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Parallel Executing Mechanisms in the Extended
VLIW Processor GIFT

Hioeak: Komatsu,! Akira Koseki, Eisuun Suzukitt and Yosuiakt Fukazawatt

Instruction parallelism is one of the most promising region in research of parallel process-
ing. In general, clock speed of a VLIW can become faster than Super-scaler, because it
has a simple instruction dispatching mechanism. However, programs except for numerical
computing cannot use all execution units of VLIW. Therefore, we introduce the following
architecture supports that can allow compilers to derive more parallelism from programs.
@® A conditional execution mechanism to execute instructions without normal conditional
jump instructions. @ A speculative execution mechanism. @ A dynamic memory disam-
biguation mechanism to execute memory access instructions simultaneously. In this paper,
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these mechanisms and their evaluation are described.
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Fig. 8 Cache memory system of GIFT.
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load reg1,[rég2]

store [régS],regd

(a) R¥Ya-—IVEiDHES

(a) Instructions before schedule.

load regt,[reg2] | store [reg3},reg4

(b) RuVa—-nEOHS
(b) Instructions after schedule.

B9 RyPa—-) SOl
Fig. 9 A comparison of scheduling.
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Fig. 10 Participation in arbitration.
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Fig. 11 Timing of memory access unit.
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Rl WET-F77F+
Table 1 Object architectures.

AHF—TakyH

LIW (fix: 2,float::2, jump: 1, memory: 2)

VLIW (fix: 4,float: 4, jump: 4, memory: 4)
VLIW -+ &4ET

VLIW + %4757

VLIW+ Byt 5 7 38k

VLIW + 4217+ 5eATET + By v 7 38 (GIFT)

F 2 H—xnl, 3 120DFETIHEENLE
Table 2 Comparison of execution speed for
kernels 1,3, 12.

T—=%57F+ Hh—Wwl H—%nw3 H—(wl12

Ry T - 1,000 1.000 1, 000
LIW 4.739 4,000 4,525
VLIW 5,464 6.211 6.410
GIFT 5.464 6.211 6.410
DO 10 I=1,N DO 10 I=1,N-1,2
10 loop body (1) loop body (1)
10 loop body (1+1)

IF(MOD(N,2).NE.O)THEN

BENDIF

12 v—FT7Tvu—-yvy
Fig. 12 loop unrolling.

£33 —ROS 25 2 DEITHELE
Table 3 Comparison of execution speed for
ordinary programs.

7—%575+% member (‘@) List) max (List) sort (List)
ARG - 1. 000 1. 000 1. 000
LIW 1.217 1.139 1.198
VLIW 1.217 1.139 1.198
VLIW+4& 1.938 2,488 1,667
VLIW + 4 2,817 2.045 1.393
VLIW + &) 1.217 1.139 1,490
GIFT 2,959 3.731 2.625

oy b OBEEDEEE L LT
F23H—xnl, 38, RAEFLIEEOEE
BTha. DA —xnid do all B for X
TON—FTdHY, B2k SiC v —F % EHET
BT Eicky, BHLEI 2L —Ya YROGSAEYE
FUIFITT B EMTES, Lichis T, HENRLT
Ha=y b EEEICT S C ETETHEERALLTY
5.

Ll, ZOE38v—TOREBSEHLOR,
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for Wi X 2EHMEDON—TTHBELDP, V—7K
T4 OHIT i XMLV EAREIKELNS. &3,
—fEDF B S5 LDHRNG, v—TEF 4 if S
H5d?D, while T LB REEPBN—TTHHDHD
REEZBAT, ETEELHRLbDTHS. 2T
WRLIck D7 a s 5 4 TR, HELE2L= v MY
HRICEDPU TR, ETEEOERR AN
W (LIW & VLIW k). Zhichk~, GIFT i
COEHINRTar 560 bEFIAMML, FTE
BREEARZC E565TEE (LIW & GIFT D).
UTFTiR, #heEho Fas 5 4120 T, GIFT
DT —FT7F v+ ¥ R— P BETHEE LRI, F0k
HERL T BhAEEET B,

member BT, VR FDOEAL v ERED R
B, HEIEZREF—FTLEKTHY, #4148
NULL Tk 3 » D ¥E, BEROZmAIEL, BEEOD
HE, WORS v ZDOFAHELUERDE STV — TS
LIZ-T3, CON—TRT 4+ ZRBL CEBEILE
TolcBh, BRAZLIZTLDDOn — F &4 %,
NW—TFDOEVELFHEST S f XEMITERTS
TEBTERNYD, TAEXFUEETS C EBTE
. LkedioT, HEAE2 =y FE2#EPL IR
REATHREWY. GIFT TR, £FEfFicky, o—
Fargtd f XEBATETTICEB8TES, CO
X300, e V@2 BNICETTBRCET, 24
DRIED 7 ) F 4 S Vs8R % KIBICH/NT 5 2 & 08T
23, COMRICLIDRIS—F oy HhD3.0ED
B ESE - .

max BAHIL, VX P OBRA VR ELED RS,
TRTOERFHEL, BROSOEY—F 4 38K
Thh, ®4 25 NULL ThohoUE, EXRD
AL, 4FTORKEEOHE, ROKL v20
AU EBRODETN-TEE LT >TO 5. O
WN—TRETE, V-7 OhRERFEDT v v 7 hs
BEL, Thickb,%14 754 YOEN, XTI
ERREL, EELE2 =y FEEPLLMERENR
TWIEW. GIFT T}, FEETIck 345 omE
L, FHEYV Y I HRBOBICEY, 2AF—F ok
v 3D 8. THEOHE EHMND - 7.

sort (List) FHEXZ VR POBRA v EEFED Iehs
SHEIA (B2VREIE iz ANEZ 260TH Y,
TFUVADHEETEROR b 7THAPERZROEL Y
O XBEETIOTHEDT—%F/F 4T
chaR+orEFLTE . ¢ T TR, BAm
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typedef struct _list {

word val;

struct Ils( *next;

} List;
register List *ptr1,*ptr; Id
register int r1,r2;

i3 VLIW 7n 2y 4 GIFT KH1 544 Vv 51050 B

r},[pm -»val]
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L1:1d r2[ptr->val] (1)
<load delay>
cmp r2,r1 (1)

ige L.

st [ptr ->vallri (1)
st [ptr1 :-val],rz (2)
mv ri,r2(

N Li:1d |:'2 J[ptr->val, L2: id  ptrl lr >next] (2,
while (ptr1 1= NULLY / <load delay> ! <|c>ap 'Fay» 12)

r1 = ptri->val; cmp r2,r1 cmp E" ,NULL (2)
ptr = ptri->next;
tr->va|] rt
while(ptr != NULL)( Eﬁm ->vai],r2 L3: sld r2,[ptr->val] )]
12 = ptr->val; mv Ti,r2 <load delay>
wrz<r) 12:1d  ptr[ptr->next] omp 12,1 (3)
Pravet = r2; <load delay> . igele il @
=r2; svall,
f=r2 ine” Rt NULY st Iprivallez @
} . . mv 11,12
ptr = ptr->next; EX: L4: d ptr,[rtr->next] {4
<load de!
cmp E\r NULL {4)
} jne
EX:
a)y v—Aa-F b) EAN-TTORE ¢) —E7vOD-pLfza-F
Li: 1d(1) L1: Id(1) L1: Id(1)
<load delay> <load delay> <load delay>
ccle-cmp(1) cei<-cmp(1) ccl<-emp(1)
T.:st(1) T.:mv(1) T..:st(1) T..:mv(1) T..:st{1) T..:st(2) *..: 1d(2)] T..: mv(1)
T..:51(2) T..:st(2) <load delay>
14(2) id(2) cot<-cmp(2)
<load delay> <load delay> T...:jump EX <load delay>
cel<-cmp(2) cc1< -cmp(2) [HEY] ccte-cmp(3)
T...: jump EXF...: 1d(3) .. jump EX <load delay> [T st(3) T..:st(4) *...: 1d(4)] T..:mv(2)
<load delay> ccl <-cmp(3) <load delay>
cci<-cmp(3) T..: s(3) T..: mv(2) cc1<'-cmp(4)
T..:sY3) T..: mv(2) T..:st(4) x: F...: jump L1
T..: st(4) 1d(4) o
1d(4) <load delay>
<load delay> ccle-cmp(d)
ccic-cmp(d) F...: jump L1
F..: jump L1 EX:
EX:

d) I LI EDT— F

) EERfEMLLI-F
] seigias

f) GIFTTOFa—-YFa—F
Ty mwrsvomerv-7

13 V- IrERE
Fig. 13 Sort procedure.
(a) Sorce code, (b) Process in inner loop, (c) Code unrolled once, (d) Code using guarded instructions,
(e) Code added speculative instructions, (f) Tuned code in GIFT.

GIFT othf a2 — ¥ &2 flic & b 1 h5, GIFT @
T—%F0F v R~ b OBREBEETHERICHHEL
L, 5T, Hx OBBEORARMEART Z EA2R
BB,

E13(a)i3@Ry —trtoy—x7F s 54, K13
(bYRBANV—TORHEa—F GBESKIZL, T4
ZRF 45—V a YRBEDARSVF) THbB. Th*i
—EBEL-bONR13(c)TH 5, chz2HRE
IhddceAEEZL, 57, CO%E THIETTHE
oM, mv(1l) & st(2), mv(2) & st(4) <5
WTHB., T, BREEILOBBERERIEZS D&M
BBDT, 54 774 v OFWHEEICREL THE
WRERMBTIRY., COa—FORASFutyy
BT AEFEMEREG>THB L, EX KV Y
74 AHEE0, L1-L3 Y+ VI AHERE 1,
L2-L4cY» 7T AHERE 0.5, Yy Y THRK
LiBaDRFIVTF 4 A OF 4 200, Vv Y THRK

LB E&DRFNTF 4 HR2ZHA I VELT,
ETHERT = (16(ump L2, jump L4 taken)
+21(jump L2 taken)+21(jump L4 taken)
+26)/4=21
PA I NENB. TDI—FE, SELIVOEFT
0y Y TEITTEICLEEELDE, mv & st 25
FEFTEXZ0T, ENEHORKED I 20 ¥4 7
wEizh, L5 EOREEmENE SN S L,
BEOD VLIW ok icBicifla=y F2EPL,
N—F =7 OXFIMEE LT TS, WFIEFTHEE 4
ASEIRWZBVOT, chPERFEEORLEEC
LRTERV. PTFTR, GIFT 07 —F57F + 4
H— b REEEOR EICED LS ICEEL TS0
AT 5.
%9, GIFT OFHETERVS &, FAHE%E,
H—F2EGEERNTY » v FPRLUTETTSECE
MTEL, LT, 4754 vORHicksE



2610 HRLEZLRIGE

THEEETRROBHN, BLa— FORTEEOR
BLDI1TH 4 2 v b3 (M13(d). 25k,
SATEITERN S &, 1d(3)D X S 14 D kic
BB - PR EBRBCHREX T, NEERHEL
T%%.C@%%K&of,é%%iﬁ%@@ﬁ%%

DIZW-T, 1694 7 03155, %&cﬁmﬂva%
FEMAZE, 2 b THbLu—FasrirE—hods
BT n vy Y IBATEE ENTEB, &Cé
T, BHEEERD, 47— VFEBRTA2 ) IcHY ST
NTOD ERET S &, ptr-dval & ptr-dnext, ptr
1-)>val & ptr-dnext |F[F— v s BTV RRT BT
RV #R, 1d(2), d(4)Rbodd Ly s

BALZEIINODT, COMSRBAINIY AL 2
NTCEDEERTEINE (R THALEI L vy
BALKBATY), Litd-7T, 2oa—FoEF
HER12H 4 7 ViTERRNE. chity T by a
TNA T 5 A VI E DBREAAE INZ T IR 12 A
BHBIIESDLBDT, 245 —Favy 4 D2.6
F‘@iﬁﬁ*l‘ﬂ:?ﬁ?%éhk %72, M13(e)icBhET %
72ditid, GIFT ofx OBED—2T&RIFTIH
b“/’é.b\. L7cdisT, GIFT D7 — %527 F » ¥R —
P ORFARBEDO—FIATRENTIZ E VA B,

NS DHRED, HH L VOAFIMBIC BT
i, BICHESAE = A0 R T B EE
B EMST, GIFT 0L 5347005 A EEILDT-
DN=F9 =2 TEMEEDEL T 7 0 — F BUET
HrLEE, i, ENPEBICHENTH 2 055
25,

8. ¥ hHh b c

ARTHR, ¥IERLOLDOT—F572F v 12D
VTR, WEER ORI EICBL CEMEAFT - 72,
4%, GIFT 7— %7 7 F + OPIEE LT, X —
W= T34 L DREEZEDTED, TOHKE
A, BEBFMEIC L2275 -5 ) 57 4 0
R, N7 b 207 -HEEEREN EEEZTH
3. BRINIEAA 54 v DRy 712, HM1TREL
Tewd F—%4 70T, B 200~500M [Hz] T
DHBBAEZAEL TS,

& F X ®

1) Ellis, J.R.: Bulldog : A Compiler for VLIW
Architectures, The MIT Press (1985).

2) Cohn, R., Gross, T., Lam, M. and Tseng, P
S.: Architecture and Compiler Tradeoffs for a

Dec. 1993

Long Instruction Word Microprocessor, Pro-
ceedings of the 3rd International Conference
on Architectural Support for Programming
Languages and Operating Systems, pp. 2-14
(1989).

3) Dehnert, J.C., Hsu, P.Y.-T. and Bratt, J.P:
Overlapped Loop Support in the Cydra 5, Pro-
ceedings of the 3rd International Confer-
ence on Architectural Support for Program-
ming Languages and Operating Systems, pp.
26-38 (1989).

4) Wolfe, A. and Shen, J.P.: A Variable In-
struction Stream Extension to the VLIW
Architecture, Proceedings of the 4th Inter-
national Conference on Architectural Support
for Programming Languages and Operating
Systems, pp. 2-14 (1991).

5 HHENL HAMNE: #SEHNEERR
VLIW Foty ¥ 7—F%77F+, BRHEHRE
E%A3 e, Vol. J76-D-1, No. 4, pp. 184-186
(1993).

6) Fisher, J.A.: Very Long Instruction Word
Architectures and the ELI-512, Proceedings
of the 10th Annual International Symposium
on Computer Architecture, pp. 140-150 (1983).

7) Colwell, R.P., Nix, R.P., O’Donnell, J.J.,
Papworth, D. B. and Rodman, P.K.: A VLIW
Architecture for a Trace Scheduling Compiler,
IEEE Trans. Comput., Vol. C-37, No. 8, pp.
967-979 (1988).

8) Nicolau, A. and Fisher, J. A.: A Measuring
the Parallelism Available for Very Long In-
struction Word Architectures, IEEE Trans.
Comput., Vol. C-33, No. 11, pp. 968-976 (1984).

9) Aiken, A. and Nicolau, A.: A Development
Environment for Horizontal Microcode, IEEE
Trans. Softw. Eng., Vol. 14, No. 5, pp. 584~
504 (1988).

10) Ebcioglu, K. : Some Design Ideas for a VLIW
Architecture for Sequential Natured Software,
Parallel Processing (Proceedings of IFIP
WG 10.3 Working Conference on Parallel
Processing), Edited by Cosnard, M. et al.,
North Holland (1988).

11) Smith, M.D., Lam, M.S. and Horowitz, M.
A.: Boosting beyond Static Scheduling in a
Superscalar Processor, Proceedings of the 17th
Annual International Symposium on Com-
puter Architecture, pp. 344-354 (1987).

CPER 542 7 8 HEA))
CEBL 5429 F 8 HRsR)



Vol. 34 No. 12

M FR (E2BR)

AR S5 4E4E. AN 60 ERFRH A
ST ST R TR LR
BET. BEBA IBME) AL
DSk BEBMER (TRL) ik
C, Prolog = vs¥4 5, HPE 2
VA S ORFIHE. BRERFEIK BV THYL
SV T —FF 7 F %, 3 V¥4 5 OBPFFICHE
#H., ACM 28, ERUBYLET —+7 7 F + iR
(ARC) H#ZEA.

HE R

1969 £E4E. 1992 4F BLAE | R
IH¥MESTERNEE. BE FAX
LR T AR ER T YE RIS L
HigEE S, SHEBT—+7 7
F v, WHMEBORFICHE.

88 VLIW Yot v 4 GIFT KB 3 /&4 L v 5 LB R 2611

@Ak g

1066 4242, 1990 4F B AR M K5H
TERES TR . 1902FFK
HERT YRR BR LEEREL
=EET. RERABEERR BRI
Akt B, 7Y 2 v KBEOR

5F o BRICREE.

RE R¥ (E2B)

R0 51 4E BLAR B RS E L FHE
SRR E. A8 ER AL
EEEEE, AEERTERFET
SARER T F N B HE. 62
R AR TS, EK
AERHIE. I¥Et. v7 by T7ILE aveE
2 =R T —FF7F » REOHRICHE, BETHHE
S%L v 7 by 2 TR 4, IEEE, ACM &2

=1

A.




