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ABSTRACT

Recently, many parallel processing technologics were developed, ILP(Instruction Level Parallelism) processor’s
performance have been growed very rapidly. Especially, EPIC(Explicitly Parallel Instruction Computing) architectures
attempt to enhance the performance in the predicated execution and speculative execution with the hardware.

In this paper, to improve the code scheduling possibility by applying to the characteristics of EPIC architectures, a
new register allocation algorithm is proposed. And we proves that proposed register allocation algorithm is more efficient
scheme than the conventional scheme when predicated execution is applied to our scheme by experiments. In
experimental results, it shows much more performance enhancement, about 19% in proposed scheme than the
conventional scheme. So, our scheme is verified that it is an effective register allocation method.
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(Aggressive rEgister alloCation algorithm, AEC)Z
At AECE 71&o %ol $851 Q& Chaitin
o 4= "y LunEs HFAHI2] F if @
B2 Ad FUAo BelA Wz E P2 3}

B89 F& AAE A8 S8t Ar F4 a9
ZE 78T ez, ARy @94 M4 HA
2HE FAF o83z AFES A8 F& Ay U
gojx e WFEd M2 2L dA2HE 898
HA2E7F 12 E¥E LS dtu A8 F4 BAE
AP 2PN Yol 2AZ] A&E A

31 sixjAg @Y 2duas

YA 2E FFE 2T Ay dngsEL Hzxe
Hgstd T8 G J. Chaitinol 9J&te] 24& 23
Al AT A AYFY B2 AT7E] 29U
d48 ALY #$3 dnFE &3 FAoth
Chaitin®] #AAAH &9 558 (28 3% 23 &
=2ollA A AECS 58§ (29 404 B}

(3% 3) Chaitin2l 2Ix|AE SHeh T
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(Fig. 4) AEC register aliocation process
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(e) Colored interference graph (f) Result of register allocation
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(a) DDG construction

IR PR 1 ADD Sl $1, 410

& 2| 2| 2) SuUB $2, $2, #20

, 1~ 2 | 1 3 MUL  $3 $3, 430

ok s B 4 DIV 2, $2, $3

B! H 1 5  ADD B4, $4, #20

B o i 6 MUL  $4, $1, 410
(c) =7 £ Ag9 3 (d) AEC 43

(c) Differences of dependence (d) Results of AEC

distance among nodes

(22! 8) (12! 6)2] oflofl chEt AEC N
(Fig. 8) Processes of AEC for the example in (Fig. 6)

(29 8)9 (a), belM 2= 4 9y F &3 9
& Jehin k£ Alo]9] sh= A4 dAE S
g, A4 dAE FES gL ARFTE A A &
& BAE sz, F& A4 dAe AFFEE U
ehdch 28l3, (e DDG Al NE 4 Age
Bk 718 dA2E7} vl Aely] Wil (d)9] A
AN o 7o) HAAAE7E ZF AHEHAT T, 4
Hd xx9 F£7} 714 dA2g FRt g (o
AN g x=3 F4 ARd A8 A @A2E 6
o SHFHE A% AE Eof, =& b7} HA2
¥ 89 ot ast £4 A ozt MR 3=
Z ad ¥FE A 2E9} & AA2EHE 3
(2 6)IME == d7} #lA2E $2o B9E F
& gAZ A% 2= 2729 AYgel ANt 23Y,

(29 8)¢9 (X E == d7F dA2E $4o) g3
o] & #AJ &7 ¥ 2= 2AFo| AFECL
o]AL TE AAZFE Y 9 AT YA} Fag
847 €.

32 Mg o

AAHY £ =29 35S KoV $i5te A &
2 FZE /A3 WA 2PHYE FH 81 E =%
oA AtalE dugEos dAALHE UIH ¥ =2
c 2AZE FY3t AR =89 £, 71& Chai-
ting HA2E ¥F ¢ndE vwsls] st £
o] 2AMYL &1 Chaitind] AX2E ¥F dn

oz YAAHE ¥ ¥ A= 2AF5E 74
t}h o, Aol 3-F4 Hele T3 M HAx
HE 7MAse A4dss 718 dx28 $£& 16011
AAZL 5olch. zeln 2PAHY, HA2H ¥, =
= A% $YHE T2y BEWE A2 J)ed
1 oA} WHol(pseudo code) T M@, T2 Y
A2E (29 9olz AAY FUAod dE A &
£ 2d2ZE (29 1094 BA

// find maximum, minimum value
int max, min,
int datal10] = (8, 3,2, 4,9, 6, 7, 1, 5, 10);
main()
{
int ij,kmna=10,b=1;
max = min = data[0];
Jor(i=0;i<10;i++
flmax < datalil){
max - Cbm[l]'
k=a
m=b + max;
}
else ifimin > datali]){
min = datalil;
k=b
n=a+ mn
}
Jj= max + k;
b=m+n/

(a2 9) =2I0Y AA
(Fig. 9) Program source
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(29 10904 ' WSE M dAA2HE Jehd A S
o Aol 58 oM FREE 29 2AEI e e
Fold $Y5E F2E J|BEE 4, 5 6012 AR mov__ teo
W 7|REE 38 49U B9, EEE 4% 20R o
77k Rolw 7|REE 68 4% Azold 7By e e
£ 58 $49% ¥ 7|RBE 62 9% 44 (29 B St
10090 thated if W Fo| Aol £8 2HTE (29 ool
D3 2k (29 1A 2d49) 93 CMPGT _r, s peme e
$13, $15 ol ¥l 2AVIE 2 HEY FHET EA soo sznsn el
Bt o 2dol ANY W WEsW Hn FY o Sa BETe Ve
dr zarlee] YAAE Ao A9 B oF 9 ST SRt L
FEL 4L A4y Wt S =
(28 109 vlge] (29 1D 5 A 2AEY A e T
7t 289D 7% 7|BES0 @ Jld QyRsoz PEA
AARY BAE0) FYAYT. NLEE U P e s
71 BolAWA e 2AF 7137} 27187] gE) mov et
A% o] 7ldgct e
DDG 74, ¥ %4 Ad, ==7 2 A 3 [ e

€ 7% dE o (29 9N BHx (2¥ 12%

(28 13 ZZ Chaiting] HA2H ¥7 ¢35, (32 1) (3 9)2| ofiofl St if eistgo)

AEC ¢85 H 83 dAxE €3 A8 B Hoi 58 2=

olt}. (Fig. 11) Control flow graph after if-conversion
for the example in (Fig. 9)

MOV $8.#10
MOV $5.41
LDA $4.data
STR $4.min
STR $4a.max
MOV $4.#0

L.2:
LOA $8.max
SHLA $7.84. 42
LDRA $7.data($7)
CMPGE 0.$8.87
CMPLT —a.$8.87
SHLA $2.84, 92 WF _q
LOR $2. data(82) IF _a
STR $2.max IF _q
MOV $3.86 IF _q
LDA $2.max IF _a
ADD $2.85.82 iF _a
MOV 32.82 IF _a
LDR $8.min iF _p
SHLA $7.84,.#2 IF _p
LDR $7.data(87) ¢ _p
CMPGT 1.88.87 F _p
SHLA $1.84, 42 IF _¢
LOR $1.data($1) W o_r
STRA $1.min IF s
MOV $3.85 & _r
LDR $1.min iF _x
ADD $1.86.81 IF _r
MOV $1.81 ¥ _r
LDR $5.max
ADD $5.85.83
MOV 1.88
ADD $5.82.%1
MOV $5.85
ADD $4.84.#1
MOV $4.84
CMPLT $7.84.#10
JT $7.L.2

Lot

(33 12) (38 9) ofjofi it Chaitine] &IX| 2]
gc g
(32 10) (O3 9)2 ool chgt x|l 58 == (Fig. 12) Result of Chaitin’s register allocation
(Fig. 10) Control flow graph for the example in (Fig. 9) for the example in (Fig. 9)
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MOV
MOV
LDR
STA
STR
MOV

L.2:
LOR
SHLA
LOR
CcMPQE
CMPLT
SHLA
LORA
S5TR
MOV
LOCR
ADD
MOV
LDR
SHLA
LDR
CMPQAT
SHLA
LDR
STR
MOV
LDR
ADD
MOV
LDR
ADOD
MOV
ADD
MOV
ADD
MOV
CTMPLT
a7

[ I

82, w10
$3, w1
$9.data
$9.min
$9. max
$1. WO

$8.max

$13.81, #2
$9.dawa($13)
-P.$8.39

_a.$8.39

$11.851, w2 IF _a
$5. qata($11) IF _a
$5.max IF _a
$5.82 IF _a

$10. max ¢ _a
$4.833.810 F _q
$4.84 IF _a
$7.min " _p
$16.81, w2 IF _p
$15.deta($186) IF _p
_r.$7.815 tF _p
$13.%1, w2 I _r
$12.qata($13) E o
$12.min IF _r
$5.83 IF
$11.min IF v
$10.52.%11 E s
$6.%810 IF s

(33 13) (38 9) ololl Bt AECS| IX|AE]

oean

(Fig. 13) Result of AEC's register allocation
for the example in (Fig. 9)

#A 27 g9E A#E BHY J|E YA 2H @
FE ALWS W= 718 dA2E7 1670 E B

32 8709 #@A2EHT ARgozH e AL
EAstAct. 2, AGE PHE FEAL = @
t #A2HE EA%A ¢ 16719 AXN2HA 2%
AMREAY. ol AR 7|2EF JdA YR 2EHE
HEE go| ojgstn HAAE L= A B¥EILE
HAgezq 3= ~AFE FAE 4T 7138 F7HA
7171 iAol

g&e = 2AEE FY3%d Z= 2AFL
HA2EH7 838 YHE /XL Edo| A(trace) B
48 g Agr} HEHeE JREE oM o
Hol o] & +ort. 221, ¥ g A 9%
9 o5 = ) Aot} mE AFEE AAZ 8d
Chaitin®] #=2¥ #2d Fide (29 148 22
AECS #A2H #3d FA4: (29 15)9 2t

(29 14) 9% d9] RAEL 4 29 Ao|EE
Hehle] 9oz A7 WFEL 2AZE FHE
ol Wd At /e PHELS 22 YPof A=Y
t. g 59, 29 Ale|F 2014 ol 79 W] §A
o) APrtsain 8 Alold 10414 A Aol F3Ho
Al WE AEgrt bsEE Jehdd. 43 29 A}
o2& E7IU FZ(ooplol &3t FItH T gHule]

$7.L2

1} PUSH fp
2) MOW
3 LDR

4) STR

5) STR

L2

6) LER

7  IDR
8) CHENEE
9) T
100 A
11) s
12) LDR

13) ADD

14) NIOW -
15)
16) ¢ 4

17) STR

18) L.

19) ADD

20) NN
2) N
22) T
23) JT

L1

24) ADD

25) POP

26) RET

&SD i ‘SB
$4,data
$4,min

" Shinex CAAERS | 3 A

$1.86,5L

sp,sp#28
fp

sp 98 -

MOV £ 880 MOV $5:#1

(32! 14) Chaitin WAlel IE A3E B}
(Fig. 14) Code schedule results for the scheme of Chaitin
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(0%l 15) AEC "alef 3= AFE H3t
(Fig. 15) Code schedule results for the scheme of AEC
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Az Qe o ol4e = 2AEE FAHA @
ot 28y, (29 159 2 28 AojE2g RY 9
A2E7t 2% FEN) W HE F& BA7
He #AZ Bt} B 2T 2AZF] sH5EAc 9
Hol AvtAegx A5 F& BA /&9 Pz
HAAHE e o 2o 37| A7 we =2
& 2AZ0 7M53Qc o) 44z ¥ 1 Agd d
A~ @3 g¢nEo] ZAAPE A Lo 7|28
29 2718 A N | &9 dA2H €F ¢
2ol vt 4% FA4Y sHeAol wol EAFE
423 5 ok Y Alo]E2€ BY (19 19% o3
IR E7|1Fo|Y FXLo} o3t Al o 4¥
Ato] 20| AlAw ARgoz ¥ W Ay A 3 29
Ale]Zo] £88mg FX Fo E4 A (2F 149
vt & §& &8 AlojE9 oS58 U4 F &

2 @ % g

4 AY Uy o 45 &Y AN

ERAME 2248 HE4F FAAH B
of A HAFH dA2 €7 duFol BIA
o] AEANE AFsu ok VA TEY HH3 A
B Aed N g olE(simulator)ol st e
8 AT ¥ OFd A9 Fiho] ALY WY 8§
24E A

41 X3 yulelzlet Algaolg

£ =R ALy HA3 HHdE retargetable
A%da) locdl AR (front-end)E 143t FI
dlo}8 AAHHI3) Lece AT&T Bell 4749 C
W. Fraser$} Princeton ©1%¢] David Hansonod ]3t
o A=A Lecdl 542 Q5o F9tE(back-
end)ol A 1@ A3 71PE ALt ojHI o
Bo FuiRojae 2 =RdA Atsin 7HEE 34
3712 dAsed £33 =g A4 (T 162
A4 A3 AoAdel FE BUh

Lecd) AuwbEE= DAG(Directed Acyclic Graph) ‘%’
go] FEAL AL ol Hukis Fui
QE}H o] A(interface) AL 3 F=d ITHE H@



508 StRFEMRIEY =2 M6 M2z(99.2)

ABTZE, 1949 Aol ¥4, DAGE o] FoA
FBMe AuxREZ FAHHEh o] DAG ¥ Yo
2 o} 3=AA7] 254 7l (code generator-gene-
rator)! Iburg(14]18 ol &3 FAolE At
3-F4 Yo YAE Fudoles FaAY Y A
2H9 714 oA e AdsE tdd Fao)
AEE A Q@

ANE FaA g ARG FHsEd =
718 £l 7|EEBES Fs] HE =204
& sz HPaYgE 74, A5 F& 29 724
GAE AXH B =EoA A AEC duEL =
g3t HA2HE 9 profiling JRE o] &3
o Efo]l2g B3 F 3= 2AEE YUt =
T 2AZo HA2E #F Fol o]Fojxy] o &
A A8 #@FA FAA HAAN2HE §IFEA go
A 28 4 @34 F72 Asd AAFE A¥RY 5
Aok B =FeAM @ AEC gudge o HE
2 s dASHt

suR0 B8N
tintarmeciats code genmaon il |

LT 3 TE-ET-E N
(deta dependence graoh construction)

"R 230 waY
EIETY 1

AN AN DS
(schecuied target code]

(3% 16) Nl 2|X5 Ao PAHE
(Fig. 16) Diagram for whole optimizing compiler

Al E#olE+ GNUY FLEX, BISON[15]& °l &3}
o FEAUT +3 F vy Y, s Y+

% 3y Edolx AH8E BHE FA/FH HESF
71989 A& E, profiling 3X & 448 »
EEdA 49 dAst ALE@ AEH Y et
B (parameter)t Z223 &8 AXE FAHs7] A
W2 e 2= 2AEE F837] A8 2= A
2 profiling &, ¥% Edolx a2n 4% A
o] o]RoAEAE &Y AW 4Y 2YF £
ol

42 845 &3

A AL 9. 29 ZolHY AL Foz
A3t} SPEC WAola Tzads} e & 2239
< ob3 Ago] gl WM, dutHo e ol A3
e WAnta L2aPE A AP AR
. a2lm, Add dndse 8d4de AFE 9
3t} 7]& ®ol &85 Y& Chaitin®] #HA2H
49 ¢ngdsd A8 ¥ s vnddgrh 4¥
€ HF WAola LT2aPL <F 1>7 B

kl

(B 1) M5 &3 z=24
{Table 1> Benchmark programs

Pattern(patt) | e

Fibonacci(fibo) fibonacci 4%
Maxmin{mami) Ao, 23
Difference(diff) ¥ oulde 3

AA, 48& st otdflg ZE Yo MY
2tk otziol A Not_pred= ZANYEL &A ¥e 7
%, Pred& 23 4% A4, Chaitin® 7]& Chaitin
o XA 3 dnEE HEH A9, AECE A
e A2 @3 ¢udES M4 FS, Sche
dule® RS AAIEES L3tn 74 ByolA v 75
oulz e dAdA AYEHASE vt 18n
Zt WAtz 22 diste] PA2H 89 Wy
dan, 2493 3z AASE FUE YYo=
Ay agn 2= 2AEL JREE Uy
o]FolA 1 g HXAE Y £E 1609 YARE 5
olth. &3 HH 9 ol F& 4o|t}

A9 W)

I : Not_pred + Chaitin + Schedule



I : Pred + Chaitin + Schedule
II : Not_pred + AEC + Schedule
IV : Pred + AEC + Schedule
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Tabel 2> Estimated results of execution clock cycles
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4y 12 O8] 45 telx Diff ABCE #4 M3 Ve
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Speedup

-9
EAl

—

T M T
pait fibo mami it

(223! 18) Diff__Chaitin2} Diff_AEC st Blm
(Fig. 18) Comparison of speedup Diff__Chaitin
and Diff__AEC
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