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Dual-Flow:

A hybrid processor architecture between control- and data-driven

MASAHIRO GOSHIMA,! NGUYEN HAIHA,t SHIN-ICHIRO MORIt
and SHINJI TOMITAt

Dynamic instruction scheduling of superscalar has various merits, but it is also disadvan-
tage respect of cycle time compared with VLIW. In this paper, Dual-Flow, a hybrid processor
architecture between control- and data-driven is proposed. Dual-Flow has a flow of control
like control-driven, while it'doen not have registers and transfers data between instructions
directly like data-driven. As a result, it realizes dynamic instruction scheduling of superscalar

at a cycle time of VLIW.
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o KRETRNS dual-low DEZE L DIELEHE L,
HBOIBSHTHA.
2.1 R10000 DENGSIXroa—UT7HRK
R10000 1%, VLY A% - )X —3I V72L& 5T out-
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R=yay AF—avyOF—yREHERE, *
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EVREFILEIILRS.

B BB~ BEOEENAD Y F»LIE
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* F— &@ﬁH&L#m&WU&L%w —7%%/
CEAIcR, Auy EoOBEEESHNICERD LN
BVDT, ARV ENLTRITETLESSS.
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AP —LDRELFEVD, FOTIHLELEEEELE
TERSNDEEZTELZ 2RV, B, E7%%
TLzzoy b b SbeitEs b IEREIBR SN,
Bishiz s )47y 2ICBRES LS.

28T, SS DEGES AT Pa—") Y 7IZBITS
3ONUEDS L, FEBRRIZTIFERRNTH), &

N2 DIXEEKTH D LRk~ /:. Dual-flow TidER
i, AT Ll tEn22 Yr—=3I7
Ly BRI R EBTES !
¢« AM)—AtDATY NI, HBHEEDEEROE
IV ICERMICEHISETONEDT, 72y F
ENR-GAIERT AT Y M IR TRITI V.
o FHAbEIEALYFVEFESICsSbNLL/27 4
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BEICRGED T2y F/ETEEBLETILEF DS
7=, BREEbEREOLY M) EAVNS VL BT
RGP RLTE. BRTELIHGRFIAVEY
DY A XL EDLYEROY A XI3MLTHY, =
¥ Y B OB out-of-order EATHMEDHMILICIX
ORPEL VL LA oT, FbEbeiEEIicy 2
TIER FALABLEOF IV 742 EL
ZWHET, TELMETKECLBILFEEZLY,
FbabeitiEx, WEHRE7 I —VFITEIC
AED AT 64, 2ET1I20HBNLFLE
bheitEs LTEfEd 5. BIcgE AT, £hEN
BNLRABTAILIZEINT 7R K- P EEHIR
<Tx3%,. @512, fbebeiREoBEAERT. &
T, HERAAEVREFI=v L, EADOFR
FYFRAEVIE, ga}¢@m¢&5% Lz,
REREBLTVA,
ARG UK AEY
Dual-flow Ti, 1 204 RA 2 HOEERKE
PRLEDLDEERICEZALLD, FRFVF - XE
VO®EAAK- P EIL, B—-0EHEL= v b BRE
#HOSS/VLIW DL I RS - 77 A NOBERLF~
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MDD 2 BELEI S,

CORER, E/EART Y FBICERERIMED
AEVERABETAI L THLIRERRBTEL. 205
&, BAE)OBEALE— P HIF SS/VLIW O L
CAY - TTANDERD2BLETH B LIIED
Dz, BRABLE— FEIESIITE, £8,
K= OB CICh 5.

HoHWVII, 4 ETHBRRE X H1Z, HENF 2 2LEIC
2 BEEDHIIEED 20~30%RETHLHDOT, d2
TRENBBEITIEEZRAAE NNy 77 ) 7T
BTEDEZIOLND,

A,

BEEFART VFOEHEDOERIIT AL ZUT
s, FaLyr)ixEs, ERBCHSBERELE
LT2EHTHH 5.

E6 717+ OEKMEBRERT. T4 L
RV, ERMICEEEFI=y FTEICHERL
BB EESROBELERS. &%, EEFRT Y
F D-Ready 7 4 ~ WKL, WicT26%, EHF~T
YEHVEFETLREICEY P END, Free 7 41—V I,
LFAT Y F DEFTWRESNLE, BXU, 7xv
FLEGSFLET 4L 7 P JIHeT AETIS Y
MCHT 2GS TREDPoBE Ik SN 5,

FALZFNIDAEYEFIIL T - LIRS TH
BT 5. FE»S Free 71— VFEHFEy P EhTna
IR )DOBFREFEREI TP LTV EICLY
MNEBEROAICED (BEMMEBRICL->T, &b
HNRAO Y P HSMEICBIRTZILHNTES.
BRI EEERIE, LTl TXToZ MY h
COEFTEREADTALE XLV, 2771, BEE
MHBBR~DANOED, WhbWAGEI 1Y FoD
FAX 5L B EIILS.

3.3.3 NATS51 B

71, ALU&S (EfFLA7721) K47
FTAVOBRERT. ETT2&#2IXORDER TR
ETALENSHD. L7doT, P A HiBwT,
B AT TRAERINLIART VFOEMKERIFIZHR

Ready = Free
Inst. OpL OpR

[ e =0 O <

shie | |/ | |  |encode o
T T

[ T I/ Entry Na

| vl ]

e 71U 7FYOEKBR

i | i OR: Operand Read.
[ Feteh  Jlesued] o1 ALU QW] oM Cremdwe
lissua1
issuat
[ Fetch OR A Jowl
|

7 /84754~ (ALU &%) OHE

ETES. LaL, A HidFetch Mgdhichi-h, =
OEEHETREFOEPHEIITIE 2. ZOBRE»S
X, A SOE#TIE, B APSLNEFAFT—YTE
TR AT v b,

(1) ETTETHLIEIHBALTWLZATY &,

(2) RSDHEBIL > TETTRICEZS AT Y b

WKHETEL. fIBEOHFFELVHEDT, FTENRS

PEEMNIETTAILIZELY. L2L, FhbE

EfTLAEETLBETIZ y PRV TWAHAI,

BEOATY P EEFTTEHEICTEI LI, FiE

FRIR - REVTF A 2HBT S5 LETEETHS.
MEDZATY MZBLTIE, &4BIRICA 256 A

FTCODLIHA7VEDPTBLILITELDT, £#HE

boTETTAIENTES, hENRTY MICHEL

T, ABDF4 L7 OHBEETIERLT, UToD

272X BETHIENTES

Issuel BEICEFHEAHLEREPICRITTEE 2 RETH
FELTWBRA0y b 2RN, #FEOATY 2K
ATE2ETI=y POEEREERLTBL.

Issue2 lIssuel THRNTBWI2ZEBVWTWAEfTFLZ Y
MW LT, #EBEOXTOY oL LESTTEH
DERETS.

Issue2 DMBOBMRIL, HGHFI1 v FYDH A XT

%, 7y FIBOMBIIES. G8FFryiat

LBy Fa—F EEHE, RBREICERICES

2ETHEIT 7SS DEIMGHEA T Va—) ¥ 7IZBiY

A2300MBNIL, VE-IVTE YT —BRIIIZ

dual-flow TRARETH 2 L7, BbGHSRFUH

LTH, LD X ) Ii2BE:#ELATEETH 5. Dual-flow

DFEEIL, &, LToLHIcTeHdons

SEFHMIR - RFIF 1 VER—IVFDLD, SS

TR7Fa—F - A7F—=YE21H/470ETHIL
IXERETH 5.
Dual-flow T, VA—3I V7 RAETHS. &
12, IS BROTRIZE-T, Fa-F - RA57=%
EI1VAINVTHEITIENTES, RFLVF 4
i, 2947 MicBEA6NR S,

YA 814 L SS T, 77 —EREPLES
BRETE 1A INVTETTILNENHY, &
DUVAF VI A TN - ¥4 L5087 5.
—7% dual-flow Tk, HFBROLZITIT1 VA
CINRFTERFTRIEEL, SOV AFYIpY
A7V 74 AZGHT HTERITEN.

2H A I NVOFEFRIA - RFVF 41, VLIW &
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1 2 3 a8 6 7 ® o 10

8 ZREHK

FRETHL. F72, GFERCILRIETAT -V
DUAF I TN 7 4 A EH8BT B5EI1243,
ZFOH ANV 54 LIERAEOEFTLI= y PR E
D VLIW L RERBEE 2 5. dual-low DEREEIE, DL
NEIZBVWTVLIW LRBRETH Y, BRGSAY
Ta—=Y Y OMBOFET VLIW X hE#ELsh
AU EERIRVEERTSITONS.

3.4 ALFIRN, ST, 15H

Dualflow 7 — %7 7 F v Tl&, BRH%Z< Y ik
EAEH S, PC LB ADEREROL <T Y
F-74=NVEDALXA=TVParF 7 A %HET 5.

BIHBREIO X S I HEDIFRE LTI v T2 KR
FTAHIEEATETHS. 27 7 A OREE/EF
BN=F Y27 CIFHILEIDHY, NI TNV T
ADOHEOBREBN, 2VFI7ALOYWHEL R
5, MLPDON—F o7 - FE— FPNETHS .
BROZ Y VHRERF -2V EIZIZ—FT, B
TOLILFEXEDE. T, b Ty T OREEIID

WTEXDLEMNR. T, BE OSEENL

b, FHEMIZET SN ATy MIFBRETIIRL,
IAWICRERETHHE/4 T U F 2 BRROCED
LT 2753 T LD, KEEROEER LIILEL .

4 F M@

Dual-flow 1%, BBS MM L7 —FI2a L TR
WMIBBENENRTVEDT, —HHTIREZV
SBEEYE ERAASEVT — 55 0nE, 7¥—
YOI —EFTHIHE (mov) X, I—F /AP THE
DOEMERTA2HEDEL LB BASH L. A
K FHRBPEE LTI, 3.2 TRRELV-—7H
BIFUH L Vo B2 EEsET O N5 .

SPARC 7O+ v % T SPEC CPU9 &7 0y 5
DHEEFLIEM V=R - F—4H5, SBOEEFESR
ko, 2BIFREMEE 1, S8 OTORK
DEMITHOEFTIL—ZA LGS E LTS,
CEREPES LY IITRT. XKL, 1007 O
FILIEL TS, ERPO DT 5 73367,
TOT 573 FDRBEELTWE.

14 8 12 16 20 24 28 32 36

40 44 48 52 56 60 64

o i
14 a8 12 18

20 24 28 32 36

Ho FFHiiH

SREHA3 BLL L, FHRIET32UELTHL L
BT =FRTRTOF—5DHIBD, FHT10%HE
B, BOHETL220%EETHS. ThHLDF—50
DI ETENDL mov FEOWNL FARETHL LT
HEND, ZOLHI BN THEASINDS noviFids
VFA4HN - NRALIZRZVOT, £OBREOWNT
b, GERTLEREOMEICL > TRETE ST
e EVEERbh A,
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