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A Register Allocation Technique for Instruction-Level
Parallel Architecture

HIDEAKI KOMATSU,t TETSUO SHINRIKI,* AKIRA KOSEKItH
and YOSHIAKI FUKAZAWAT

On a register allocator for instruction-level parallel processors, such as superscalar, VLIW,
there exist some problems we have not needed to consider when we were using scaler proces-
sors. First, when the same register is allocated for some different variables, anti-dependence is
generated and it may decrease instruction-level parallelism in a program. Secondly, we must
think of the best positions where spill instructions are inserted because spill instructions can
be parallelly executed with other instructions by taking advantage of parallel execution units
of a processor. These problems may not play an important role in scalar processors which do
not have parallel execution units, so existing register allocators do not take them into con-
siderations. Therefore, when conventional register allocators are applied to instruction-level
parallel processors, thexr parallelism can not be reflected to an object program. This paper
describes the new register allocation algorithm to solve these problems, using the graph struc-
ture which represents instructions and dependence between them. This paper also evaluates
our new algorithm in comparison with conventional register allocators.
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Fig. 1 Example of parallel program.
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Fig. 2 Register allocation which loses parallelism in a
program.

1 rd:=rl*rl

2 rd:=14%2

3 rSi=rl¥*n2
4 15:=15%3

S 3i=rd+15

(a) (b)
3 IR REET B ET

Fig. 3 Register allocation which keeps parallelism in a
program.
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Fig. 4 Example of GPDG.
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Fig. 5 Components of the register allocation.
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Fig. 8 Example of swapping register.

FTwl, M6 DEEFREE, LIASEI6EO
TOeyFEWFITEE, RITOL)ICE TS
na.

HMFIT TR L VA Z D L e Wiz HIE, REIC
RTHHET, EFHTAEEEIC R S X 9112 GPDG 2F
Mz 5.

4.3 BN

EFEREICE DT 5 L YR DB RVIEES, GPDG
Wt LTS 20EE M2 CEMHF AL %2 5 X
LRI SR, FOFELELT, “LY RS
DI, « ) —F OB, “AEVI—-FOFEN” O
Z0REZRDL. INLOFHEE, BEFIIWEY, 7
079 5DOMETKESETITREN DS, Lizhto
T, TNLOFERIZZOIFITbRI, WOMETIZL
DAY REUHTTRRICT AT LT ERVIEAIS, %
FEANEHATNWL,

AR B O IE, BEEVRCH S IEEICLT
bIRTWa, LitdoT, SOBETHICILIAYIC

T O TV BEHIE, ThA»SEFTE2TES
ELTWAER IV OBEEIAZITNIT RO 2w, £
DD, AENVT-F DALY, 7075 LA0OEE
PRBEI o258, BIREMFTORTLTWS
EHIZ, TEL2Z0REORELZERFTALI1CL,
I HEHT 24T ) EFRBIT LT, AV a—
FOMAZELEITI LTS, I, M8(a)ic
BWT, AL SEMTEITE) L LT EERE
t8 13, EHOBRICERIORT LTWwAEERBEI
BT, BHENE L, T oBRIEMME. b
L, A¥VI—F OBANFLELSAICIE, TOEH
FEOBEV t8 DAFXBICH LTAY va—-F 2 A
T5EIL, BICETORTLTWS, Thbb,
I BHEOEVAFRB~NDAEL I~ F OFEAIR
BT B,

LIZXRZADOXKE] LVIATORHEZ, BRI T A
BTLTWLEHIIW LT, WFRroL VX ¥ OF|
BT XEANED S & 912, EROZY T 5T



Vol. 36 No. 12

WHLIUAS %, MOEBEANEZ LI ETHE.
B 8(a) DIRBIZBWT, HEOEH t8 LTV ¥
R2NEINAIT B LI TERWS, LYAY RL &
LUAS R2 DRE DML AR FER (b) DX
BT, SO TREE B 5.

—fRIC, LURY X LLIURAY Y A, BRI
BWwT, FIHSATORW, 7213, EIFHT o R
THEERBORETHLLE, X LY OBFES d UK
ERXBTHILNHTESL. K8(a) DHITHE, LI R
ZRLELVIVAY R ZREITANBZ AT LT
BECHHDS, S 10 TANBEZ LI LIETEL W,

RPOBRE TN T X L% E 9 IR
J—FOEE H10(a) KBWT, KETREINE
INALOFEHAB VIV ASZEI VT 2B E 2
. HOEMICL VA5 ORI BRI E B i3 OEE
REZRLTVAED, £ i3 pFIHTELZL IR 4
BEELRNZ bR E. 22T, &4 A 204
AB, FE(b) DL IROKEL Yy UREBAL,
B Z[FH (b) O EE TRETA. TOBRMEICI-T,
B 13 2 EB R ~NEIVMT BT LSRR E 2 5.

BRI, MO EEO7 VT X812k, w
TRPDOV IR Y OFHTRZREZIET, #0Z%wn
TWAXBOER OGS S, BT L) E+54
FREOREOGS, T/, ST ES5: 354
FREOBRBOGHDPL, ZUTWARBOBEROE
SNMRFEZY VRIED, FOLIXIAEN)FHT B,
COBIEEoTI )T A HNRAPHOITLE o7
A, BEETICEL, ROACLI-FDFA
~iHE .

IO/ —-FEBHI, BoERFTORT LTWwARW
J—FOEHHEZEHET 2. 2020, BED/—
FBENL, FRUUBOL VA FEHTICESEY RIT
FTIEREZLND, FIT, Z7UTF A HNINAREE
SRy &EfFiamz, /—FBEICROEES

SwapRegister (/- 47X )

begin

X o= L OREOWS TR hen L oAy
di= FOERSLET X Do CHIA e E 2o bR
while d < L O lgfleoig s do

Y = dDEORI DT v A
Y W ops authasic
X &Y o duke Az
di= X BRUERHAR G E 2 b s
end
end
o VIZAFZHROTLITY XL
Fig. 9 Algorithm of swapping register.

WEVNVEFT 7 —FF 7 F 2 D7-DOL IR & EFIT T 2825

mz 5.

33
/=K BEEO GPDG I2BWT, 20 ) —
FBENC L > CEMTII A TR L o/ — F
DEEE N1, ERHFFRT LRV —
FOEEE N, T5E X,
n € Ni,m € N3, Free(n) > Free(m)
TWT n, m AFEL TR 5%,

ZAENT—FROFEA EEOLIYRYIRM «)—
FOBE OWThoFEEZBWTHEIMT A TEEE
THBRWEAICE, U5 AhCEY RV a—
F2EATILENDS.

BB, I L) L LTV ERRBICE
W, EROEY*BET 5G9 DEBICAEILT 7 b
W%k, ZOEYBEBTLGSOEMICAC VA L&
FEWATL., THICLY, FOEERBIZERD/N
SHREFKMICOE SN, S TEEE 25, Bl
i, K8(b)icBWT, £ c 2E VT 254, 1
BOAENT I GHE2EMDAENA V&4 DA
EN, SEOEFRMICHE SN S,

ZTHUEDETERVEE (D-FHSE2DE%
BRI LHFOADEFRE R L) 121}, FiTE7
/=FOBEHLFELHET, GEEIROEKELY D
B, JVTAANSAZEIZLTCCLEITRE
735,

4.4 BIFHEREROBY —b

BIRD X 52, RPFETII GPDG 2 HHEIGE
TV oD ORBICHE L, BHEDKROERD S E
TRV DA EUFIT 2 T o T, L Ladss,
E/-FOHHERLV YA SEMT2FoTn 2 &
IZEoT, BILLTWL., 20, Ho3%EH Y
T TVBEPIL, ZORERICL - TEOBKIY
b HHEORCREAE U A TEMNLS 5.

BRTIZ, WHEBMAEELT, Lok 2k
REHL TS, T4bb, T %2B0 818,
ZIEEFNDEZTRTD) —F DL VR FEFITAH
TT$5ETEMTEHT, TRIRT LAEET,
ol BBOEY — P 2TV, 20OHTRS BREED
BORBREZROHERKRE LTn5.

5. BEERRZ & DL

3B 8)~10) Ti, 705 F A L THSB DK
FRBRERT S I 72ERL, 2075708 ) —
F(BAVANS 27V ay) Bl EEI-E0
BFOVIZASEENFIT TN, ZDEE, LYR



2826

R1R2R3

—

i3
7r——————(!cc1)exit

(A)

(lccl)exit

®
i3

‘r———— (ccl)R1l :=

TR 2 S5OCEE

cecl :=

e

(ccl)R1l :=
(ccl)cec2
(ccl)Rr1

o
(ccl&!ce3)exit

(ccl&cc3)ccd :=

(ce3&*ccd)RL @

(ccl)R1l :=
(ccl)ccec2
Phi(cc2,R1,R2) w13 =
cc3
»/
(ccl&!cel)exit

]
(cel&ec3)ccd :=

(cc3&*cc4)R1

(b)

Dec. 1995

R1 < LEN R3 :=R1 + 1

(B> R3*+ 1

D[R1] —— i3 :=

:= Ph

(ccl&cc3)R3 :=

D[R3]

R1 < R3

-
R3 :=R1 + 1

D[R1]
R2 < R1

®

R3 + 1

.
B | I

:= R3 < LEN
|
Y

(ccl&cc3)R3 :=

D[R3]

R1 < R3

®10 /—-FEBHOH
Fig. 10 Example of moving node.
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Fig. 12 Comparison of code size.
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