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Enhanced Modulo Scheduling IA-
64 Itanium

Software Pipelining for Loops with Conditional Branches:
Implementing Three Algorithms on the | A-64 Itanium Processor
YAMASHITA, Yoshiyuki (Department of Information Science, Saga Univ.)
We discuss three methods of software-pipelining for loops with conditional branches; the method to
utilize the predicated execution, Enhanced Modulo Scheduling (EMS), and an improvement of EMS.
Actually experimenting them on the 1A-64 Itanium processor, we clarify their characteristics. Thisis

the first experimental comparison between them on areal production processor.
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DO 1 = 1,1000

I F(X(1) .GT. 0.0) THEN

A(L) = ABS(X(1)+Y(1)+Z(1)+1.0)
ELSE

ACl) = MAX(Y(1)-2(1),0.0)
ENDI F

ENDDO
1.
Lt op:
(p16)ldfd f32 = [%3], 8
(p25)fadd.d f49 = 38,11
(pl6)l dfd f40 = [%], 8
(p25)fadd.d f47 = 35,143

"' (p16)ldfd £35 = [%], 8
(p18)fcnp. gt.unc p24, p28=f34,f0
(p29)fsub.d f51 = {43,138

" (p30)fmax f43 = £52,10
(p26)fadd. d £38 = f48, 50
"(p23)stfd [%] = f46,8

(p27)fabs f44 = f39
br.ctop.dptk Ltop

2. PE 1
5 THEN/ELSE

I-cache
2
2.1 PE

[1]
1 FORTRAN 2 |A-64
br.ctop

Lttttt:

(p16)ldfd f32 = [93], 8

(pl19) fcnp. gt.unc p28, p0=f35,f0

(pl6) 1 dfd f44 = [%l], 8

(p20)fadd.d f51 = 36,48
(pl6) 1 dfd f36 = [9%], 8
(p22)fadd.d f59 = f53,f50
(p27)stfd [%6] = 43,8
(p20)fadd.d f48 = f40,f1
br.cexit.dpnt LexitT
(p25)fabs f41 = f62
(p29) br.cond. dptk Lttttt

br Lftttt

Lftttt:
C )

Lfffff:
(pl6)l dfd f32 = [%3], 8
(pl19) fcnp. gt.unc p28, p0=f35,f0
(pl6)l dfd f44 = [%], 8
(p20)fsub.d f54 = 48,140
(pl6)l dfd f36 = [%],8
(p27)stfd [%®] = 43,8
br.cexit.dpnt LexitF
(p25)fmax f41 = f59,f0
(p29) br.cond.dptk Ltffff

br Lfffff
3. EMS
pl6é p23 THEN/ELSE
p24 p27
THEN p28 p30 ELSE
IMC
Il 4 Machine Cycle
( MC)
2.2 EMS
PE
EMS
(
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) PE
2n
EMS 2"
n
2n
3 1 EMS
|A-64
Lttttt Lfttttt . Lfffff
Lttttt
5
br.cexit br.ctop

(p29) br.cond. dptk Lttttt
br Lftttt

p29
Lftttt
Lftttt

Lttttt

Lfffff

3 2°=3

THEN/ELSE

I-cache

2.3 EMS

EMS THEN ELSE

Lttttttt:
(p22)fadd.d f52
(p25)fadd.d f56

(pl6) 1 dfd
(p28) f abs
(pl6) 1 dfd
(p22)fadd.d f60

f32 =
f71 =

f44,f1
f63, f55

[93], 8
f59
[9%], 8

= 38,51

br.cexit.dpnt LexitT

(pl7)1dfd f39 =

[%] , 8

(p21) fcnp. gt.unc p34, p0=f37,f0

(p33)stfd [ 9]

= f76,8

(p35)br.cond. dptk Lttttttt

br Lftttttt

C )

LFffffff:
(pl6) 1 dfd f32
(p28)fmax f71
(pl6) 1 dfd f45
(p22)fsub.d f64

[98], 8
70,0
[9%], 8
= f51,f44

br.cexit.dpnt LexitF

(pl7)1dfd f39 =

[%] ., 8

(p21) fcnp. gt.unc p34, p0=f37,f0

(p33)stfd [ %]

= f76,8

(p35)br.cond.dptk Ltffffff

br Lfffffff

4. EMS*
1 THEN ELSE
4 2
THEN
ELSE
2
EMS"
[4]
4 1 EMS’
LEffefff
2
3 Lfffff
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4 3
1MC I
4 2'=128
EMSEMS'
PE
[tanium
[31[4]
3
3.1
3 Java
IF
(data dependence graph)
|A-64
(latency)
[tanium
3.2

HA8000-ex/480
(Itanium 800MHzx 2way, MS 1GB, RedHat
Linux 7.1)

CPU

(=109

|-cache
3.3

PE

EMSEMS'

trtetett. .
fEEFFFff..
tftfefef..
teffeeff..
ttefffee..
t...tf. .. f

05 025 0125 0.0625 0.03125
0.015625

4 1
1 2 3 4
4.1
S.I1 (Scheduler'sil)
/ I
recurrence
I
[2] EMS"  THEN
ELSE Sl
#stages THEN /ELSE
code size
1
Itanium 1 I-cache 16K byte
4.2
PE
1 PE I (=
/ ) 5.09MC
PE EMSEMS'
PE
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1 1 /

PE | EMS | EMS'
S (MC) 4 3 32
#stages 4 5 7

code size (byte) 128 3,702 | 11,264
ettt . 5.09 4.10 4.10
fEfffffef.. 5.09 4.10 3.09
tftftfef.. 5.09 4.10 4.15
ttffetff.. 5.09 411 3.87
tttfffte. . 5.09 4.12 411
t...tf. .. f 5.09 411 3.61
(0.5) 509 | 751 | 797
(025 | 509 | 626 | 6.32
(0.125) | 509 | 529 | 488
(0.063) | 509 | 458 | 372
(0.031) | 5.09 | 440 | 350
(0.016) | 5.09 4.28 3.33

10°MC
DO 1 = 1,1000
IF(X(1) .GT. 1.0) THEN

Z(1) = SQRT(X(1)/Y(1)+1.0)
ELSE

Z(1) = SQRT(Y(1)/X(1))+1.0
ENDI F
ENDDO

5. 2

EMS" ELSE
FEFFEFef. .

EMS IMC

4.3

PE EMSEMS'
(0.5)
4MC
Itanium 11mMC

4MC

2. 5 /
PE | EMS" | EMS'
S (MC) 26 14 18
#stages 4 8 4
codesize (byte) | 832 | 114,688 9,216
tttttttt. . 28.25] 1639 | 19.27
fEFFefeeff. . 28.25| 16.33 | 20.23
tftfeftf.. 28.25| 16.42 | 19.73
ttffteff.. 28.25| 1657 | 19.74
tttffftt. . 28.25| 1666 | 19.74
t.. . tf...f 28.25| 16.86 | 19.75
(05) |2825| 9225 | 23.44
(0.25) |2825| 5354 | 22.14
(0.125) | 28.25 | 32.07 | 21.36
(0.063) | 28.25 | 20.22 | 20.65
(0.031) | 28.25| 1875 | 20.49
(0.016) | 28.25| 1816 | 20.39
10°MC
5 2
5.1 I-cache
EMSEMS™ PE
EMSEMS" PE
5 IA-
64 10
14
5 THEN/ELSE
10+14+1=25
2 THEN
ELSE
EMS EMS'
2 EMS"
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PE EMS'(SII=14)
Sl1=14
I
EMS'(SII=14) PE 1.7
EMS'(S.11=14)
(0.5)
|-cache EMS'(S.11=14)
115K byte I-cache
16K byte
115K byte
I-cache
115K byte

I-cache

5.2 |-cache
EMS'(S.11=14)
28-256

#stages=8

#stages

kGCD

2#stages 2#stagas—k 2k

EMS" PE
Sl

2 EMS'(SI1=18)  #stages 4
SIl  4MC

16Kbyte

EMS'(SI1=18) PE

Itanium

codesize=32 S| 2799

|-cache

PE/EMS/EMS'

Itanium 1

(i) (iii)

C/IFORTRAN
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