo
gbobooooboobooooobobooooobooboobobooboobooono

HROOOOODOOOOOOOOPED EMSOOOOOOOOOOODOOOOOOODO HR
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0130 DOO00O0O0ODOO00OO0O0DO0DO0O0000DO000000 10: Hierarchical Reduction

Ve
*1 L1: 1dfd £2 = [r1],8
*2 lddaf £3 = [r3],8
*3 ldfd f4 = [r4],8
*4 nop
*5 nop
*6 fcmp.<= £2,f0
*7 nop
*8 br.cond L2
*9 fmpy £5 = £3,f4 L2: fadd f6 = £3,f4
*10 nop nop
*11 nop
*12 fmpy £6 = £1,£f5
*13 nop
*14 br L3
*15 L3: stfd [r2],8 = f6
*16 add r0 = r0,1
*17 cmp.< r0,100
*18 br L1
9 0 133: 0 1320000000

oboboboboobobooooboooooboobooooboon

102




0130 DOO00O0O0ODOO00OO0O0DO0DO0O0000DO000000 10: Hierarchical Reduction

e N
*1 L1: fcmp.<= £2,f0
*2 stfd [r2],8 = f6
*3 br.cond L2
*4 fmpy £5 = £3,f4 L2: fadd f6 = £3,f4
*5 1dfd f2 = [r1],8 1dfd f2 = [r1],8
*6 lddf £3 = [r3],8 lddf £3 = [r3],8
*7 fmpy £6 = £1,f5
*8 1dfd f4 = [r4],8 1dfd f4 = [r4],8
*9 br L3
*10 L3: add r0 = r0,1
*11 cmp.< r0,100
*12 br L1
0 134: 0 1330000000
\ J
4 N

1 L1: femp.<= £2,f0

2 stfd [r2],8 = f6

3 br.cond L2

4 fmpy £5 = £3,f4

5 1dfd f2 = [r1],8

6 lddf £3 = [r3],8

7 fmpy f6 = £1,f5

8 1dfd f4 = [r4],8

9 br L3

10 L2: fadd f6 = £3,f4

11 1dfd f2 = [r1],8

12 lddf £3 = [r3],8

13 1dfd f4 = [r4],8

14 L3: add r0 = r0,1

15 cmp.< 10,100

16 br L1

0 135:013400000000000000000O

oo

- %
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0130 DOO00O0O0ODOO00OO0O0DO0DO0O0000DO000000 10: Hierarchical Reduction

a N
1 * //0 10000
2 *

3 *

4 *

5 ldfd f2 = [r1],8

6 lddf £3 = [r3],8

7 *

8 ldfd f4 = [r4],8

9 *

14 #

15 #

16 #

1 femp.<= £2,f0 //0 20000

2 *

3 br.cond L2

10 L2: fadd f6 = £3,f4

11 *

12 *

13 *

14 #

15 #

16 #

1 * //0 30000
stfd [r2],8 = f6

0136: 0 135000000000000000O0elsedd0OOnOonOn
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gobooooobooboobooooPPELOODODOODOODOODOOODOOOODOODOO
gooooooobbooooobooooobooboboboboboboooboboboono
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14.1 predicate registers

0000000000000 predicateregister 0 0000000000000 OOO0OO
01280000000000000 poOpi10...Op12700000O predicate register O 1bit O
0000/0000 1/00000000000000000 predicate register 000000000
go0opoooOoooooooooooooooooo

g0000 0OO0O00C04inst0O00O0ODO0OO0OPi0Oi=0,.,1270000000000000C
000ooooooooooooooooon
(pi)inst

00000000 pi00DD00 inst00000pi0000D0 inst0000000O0OODOO
000000000000 predicated execution 0D 00000000000 OOOOODOO
0000000000000 000000D000000000 instd000 pi0D0DOOODOO
goo0oooooo0ogoUooooo0o0ooooooo0oOoooDoDoOoo0OoDOoOoUoODoOo
0000oOo000oooo000ooo000o0oo00ooooooDoooooO0Uoooooooon
000000ooooo00000ooooooooooo0000oo0ooooooooDooDooD
0000000000000 0000000000000000000OoDDO00DODDO0o000O0O0O0
ooooDoooooooooooooooDoooooooon

o000 ObOoooobobooobooboboocobOobOooOoobOobooboonog

e cmp.7rel pi,pj = rm,rn OGROOOOO
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0140 O0000O0O0O0OO0DOO0bOOO0bOOobOOoOobOOobDOobOoOoOOobD20-000D0O00

if(a > 0.0){

x = 2.0%y*xz;
Yelsed{

X = y+z;

O WwN e

}

0 14.1: 00000000000
o %

1 e cmp.rel pi,pj = rm,emm2 OGROOODOOOODO
2 e cmp.rel pi,pj = tmmi,rn O00O0OOO0 GROOODO

3 e fcmp.rel pi,pj = fm,fn OFROOOODO

. 0000000000 reld==0 =0 >0 <0 >=0 <=0000000000000000000
s 000000 pi0D000truevalueD O OO0 pjO00Ofalse valueDOOOOO0OO0OOO0O0OO
s O0pi0O0O0O0O0pjO0O0O0OOCOODOO

7 oooO0oooooooooooooono

8 e (pk)cmp.rel pi,pj = rm,rn OGRODOOOO
9 e (pk)cmp.rel pi,pj = rm,tmm2 OGROOOOO0OO0OO0O0O0O

10 e (pk)cmp.rel pi,pj = emmi,rn 000000 GROOOO

u e (pk)fcmp.rel pi,pj = fm,fn OFROODOOO

» 0000000 pkO000D00000O0000D0OpiOp;jO000000000000O0O00ODOpi0O
3 pj0d00000O00O0O0O0DOO0O0O0DOOO0ODOOO0ODOOODOOOOOOOOODOOO0OOOOOn
w U000000OO00O0O0O0O00oobO0obooooboon

15 goooooooooooobofobo0 4i10o0o0oooooooboooooboboboooobooooo
w 10000 000000000000D 142000000 '000000000000O000O00
v U0000D0xOyDzO0OODODODODODO ri0r20x30r4000000000O00O00O0O0OO
1 0000200 foO0f10000000000000O00O00DO0DOOS8SOO0O0M4D000000
w J000008O00O0O0O0OoOoO0ooOooooOoOoooOooooooooooooooooooon
» O00000000O0O00O0O0O0O0O0O0O00O00O0O0O00O0COO0O0OCOO0OO0O0O0O0bOb0O00
a OJO000000O0O0O000O00O0000C000O00O0O0OO0O0000000O0O0000O00bOO00

00000000000 13.2000000000000000
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e 1 1dfd £2 = [r1] //a\( 1 1dfd £2 = [r1] //a
2 1ddf £3 = [r3] /1y 2 1ddf £3 = [r3] /1y
3 ldfd f4 = [r4] //z 3 ldfd f4 = [r4] //z
4 nop 4 nop
5 nop 5 nop
6 femp.> £2,f0 6 fcmp.> pO,pl = £2,f0
7 nop 7 nop
8 br.cond L1 8 (p0) fmpy £5 = £3,f4
9 fmpy £5 = £3,f4 9 (p1)fadd £f6 = £3,f4
10 nop 10 nop
11 nop 11 (pO) fmpy £6 = f1,f5
12 fmpy f6 = £1,£5 12 nop
13 nop 13 nop
14 br L2 14 stfd [r2] = £6 //x
15 L1: fadd f6 = £3,f4
16 nop
17 L2: stfd [r2] = f6 //x 0 14.3: 0O 14.1 O 0O 0O O O predicate

register U OO OO0
J
0 14.2: O 14.1 00O O O O predicate
register OO OOOO0O

N J

go0o0ooOoo0o0oooooooo0oooooOooOo8UpoooOoUooDooOog sMCO
020140000000000MCOO0300000 14200000 thenO0OO00O0OOODO
00000 20MCOelse00O00DOOOODOOOO 1I6MCOOOO

ubobooooo 430000000 0bo0obobooobooboboooooobobooon
0000000000000 0000000000D00O thenO JelseD0OO0OO0OO0OOOOOO
MMCOOOOO 1420000000000000

0000oo0bO000ooO0o00ooo0o0o0o0bO0b00o0oL0O000oL0 000D DLDUOoOooDoDOoOoo
if 0 O O if-conversiond 0 O O O

goooooooobo0o0 4400000000000 0O0OODODOO0ODOOOOOD OO
gboboooooogo 4s5000000000000 100 f100000O00OO0O0DOODOO
gOuboboouoogpodb0ObO p3bp200 00000000 OOOOOOO 9000100
gbl1200000000000000000

gbooooboobobobobobooboboobobobobobobobboobobobon

20000000000000000000000000000000000000000000000000000
oooooooooooooooooMCOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOO0O0O0
gooooooooOoOoooooOo0ooOoO0oO0oOOoOoOO00OOOOO0OoOoOOOOOoODO 1IoMCOOODO

30000000000000000000000000000000D00000000000
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4 N
1 if(a > 0.0){ 1 ldfd £2 = [ri1] //a
2 if(y <= 0.0){ 2 1lddf £3 = [r3] /1y
3 X = 2.0%y*z; 3 1dfd f4 = [r4] //z
4 Yelsed{ 4 nop
5 X = y-z; 5 nop
6 } 6 femp.> pO,pl = £2,£f0
7 Yelse{ 7 nop
8 X = y+z; 8 (p0) femp.<= p2,p3 = £3,£0
9 } 9 (pl)fadd £f5 = £3,f4
10 (p2)fmpy £6 = £3,f4
11 (p3)fsub f5 = £3,f4
0 144: 200 0000000 12 nop
oooo 13 (p2)fmpy £5 = £1,f6
| 14 nop
15 nop
16 stfd [r2] = fb //x
0 14.5: O 14.400 0 OO predicate register
ooooogo
\_ _/

000000000000000 14400000000000000000 146000000 40
gdciggccuauubbouooobotdpoprtbogonbuoaooon c200 M1O0M200 AL
obobooooobop20p3000000000O0O

14.2 predicate register 1 0 DO O0O0O0O0OOOOOOOONO

110 O rotating register 0 O O O predicate register 0 0 0 000 O 00 O 0 O Opredicate register
O rotating register 0 0 000000000000 OOOOOOOQDOO predicate register 0 00O
gooboooOoooooOoooboooooDbooOoooDooon

rotate.fp
gboooooobooboooooDo:

£320 £330 ...0 £1260 £127 O p320p330 ...0p1260p127
ooooooooo0 iMCOOOOOoOoooooooOo:

£330 £340 ... 0 £1270£32 0O p330p340 ...0p1270p32

oboooooobooboobooooboo

40 14600000000000000000000C000000C 0000 control dependence graphd 000000
0000000Ocontrol flow graph0 0000000000000 OCOOOO0O00OO00ODODOOOOOO0OOODODOOOOO
01e6e0000000000D00000DOO0OOOOOOODODOOOODOOOODOOUODOOOODOOODODOOOO
ooooooo
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a I

0*
[ L1(1ldfd

5%

[Cl(fcmp.>

7*

{C2 ((p0) fcmp. >=

~
o

‘:12

9~13 4

"=:_[M1((p2)fmpy f6 = f3,f4)] {Al((pB)fsub f5= £3,f4) A2 ((pl) fadd f5= f£3,f4) }

’ O/ o
V 12 *

[M2((p2)fmpy f5 = f1,f6) J

9% TN\ 9-13

( S3(stfd [r2] = f6) }

01460 144000000000000000
\ %

gboobooboooboooboooobooob 4ryoboo0oO0obO0 141000000
gboboooboooooooooobobobooboobooobooobooboobobooooaon
goooo0o0o200000000000000000DO0 4100000000000DO
goooooooo 42000b0boooboo0ooooobooooobooobooooboobooooo
gbobooobooooooooboboooobooboooooboo

cmp.< pl,p0 = r0,100

(pbr L1
gboooooobooboobooboobooobooOooooboobooboobobooobooan
gooooQooooooooooOoOoOoOoOoOoO0 1IMCODODOO

01420000000000005000000000000000000 pgaoOpsod000O

gobgobooboobgbboboobooboobobooboobobbp4tbps1 g
gboobooooooboooooooooooooboooboobobob0rrotated 0000000
gbOg fsolfeo 0 O0bdbOunubouonoooooobobol ss1dfe1dgnooaon
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4 N
1 for(i = 0; i < 100; i++){
2 if(alil > 0.0){
3 x[i] = 2.0xy[i]*z[i];
4 Yelse{
5 x[i] = y[il+z[il;
6 }
7 }
0 4.7 00000000000

N /

0 14.1:0 1470000000000 000000O00O0O000O0O00O¢O

< 00 [0 | 50 |
0 1fdf £40 = [r1],8 0 1
1 (p41)fmpy £70 = £51,f61 | 13 | 2
2 lddf £50 = [r3],8 1
3 ldfd f60 = [r4],8 1
4 (p51)fadd £80 = £f51,f61 | 16 | 2
5 || fcmp.> p40,p50 = £40,f0 | 5 1
6 || (p41)fmpy £80 = f1,£f70 | 18 | 2
7 stfd [r2],8 = £81 31| 3
8 add rO = r0,1 - -
9 cmp.< pl,p0 = r0,100 - -
10 rotate.fp - -
11 (pD)br L1 - -

14.3 predicate register 1 0000000000 OOOOO

gbooooboooobooooboobooboobooobooooobooboo11boooon
gobobooooboboooboobooooboon

0. 000DO0O0OD0ODO0O0OD0OO0OOODDOppredicateregister 1 D00 OOOOODOOODOOO
o0 ifooooon

1. 0ob0obooooboobooooboon
2.000000000000 iterationOOO0ODDO IIOOODOO
. 100000000b00ooooboobooooon

4. 000000O0bOOoO0oboOooboOoboOooboobooboOoobon
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0 142:014100000000000

=

[

i=k

[i=k+1

[ i=k+2

1dfd £40

[r1],8

1ddf £50

[r3],8

1dfd £60

[r4],8

fcmp.> p40,p50 = £40,£0

Ol O[NP wWwN~O||la

rotate.

fp

==
= O

e
N

1dfd £40

[r1],8

e
w

(p41)fmpy £70 = £51,f61

R
S

lddf £50

[r3],8

[y
6]

1dfd £60

[r4],8

e
[

(p51)fadd £80

£51,£61

[
~

fcmp.> p40,p50 = £40,£0

[y
oo

(p41)fmpy £80

£1,£70

e
©

N
o

N
=

N
N

rotate.

fp

N
w

N
=

1dfd £40 [r1],8

N
()]

(p41) fmpy £70

£51,£61

N
(@]

lddf £50

[r3],8

N
~

1dfd £60 [r4],8

N
(o)

(p51)fadd £80

£51,£61

N
©

fcmp.> p40,p50 = £40,£0

w
o

(p41)fmpy £80

£1,£70

w
e

stfd [r2],8 = £81

w
N

w
w

w
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rotate.
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w
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28

29

0140 O0000O0O0O0OO0DOO0bOOO0bOOobOOoOobOOobDOobOoOoOOobD20-000D0O00

5. Jboboobuooboboobuooboboboobooboboboboobooobobo
gon

6. 0000000000

rJobooboooooboooboooooooobooboobobooobDoobooobobooOooo
goo

obo00 4robO0boO0oOooobooooboboobooogooon

14.3.1 if000000O0O0O0O0OO

0uMr7o0o0oooob 4100000000000 00b00000 47O 0o0O0DOOoDO
gobo0Dbo0 43000000obOo00obo0oo0oooDooooOo fgooooDoOoDo
oboooogosooooono

ldfd fe1 = [r1],8
lddf fe2 = [r3],8
ldfd fe3 = [r4],8

fcmp.> p#l,p#2 = £04,f0
(p#3) fmpy f@5 = £06,fQ7
(p#4) fmpy f@8 = £1,fQ@9
(p#5)fadd f@10 = f@11,fQ12
stfd [r2],8 = f@13

0000ei0e130 00000000000 0ODO0O0O0O0ODOODODO#10#50 predicate register
goboooobooobod

14.3.2 0J00OO0OOOOOOOO

obobooooobooobD 4800booooooooon

14.3.3 iterationJ 00000 IIOO0O0OO0OOO0OO0OOOOO0O

110000000000000000 2000000000 148000000080000O00OO
M=eMCOOODO

14.3.4 000000000

11000000000000000D0 4800000000000DO0O AMDODOOOOOO
gooooooob400000000D000DOODOODOOOLODOOOO7TOO0 NODOOO
gogbooobobboobooboobaogooboboo
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5
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0*
[Ll(ldfd fo1 = [rll,s) }
2 2
0 5 [Lz(ldfd fe2 = [r3],s) } [L3(1dfd f@3 = [ra],s) J
5*
[Cl(fcmp.> p#l,p#2 = fe4,f0) J\
w2
\1.-‘2
A 7% \‘d

N @1((P#B)fmpy fes = fae6,fa7) ] [Al((p#s)fadd fel0= fell,fel2) ]

° H‘\‘ J/ 3

10%*

E\42((p#4)fmpy fes = f1,f@9) ]

N

13*

{S3(stfd [r2],8 = f@13)}

0148 0 14700000000000000O
o %

14.3.5 000O00OOO0OOOO

11000000000 143000 1480000000000000000000000000
000000000000000000000000000000000000000 ()000
000000 =+()/I+100000

0000000000000000000000

#3 = #1

#4 = #1+1

#5 = #2

04 = 01+1

06 = 02+1

Q7 = @3+1

@9 = @5+1

011 = 02+1

012 = @3+1

@13 = @8+1 = 010+2

113



11

0140 O0000O0O0O0OO0DOO0bOOO0bOOobOOoOobOOobDOobOoOoOOobD20-000D0O00

0 143: 0 4800000000000000000O 2, II=60

| m | e | #3 | wa | 5 | we | w1 | 8 |
0| L1 L1 L1 L1 C1|L1 C1|L1l C1|L1 C1|L1 cC1
1 M2 M2 s1
2 L2 L2 L3 |L2 L3|L2 L3|L2 L3|L2 L3|L2 L3
3 * * * [ ML % | ML ok | ML % | M1 %
4 * * * * * [ A1 *x | A1 x | A1l %
5 * * * * * * * * * * * * * * * *
0 144: 0143000000000000000
EIEER [t0|s0 [ DD 2 [0 | 50 |
0 | 1dfd fe1 = [r1],8 0 | 1 || fomp.> p#1,p#2 = £f@4,f0 | 6 | 2
1 | (p#4)fmpy f@8 = £1,f09 13 | 3 || stfd [r1],8 = f013 19 | 4
2 | 1ddf fe2 = [r3],8 1 || 1dfd fe3 = [r4],8 2 | 1
3 || (p#3)fmpy 05 = f06,f07 2 | add r0 = r0,1 -] -
4 || (p#5)fadd £010 = £011,f012 | 10 | 2 || cmp.< p1,p0 = r0,100 -] -
5 || rotate.fp - - (p)br L1 - -
14.3.6 0O0OOO0OO
1100000000
0000000000000
#1 = 400 #2 = 50001 = 400002 = 500 @3 = 600 @5 = 7000 @10 = 80
000000000 1450000
000000000000000
#1 = 32042 = 34001 = 32002 = 33003 = 36005 = 370 @10 = 34

O0D00ODOpredicate register 1 30 00000000000 7000000000 1460000

gogd

14.3.7 0O0OO0OOOO

11000000000 149000 4600000000D00O0OODOO

114



0140 O0000O0O0O0OO0DOO0bOOO0bOOobOOoOobOOobDOobOoOoOOobD20-000D0O00

0 145: 0 1430000000000000000

EEEE [t) [s0 ] Do 2 1 t0 | 50 |
0 1dfd £40 = [r1],8 0 1 fcmp.> p40,p50 = £41,f0 | 6 2
1 (p41)fmpy £81 = £1,£f71 13 3 stfd [r1],8 = £82 19 4
2 lddf £50 = [r3],8 2 1 1dfd £60 = [r4],8 2 1
3 || (pa0)fmpy £70 = £51,f61 2 || add r0 = 10,1 -] -
4 || (ps0)fadd £80 = £51,£61 | 10 | 2 || cmp.< p1,p0 = r0,100 - | -
5 || rotate.fp - - (pDbr L1 - -

0 146: 0 430000000000000000O0O00O0OO0OO

EEEE [t) [s0 ] 0o 2 [ t0 | 50 |
0 1dfd £32 = [r1],8 0 1 fcmp.> p32,p34 = £33,f0 | 6 2
1 (p33)fmpy £35 = £1,£38 13 3 stfd [r1],8 = £36 19 4
2 1dfd £33 = [r3],8 2 1 ldfd 36 = [r4],8 2 1
3 || (p32)fmpy £37 = £34,£37 2 || add ro = ro0,1 - | -
4 || (p34)fadd £34 = £34,f37 | 10 | 2 || cmp.< pl,p0 = r0,100 - -

5 || rotate.fp - - (pD)br L1 - -
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// 000000

1 1ldfd £32 = [r1],8; nop

2 nop; nop

3 ldfd £33 = [r3],8; ldfd 36 = [r4],8

4 nop; add r0 = r0,1

5 nop; nop

6 rotate.fp; nop

7 ldfd £32 = [r1],8; fcmp.> p32,p34 = £33,10
8 nop; nop

9 ldfd £33 = [r3],8; ldfd 36 = [r4],8

10 (p32)fmpy £37 = £34,f37; add r0 = r0,1

11 (p34)fadd £34 = £34,f37; nop

12 rotate.fp; nop

13 ldfd £32 = [r1],8; fcmp.> p32,p34 = £33,£0
14 (p33)fmpy £35 = £1,f38; nop

15 1dfd £33 = [r3],8; 1ldfd 36 = [r4],8

16 (p32)fmpy £37 = £34,f37; add r0 = r0,1

17 (p34)fadd £34 = £34,f37; nop

18 rotate.fp; nop
// 00000

19 L1: 1dfd £f32 = [r1],8; fcmp.> p32,p34 = £33,£0
20 (p33)fmpy £35 = £1,£38; stfd [r1],8 = £36
21 1dfd £33 = [r3],8; 1dfd 36 = [r4],8
22 (p32) fmpy £37 = £34,f37; add r0 = r0,1
23 (p34)fadd £34 = £34,f37; cmp.< pl,p0 = r0,100
24 rotate.fp; (p)br L1
// 000000
25 nop; fcmp.> p32,p34 = £33,£0
26 (p33)fmpy £35 = £1,£38; stfd [r1],8 = £36
27 nop; nop
28 (p32)fmpy £37 = £34,£37; nop
29 (p34)fadd £34 = £34,£37; nop
30 rotate.fp; nop
31 nop; nop
32 (p33)fmpy £35 = £1,£38; stfd [r1],8 = £36
33 nop; nop
34 nop; nop
35 nop; nop
36 rotate.fp; nop
37 nop; nop
38 nop; stfd [r1],8 = £36
39 nop; nop
40 nop; nop
41 nop; nop
42 rotate.fp; nop
01490 460000000000
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24
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26

27

0150 0OO00000booooouoooo
Joodooodooono3d:
Enhanced Modulo Scheduling

15,1 000000o0god

0000 predicate register 000000000000 OCOQOCOOOOOOOOOOOODOO
000000000 then/else 000000000 0DO0OO0ODOOOO

OO000000ODDDOOOd ifthenelse000000D0 100000 #00000O00O0O0OO0OO
0000000000000 cinst10 ... Ocinsti 0000000000000 tinst10...0
tinstj 0 then OO OO0 Oeinstl0 ... Oeinstk O else 000000000

cinstl

cinsti
fcmp.rel pO,pl = ...
(p0)tinstl

(pO) tinstj
(pl)einstl

(pl)einstk

000000000000 thenODOOOOODDOOOOO (pl)einstid...O(pl)einstk000
gobooodoooooboOo0oOooobOooooDooOOoOoU0bD IMCODOOObODOoOobooooo
00000000000 0O0000O000O0O00000O0O0O0OUO0OOn k/(i+j+k) 00000
OthenOO else 0000000000000 0O0OOO0OO0O0ODO0OOOOO (j+k)/2(i+7+k)
000000000 ik 4,k000000000000050%000000000000000
oooo
000o0oo0ooooo0ooooooo0ooo0oooooooooDooooooooOoon
then/else 10 0000000000000 O0O0OOO0OOODOOOOOOOODOOOOOOOOO
00000ooooo000ooooooooooooooooooooOooooooooooDon
0000000000000 000000 Enhanced Modulo SchedulingDl OO OEMSOOOODO
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d . . . h
1 for(i = 0; i < 100; i++){
2 if(y[i] > 0.0){
3 x[i] = 2.0xy[i]*z[i]+1.0;
4 Yelse{
5 x[i] =(y[i]+2.0)*(z[i]+3.0);
6 }
7 }
O 1L if000000ooooooo
N J

15.2 Enhanced Modulo Scheduling [0 (I [J [

EMSOOO0O0O0O0O0O00OOO Modulo SchedulingD0 OO OOO00OO0OOOOODODO enhancedd
00000000 0000oooo000ooDoO0o000ooUooooo0ooooonD EMSO
0000000000000 0000000000thenOO elsed 0000 0000 ODOOOO
00o00oo0oDoooo0oo0Dooooo0oooDoooooDoDoooEMSOO

e thenO O else 000D OODOODOOpairdODOOO
e JOID0O0IDOOOIDODOUODODOUUDOUDOUDOOODO
e JO0IDOUODODOODODOUDODODOODOOUDODODOO

0151000000000000000C00O0Q0OOOODOOOEMSOODOOOOOOOOO
000000ooooooo0 151000000000 0000000000 thenOOOOO
gooobobooboboubobiod xUylz000000 ri0r20x3 000000000
goboboobobodboooblog2o0bD3.00 fobf10f20£3 000000000000
0O00000ooDoOoo000o0oDOoOo0oO000O0DODOD predicate register 00 00 p20 p3
oboooobooooog

1dfd fe1 = [r2],8

1dfd fe2 = [r3],8

fcmp.> p2,p3 = £@3,f0 // @3 <—- @1

(p2)fmpy f@4 = £@5,f06 // @5 <-- @1, @6 <-- @2
(p2) fmpy f@7 = £2,f@8 // @8 <-- 04

(p2)fadd f@9 = £@10,f1 // @10 <-- @7

stfd [r1],8 = feii // @11 <-- @9

g0o0D0//0000000 ei <--@j00fej000D00000DODfei0000O0OOOODOO
00000000 000O0b0OdOOelse 000000 O0OOODOOOODOODOODOO
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31

32

33

34

35

g0 0o0ooogd
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1dfd fe1 = [r2],8

ldfd fe2 = [r3],8

fcmp.> p2,p3 = £@3,£f0

(p3)fadd f@12 = fQ13,f2 // @13 <-- @1

(p3)fadd f@14 = f@15,f3 // @15 <-- @2

(p3)fmpy f@16 = f@17,f018 // @17 <-- @12, @18 <-- @14
stfd [r1],8 = fei1 // @11 <-- Q16

gboooooobo
gbobooooooood

O00D0O0thenO0O0O0000O0 300000 eelse000000D0 300
0000D0instruction paird 0000000000 0OOOOODOOOOO

0 0O pseudo-instruction0 0 0 00000000000 0O00000 (p2)0 (3 000O0O0DOO

0000000000
(fmpy f04

(fmpy f@7
(fadd f@9

gbooooooboo

= f@5,f06; fadd f@12 = £f@13,f2)
= £2,f@8; fadd f@14 = £@15,£3)
= f010,f1; fmpy f@16 = £@17,fQ18)

ooooboboooobooboboboobobooooboObDfemp O

oo00oDoOo0on0 (p3)ur L...000D000O0O00ODOOOO

ldfd fe1 = [r2],8

ldfd fe2 = [r3],8

fcmp.> p2,p3 = £@3,f0

(p3)br L...

(fmpy f@4 = f05,fQ@6; fadd f012 = f@13,f2)
(fmpy f@7 = £2,f08; fadd f014 = f@15,£3)
(fadd f@9 = £010,f1; fmpy f@16 = f017,fQ18)
stfd [r1],8 = feil

gbooooooooog
gboooboooooon
goog

obobooobooooooobooooooobooobooooobooooon
oo0oO0oooooOoOoO0OOoOoOoOoOoOoOooooO EMSOOOoOooOOo

Uh20b000bogbooobboobbobobobboboboobooboobooboon

ggo

od

1dfd

stfd

fmpy
faddf/sub

fcmp

gooooguMed
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0*
[Ll(ldfd fel1 = [r2],8 )} fo
/
5
5*
[Cl(fcmp.> p2,p3 = fe@3,f0 ) }
2
7* 3
B1( (p3)br L... )] [Lz(ldfd fe2 = [r3],8)
1
1 5
1
8% 5
[Pl(fmpy fe4 = fes5,fe6; fadd fel2 = fe@l3,f2) J
3
11%*
[PZ(fmpy fe7 = f2,fe8; fadd fe@l4 = fe@l5,£f3) }
3
N\ 2
P3(fadd fe9 = fe@l0,fl; fmpy fe@l6 = fe@l7,f@ls) }
3
l *
{Sl(stfd [r1],8 = fell) }
0 1520 11000000000 DLOOO0O0O0O0OoLDbObOOO

\_ /

v JO0ooooooooooMCOOOOODOOOOOOOBRIOOODOOOO IMCOODODOOOO
» 000DDD0OD0 000000000 B100000000000000BLO0 P1OP20P300
s DOO0O0OO0

4 oboooboo 120000000000 P20000 100000O00DO0O0OO0ODOOO
s 0000000000000 0b00O00000b0o0o0oDoo0 »b3gbooooooooooogon
¢ 15200000000000000CO0O00O0OC0OOOOOOOCOOODOOO0

7 U 2000000000000 0000000O08O00000O0 110000000000
¢ DOO00O0ODOO0DOOO0OOOOO0DOOOO0O 110000000 200000000000000A0
o DO0OO0OO0OO0O0OO0OObOO0on

10 gbobg 1iaoboooooobooooooooooooosoboooooooooooon

000000 00000+10000
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010 000O000O0O0OD0OO0O0ODDDOOODODO0DO00D0O000 30: Enhanced Modulo Scheduling

a N
v {
[Pl (fmpy fe@4 = fes5,fes6) } [Pl’(fadd fel2 = fel3,f2) }
[PZ(fmpy fe7 = f2,f@8) J [P2’(fadd fel4 = fel5,f3) }
v v
0 153: 0 120000000000

0 15.1: 0 15200000000000000000 20

EER [t)|s0 DD 2 [0 | 50 |
0 || ldfd f£40 = [r2],8 0 1 || femp.> p2,p3 = £41,f0 | 6
1 (fmpy £55 = £2,f51; 13 3 (fadd f60 = f56,f1; 19 4
fadd £70 = £47,£3) fmpy £60 = £67,£f71)
stfd [r1],8 = f61 26 5 (p3)br L... 14 2
1dfd £45 = [r3],8 3 1 add r0 = r0,1 - -

(fmpy £50 = f41,f46; | 10 | 2 cmp.< pl,p0 = r0,100 - -
fadd £f65 = f41,f2)
5 || rotate.f - - (pLbr L1 - -

v 0000000000000 000000000000000000000CCO

2 OO0 EMSOOOOOOOOOOOOOOO 1s.1000000000000D0000 femp O
s 00000000O0OOO0000 200000o0MCO0QCOOOOOOO0O0O0OOOOOOOOO
. 0000000000000 4MCOD fmpy £50 = f41,f46 00000000000 0O0O0O0OO
s fadd f65 = f41,f200000000000 300000 1MCOQOODOOOOODDOO 7™MC
¢ U0 fempOOOOOO0OOODO fmpy £55 = £2,f51 000000 fadd £70 = £47,f3000
; 0000000400000 1IMCOOOOOO0DODOOOO BMCODO fempOOOOOOO
s 00000 fadd £60 = £56,f1 000000 fmpy £60 = f67,f71 000000000000
s JO0000OOOOOOOOOOOOOOOOODODODOO

10 O 1loo0oooooooooooooooOoOoOo0O0O0O0O0O0O0O0O0OOOOOODOODRLBO
nw 000000000000 000OD0O000000 teration0000000D0OOOOODOOOOO
» O00000O00O00DOOO predicate register 0 00 0 00O EMS OO predicate register 0 0 O
s 00000000000 0000000 COO000O0DOoOooDoooOoO 11bobOoogogooo
« 0000000022=800000000000000000000000000000000
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v 000000000000000000000 ifd0 dreverse if-conversion0 00000000

» 15400 15100 0000000000000 0C00O0O0ODOO0ODO0O0OO0ODOO0ODOODOOO00

s 0000000000000 0O0DOO0O0DOO0ODO0O0O00C00000OO0bOO0ODOOoDOOooOoOooDoOon

» Ltt0000000000000000D0D00O0O00000000OooODoOoOoOOoOoooOoooOn

s 0000000000 Lft0000000000000000000000000o0oooooDOn

¢ UJO0000DDDOOOO0O0O0ODODOODOOOOOOO0O b, 000000000 ODODOOO

; 000000000 K O0==0000000 f0000000000000000 bO0=t0000
s 000 f00000000000C000OD0O0O0O00O000000 LhbebsOOOODOOOOODOO

o DO00D0ODO0ODODOD O=000O000 f000000000000000 kO=t
w 00000 £ 000000000000000O0==0000000 t000000000

n 0000000

12 O000Lhb, 0000000000 0000000000000OLthib, 000 LEnbe 0000

3 000000000000000000000 iteration 0000000 OLtbib, 000 Lthy OO
w LEfbh, 000 LfH, 00 0000000000000 0O0O0O0000000D00000Ob,00b,0
s b3 000000000000000000DO LttEpiloguelLftEpilogue 0O OO0OOONO

w 000000000000D0000000000 20

17 0000000o0o0D00o000o0o0ooooooDO0oOooDoOoOon Lt — Lttt — Lttt —
8 Lttt — ... 0000000000000 00000000000O00O0OD0O0DO0O0O0O0O0 Ltf —
v Lftf — Lft —» Ltft - Ltf — ... 00000000000 O0O0OO0O0ODOOO0O0ODOODOO 15.5
» 0000000000000 O00 Ltt0Lef0Lft0LEf 00 0000000000000 000O0

2 000000000000 00000D000OO0000000000DO0O000 00000000

» 00000000000 O00OO0OO0O0DOOO00OOhypercube0 OO0

2 o0O0bOO0O0b0O0DbOO0O0o00bDO0Ob0COOO 1540000000000 iterationOO OO

» O00II06MCOOOOOODDOOODODOOOODODOOODODOONO7TMCOODO®000

» OOEMSOOOOOOODOOOOODIMCOOODOODOOODOODODOODODOOOIMCOO

» UO0000000000000OOthen/else 0000000000000 0DO0O0O0OOOOOO

» 0000000000000 00O0O00O0OMCOOO40000EMSOOOOOOOOOOO

» 0DO00ODDOOOODOOOODOO

200000000000000000000000000000000000000000000000000

30 15.200000000000 100000000000000200000000000000000 40000
000000000000 140000000000 20000001I=(10+4)/2=70000000

‘PowerPCOO000DO0DODOOOODODOD MCOODOOOODODOOOOO0DO0OO0O0OO0OO0OO0 0000
od
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s N
Ltt:
1dfd f40 = [r2],8; femp.> p2,p3 = £41,10
fmpy £55 = £2,£51; fadd £60 = £56,f1
stfd [r1],8 = £61; (p3)br Lftt
Lttt:
1ldfd f£45 = [r3],8; add r0 = r0,1
fmpy £50 = £41,f46; cmp.< pO,pl = r0,100
rotate.f; (pO)br Ltt
nop; (p1)br LttEpilogue
Lftt:
1ldfd £45 = [r3],8; add r0 = r0,1
fadd £65 = f41,f2; cmp.< pO,pl = r0,100
rotate.f; (pO)br Lft
nop; (p1)br LftEpilogue
Lft:
1dfd f40 = [r2],8; femp.> p2,p3 = £41,£0
fadd £70 = £47,£3; fadd £f60 = £56,f1
stfd [r1],8 = f61; (p3)br Lfft
Ltft:
1ldfd £45 = [r3],8; add rO0 = r0,1
fmpy £50 = £41,f46; cmp.< pO,pl = r0,100
rotate.f; (pO)br Ltf
nop; (p1)br LtfEpilogue
Lfft:
1ldfd £45 = [r3],8; add rO0 = r0,1
fadd £65 = f41,f2; cmp.< pO,pl = r0,100
rotate.f; (pO)br Lff
nop; (pD)br LffEpilogue
Ltf:
o0
Lttf:
od
Lftf:
0O
Lff:
od
Ltff:
od
Lfff:
00
O 154: 1510000000 EMSOOOOO
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a I

tt ttt

ttf ftt

/ftf\

tf ft

STTT/—/—/——— | e — )

tff fft

fff ff

0 155: 0000000
o j

» 15.3 Enhanced Modulo Scheduling [ [0 [0 [

2 EMSOOOODOOOOOOOOO0OOOOO0OO0ODOODOO0OOOOOOODOOOOOoDoOOOd
s gboobooboobooboobooboooban

4 e JO00IO00OODOOODODOOODOOOLOOODOODOODLOODLDOODODOOOODOOODOOn
5 ooooooOooooo0ooboOooOooobDooOoOoooO EMSOOOODOOOO

6 e JO0IDOUODODOOODOOODOODOODOOD nO0 iteration0OOOOO0OOOODOOOO

7 oooOoO0o0oo EMSOO0OO0O0OOQOOOOOOOOOOOOOOOOOOOOOODOOO
8 000002 '00000000000000000000000000 instruction cached
9 gobooboboooboobbooboobboboobobooboobboooboon
10 gobgboobooboobuoobgo 1boooboobooboobooboboobod

1 goooooooooeMSOOOOOOOODOOOOODOOOOODOOOOODODOOOO
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0000 ()oOooOoooUooOoo0oooU0o0oo0oU0O0Do0ooDOo0OooDooUoDo

e 000000 OODODOOIOOOOOOOOODOODODOODORISCOOODOOODODDODOO

gboooobooboobobooooboboboobobooooboooo

ethenOD else 00 0O00DOODOOOOOO0OOODOODOOODOOOOOODODOO

OOthenOOelse000O0 300000000000000A0 if-then-else000 elsed0

gbooobooboooooo
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s 0OoOooOooo

. « 00000 ADDDDOOOOD O 0000 : 000000000000 050 000
5 00 BPO (2014).

6 gbobooooomoooobooOon

7 e O00ILOOODODOCOODODOOOUDADOIODOOO: D000 0OOOOOOOOODODOOO
8 00000 O500000 (2014).

o ODO0O0O0OO0bOO0O0OO0O0OOOobOoOoOoOobOOoboooooboaon
10 gboboobooboboooboooboobobo0oobooobooooo0oobooboOooo
w J00000DOO0O0O00DOO0O0OO00OO0bOobOOOoDOOobOoOooOOobOobObOOoDOoDbO

12 e JIU0ODO :0000UDDO0OODUOOOUODOOOODO (1995).
13 gboboooooboooooboboooboobooooboOoboooooboooooaon
4 e JIUD :00D00D0UCODOOUODOOOUODO (1999).

15 gboboooooooooooooobooooboooboobobooooooooobooboboooon
w 00000000 00D0C0O00..mJawvalOO0OO0@M...inCOOO0O0OOOOO0OODODOOO
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