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Instruction issue logic of the Dualflow architecture

MAsAHIRO GOsHIMA,! NGUYEN HAT HA,t AKIYOSHI AGATA,!
YASUHIKO NAKASHIMA,t SHIN-ICHIRO MORI,!
TosHIAKI KITAMURAtT and SHINJT TOMITAt

A superscalar has logic called wakeup. The logic manages availability of the source operands
of instructions in the instruction window for dynamic instruction scheduling. The delay time
of wakeup consists of read delay time of a RAM and match access delay time of a CAM. Since
the delay of the logic is dominated by the wire delay, it will be more critical with smaller fea-
ture sizes. Dualflow, a hybrid instruction set architecture between control- and data-driven,
can realize out-of-order execution similar to superscalars with greatly simpler wakeup logic
than superscalars. In this paper, we give single-RAM implementation of the Dualflow wakeup.
The qualitative evaluation with transistor-level schematics of the logic shows that the delay
time of the implementation is shorter than that of superscalars approximately by the delay
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time of the CAM.
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PLEOBHIC X D wakeup &, 37 7 £ v DF
1k, LI DfFMbic e bh>TnoZ25 7Y 74 A0
Ch>TAL ETFHIRNEDTH S.

D XS AEED I xlE, Dualflow &FESGHS
Ty b o T—FT 7 F v ERELEY. Dualflow i,
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Dualflow Tld, T®, S0 T — 2EFRER%E
PHICIEET 5 & WO I X - T, SS &FEED out-
of-order EfT2ITVWAR D, wakeup DEHEX % KNiE
CHER T 5 L5 TE 5. Bk & 5 1SS D wakeup
IZ, RAM—CAM & \» 5 &% FF025, Dualflow T
X, ¢» CAM % RAM CE&#iz, RAM—RAM
ETBTERTESY.

AR CIHSERE FoTRICK Y, HIC wakeup Zrandil
FTHHELCONTIENS. BfAHIICE, SS T RAM
—CAM & LTSEEIND wakeup k%, Bi—D
RAM CHEET 3 /iE% RS

LIF, ¥4 2#FClE, SS KB % wakeup 7 ¥y
7 DIESIEEREN L, ZOBEDOWNEREZEAL M CT 5
RT3 T Dualflow T—F 77 F v ICONWTHE &
»?%. Z1LT4FT, Duallow ® wakeup ICD\NWT
FHL LB, SS D wakeup & DL HFTS

2. Superscalar D wakeup

SS #HERK T 2 DFEAREED 5 b, EEIRZNHEELL
NDIE & A ERTOEER, TW, WS ORI TcS
z2bhd. 20 X5 AEECE, Frvia, STy
FerTy I, LYVRAZX e T 7 AL, XTI UE N[
RR, ZLT, AROERTH 2EIMS R T ¥ 2 —
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ALY RAEADT 7 RACKLTHRNAT T LV
EBHEEND LS5 CAhR->TETRS.
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TRIDBENTEETRANWOT, TILbEHIIC /Ay
77 EMESC TS,

SS KT BEMIMS AT Pa—Y v 71X, TDONy
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TAEN D OERFFD.
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25T EeRET5.
| ¢ BEFINDG &, ZOfERIE tagD TrRENBE T
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795 SS TlE, rename DEFED /¥, 7 a—F « X
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select DENENIC 1 F A 7 DT 758 O3
A7 A v DT %RT. COEE, add OFEREEE
7% sub id, 73 2mBCH| &k 47 vicE
T3 enTERN. COTERE, LAT VIR
THBHHEHEG — ThbD, WHEALU — 2b0F
NT YR e NARZZ—YTDR AT & LHTH Y,
ZhIC & % IPC OFYkIZ 7 vy 7 #E DM FICHED
R WAJREERSE . CD XS ABIEA D, wakeup &
select 1X, EERE, BbET1H A7 ALTEFLAG
nWEhohntTi5.
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wakeup & select [TEDLET1I H A7 ATEFT LA
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‘wakeup ” select ” EXEC | add ri1,r2->r3

‘wakeup ” select ” EXEC | sub r3, 1->r4

K1 wakeup & select DAT T A 4k
Fig. 1 Pipelining wakeup and select
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COREDOBEED, LITD 4 OCHETCE S :

1. Tag Read select #¥y 7ICX->TERE N
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3. Tag Match MikI N7 tagD &, tagl /R %tk
#35. TWb Hilgesid, TWEHD L ICE->T
Sl2sic= v FERCKT 3 5 wired-AND & LTSE
HinTwns.

4. Match OR IW{Ho» BltisioH 1% OR L
T, tdyL/R77 7 %%y b F5.

2 b, Tag Read, Tag Drive, Tag Match ®
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MENTNS C EB05.
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Fig. 2 Window logic of a superscalar

V7 ®{To % T, Spice ZHWTZ N b DEEERE
ZHMb >Tw3Y. 205 b, wakeup & select IC
BT 2R %R 3 (R

77 7 o ARE, Tag Drive & Tag Match @
BEEOMOEKIC 5D BEEEEK LTS, LSI Off
MMk & b > T, Tag Drive & Tag Match D5
LEEHZBICHINL Tw5. ZhiE, Match OR &
select TII7 — M EHEISSTHIITH 2D LT, Tag
Drive & Tag Match CIIHEHREIED XHHITH 5 7o
OTH5.

¥, 727000, IW, WS24, 32 D
8, 64 DHFET, BEICKEAENR AT L IFD5.
ZhIE, COBREOMITE, TSI SIRTE
WO THBY. FEBRCLIRL « 7 7 AR

. 0 10 20 3.0 delay (ng)
T W | L L L
select
8,64 I
Bum
M 32
4,32
agum 88

4,32
(Tag Drive + Tag Match)

T (%)
30 (Overall Delay Time)

X3 wakeup & select DIEEGE
Fig. 3 Propagation delay time of wakeup and select

BOEFEEIC, TAVYRY emPy R ITFREY Y
795 LK > TERR IW, WSEHI T 5 C &
BEZLONTNEI, X5 UF « NARZOEE
ERERD, IW, WSEED L & T A TEESKIE
ICEfES N BRTE A .

%%, Palacharla bt Tag Read ICBHT 5EE%
fIo T, ZOBEVRT S e idTE R
Tag Read % TagD %#%#13 2 RAM OFAH L D
RETH Y, Tag Drive, Tag Match & [FEE, BEORUERE
CYEEN TS, M2 IGRINET—FERE, Ev
M ERED O, FHREESSEUINC 7 o 7 I T, Tag
Read 2fADEIEIL Tag Drive+Tag Match & H#ET
X LFEICARD LTINS,

3. Dualflow 7 —*%7 7 F ¥ DB E

AT, Dualflow T—%7 7 F v ICOWTHELT
3. £33.1 fiCETETAICONWTIE, 3.2 #icE
Y 4 ¥ F 7 OFEHECONTE LS. [ifHE
D wakeup B ¥y 7 ICONWTIE, RECTEHMCGERS.

3.1 Dualflow DEITET I

Dualflow |, EITD X 5 1, HilfHERE) & 7 — X BRE)
DG OWEE FbEFED ¢
FIHERS) s oo« ny v a2nRdh, SlEmaic
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Lo Thlomn BET 5.
T T—F77FvFL IR IEERET, @
SECEZENCT — 2 0% %75 .
LIFclR, ¥FE7 v oFBRICOWTIRR 2, E
1% v CaiBR %475 .
e 74—y b (1)
5, N7 +— v/}mow1ﬁimmn13<
X4 57—~ F OFlI%RT. mHHICE,
ﬁ@RBC@iﬁ&,/—z%7174z—/a/a
RHVIRZERTT7 4—AF B bV,
BOETERDOGEEMBERT dn 7 41—V F 235 5.
dp 7 4 —AF ICDOWTEHEBTEEL (iR 5.
B, (LYRZ « 77 AR EDD) BEEIIIC
F—2EWY) HToTEaR L, BT Tma0E0 D
77 — 2% ZEWICERL, EfiREd. 74—
F 27RO MBICED DI 5. ZD7kd, fmsH
KT — 2 DB TTHRIEET D7 4 —AF TR\,
ETETL
Dualflow DEFTX, 7L —R LESEGHEN AT —
GO ETefibg. £7L—XE, 300 20
b 22043, 2uy D1 ORGHAEKNT S &6
Z20v bk THY, BY D2 OEMBEDELADY —R -
FARI VY RWINT S T—F - 20OV~ THB.
BT L—RE, S ET— 2B LELICEL
B EBBERT — 2o L—ZA3, %@Jllﬁﬁi&@
WEHRIC, &b B, out-of-order ICEfTEN 5.
MT@lﬁm,mmuﬂﬂ%%%KT 2ET—%
ERENIIC T L— = ICf@ <
e mmuﬁﬁmﬁﬂ%@aﬂﬁm7n7§A HY
VAL LEB>TAEY b7 2y F I, 7xv
FEINKIEFTT L—ZHF DSR2 7 v b ICHHA
IhTwnL.

T—9 KT UL—ARETINDG LEZOMRE, T—
ZERE) & [FIRRIC, D HICRE N BTEEICE bR
5. L, FECOEEDHERT — ZERE) & &
Bt 57— FAEETCR, FEAEROTERIEMS
T%D BEADATERDOGHDOTF L RA%RIERT

. —7% Dualflow TlZ, FEEMETRARL, #

ﬁ@7v—z@7—ﬂ Zry b TH5.

Thbb, F—2RETRMEDPHLLCATT—X

LF— ABELEbE 52, Dualflow TIE7 L —XT

[ op-code [1] disp is[1] disp s] immediate |

31 25 a1 18 a2 11 0

M4 @H7+—~vofl
Fig. 4 Example of instruction format

Dualflow 7 — % 7 7 F ¥ DA R THRE 5

line label instruction
1 imm a 2L
2 imm b 1R
3 sub 1L, 2L
4 bneg NEG
5 nmov 2L
6 b END
7 NEG  subr O 1L
8 END: rnov X

{5 |a—b| %3HITETer T4
Fig. 5 Program to calculate |a — b|

WS T — 2B beEbE b.

wET7r—<v b (2)

CCTHUMS 7 r—~y MCGEHREEZ 5. B4 IR
LEMS7 r—=vy FCPHNWT, Biklied,7 41—
N, EfECE, sieoma TR, ko — 2 -
Zuy F R ZDED A, 7 4—AF X, Bmse
FESET —Z « Amy FEIOEMNEET disp $T 7 14—
AR O, FEET—% » 2y + OELE*#ET s 7
7 4—AKhbhb.

ABHETHE, "—F UV 2TELDFL—FFT70
b, disp ¥ 7 7 4 —AF [E5b, FEEOEIT 2 ZHEL
T3, Z0EE, EfTiietikd BT 00,
FRREDS 31 LIRIC S 550K 2 DomS iR e 5.
£ 1T fl

T, K5 ICRT la—b| 2EHBEF 27 vSI0%
Filic, Dualflow DEWEZ BEAIICEFAL £ 5. co7
ar7 41, ¥F, 37D submPDTd=a—b %K
H5. 2L TdHIATH BB 417D bneg iidy
220 NEG ICAHE L, BEIC 0 — d %31 L TRk ks
FeT 5.

X6 Ic, Effpo7s v—2HoET*5RT. 7ar
FLELUTO LS CFEFENS -
(1) BEIZT arZILshvy2E1f7%ELTRS.
T DRIET 4 fTOZMBIE S bneg F CTORlEIOH
NEEEL TWEDT, 1~4fTORME%E, 7L —2R
1~4 DA A By M ICENEIIAT D C 23 TE 5.
(2) 1/2170 imm S RNEZ AT @5 T, 7—
ZHPEE L RN, Lkd>T7 =y FHRELICET
ntfﬁyb%m¢mfﬁén5fv~13®Eﬁi
F—XeZay b ICED.
(3) FL—x3, 3fTOsubmH L, 1/21TD imnm
mmmb@T ZDEFEC X > TEFRIfEL A, FE
iR d Ik 1IL/2L C/REN DB 7 L—R 4[5, ZhZh
DEF—Z « 21y b+ ICEOLND.
2L T/REN BT L—R 5 [CA B, S 4
45 bneg DIERIUKG T 20T, TORETET =v F
TEARNWC LICEHEINZV. Lkd>TID subfin
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2L i 2 2LN2 imm
1R = 1R
3 3 sub E b
1L 1L
d 4  2L\4 bneg d

2L Ii bneg .

\/|5 nov f d 2 5

216 b 6 -
Tt S S .
CT— T & [CIT T

Meée M5 07 ersnkdHTamos L—=2

Fig. 6 Places after execution of the program in Fig. 5

B, ¥2EDLS R EARE,MEHST, T
L—R 5 ICETHRERY SIFE2IZL 3.
ZD—HTTL—25 1, mnLh kT —2%2%0
Wz iicnsd. o, 7—2BECR® ) Brn
TETHBH, SSTREHCKYEDC LTH 5.
(4) FL—=x5 DMHA Ry b I, bneg 75 not
taken THIIX 5 FTD mov 23, taken THNIFE 7 F7D
subr 2HEFNE LS.
LIBEIS taken TH - 75 (K6 £7) ICOWTEHAT
5. T ORI CLREDOHIEORALMHEE T 5
(5) subrid, sub &IEHIC, AAXT VI bt
IR EETAMETHS. COGEIHEIE % Ei-
TWBDT, 0—d &ZitHT 5. subr 7L —Z5D
AR Ry MMCHINE L BFRET, 7— 2 d @BECE]
BLTWBDT, COFL—RRET7 =y F BHICE
frans.
(6) fER—dRETL—27 D mov fIHIC X >TXIC
EoD. A fTORMSIE bneg IC & > TEITMHERDS
FaD, COmov MBI ET L—XbERL 5.

HIHBRENCld v 28, 7 — ZBREICIRT — 225, %
h%%ﬁﬁ@ﬂimi)é LEbIb. 2D X5 N
O Ez(E, Dualflow TlE, ST —2DEH LA
BETELLDPIETH B LS CLliihn.

3.2 Dualflow DEE

AREiTIE, Dualflow OFEARM A EIRESHFECONTER
BT 5. AEicRERC, BRT Y2 —) v 7 CBE
FBEMBY 4 v F VORI OTHENS. st
OEZEHED SS LRI EEX T

321 FL—Z-T74vkv

¥, M6 ICRLET V—RF| ETOFEFEA—F
v =7 FCERT 5701, 7 L—2FiCxtd 34HR
DY AYFTEEBEXD. FTETET LT L—ZBY 4
YFY EDLHERENDECEICEST, VAYF YD
IV EIA2Y y 7 CHFIHEIRS.
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TL—Z Y 4 VYDA X WS ZFIEHKEFTD
525, ZORMERMS 7 +—<v F D offset 7 4 —
ALY DIEDOEE S, BIZIX offset 25 5b TH 5 &F
5&, WSE32llEEAB.

Dualflow DS, FEICIE, TOTL—X7 4
YFYERZDEEA—F Y 2 TIETNE I W 2ZL
bBAHA, HIC1HD AEY Z#FHNTEHRLZDOTH,
R—1+ OEHEZL &Y TECHEN TR A, BHEW
AIBEHECOWTRIETHER S

3.2.2 J7L—R I vFIDEE

Out-of-order SS (&, VA —F « Ny 7 7 HN3EH
RKEPEL R Z o 7 7 AEHC B HRCKHIE
L. =R eV 4 yFTIKLTD, TD
2 DOHAICHILT 2ERHEREZ bILD.

DIFCREFCIZECONTHERS. ThDE
TUL—R V4RV %, if¥a—¢ (PF) LY
A9 - T7ANCES>TERTSE. VA4V U0, iy
SZay b EmSFa—IC, T—XZXmy LY
ARX T AL, TNENEEINS.

K7, 7v—2 eV 4 VDT vy 7XERT.

MAEFa—ELIURE 77 AN, SS EFERC,
HEACHEHL, Fv 7 HOREREGFICHBELE T
prepEELV. flxE, mHFa—1GFET2=y
FTE, LYRZ e 7 7 ANFEERECR & BV INSUS L
R EICEHT S C e pIEATHAS.

e7ZlL, BRINZEMEF2—, BILU, £LY
ZRZ e T AALTHE, Fl—DID #dDOTr &1
DT L—RLCE>THEENS &) JRICEET 54
EBH5. Plxl, BRLIRZ 77 ArDH BT
VU BMER XN ASE L, FEVNEEL S & .
7 7 ArDF—»ID Oz Y T (o7 L —
Ak ->T) FHRHINE CEEAR. £, SSTHE,
Bl 2 (XEE S 2 — ICZBECR DS 72T 25550 T
BN 525, Duallow TlRthDOMSF = —ICEDIND
MR T 52 ry b #Z2) THEL LERD B.

Instructions

N uulllm IR1

Linsn | | Reg File_| |_ Reg File | [ insn | |insn | | RegFile | | Reg File | | insn ]
Q ntL IntR Q Q Float L Float R Q
I 1uo 11 [Fruo] [FFU1] |- Place

ey sy

K7 Fv—xv4vFvoskEsE

Fig. 7 Implementation of place window
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FD, LY RER T 7 ALOFIHRERITELS 5
2, HEOMIMCE>TENEMS CLp3TES. L
PRE e T 7 ALDA—F Y = TREKSFREHS L
LAREMEITIER N, ¥, LYRZ T F AN Tk
RHERNAT T A ML TD 2%EEOHAUE T L AR
NAEVEWSHED H DY, REOHIASMHALICS X
LEEIREL AVEEZDOINS.

4. Dualflow D wakeup

AECL, ARROTARTH 5, Dualflow D wakeup
COWTEHIRT 5. 2.3 HiTl, SS D wakeup Z RAM
—CAM AR X > TEEI NS L~ /. Dualflow
TliE, D CAM % RAM ICE&#iz, RAM—RAM
L LTHERT B L TE B, ARTlk, RAM—
RAM #HICH D RAM ICB &2 5 HE%RT.

%4 4.1 HiT Dualflow DEIMS R 7 Va—Y v 7
CONWTE LD, 4.2 HiCTRAM—RAM ICX 5T
W Cc& 5 %KY, 2L T, 4.3 HiTHE—D RAM
C X > TEHT 2HECO AT 3.

4.1 Dualflow (ZBT3EMGERTVa—" VT

2.1 T~/ SS OEWIGS AT P2 —Y v 7 D3
DONFENT, Dualflow TR TO LS KB, 2ikD
I 0 [, KT — 23X 0 EINE D LTS :

(1) renane iy SB7 v FEINB L, ZT~DE
Harfrbis.

| 4 ICXfLCTtagD %3k 3. Dualflow T, ZEET —
Zezuay b DID AZ7ICHET . Hnd & T8 %
2y 0N disp T 7 4 —AF TRENTNS.
L7eh>TE7 L, HICHMA BRI+
D ID ICdisp DEX AT 5 Ik >TRD B &
BTE L. NEZOWEE log, WS (5~T7) b TH 5.

|, KL TEET %KD 5063 E A . Dualflow T
i, Ny 770y ) iE 1, TEAL L ICED 4T
LD, BV AVYE VDT I RENy 7 7EL
THwET—Z 2y F bEENLLD, [, 537 v
FEINB LNy 7 7 HEHEIICEID HTHB. SSD
X 5 BRI AR LB 2 .

(2) wakeup I4DFEFICEDAEST, I, SFETAIRE
Kb exitids.

BEFTFEIND &, SS EFEEEIC, ZDREERDS tagD
TRENDGT—Z«xay bICEEATN, 7—F% X
By FEFART VR THE] REEEAS.

w 1 ARG UE B THB] e RT, BfTrlEER
Jkﬁgmﬁz;. SS Tld tagl /RTRENDE Ny 7 7 R
%235, Dualflow Clt, L, HECEY BToiieT —
ZeZuy tBH5.

Dualflow 7 —% 7 7 F v+ DS RITHNE 7

21w 2 1 —

Hpee) -

—L__
p—

e

I W dyL
2 &

=}

R :

B 2IW
3 Insn
D

18p0oBp
01307 799)28

i

2

ZIW_| rdyR

I SR Insn
2 wS
T“Wj rdyR

X8 Dualflow wakeup (RAM—RAM)
Fig. 8 Dualflow wakeup (RAM—RAM)

22 19p0ood8p

(3) sel ect SS &<[FlkkIC, FEfTrlE
D DIECHITT 5 D DEERT 5.
D X 5 Dualflow Tld, select (XSS &R U7,
rename & wakeup DEEILIND. rename I, 53
BEFHIS R« XRFAT 4 ICHET B, rename 25fEH
EINZ 7T, Ta—F « XF—U3EfESh, %
DR TR R« ~FAT 4 KRS S
7 wakeup OFEHALIE, 7 vy 7 FE DR EICO A
5. REELETIE, wakeup KOWTEEL L BR5.

4.2 Dualflow wakeup

Dualflow ICBWTY, SS E[FEKE [, DFEFTICHE
RE/FDY —Z « T v F K $35 5y 7 7ic
TN HB] clxET777 dyl/RDT—7
A wakeup DARIEKE BB,

2.3 HiCid 72 L 5 1C, SSTRTDFT—TF L% CAM
#HAWTEHTS. —F Dualflow TlX, CHOTF—7
A% RAM #HWTEHT S C ¢3T% 5. Dualflow
ICET 5 tagD I, I, ICED Yoy 77O
VY REBEHEE TS DTHE. LiekoTT—7
Ardyl /R % RAM & LTEBL, Z0O%H X tagD %
TFLRELTEERALZTLE L. 72D Du-
alflow @ wakeup T, SS Tl CAM T» 58D %
ZHIF % RAM ([CE&#ix, RAM—RAM & LTH
HY5C RT3,

X 8 i€, Dualflow wakeup D7 vy 7 [X%Rrd. [F
AT FECH 57 a—K%, rdyl /R %/ 5
RAM OfF7 a—XCHkb.

BEIC o ety
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conyy 7 OB, LIFD3 DICHECE S -

1. Tag Read SS ® Tag Read :[FEIEE, 1 DH®D
RAM 7>b tagD ZEEAHT

2. Tag Decode AJIZiL7 2. IWHED tagD 7
a—N§5%. 7a—FXoOHFHRSS wakeup ICE
F % match fRCHHIRT 5.

3. OR 12D rdyl/RICKHIET 5 2 - IWADT 2—
X OHJR% OR T 5.

4.3 Dualflow wakeup O R

BT Cl& Dualflow wakeup I RAM—RAM & L
TEHTE RN L. RETCH, BTk
—®RAM & LTHERT 2HEZRT.

fiido r ¥y 7T, Tag Decode ICEWT tagD I
2D Evh - RIMIL KTFa—F IhTna.
L2L, CoOFa—F dabd Ld wakeup CBNTH
5 BERR . EARNRERR, o7 a—F ks
RATFAvDTrst s VP ETHEETEL L
WS T ETHS. THTa—F LTETE, Efidh
MG DE Y b« X7 b A% OR 570 T rdyl /R
ERDBLL EHBTES.

CDOEy b o RXRZJIAZHORTHERY Y 7, Ev
boe X7 b ARIENT IR R RAM & LTEET
%%, IFclrcoc ticonTEHLLHET 3

Evbt -xR7bML

15, MDOFETEROSEELET EVE - RIML
LOVBEBICERLLS. 1 DDy b « X7 g,
MAD diodisp 7 4 —AF BT a—F L, N5
DR /BC & CHRERME & 57 bDTHB. di.o.disp
3% 5bTHY, 1DDEy b+ « <7 b L 31lb TH
5. R11IC, €yt »~7 FA0fiERT. A, Bi
woa Yy 7Clk, BHMESIHEHINEY 1 Fvo
T v b Y ID ICdisp ZINE LT tagD %KD 723, €y
boe X7 ARRD B IR BE R .

Oy v 7 DR

X 9 I, Dualflow wakeup O %R

R rdyl %3KD B3 TH Y, rdyR D7zdDIC[H

ZREILrYy 72335 1 DBETH S, rdyl &
rdyR X ZNZIFNCRD b5 e, EEREZ D
ETClREBL HIGEETE X . &, select
i, FIX®D dyl Aowe Yy 7 oAfICEE L, rdyR

x1 Eyl -7 a0l
Table 1 Examples of bit-vectors

Vi oy b exZ M

1L L:0---001, R:0---000
1L, 2R | L:0---001, R:0---010
1L, 2L L:0...011, R:0---000

Apr. 2001
s 6
‘o\)?ﬂ‘ ‘c\)e‘@
@ &

X XN X
issUeyss0 —X \;( X/ X/ issue,
/X /X

1 rdyL

'Ssuewsz';‘w \\/ \/ \\7 issuéz
ANAX X rayL

ISSUys 25 _,/_\\Jﬁf:‘\/é{f:_\slﬁf:\\_éii"lssues
/ < < rdyLs,

issueys \/ \/ \/ \/ issue,,

. \/\\ \/\\ rdyL,
Issue, AZ_\/Z\_/\/\_/\E Issues,

dAL -
issueyg.s, <—\</ \\/ \/ \\/ irssyug’;sl_l
N X i
issuey; s, ‘—\/ /\/ /\/ /\/ "
31 30 2 1 . . displacement

K9 Dualflow ® wakeup (EAXT7 v F )
Fig. 9 Dualflow wakeup (left operand part)

FAlE select AT rdyl FH L SEHEXIFIE 2D L5 I
BETSLEInEA5.

coavy 7k, MHCELRE, AF¥a—Av7 1Lk
RAM T3 5. [FXH, ©&1b D RAM £A%2EL T
b, MO CRLAESE, v Y ID=1 DS
x5 EY b o X7 P AEKEHNT S 31b 53D RAM
A THY, F%E 1L, 2L ICWHIHETBEE Y b« <7}
A, L0011 BHFHI N CTND L TAHRELTNS.
Fdow Yy 74tki 1 50 RAM & HASE, fo
ICFE B issue 237 — FFRIC, HICAES rdyl 25 v R
IHIRT 5. SBIC, By b« X7 A%KD BERICE
IEBHRE RN E B/, ZNEFCDORF2—[
7 BEDFE R R T HOTH B,

couYy 7T, RAM At 31bx WS word 43
B3, issue, rdyL & bIC, WSb TlEAL, 31b4%
LR E N TwAVEICEEI NN,

Ak, FNCEHEAHLE—F D ORERLTDH
D, TRERFICEY b+ « 7 M AZEZXALLDD
IWERDOEEZAD AR~ BURETHE. EEALF—
T, 7 —F#RiE issue EFFTIC, E v b EREHES
[FCE |25, FAHLA—F EEARD, EXAAL
R—FDEy ML, EHEEBD WSbHD RAM
NI D,

OvvyoyD+uil

X 10 €, RAM tr0FlAREX%EZRT. CD
A, 9 oG F (BB WSEMDSDHE 1b) Db
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&
- G @& S
tagDIMW \66 O © ©

rdy,
presetys

X 10 Dualflow ® wakeup DL
Fig. 10 Dualflow wakeup Cell

DTH5. 1D20knE, By b -7 A%EEAL
oD IWEKDEEAHLRKR—F &, 1 KDT Y & b
HAoR—F, 21T, 1 KOG LA—+ #HKFO.
Dualflow wakeup Tld, #HED RAM & ZEAD,
ZEH MBI v, 20k, I 4 X ==Y D
FCARFIZZDS, COBEOKRE XD RAM TRREZDORK
BEIRKELS AVEEBEZONSE. I AXPNEE A2 D5
BlclE, ¥y FEEFETIC, FIChigh CF+r—Y3h
X I—DEy MEEM T THLTE B TE
5THAH5.

Oy vy o DEE

KZEY b o X7 b, diodisprbTFa—F IR
bDTHSE. LkhoT, coudy sillsz
v ) offi L BRIFoAER, M8 WWRLca Yy
sepF BTt ) (tagD) DENELLFLTI A

Ey b e X7 bR, B SRAT A DT a8 .
ZF—PIRBENVT dig disp o7 2—F Xh, fdHs
MEY AVYETICKEHIN G LRfIccorY y 7
HEAENS.

wakeup DYFL, HiczcorYy 7% RAM ¢ L
THAET L ICI->TEBEINS. By FMrdyL 3,
F®high 7Y Fr—T &N, 7 —F iissue 23T ¥ —
F AN EEC, TEEEDRAREY P INLTHR
BE7AEY vEND. Wyl DEN%ZEY X« Tv7IC
LoTHEIEL, RAARHNI%ZES

Bz, 9 WKRLRETZ Y ID=1 IcH

DMBBRITEINTIGERZEZ LS. TOMBDIIL
iF 1L, 2L, T4Abb, ID=2, 3O}V TH5.
issuer ST H—F INB L, WBHTITRLAE RAM &
ABHLEy b o X7 FAL0-.-011 BFEAHAHIH, *
DFER rdyls & rdyLs 257 9 —F ¥ b

aJy 7R T, B A7 (FK) IWZARD issue

Dualflow 7 — % 7 7 F ¥ DA R THRE 9

BTH—F I, & rdyL ICZTH— b i issue IC
T 2K IWIHD e L 258X 5. rdyL DfE,
ZN oD DHEFZHHIANCOR & & o7 db D L Tx
5. L, IELW7 rY 7 L CRIFE - DFERICHER
DETHERPEOND T & ER\vh b, OREE DL
SoTHR rdyL ([ LTHI A low & A BTk
DEP1DOTHE. 7al T LDTT—ICL>TEE
DerDH T low &85 T LABHVIGE A, YE
CERER . AE, =7 —0RHE, YL YR X
7 T AANDETHEROE XA 175 T &2
T%5.

4.4 Suprescalar O wakeup ¥ DI

2.3 ik L5 1C, SSD wakeup DEEEL, Tag
Read, Tag Drive, Tag Match, Match OR IR
% 5. Dualflow ® wakeup (X, TIHOD5 B, Tag
Read & H#F 5 L25TE 5. SS Tag Read & Du-
alflow wakeup OIEEDL, N7 E b, FEAWICIE WS
word ® RAM OFAH L DOEIETH 5.

L, ZNENDORAM 3R 2 (ORTHAELS.
2 A FEo SS Tag Read ® RAM 10 IR
L 7% Dualflow wakeup ® RAM &A% HEL X N7\,
SS Tag Read Icxf LT, Dualflow wakeup OHF|%
M, MaRELToLS ek tdbhs :

SRl EA=Y
177MIT28HE M2 22035905 X
51C, SS Tag Read Tlt, CAM #4rt o
BEMD D, BT ZOEESRNE &
5X5CLATY FTEBRTRAN. —TF
Dualflow wakeup ICI1%, Z® X 5 Z&HllfE
.
=M BRI IW-2KDRN. €L -
FARE, K— O 2 FICHEIT D%
Fiolew, K— D% L a5 & ZHICHER
L, BUSEELZMAX ¢35 ¢S TnE.
Ev @K £y MRyl i35 RAM
A 31b S TH Y, WS > 32 DFEETIE SS
Tag Read DXV DAL, LdEHTH 5.
¥, EEIOLATY b &KA— HofiEs
b, FHREOE v MMEEOER e FoZED E
KRERDIDEAS.
RHG =
7—F#K SS Tag Read XL E v b s
31 /TW (4~5FE%) 5 5. £/, foT
BB, 7—F fissue 25037 h Ew.
SS Tag Read ICx}9" % Dualflow wakeup DOAF|% 5,
7 —FREDHTH 5728, 7 —F REOEEDIHE
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% 2 Superscalar Tag Read ¢ Dualflow wakeup
Table 2 Supersclar Tag Read vs. Dualflow wakeup

SS Dualflow
Tag Read wakeup
z’y ¥ W 31t
—F &f{ ws 31
7 /f b R—FH w w
Y—F « R—}E w 1
%ﬁbtﬂﬁ A ANA]

t: 2L, V—FfRERD.

K52 58T KE  Avwkd, Dualflow wakeup D
BEIEIT SS Tag Read DZN LFFREELITTH 5 & F
Iz,

5. 5h Y IC

Dualflow (X, 7— ZERBIRIME #EA TS C &iC
& > T out-of-order FELTHHE% KiE (CEl&{L 3 5 25,
ZOREE LT, a—F 7 — 2 0BzcBET 51K
%0 5. ZNE, FEET 4 —AF BBNICEHET S
WS HIITH 5. HilfE, ITD 3 DIKnfETcE %:
e 2MExzsxnyt, 5w, 3200k

HtnZexmy b ICET— 2 kiR .
KU T — 2 OBREME L BEECD,
SHEDRERIC X > THEEHZEX B T LIZTERN
EA7O0vo F—20%51 2L oA ay
7 ki BEE L, AT Thbb, 5
o7 4 —A ¥ DEZEICRD B L3 TE R . B
BFH L, if-then-else B, L—7 A & %#kz
T — XD, TNCHib.
EINEFNDEEICH LT, 7 — 2 &HHkT 5 725D mov
A EA L CTHilf% i THERD 5.

flitize 2 v A FHVERLL, SPECRvF~—7 %
FAWTETMEREFBIL 2 & ¢ b, BWEAREILDS
[BEAEFEEINTARVZD DD, BHARmHD

30~150% IC % 7 DR mov DSl TEIND &

w5 fEREIET NS,

%7,

o FL—X v 4 YFYEEROMS 2 —, P
LYRZ 7 7 ANTHER LA, [F—1D %
oz v b Y BFE OB cE->ThHEIN S,

o MHDRITTRAL, ETECTZ v+ Y %2fEKT
XA,

BRE, TL—2 7 4 vFvDTv Y OFFARER
L, 20T IPC 25EIET 5.

AFETl, wakeup B D RAM ICX->THEHET S
FERRLE. SS D wakeup X RAM—CAM & LT
FEEIN B 25, Dualflow D wakeup DEEFEL, TD 1

Apr. 2001

DHORAM & [FRIELITCH 5 LA E. 208
&, wakeup &HETIE, RAM—CAM 255 CAM %24
BE L B Ot % E T 5 A TE B, wakeup
DEEEL, BEOLLEDLUTCASLTHSS.

ZNTHEIRTE, 7 ry 7 EEDE EICTPC OFE
LB REb A walgetEssE . 4%lL, Dualflow FEH
DEEIL R & 1T, SS &0 IPC DEEFEDTKL
WERD 5.

AW DRI SR ARRADI e B4, AR
(B)(2) #12480072, [Fl#12558027 ICX 5.

z £ X B

1) Palacharla, S., Jouppi, N. P. and Smith,
J. E.: Quantifying the Complexity of Super-
scalar Processors, Technical report, Univ. of
Wisconsin-Madison (1996).

2) HEIER, 7= v A —, HE—HE, EHER:
Dual-Flow: fillfHERSE) & 57— 2ERBh @S Lk 7 a
v e T—FT77F v, [EUBFEH 98-ARC-130
(SWoPP "98), pp. 115-120 (1998).

3) HEIER, 7 x v s A— IR, HRE—86 &
HE®: Dualflow 7T—F 77 F v & ZDa—F &
BT, TSR 99-ARC-134 (SWoPP’99), pp.
163-168 (1999).

4) Keller, J.: The 21264: A Superscalar Alpha
Processor with Out-of-Order Execution, Proc.
9th Annual Microprocessor Forum (1996).

5) Tullsen, D. M. et al.: Exploiting Choice: In-
struction Fetch and Issue on an Implementat-
able Simultaneous Multithreading Processor,
Proc. 23rd. Annual Int’l Symp. on Computer
Architecture (ISCA96), pp. 191-202 (1996).

6) HEIER, 7zvAr—, BIEH, B
BF, BHER: Duallow 7—F 7 7 F v DIRE,
JSPP2000, pp. 197-204 (2000).

7) Yamada, K., Lee, H., Murakami, T. and Mat-
tausch, H. J.: An Area-Efficient Circuit Con-
cept for Dynamical Conflict Management of
N-Port Memories with Multi-GBit/s Access
Bandwidth, Proc. 24th FEuropean Solid-State
Circuit Conf., pp. 140-143 (1998).

(K 12 £ 8 A 31 H3AT)
(FR 1342 A 6 AEER)



Vol. 42 No. 4

15 IE# (FAR)

1968 £E4:. 1992 FERERAF L
TSR TR, 1994 FERASEAR
T ERRE R T R 3R
FHET. [FHE X ) OACHIHREILSS
BIFFEE. 1996 FERERRFEAAGEL
RS A L RIERERY, RHEX Y A
REETAERPIE. 1998 SERAA AR ERCAI7ER )
F. EMRGTERK Y X 7 ADHIZEICHR.

7 v NMn— (FERH)

1974 4FHE. 1993 ) A R¥T
2EEGEEE. 1999 FERUERRZE LA
B TRREEE. 2001 FERASEARS
BB ARSI T. 7' e
ky e T—F7 7 F ¥ OPFRICHKS.

B =B (EEAR)

1977 £EHE. 1997 EENTEHE T
TR PERARIE. 1999 ERTERAE
TEAEEARREEE. 2001 R
BB RS AT, T e
Ty Yo T—F T 7 F+ DPFFRICHKEES.

T8 RE (FEAR)

1963 4E4E. 1986 SEFERRFE T
TSGR AR, 1988 FERIRFKA
FHHEATEHE T, FEEE ()
Att. x—o8zm v ¥a—Z VPP &
Yy —XDVLIW £ CPU, M 7—%
FIF oS TIal—Yay, EECMOS [BIKE
ICBES 2 BFFeER IcAtEs. B (T2F). 1999 FErkp
FEHACIER AT 1 T v Z—BE. [FUE RASEASE
BERRIAEI RN, BAECED. FEKT —*7
7 F % ICE % 5>, IEEECS, ACM £4E.

Dualflow 7 — % 7 7 F ¥ DA R THRE 11

& E—B (FAH)

1963 £EH:. 1987 fEHEAR R T
HETITFRIEEZE. 1989 F SUNK
2y NE o e P A S S
7 LEEREEEE T 1992 F
IR SR B E AR HE
¥ AT LEEEBEASMERNES R, FIFERE R
AR, 1995 FEEIBIEIR. 1998 FERIKFRFEE
SHCEPTERIBEER. TSt WA/ s, FHE
7 —*7 7 F + DIfFRICHER. IEEE, ACM RAE.

H #EF (E&E)

1955 B4, 1978 FEFABRSET A5
TR, 1983 FRIFRY
[ e U e By = M i
Bt@E () At =y Ea—
R A—N—ay¥a—X VPP >
Y —XpO VLIWEICPU, M T—%77F v« =
Ial—vay, KEHAL #HiCc BT SPARC 7' 1
v YEOURFIRICRER. it (T2%) . 2000 5
EHIHOONTERAT 4 T v X0, HECES.
HEWT — %7 7 F v IcBR% RO, BHEBEEY
4, IEEE, ACM &4&8.

E@ EA (E&H)

1945 £E4E, 1973 SERERAEA S
e T, TPt R R
RPN ER T FHERT. 1978
FEFBIESZ. 1986 FSUNAEERESE
BT TAUIZERIEIR. 1981 4 5K
ERRF ARG TR, 1998 R AREAAHE
HERREIR. ST -7 7 F v, WHIEHER
U RT LCHEBR AR, EH T IFIFRRREERGR, [l
BB <y v |, (avEa— 2T —%77F x| %
H EHEEY4S, TEEE, ACM %28,




