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Direct dependence matrix scheduling scheme on
clustered superscalar processors
RUT ODA
Abstract
Delay of Wakeup logic and Bypass logic is thought as what will restrict clock
speed among the elements of a superscalar processor in the future.

Wakeup logic is the logic which pursues the validity of data required for exe-
cution of instructions because of dynamic instructions scheduling. The wakeup
logic is influenced with wiring delay, so it can not receive the benefit of miniatur-
ization of LSI easily. Moreover, unlike many of other elements of a superscalar
processor, it cannot divide into two or more pipeline stages.

Bypass logic is the logic of Bypass which transmits the data between the
register in operation units and ALUs. Like wakeup logic, the Bypass logic is
governed by wiring delay, so it cannot receive the benefit of miniaturization of
LST Jtoo.

Therefore, it is expected that Wakeup logic and Bypass logic will become
much more critical with enhancement of the miniaturization and pipeline of LSI
from now on.

As a technique which makes wakeup logic accelerated, there is a direct de-
pendence matrix based scheduling scheme. On the other hand,the research of
clustered superscalar processor is done as a measure of delay of Bypass logic.

This thesis discusses the direct dependence matrix based scheduling sheme
on clustered superscalar processor.

By the direct dependence matirix based scheduling sheme, an individual
dependence matirix is applied to each in the case where the latency of the path
is 1 cycle, and in the case where the latency of the path is one or more cycle.

The former dependence matrix is further narrowed in order to decrease delay
of wakeup logic. Then,the delay of wakeup logic by narrowed dependence matrix
and IPC are a trade-off, so it is decided by the number of entries of instruction
queue how far delay can be decreased, suppressing decrease of IPC to tolerance
level.

a clustered superscalar processor can classify into the two type. One is the
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type of concented instruction queue and the other is the type of decentralized
instruction queue. In the latter type,the number of entries of each queue can
also be distributed and it is considered that delay of wakeup decreases further.
However,compared with TPC of the decentralized instruction queue type, IPC
of centralized instruction queue is presumed to become high, because of the
different components between the two type.

In this thesis, when mounting direct dependence matrix based scheduling
sheme in a clustered superscalar processor, in addition to the two type of con-
cented and distributed instruction queue, it is proposed that the type of virtually
decentralized instruction queue, which is considered to have both of advantages.

This time,we have measured the wakup logic latency and TPC of the three
type of clustered superscalar processor, the concented,decentralized, and vir-
tual decentralized instruction queue type, with direct dependence matrix based
scheduling.

The result is that TPC of the centralized instruction queue type is higher
than that of virtually decentralized,and decentralized instruction queue. The
reason of the result is considered that only one clustered superscalar processer
sufficiently process instructions because of the low operating ratio of the opera-

tion unit of a superscalar processor origined by low instruction level parallelism.
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—IW & &, WS BRI TESR DO TW l % FiRT 5 € & 2K T
(2) BEBDEITLA T VIildbEt - RELATREIZL S
FETLAT v B 1 THBEERIOIEDOA T U F e NARZIRBH BEARRT
&\ wakeup & select [ZEHLET1H A4 7 A TEFTTHLEENRD 5, R10000 D
e COFHZT D
o FHH LEARL



o BHbur—V/X}+T
D25 THbB, TD 2 »EINTIE, wakeup & select ZEJICARAT T [ v~
fEL T & v RICD A0 EALIC D TR 5,

D 11508k
Y 4 Y F VB qRDY A XWSq DB ¥ 2 —ICoidb I e & &, D 75
F\ B4 DX, qfflo WS 1T WSq FIOERMTFHNCHEIX N D T D5yE
CE->THEDLILE AY v FICELEITFD 2055 5,
INT A= DR
EEAAFR— B IW 2506 TWq DT 5,
LA 7o oilhbt Rl
312 TR L S5 ICARAT T A AEBRARERIGE X S d 7 ) 7 4
ANBGE, DFEY | Ip DEFTLAT v B 1 OEETH %, CoFM#*iir%k
T DI Integer 7>b Integery Integer 7> Load/Store D25 FTH 5B, »34
77 A MDA - ARFIC X >TDIH DT 5 C 8Ty ENLIUGEL 72 D {1
HIERE T2 C L 3AJREL A& 5o

BARRIICIE Integer 7>0 Integer Integer 2> Load/Store @ 24 P & 41
DISVCERAFA TR 9T %o BiiED D #7511% L-1D 1751, #&® D {741% L-2D
1751 &85

L-2D fiAllic BTl ~A 7 T 4 Vb RJBETH 5 728, wakeup DEETEDS
7V T ahncnbl @b hneEL oS, —4 L1 DIThlik. A7
T A NAEBARRIBEAR 728 wakeup DIEEIE 237 ) 7 4 H AT s

L-1 D 750 JeD D 75053 % LSEIC/NEUE S T 6 7 D Z Dt
HUEBE DKL &2 %o & bIC, L-1 DAkt L TiRELIF IR~ 5 imndf bk
THEHT 5 &N TE B,

L-1 D 175D/
—BEINCHEATFS B DI ORERE IR G E 232 < | 32 Ll F 0554290 %L1
LEEHDBC ERDbIoT WS, TOWEEFIHL T wakeup ZiEn#b 35 C
LT E D,

BRI, B0 wimSicd3+3 ey F A0 % L-1 DIFFICEL. 2Ll
W% L2155 DFTDTH S, rdyL/R IE IO w LI FOSE 1 L-1
CE->Ty ZNLHFCIR L2 DIFFIIC X > THEFTE %,
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J Zd ) E  Ed
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b,
SM
o S w o —
o IS w o —

8

ATACAC AL A
i i issue
AT AT ATz

@ ~1 (=]
ararnrararracaria

O A A
oaroararararacar
T A 2

72 Y
[z A o o A A
7

rararAaACrararar,
O 7 O O o v
CarCACaCrararar,

COACArA A
I T 72 O

arAarAararariArr .
N O g
rarararariACrr
T O I

rdyL/R
4 5: D fr5lofka ME

45 1C -1 D f5lof ok %73 ZERIex o A2 MED 1-1 D T
HlTeHs, FTE, WS=8, w=4Th3, JtxL-1 DFH»LHIBRE
%, Y CTHIRL TS, LER A R HRAHBICED 5 41EL LT
FEs X0V 2V T4 ANTHEE Y MEORI RENET 5 DICAND X 5 IKfT
50 T, w&L-1 Dfr5|olE &S,

45 DAL AR XS 1T fiihE M L-1 DFTFIOT7 —F R, Ev b
fREs ZNERWlDO L IC L2 ERIENTEDL T, TNENOREIE WS &
FIEEHR T, wICX o CORRD L C BN TE D, DD, L-1D 5 DEEIE
. WS & FHESREAD  IBWICKX > THRO L C 8 TE D, 7L, IPC
DIEAL % FFARPHICHNZ DOlEW % & C £ TH/NTE 32:0F, WS DREFXIC
X5,

BUAE U529 R—/IN—245—5-TOtrvHrHE
BERFTINRR TS a—") v niEAEhH

DT, FH2FE, FIFWTENLNAR ey 7T AR — =2 —
o vty FICEPHEKE TR 7 22—V v 7 R E S b 5 HIE
DTk 35,

T, B F LR DEF 2 —RIDR— =27 —TF « T uty FICHL
T\ F3HECORAREEBKGFTIRIR 7 V2 — ) v 7 R#BAFELCO TR
5o Flo\ ARRTHEST S MRESEHF 2 -8 | KOWTHib~R5, (KAESHEL
Fa—RIE i, B Fa—RIOMEY 4 v F v R EECOEIE ST C LiIc k-
T B F 2 R ¥ = —RIOF|F R LickD L ZEx b b X TH %,
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CLUSTERO
(CO)

Qo0

STEERING LOGIC

CLUSTER1
(C1)

INSTRUCTION STREAM

B46: B 2 —HY

Z D, B HRADIPC KU wakeup DIEEICE B % KT HFICO T DIEE
1750 THUE EFIEATIRR 7 Y a—Y v 7 A EBEH L 72 B F 2 —
3 2 — B (RAROYHLY = IO K A% il B8, 1PC O %FF
HEPFICHZ DD, £ T % T wakeup DEFELERBDTE 2003865 b 00
TH5o

41 DiTleEDFxa—BR—N—245—5 -7 0tvY
4.1.1 DITHDEATIE

54 6 ICEEH F o —HRIORE A 7R X6 IORT X 5 ICEFF 2 —HIDEE1E,
7 7 A EETo TR BLNE FERBID R —R—R T —F « T aty I Li
WAEL WD, DIFFIBRERD R — =27 —F « T ut vy 4 L FERFICEA
FTIUE Lo
4.1.2 SteeringOY v 7

FI3ETHIRRAL S I, BHF F o —RlcksnTik Exec_Steering PHW3E,
ASEEAL TS Exec_Steering® R ¥y 7 LI TFOMEY TH 5,

o CLUSTER Z2HFFIHICEEL Tn& | BnTWndIEfT2=y b 83HIE

ZOFfT=2 } ~issue T Ho

4.2 DIl F a—BR—N—25 =7 70Ot
4.2.1 DIT3IDZATA

B4 7 I = — A% RS,

EF 2 =IO A X Dispatch_Steering ICE > Ty BABMEV 4 VKV
[CHRAGTCAR S Ip SRS Ie % ENENED 24T, Ip, Icld, 2D
FFHAL 7 TR EZOFET=y MICED 24T HILD 7 cluster delay 23U
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I »| CLUSTER1
z (C1)
Q1
BT: Gy = —
I5014]13 1501413
| 14 ] Qf al
I5
IeJ12111Q0 16f12]11] QO
16

W aRIEF & EFER B 2MF1—EHOBR(IW=3x2) O RBIEF 1 —EOKHER (IW=6)

[ 12 L4301 13] of
12011} Q0 I4]12)11}Q0

O)GSIEF LIREFEER E)PEF 1 —ROBRIW=2x2) EFRBSEHEFT 1 -—BOBRAIV=4)

8: Dispatch_Steering = ¥y 7

5. BABLMEY 4 v F VICaGEED L TEEEE. id IehbHb L. fin
4 Ip X cluster delay 23E U 372 0FETFL AT v o 2 D LEMiTH B & A
hE Do TOEE., wakeup+select # 19 A 7 ALl EdT 5 C & 250]GEE AR Do
—Ji\ FE—@mAY 4 v F v ICaansE) AConGEik, 7 7 2 2 exfisd
LY 4 Y F U ORI FERBD R — =27 —F « T rty FLELN
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2o, LD il V30, Ip DFEFLAT v i1 DEETH 5, DLk
Db, DHF 2 —RR—R—2 7 —F « T vty FOEE, wakeup+select % 1
H A 7 VAN TIHLARTNE AR L RWDIE, f Ip Ie 3LCF U F 2 —
CHAEL s 22D Ip DETLAT V51 OBETH %,

FITE TR X 5 IC, L-1 DIFHl%E S & XL, wakeup+select 237 U 7 4
ANCHRDEEE. 2% D | wakeup+select & 1 34 7 A LINTITS &5 TH -
Teo 2ED | L1 DAFIE, FLMASF 2 —0@mBOETICE N TOHH L
EELL LI DI 7 7 2 2Bk c& 2 2 L asbndo

PR L-1 D fihl & 5rddb 3 % Jitk s

nfllD 7 7 XA ZICETE=y P BEHE N e L, 2HF = —Bogaicid,
SIS Fa—D v P VEUE, WSq/n & A5,

C DB (Wsq -1)b X WSq word D L-1D £751% , nfHDH 4 XD (WSq/n
-1)b X WSq/n word & L-1D {75 [IC/rEF 5,

4.2.2 SteeringOY v 7

Iy 2 —RICIE A L T % Dispatch_Steering D v ¥y 7 % 8 IC/RT

B48(B) ICHID 24T Hama % X-(A) I, I8(E) IcEID 4T Eim%[E8(D) I
KT M8(A)D) CHBNTHmSE DAL %Eﬂmﬁﬁ@ﬁﬁ%‘:ﬁt\ [Ip— Ic |
D & 5 WKIFTEH DIRAEEA~D B> T b o ey i [1~16 1% fadlEIC
FFEMNTTnD,

B¥E\ 7 TR A== T =T T nty S RAROGHFITIEE IW,
Mo Fa—DT v b UEE WS & LGS o = —Roma 2 —i’.
BOMESRITEHIW/ 0, HEMHF2—DRAKT Y F VB WS/n OMEFa—
CoEdbEn g L&Ex bbb,

B48(B) &\ ¥ = —BIC BT, FaDF 2 —omnRiTE3, =~ Y
B3 THLEGESD Dispatch_Steering D#1 % 8(E) X\ D = —Hicksn
T\ BAEF 2 —maRTE2. = v+ V3 TH 555D Dispatch_Steering
DHIE/RL TS

I 2 —RICHWT W 3 Dispatch_Steering (X LITO) TH 5,

1. % Ic % issue 3 556 IKAFTC Ip EAE L A VWA X, kD MmS =2 —
DZEE DL \~insy ¥ = —IC dispatch T 5,

2. KGICaS Ip 3D 551 Ip BH LG5 F2—D5 biIgRDZEEDLZ
M ¥ a—IC dispatch 3%,
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CLUSTERO
(CO)

CLUSTER1
(C1)

INSTRUCTION STREAM

Qo0
9: (FAE I F = — Y

3. BT a—DBENRFELVWEER., ¥ 2 —FF50E VMG ¥ 2 —ICamg
ZHID BT,
4. 1L 2. 31CHTRESTRRC, ¥ 2 —DT v M UHEHBR L. D
5 RN F 2 —~OMNRETREHEL 565G’ BlomBY 4 v FUic
e rEY 24T5,
[X8(b) ICIH T I3 % Dispatch_Steering 3% & & 2352441 14 % Dispatch_Steering
5 & E535H2. 11 % Dispatch_Steering 375 & & 5355443 16 % Dispatch_Steering
T5LEREMA, OrYy 7 EENENHAT RS,

4.3 DT RESHEF 2 —BR—N—25—7 -T0OtvH
4.3.1 DITHDEAT L

ARFRIC B WTIRE T DIAEDHF = — B, K9 1ORT &5 1c, L1 D75
ZrHAET B 7D IS ¥ 2 — R IIEICHHIE L T 523, 73 = — Al
BAVGEF2—ICIRT 27 7R ZDHBTHMD 7 TR ZIChH, S EE
DATHCLHRTEDL LS A TH B,

L-1D IO EALD i 4.2 BiCub~ 7@ b TH %o
4.3.2 SteeringOY v 7

BRESYE S = — Tl Dispatch_Steering MR Exec_Steering DT Steer-
ing %179 o

SHEF o —RITCEALTWS Dispatch_Steering D= ¥ 7 . X8 IR T,
B4 8(C) ICEY KT HmAn %X 8(A) I, X8(F) ICHY 4T 5 ma % 8(D)
TR

nFa—ffkoT s+ Y HE WS, GRRTEE W, 772 28%2 &5
5o F 2 —RICl, S F 2 —id. WS/2 Kb s, SmeFa—~
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DEIEFITEL . IRATIW/ 2 L BKELTIW TH oo —H BHF 2 —
BT v ¥ = —~OMARITRUL . &ETIW, = v+ YT, A TWS
L5,

(BAEHF = — BT B F 2 — 2 (KIECOEIE T2 20, Ka ¥ a—
DY YEIE, WS/2 £ R D Ll (A EE = —Bcld, Sy
BFa—FoEdbEInTE LT, BHF 2 —RBEFRRIC 1 D2OMEF 2 —7 L
HBrEDDOT, N F = —DMHRITIEE . 2R TRKRIW &A%,

B48(C) i\ AEDH F 2 —HIc BT, FmBFa—nBT v+ Y3 T,
IRDOSTITED 6 TH 555D Dispatch_Steering D% | B 8(F) &+ T}i*ﬁ
S 2 —HlICE T, HaFa—0T vt U3 T, BROaSFITHS
4THLEED Dispatch_Steering OB %787

B HF 2 —RICHWT\» 5 Dispatch_Steering (& 70 F = —HIE AL =
Yy 7w Tws, LAl SanF 2 —BICSRTER RO biTn5
yEE 2 —BIOGE & A AR ~ — BT TR R TIR A D bl
T3 70, KB(E)F) D &5 i, IKHERICH 5B & [Fl—ama ¥ =~ —IC &
DZLEID B TE T ERTE B

Dispatch_Steering ICOWTEEF 2 —HEF LYy 7 THBED, LT
X Exec_Steering ICONWThR 3,

1. 5 Ic % issue 3255 D ¥ 2 —CHIind 5 7 7 2 X OffEas 3527 0]
RETHIUL, [F7 7 R ZANICIS K issue T 50 £9 ThRhWEEZ, 7T X
AFFGIFCEEL B TndEfT2=y b DH B 7 T X X{Cissue T 5o

(AR Y EF = —HCld, Dispatch_Steering DERE CIEFRIR % FLICELE %
PELTnE 720, KGFEER%EZRE L 7z Exec_Steering 79 T L3 TE 5,

4.4 KHRAD wakeup NDEIE L IPC D LEE

ARHTCE B 2 —RY 8 = — B (KABDE T = —RUCD W wakeup
DL & TPC ICDO T DI H TS o CHUL EHKAHATHITIR 72—V v
7R EBEH U B ¥ 2 8L, i 2 —8L (RS EF -~ —Blo& 5K
# LS 5B TPC OEUL R FPAHPAICIIZ DD, & & % T wakeup DIEER
B CEBDDERERDEDLOTH S,

wakeup DEEEDTH/DICHER 5.2 TnBH D L LTHE. s F 2 —0nidk
BHT b Tn5,
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T, IPCICHER 52 TR HDE LTI, Steering DRIFRM:, H 5 ik
NRATFZAVCBFERFAT A BRERDT OIS,
4.4.1 wakeup DIEIED LLEL

wakeup DEEFEIC DO WT L DITHIDODEALZ LTS D2 5 D035 8i % KT T

R 2 =R ROMRAB D EF = — BRI s ¥ 2~ — 208k L &2%E . L-1D

TANDIHILDATRET D B0 L-1D 75D DENIC &L 0 ik & el x O L-1D
fTHNIDORE [ DHEALT BRIOL-1D7HIE D /& <A b . LoT, 2k
NI LD 75 AL X T WAV L-1D {751 & L < 1w % & D #A
INEE DT ERTE, ZDFER wakeup DIBERHDTE S, DLEXD | L
F o — B RABSYEF 2 —TID wakeup DEEREL B F = —HIX D DT 5
tZEz2biLb,
4.4.2 TPC DME

IPC ICDWTI, Steering DRER & ARA T T A v 3558i% KI5 T £ Steer-
ing DFFRDPC ICIETREICDONWTIER 5,
Steering DY
Steering IC (% Exec_Steering & Dispatch_Steering 23 % Exec_Steering D%
Bl Efrr=y P ~NEZMDEHY B TED, FTr=y F DZEEZFIC
HBE L AR OMESEEIN2MTSHC L3 TE S, —4, Dispatch_ Steering DA
» 544y Ip % Dispatch_ Steering L7WEE | ERICZ DS Ip 3T N DI
WCELTEALT TGS Do ZDD, dispatch DEFETHEEA L Ty
EN B TREERC. Frv v aI ZADEDIC Dispatch_Steering ® Tl & a3
7 5 RILICHE 253, ST =y P ICBE DR GBIk, o7 T %
ZOFEFTL=y N ICEBERD BEEThMD D select SNANWT L ICHR D,

Pl b S 2 =B & L < DHF 2 —BID 23 IPC DR FAIK E
nEWnz bo Fie, (RARSHF = — X, Dispatch_Steering ZfT-%FRIC 7 5
Z 2 DYESEFE DSRAE E 41 Exec_ Steering DRI, FFTEHLEDOE NS T X X IC
MEEEIN HTLS LT 50, DHEF 2 —BEENMD 7 F 2 ZIChmsrE
DHTHCERARECH L DT, DiF 2 —HE Y IPCHKRE S TBhFa—
B [FREED IPC L%,

RIC RAT T A TETY 5 BARMUICOTE D ZITS
cluster delay X /X1 75 1 VDK
F 2B TR LS CA—R—R T —F « T rty %7 7 X ZEL I WA
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Ay B, B, C, C, D, D,

time
cock _ | L ] e f
@ 1, ‘select H issue " RF - H EXEC H - RF |
a
1. ‘wakeup " select H issue " RF - H EXEC H - RF‘
LIDs e
®) I, [select ]| issue | RF— || Exec || > RF |
1. ‘wakeup” H H select H issue || RF - H EXEC‘
L1IDs a
Ip ‘select H issue || RF — H EXEC H - RF |
© 1. ‘ wakeup H select H issue " RF - H EXEC
| 1L2Dsa |
@ 1, ‘select H issue " RF - H EXEC H - RF |
1. ‘ wakeup H select H issue " RF - H EXEC‘
| L2Dse& |

10: cluster delay & XA 7 5 4 v

B b 7 T R ZBOHERIC I cluster delay 234U %6 T D cluster delay 234 U
5T LT, 312 TR ERD R —R—R T —TF « T aty FDORAT T
A v DIRICINZ CTHICH 7B T T A v DIRADBET B C & ICh Do ATH
Tl $FTCORMT T LCONTE LD, ZOBETROHBE#1T5 o
B410 (&~ fm b 7 ) 74 ke, D& Ip KX Ie DFEfTLA
TYIBLDGEDANAT T AVORRERL T, CCTRIEHDED,
L-1D fTHIolgE R w = WSq D5 « 2% 0 L-1D fHhlof N NEfTo T
BehEZ S, XoT, Ip & Ie DHARIDIEHED L-1D fHHIDIEW 282 5
cCEiFEandod L., L-IDfA RV DI, S sFE—mSF 2 —ICh 555
BN L2D A w20, s EAbmaF 2 —CH 5L T 5,
wakeup+select #1795 B\ L-1D {7 W1 94 7 ALINICFTS HE L | L-
2D {15l 1 4 A 7 AL LTS 580280 235 %, ¥/, Bhb7 7 X
2y Ip & Ie #ED 24T cluster delay 23U 556 L | Fl—7 7 2 X [Chy
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S Ip & Ie #ED 24T cluster delay 23U 235502180 235 5,

INbLDRREDDLEDL L, 7 FAFER—R—=2 T —TF « T vty FICH
HARATIIIR 7 2 =V v P AREH G EICARAT F 4 v okt e LT
EZONBDIE, 2 X2=4B) TH 2B, TNbDAAT T A ALDOBEF I
10 D (a)~(d) TH 5,

RICENENOZEICONTEAE BT 5,
(a)L-1D 1751 Z AL\ T cluster delay #* 4 W\ EE
L-1D f7HIC wakeup 237 L. [Fl—7 7 X Z IS HE D BToONLETDH
b FRICfalE I 7 o
(b)L-1D 1751% A\ T cluster delay #*% %56
L-1D 78I C wakeup 234 &L, FHA B 7 7 2 XS HED 4 ToONEHET
Hbo COEE Ie DAAT T AV HZEDFEFHDB L Ip DFEERD Te DFE
{TERICEINCE DR B Do ZDD, AlLDIHET, Ie DFETEELE S
WBDD B o
(c)L-2D 1751 % A\ T cluster delay A% W 5E
L-2D f7hlT wakeup BRI, Fl—7 T 2 ZCEDEN) B ToONHGETH
%o L-2D f51% VT3 2 0IC wakeup [BERIC Te H3FHTTE A< A D | L-1D
Tl 7 y& AT L A 7 VBT B,
(d)L-2D 1751% A\ T cluster delay #*% 356
L-2D f75IC wakeup 234 &4, FHA B 7 7 2 XIS DE) 4 ToONAEHET
Hbo IMLTNDE LS ICREY 1 HF A7 BN T D,

Plbzg s &, (a) DGEE FRCXF 1T 172 < wakeup 21795 C & 23
AJRETH D | (b)~(d) DHEE WwIND 1 FA 7 DX F AT 4L B L
nz b,

FHF o —HICBENT, ST T A MDY 5 32— v, (a)(b)
D2EN TH S, (b) ICKEAHE L Exec_Steering DHEREICIKIF T 5, HAICZE
EFfT2=y F BEET D7 T RACT v X LICE) BT EEERRETH A
50 FRHRECTER L CELTFR—D 7 7 X 2ICEIN HT LS LT85
ity BV MTES T 57 TRARCERERT2=y F BFIET HH0 L9 HIC
BT 5o

D 2 —TIC BT, AT T A AEDBRICRT Y 5 555 — (%, (a)(d)
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D21EY TH B, (d) Iffad DI Dispatch_Steering TIEAFBARIC D im0 574
%7 4 v F v iCdispatch TSNS TH 5o COFEIL, F4 Dispatch_Steering
DIKTFFRKTOMABEIC X o IKIFINTHI D 7 > BT FIC (d) IG5 85513
HOMTEYS L LAV AV E VDRERMEE A D,

BRI HF 2 —BUCBNT AT F A v OBRICEEC ) 5 532 — v (d. (a)(b)(c)(d)
DEEY TH Do HxD Y 4V F VICaHZEED 4TS (c)(d) ICBIL TR
Fa—HROFREFETH S, $72. (b) IKEALTH . E ¥ 2 —Rloasah & [
HcH s,

(BAES ¥ 2 — U BB 2 — UL B, AT 5 A v DARILT (o) (d) Ik
5500 B X2 —BED B IPCMET I 2 LEX OIS, Ty DElFa—
BE A, NATF A v OIRILT (b) ICBE 221 2 = —BE D b IPC 23
EF3sLExLbNS,

BB, FRICEDREIPC S T35 0E AT T A v DRF T 4 DFEH:
DI ICK %,

443 EPFa2—8 SEF1 BT EERESEF 2 —BONEST T

REBICAEIOF LD L LT, BHF 2 —BL, D 2 Bl LT, /KT
LIS = — s Y D X 5 BRAEMNTICH L DHICONTE LD D,

(AR HLF = —HE BB F o —H L Hl L < L-1D {78100 #dE 23 74 &
NTWB%5r, wakeup DEIFIERTE %, 5 F =2 —diilllE2 A < WA
BWCTEEIUKFER T T & 5 L w5 BRRREEDG G Th i L KBS EL
F o R LR F 2 —HUL, Steering DFIERD , XA T T4 v OURNb —FH &
720 | IPCIEEL <\ L-1D fHloElbic & D wakeup DER@ LS AIRETH 5
7| AR EF 2 — RO TisRERE e EZ b S, LaxL . I,
(AR EF ~ — BN, S F 2 —RIL L T, A7 T A4 Y OIRILT (¢)(d)
THULBERFAT A IPC MR T T 5, Ko T (AR ET = —AlE . B3N
([Cld wakeup DER@EDFIEDS D XAT T A v DARBLT (c)(d) THLT 5
FAT A4ICEBIPC DIET &S RE X 0 hRpsETuE B = —RILD
HUBEA LV E VR B,

AR E F = — B, ol = — B & Bl L € Exec_Steering 35 C & T
Steering DR Z =D IPC im0 5 &S TS, Exec_Steering 35 C & TH
7o lCRAT T A v DIRBLT (b) IKBEY RF AT A BEL D E WS RELD %)
RBHIE DErF 2 BRI DHEER I Ve nZ b,
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SR OURER T 5 7 DI, IRFETEIFRCIPC OHIEZEITS o
B5E MAEFHi

Simple Scalar ¥ —t v b (ver.2.0) ICXf LT\ 4 ZE TR F 2 —
T o BB F o — B (AR F 2 —TRID R — =27 —F « Tty HICL-1

D A DN L . SPEC RvF~=—727 ZFHWT -1 D fTHDEICt3 3%
IPC OFHII %175 720

5.1 &FHEETIL

PDIFChR% 7 9 R Zp 2R — "= 7 —F « T uty % T Fa —Hl 43
B o —H BT 2 —HRORZ AT L b 0% T 5,

N—2 & LTl MIPS R10000 ZFHW 223, X9 A—F ICEFENMZ2TH 5,
BHGEA, LS, FPHEREOZNENCHS T = —%Fib. (IWq,]W,WSq) =
(4832) TH b /T — X 1LIRF vy ¥ a RUET —ZFE 2IRF vy v 2 O
BN TAV < FAX, v AT v ZRER, 32KB, 64B, 29 7 v, K
U8 8MB. 64B TH A7 A TH B0 2IRF vy v a2« I RRHCE, RAIDT —
FlIC129 A 70, BT —F Q&2 3 A7) Y —F BZREETH %o S T3l
Wik BFEE 12, 4K =+ D gshare & FH\ "7z o

Z—R—Z—F e T uy $ D7 TR 2, Effr=yv  FRI&HAE
CTFR—T, &7 7 X 205 RTEE TWq=2 &35,

% 7D Steering DFZECEIL T B4 TR TH 5o ifFa—
WL ARAESEF 2 —RIDY 4 Y F U A XE, ZRENWSq/2 = 16 TH 5,
B F o ARIAFHET L L, FEET LD LD (THIDIEE N E 74
Dol OF D w=32 DEEDIPCICHT 58 XD IPC DHFER KD S,

5.2 FHEAER

B o — R (RABOHCE = — T, 3 2 —BloK HicsnT, Hifke
T NCKT 5 IPC R L Rw DR A HIE U #8205, B411. 412, 413 T
H 5o FEHAE L-1D fT5I0lEw | Ml iHET T 1 Ice 3% IPC DR TH 5,
F 7. 14 X FEREE T AICTT K50 1PC RIS % g L &
HDTH 5o
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Centralized Queue Virtual Decentralized Queue

100 == 00
B e TEEE
2R B e ( E  SUIPEC At -
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