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Abstract

Recently, specially in mobile processors, the increase of energy con-
sumption by enhancing performance becomes serial problem. it causes
decrease of the battery continuance, fever trouble or trouble of note PC
when energy consumption is increased. So achievement of both low en-
ergy and high-performance is demanded. Therefore various low energy
and high-performance techniques have been proposed.

Variable Stages Pipeline (VSP) and Pipeline Stage Unification (PSU)
are proposed as one of low energy and high-performance techniques. VSP
changes the number of the pipeline stages dynamically and frequency.
When load of the processor is high, VSP are increased the number of
the pipeline stages and operated at high frequency. When load of the
processor is low, VSP are reduced the number of the pipeline stages and
operated at low frequency, VSP realizes high efficiency and low energy
consumed in this way. And VSP can reduce the energy consumption
more than Dynamic Voltage Scaling (DVS) of the one of the famous
energy consumption reduction technique.

VSP and PSU need controller which predict the suitable number of
pipeline stage by watching a change of the load of the processor. To
predict the suitable number of pipeline stage, pipeline controller is pro-
posed by Yao. However, the grain of the pipeline stage change in this
conventional controller is coarse. So it cannot be said that the conven-
tional controller always operates with the number of the most suitable
pipeline stages. Here, in order to achieve better performance, I proposed
fine grain pipeline controller based on Dynamic Memory AccessAnalyz-
ing. my evaluation results, proposed controller can achieve about 10%
better performance than conventional processor in Energy-Delay Prod-
uct. Proposed controller can hold down the quantity of hardware.
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High Speed mode 9 stages pipeline processor
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U, 7R EINEEHDHECTHNEBHHLTV B THS. T
T, K31 ZHVWTHLLEAZITY. IR, 70l LZKHEA
~HIZDBENTETVWEEDLT S, TOWC, M3.16515R7 &9 R
TMTONIZGS, 1 72— AHOETE 3T 2— XHOETFIZIFZIEFE L
TTS5 LOWPCT IR BIToTWS. TDXIITT 7 RERHH
FLILTWA 7 o — R ELUTE T Lickb.
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ekaryra—o7TiE, Bh37 12— AMTHEEITENEABHIEL
LTWAEEIE, RICXSREHELZ EWVIRBEEILTWS. 7
TR AINTMBIMEUL TNE T — XTI, BEESA TS
Bzl L, Bla/ 174 VEBDBREENBDT x — X Tk
BRIEEISNA T oA VB THEES RS L VoA L K-> TV 5.

3.2 signature

MRV +FO—5 TR, ALK RBHETI 7Tx—AERHET S
»IC signature ZHW 5. signature DAER I N5 EFREZK 3.16 ZHWT
BEAZTTS. £9, TS LETOTS LAYV RIICNCT 128 5E|D
LEDELHIEL, signature & 7057 T LODENCEDE T 128bit DL TR
SRS LT <. K 3.16 TIIFAIDMEI#LDzD, 8bit DRERKIC LT
W%, Jx—ARFTUESRS, 7075 L0 ESERMENETE
N, 70V ADH- =TT 5 LODBERRMCNIET B signature DYy
FNEDHHERIT IS TB. K316 DT 2—RX (1) &£ T7x—X (3) 137
TR AINEIEFITES D, TOTT L0772 AXNEES DRI
UCTHhaID. 2HPRERE NS signature (XIZIFRICICES. 7R A
ENBZEAPDELULTVWAREEDT7 x—XREICARE %5 T EHREWN
fe®d, FRIL1ET 2 — XL ICE#EE/INA TS5 A4 VEBZETFRIT AT &
BEMTHS.

T 2 — AZEIT UM%, R E Nz signature % history table(fEEEX)
TREET B0, X TD signature icxt U TEEMR/SA 7oA VERBUR
BT BEN—RI T ENEKNICE BT, 16 D signature D H i1
TEBHXIICLTWVS. 7z, 16D signature DHDEETIE, £TD
signature DSR2 — NG T EIRWZ®, FNFND signature DY b+
I —E 217, UL TV 3 signature 136 U signature & U C&
BERANGET S, TOXIHRENEE T 2 —XEBICITS T LT, EHHL
TWBT7 z— XML, ERENDTEREZITS.

3.3 signature & EERZHUL-FH

RICIEWETZ /S TS5 A4 VBEZ TS 5 HEICOWTIERS. fekay
r =5 TREERZHNTTHZIT> TWa. BRERICIE, signature,

15



execution

fhase
(100 thousand instruction)

program
fhase(1)

signature

[1[7ol+ToToTo 1]
128
entry

L ﬂﬂﬂﬂﬂﬂﬂﬂ resemblance

128 fhase(2)
devided

[z[e[=][~[e]e]=]>]

fhase(3)

[1]of1]+]ofofo]1]

[>[e[o]=z[e|m]|n]efz]o]>[=]

3.16: signature {ERL DB

ZNETNDE— R TOENBIERE HEIIVF— x RITHN) , R
B TS5 A VBRI LR L THBL LB TES.

10 G TFRITHIC signature WER TN, JBIER\ signature HIXF X
N3 (317D A). TDsignaturelc—, HANFHELULIEZZV RY
ZREROTH SR TERD S IFE, Hil signature 288 L, X
D10 A REDORITIEE—F A TERITTE LS Taky I NRET S
(X3.17DB). €—FATODRITHTHE, TODsignature lZBWTE—F
A TETUIGEOE BB Z BERAN\ERT 5 (K 3.17D C).

% D1%, [T signature DWEBERNIEXF I NHS, ©— F B TET
T5X5 7Oy Y NEETS (K3.17DD). <DL, ZNEILD
E— RTETETE, BNBCHEEZE— NMRICHET ST 2T, RELEE
DT z— XA TIEEERINA TS5A VB TEITT B LN TES (K317
DE).

3.4 RMER

ekay ba—o TR, TOXSATHZITI L TPHKBEDREW,
RATS5A VEROREZIT> TS, LML, BWEETT z—X%
RIET BB 10 I NBRET 0TS LZEITTA0END . £0

16



execute

100 thousand
instruction distance

signalure
‘ 0101 | mode A
X
‘\\1001 |\ mode A |
\
|\ 0101 | mode B ‘
|
A\ B C | ‘0101 | best mode |
o, #|
signature | mode A | mode B| best unification
RSSsE 0101(A) | 50(C) | 40(D) B(E)

1001 30

X 3.17: 0o LET L EEE

R, UBKEMHEL R30I EBEROZECILERTEY, AIE
AT SA VBTt y U ORRERTICRETE RV, Ebic, 2
NFNDsignature IR L, ZREFNDE— R THEITETV, E—RTE
W E T TR 2 REID S DE— RICHWS 28, MEOENE—
FT1ERETLATINE SRV, £, SROLIYAEZNSE5E
ERZRODIODN—F T 7 HBERIREGZEDERS.
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--------- Fine-Grain

processor

load — —- Coarse-Grain

b I T el B B
P o B N
A B C

> time

4.18: YHRFAHICEBIT 5B

4 FERUFEYHIRFEDIRERE

KL TR PO —F KD R BN T4 VBTt vy D
PEREZ +ICRIETE S a2 bO—S{ERRD7zHIC, 1) fEka> bo—
T TR E AU Z SIS TE R WY, ihEkay bo—J%1g
£9 5, 2) MINEICURZ 2175 56, U — 3Ny FHOERTE X
IxBTzdA—"— vy MERFEEZREET S, IZDOWTOD2FEORESE
9. Fie, YHF—I3INy RIC DWW T ORI 4.3 8 C3ilRE1TS.

4.1 MREYHRZICDOWT

AHETTITHRN IR Z 21T > BB ORI SIS DOV THNS . fEska
Y FO—7 T 10 Haic 1 EORIETU#EZIT>TWa. LML, 10
FIIC 1 EOYRAZ TIIHMWEROEIMN S 2SS TE AW,
CORTHK 418179, K 4.18 TS T ot v Y, whhsE
TR TH 5. K418 D A TIRARMDEFHHA <R Tzsd, YIHEHRA
PDVFARIE (Coarse-Grain) DGEIC S EMICIS Ul B— FUIHLZ DS afgE
TH%. LHL, K4.18D B,C DFEFIIFTHHIHK O & &M OLEH
W=D ARGNCHIL LIUIZ 21T TR TERWY. F07Y, 5
BT WERIOZENCE XIS TE S K 9 M E (Fine-Grain) 73> k
O—SARET S, fibiEcTsclicky, HEETEMNSTETY
B o7z 4.18 D B,C DX S HHIMWEROEFICEXNIGTE ST &I
%5,

18



4.2 HREIV FO-SORE

AEHITIEERE VSP oY Fa— S5 DA DODNTIERS . KX THR
K350 -7k Toty YOARFICIS U TE— Rz 5 Fik
TH5. ARhE L EEZUENPRELEEZ ONHERICIEEHERE—
RiC, B < Ed R U RE L WSS EIHEE 1€ — FicY]
iz5C LT, BHELIDOEEEIXINF—DERTES. AROIUE
HENRRS TWGE, RETEVWE—FN\YMZ 2T e H B
», 2 bho—S5%#®5H9 5 LT, BROFNBE LSETEETHS. B
PRRPY 72 DI ED L SWVIMEHAFEITENTNE N E NS T EHERD
BIEDO—DTHBM, DK EFEREFECAA UV ABY T VL ARERE
DOMEN S, HEAL—RIRNT, 70T T LOKEIC X > THEA
WKIEEDOZHNELS. BREOSHITHRHETSZ T EETESD, HihiER
AVEA—IZREATHENEEZSL L, N—FT 7 TOHEENL
HWThH5.

Tty g OarZHkY AEERRET 57D, Tunky i Ia
L — 2% simplescalar [13] [14] ZH\>, SPEC X2 F<—7 [18] D 10 K%
RITUIAE, BMOE#EER L/ST A =2 DEFHMMUTNEE 0D
ERHL KD ERdB Tz, HBEITOIER, AA VATV T 7 AHEE
WK TOmRNZE-> THNB T ehbholz. THET Tty Y OUHEEIC
ERAA VARV T 7 GHEDBEHDHEE Ko TWEM, 5%E A
AVAERY T VL AEEDOBLIMEE XD EEZA LGNS, T, &
[ load iy & store A DHENSET— RUIIZ BHlHiE 525 L &
L7z, load ipfT & store M DEEZ AT M B5E, Fryvaky
FeFry P a I AZKANELS AT NTBHD, Fryia I ARNEL
TV MTAFELEELLKR U A, FMIfEROZLITRS NG5
To. ZD, RENVBGZEEZ 5115 load fi43 & store i H DIaIEK
ZHO VT BHFERZBIRUE. £z, £ FUHLZ %2175 LEWEE,
WO EZLNZNRA—=CBNTY I a b—r 3 YOFMEZITY, K
D XVHERMES N EZ V.

41912 VSP ¥ r—S DL Z7R9. Instruction Decoder (d—
BTy OFaA—RThH5. FA—FZhSEHEDY A 7 )LDn—
R, A N7 mDnrmEh 32 entry queue ICIE XS, 32 entry queue &
32 R 3bit D-FF TR S NS F 1 —HEICE->THD, 3bit D-FFIC1
YA 7D —F, AMT7HaROmMAHMMETES. 322 UT
HBH1D, BRET32Y A7) 0a—R, ARNT7aOmazRETE
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D-FF

3bit
/l 32 entry queue
Instruction | |,
Decoder g
Adder
Tree
threshold (low mode) threshold (hi mode)

comparator ' 'comparator
current
—_—
mode

Signal for mode change

X 4.19: By ba—JichBliN—FKo T

B. £z, TA—EHhHmEHMNELSNTL ZEI—FBHOmHIIREE
EN%. Adder Tree IZNMBEBOESTHY, BF 32T A 77300 —F,
AN T ROER AN EZFE TSR THS. TDMEERIE, 32 entry
queue TREHE—FR, ANT7@REN 1Y A7) TEICEBEINTVWS T
b, 2V A I NVEEOMOREEZHTI-DIcHEL IS, comparator
& Adder Tree B SNTz—F, A M7 DEFHHEE, HEHMLED
BRELTBVWELUEWEE ZHE L, B— FYIZZ1T5 h 24T 5
WHRTHB. TDEIIC, BRVSP IV bO—F 3K 4.19 1 BT B HIE
BT B2 THERAED 5.

4.3 YA —/I\—v F

AL TIEE— RYHLZ 2R EICITS VSP OV FoO—S %2 ERRT 5
D, WK EERETOEE, E— FBZZITS DA —I3N\y RO
EELLZITITULES. VSPICEBEWTE— RYHZ 2175 72DICIZLLF
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D2DDF =13\ F, §4&bbH 1) FAEBEEEZTI T2HDF—I "\
R, 2) AT SA VLD RABNEDTIHEE, A TS5A40 TS5y
VaZLERFNEARSHRWEDRET B4 —INy F, BWREET 5.
T— RYHRAZ ZITH5E, BiEDOA— 3Ny FIBTRELTLES
Tzb, [EET BT N TERV. LA L, BEBEEEICHNBEA—3Ny
K7z iz 2, 39 A NV THB-DETES. %EIL, SHE—F
hSEEEENE— RANUMRAZEGICHETS. VSPORA TS5V
LI ZAZOHICITEEAE— FTCREHENS D, BRHEENE—FTE
ERENZNEDODHS. TOEIHINATSA UV LIARIE, EfE—
REWERF TlE T— 2 DMEESNE D, EHEE— FHOSEHEEENE—F
NE— FYILZ 21T o 12356, BHEHBENE— RETRCDORRAMTIA
VUVVAREFRTERWVEYD, BEEE— REIRELZIRTDOT—&
FREUCHT C N TERIADMENERICITZ AV, OB R
TBHEDIC, EHRE— FOSEEEENE— FAYZ 217558, N
A TGAVVIARRZRE BT S v a X, XM T5A4 VLI AZAI
o TW e B ZYIDNERDET LW FENEZ LGNS, L, &
DFHETIFNEDNEA TV T OMBZADH SR D E T KiFhidx
SRVOTHENEILLTLES. INDEEDOF—1 Ny RTHB. C
DF—I3INy RigE+TY 1 7NV EDF ="~y FHADD->TLES &
B, MRS E— FYHZ 2175 B, DL —13N\y FAEHE
0, MRERELEBAFERNER->TLES.

4.4 Pt —iIN—Av FMERFEDIRR

ZFCT, GEE—FIOEEEENE— R \DYBZ ZITI XAV
TIPS AFRERICRET 5 & T, B— YDA —3\y
RZRHT 32 FEEREET 3. PRI T TS LAY 2DORG
HH 22—V HEHMTICBNTELSDORGEERD SRITT ZDH
EFRTHEDTH5. flZiE, CEFEDif XTI if LOHNREDD,
NANRE D E TR 21T 5 WD TRITH S, DIRFRNE A TS
A7ty T T LERITLUTWVAESIIRATHS. ke
x5, ML OMNZ DI TRlGT B O T 2R T IR =AT
BASTENTELIDTHS. £oT, DIETHIOWREN T O T S L
DOIATEF URUEZR L TOIUE, iSO 2 A4 —I3 N\
RALTRITTEZS. UL, DEFRIDHN TGS, SiEamad
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BEOMTRAWET Z20ELNDS. TETEDIEFRONENEAITD
NTHEO, D FTRORIIERIL ORULETH B8, FJEFHZETS C
Lic kb Ty i XD EREETHET Z S [15] [16].

— R T O T LBV T, SR ORENEIX 11%~17% TH
D, DIRTHI AXEEZDIE T EITo72 LT ARSI FEELT
LES. 2OTehd, BEMDICEREIDETHI ANEET S
T kilixB. o T, B— RYMRZ ZoE RIS AEHCREE LT LRk
[ElxE— FUMZ Z R TE 3728, KX TROBEFHI A%E—FR
YA — 3Ny RHRO 7z DICTERT 5.

BX14.20 Z W TA—N—\v FHIBFEZHHT 5. K4.201R9 &
I, HETAINVCENT, EEE— ROIRETHHHIN L DhHEN
TW5E9%. TTT, DIEFRHIADRE LGS, T—2WE30
7oy OMBRBAT =D BIITAT— VLGOS, TS5 A
VNIETTHS (K4.20DB) . COMHIZ, BEO SOy Y TIREAR
MR FRIIE Y756 DI e L, DIETRITES Nizoieh bansy
ZiHAL. UL, DiTRIBANTEEE, Dk a ARG iA
ATt T L EBE S DI SM R R IALRETH - 128, B
IR E NI ETIRETCHRVMSTHS. FDRD, Thb
OMTEEEENS LIk, FITA TV OMEIT %%,

R, FITARAT—YLEIOT—RIEZTSvadn, S TF5421
VAZRIIZIICHR D (K420 D A) . B— RYMEFFCB W TEITAT—
VEBROMBIIERAEBR TERE— R ELTE#MNL, ETAT—ILEI
DIIRIIISA T A VB EH LB TREBENTE—RE LT
g e LR, IR/ L—rarye—R)) Z2RIFS. <A77
L— g = FHRIATAT—VLUBEOMA O A MEL ME NS /-
B, HLL Ty FENEmEPIIR—2 g VAT — 3 VICBREh
BHEITIIFITA T —VLIBOMBIE TN TERITEN, BTAT—ILURE
DA TSA VLI AZRNZEICKRD (K420D C) . ZFOR, (KHE
BHE— RIS TREIYZZCENTES., cDLHICTBE
T, E=RYBZDZDIEh > TR ATSA U TSy vaick?
=3~ ROHIEx BT
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|:|no data

O High Speed mode D) exist data

o V0 - V77

before execution stage after execution stage

4

O Migration mode

4
o

w

O Low Energy mode

7%
REEEMW

C

4.20: BEFHEDFHAX
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4.5 R

AT T > b a— 5 DEARRIERETTEIC DN TINS. K
419 IR E Y b —5 DOBERK &R LAY, Adder Tree lXINEHED
EETHD, BHEILEOEETS. ZTTT, HcXK421 DL S IIH—
Rz THRROEZERToT. TOXSBBRICTSTELETR421DC
O Total Num I 32 entry queue ICfRIFENTWVAHO—F, A M7 ao#
DEFIMREET N, Adder Tree (XAEHN L %%, Total Num iZ— K,
A L7 R OBHIMREE NS FIRZLLTICORT. K421 0 A DFE
2513 Decoder SR 5Nz 0— R, X R 7@REDN S 32 entry queue I
REEINTVE—FBH VO —F, A7 BOBEZITS. Chic X
D, Total Num IZRIFITANEO— R, ANV aHOETMELNS. *
D%, K4.21 DB DINEEETK 4.21 D C D Total Num & X 4.21 D A i
HiEoNzu—F, A7 DHEOINREZITS T & T, 32 entry queue I
RIFENTVZE—F, X7 T8O Total Num IZfR{FENS.
CDEIHICT BT LT, HEBEHNOEOINEBROESZ WKW ETE TR
KAV O—SEFHATRI LN TES. ISR LEHEEN LDz,
—f&fY7%% DFF Z W T Wiz LY R 2845 7% TSPC-DFF I8 L 7z [20).

X 4.22 10— FY 2 7V EBFHEEEA LY b o— 7 OMEX 2R
T K4.221icBNT, (TYEN)DADOVTWBEEDIRMEHTSE Y
FEREELTWVWEEDTHD, 7 EZ—N—D%P 0 ELEFDEED
0bit H, 15 FZDEED 1 bit HZRT. ZNFhOEEOERKRERE
4UIRT. BHEESENT— M OEET— RANYMZ 2172 BAE, &
ELELEWEE DB ETHNETIHESE oty gL gd T
ENTES. BERE-FOERATL— 3/ E— RNOYHZZITS
TmalE, RELELEWEE OHERENETHD, Totyihoyn
TR ANEZ TVWAESICTBESZ oty YL ET. 17
L—ya Yy E— R oBEHEZENE— FOYBARITI AL, RITER
FELIIC DR L TOVARW T E RHERTENE, YHESER oty
YALELTWS., TOHEELIMNIBREDET— RE#RT 2 X 5%E R
fioie.

SEERaY bo—FDEH, N—FYzT7RICDWTO I T
TV, LA L, DFF IZHERNES EHEDORE NP THH M, 2
K32+ a—Z TE DFF Z 100 HREEOHWTWADICE, fEkar
FE—Z Tl DFF Z8ATHAWTWAHIT, BRI Y Fa—J 3 R%
aryha—5k0EN, N—FIzTELENETDEZENVEEILNS.
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Instruction

D-FF
3bit

A 32 entry queue

Decoder

Total Num(register)

=

threshold (low mode)

comparator

threshold (hi mode)

comparator

current
mode

—\ multiplexer

Signal for mode change

4.21: MNEREZHIE LT E D/ N— R = 7L
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D-FF
3bit
32 eniry queue
Instruction
Decoder
Total Num(register)
current I i
mode1
mig signal threshold (hi mode) threshold (low energy mode)
current low mode signai_1
comparatol ' 'mmparalor mode_{
0 .
1 instructlion
' not exist A
=~ mig to low signal_1
l+— low to hi signal_1
W [+~ hi to mig signal_1
E J current mode_0 <= mig to low slgnal_0
L 1 ‘ =~ low to hi signal_0
—h\multiplexer/ \multiplexer/ \\"' hi to mig signal_0
fore
instruction stail
exist
mode
bi h mi
ranch miss mode pipeline change
change stop
-—————'—"'—'————-_________-
// P—
/ | \
F D R E E E M W
| pipeline processor

4.22: =3y RMEBFEZEZDTN—F U = 7HEK
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& 4.1 FRESHOER

| E5%4 Bk
current mode RIEDE—FES
low mode signal HKHEEHNT—FDES
hi mode signal R E— RDEH

mig mode signal XATL—3E—RDES
threshold(hi mode) | EIHEE— FD L EUMH
threshold(hi mode) | {EKIHEEE— FD L EWE

branch miss Tty Y THIETR I ALB XN E S D

instruction exist BELAT—V T MUl EnTWwa M E S

mode change RKYATIVDE—FEF

fore stall EITERPELIIZ A N —IVE 8B ES

pipeline stop E— FYHZ1TS BB ZERE T 5 1-DICRBE L G 5ES

5 HEIRIVF—EIXRIVF—EIER

AETREEOMEE L XILF—IC DOV TCOIFMIEEDEREZITS. &
PERERR Tty U R TS S A Id TR 2 R E X L, B
EEH oty BT ST RICEE D OV BIEANNE X
V. LA L, SEIEEEENMDEEE L IVF—D T 0y 3 2 ERT
5 EZHBEELTWS S, ETRMEHEL XLF—MmFICDONT
RERNZRENH %D, 2D, RETHBELANVF—ICDODNTDER
b, 5.2 B CE RN DEHE T R IVF—D T 0ty T OFHNi 21T
IFHICK L AVSNBEIHEIEREIC DOV TIENS.

5.1 BHBEIXILF—DESH

CMOS THE Ne 7ot v Y OB T3 VF—EIIHEEN P, H
TR T ZAVWTU FORICK > TROENS.

E=PxT=S5txC*V?*xGxcycle

StiEP— FORAA v F Y IHER, CUER (F— AR, TRERE
), VIFERATE, G777« 75— MY, oycle 377U —
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g 4

g El=W X T/2=WT/2
W E2=W/2 X T=WT/2
8

O El =E2

e

o0

2

S8}

W72

>
0 T2 T  Execution Time

X 5.23: EITHRHE L THEEN

varvEITIEYAINVETHS. K523 132F O TENERIREE
EZHLUEROBEEIINF—ZHELELEDTHS. M523H05E9h
5 X IHE T RV F—XBFERBRICKG Uk, BiEzad LT
FATRER A/ NE L §7% LTHBENMERL, MCEBEEEERLS UTHE
WHERNE LT EFTREMERLTLEI NS THS. ThHHE
IANVF—LHEENDENTHS.

5.2 BMEBIEAEDES

AWZETIE, EBLDXDRRETIIVF— & i RO ZE R H
RKTWB N ZFHIEY 27 DICE B2 W% . SB/BERIHE T
FIVF—E ERITRM T ZHWTUTORICK > TROENS.

BB = E«T

CDOEIBERDN DI WVIZ EEEEN & @ EREDOMNIDER TE T
%. EEJTEIERE T EICKTTE LR WIHE L 3V F—IC BRI KTE
THETRMEZNTTWVS 2D, HEZXVF—OHBEEITEZD, A
BENRTFT AL 5. Fiz, BINEERISTHEEICIATRRID 2
ENFTERDZCENTES. ZOD, HEE LIS DOWTHE
Mg 25X HEEDTHEERINEEEL KD, SHIEEET L
F—EHREIC DWW T OFMIET T dH % D THEITEIERZ Uiz,
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6 THEREFT

A 3 Tld SimpleScalar Tool Set D out-of-order EfT7/ I a2 L—24&
ERN—ABERaY ba—Jefekary bu—SZ AR, BEID
MM, HEENZ RS %Y — )V TH B wattch [17] % SimpleScalar F
ICHHAIAB T 21T 5 72, ity M & SimpleScalar PISA THH, &
6.2 1R 9 K 91T, SPECInt2000 D 10 KENVF—7 - AT LE
U THW:.. ETIITRAO 20 Famskik AFy T L%, 20 EadZilE
ICHW .

£ 62 RNYFv—2

[(RvF=—2% [ WENA |
ammp atREAE ]
art FRER, —a—=Txy FT—7
bzip2 JE#iE
equake MERERE I 2l —Y 3>
gee CErsEa /1T
gzip JEfie
mcf A G HOE REIL
parser pras 2y
vpr FPGA DFdiENIHR
vortex FT7 V7 MEmT— A=

6.1 FHHERIR

63V Ial—ryavieBWTURELTOY Yy Y OERERT.
[FARFIC, {THEENE— FTIXERBOMGR L, £641TRTKIICFvy
AT ITRARAA VAT T I ADT=DICHE IR A 7 )V EEE
Uiz, [BBEBENTE— FEOES, ATVICEZZFEBEEELAE
DICHS AHEENLRRT 2 5L H 5D, SHIZATY OFEKREE
BEITVIal—varvkEizofe. £, R CldnA 754 U
BEGET—FI20BREREL, MEEENE— R EE Uiz, I
DTty G BT MR 0BBDEZVERELE->TVEMN, Th
13 20 BRUUS DEREA Tl SimpleScalar DRETDNEETH S 1280 TH 5.
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% 6.3: Tty UK

processor

issue width 8, RUU 64 entry,
LSQ 32 entry, int ALU 8,
int mult/div 4, fp ALU 8,
fp mult/div 4, memory port 8

branch prediction

PHT 8K entry

history width 6 0 gshare
BTB 2K entry

PAS 16 entry

L1 instruction cache
L1 data cache

64KB/32B line/1-way
64KB/32B line/1-way

L2 cache 2MB/64B line/4-way

memory first reference 64 cycle

TLB forward interval 2 cycle

K64 TILARLAT VY

E—F EEE—F | (KHEENE—F
L1 1 cycle 1 cycle
L2 6 cycle 2 cycle
memory 18 cycle 12 cycle
TLB miss 30 cycle 10 cycle
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1.4 . r :
execution time' Il
energy 772

121 energy delay product[_]

R R SRR,

6.24: FL{IFERE

6.2 FHMEER

COX S EFMIRE T, ERa> bu—35 LREEFIE%E Simple Scalar
FlieERUEMAi# T /2. K6.241C, FEE2FHEOETHERE, MET X
WF—, BIEEROMMOERZRT. £, K6.24 13T XTHEkaY
ra—S% 1 EIERIELUE.

SEl, 2LONVFI—TICEBNTETRE, HEIXILVF—, EH
BEBICBOWTREFEOSDPBWVERZ R L. CHISATS51 Y
ERBEEORRIEL EYIHZ DA —N\— vy RRBOMRTH B & #
Z5N%. ammp %% EDARODEMNDENT TS LTIRBE DR
BHESHhxhokh, ARDOEEINGS 07T LI UTIHIERFiE
DEMEZTRET. W OOV FI—7 TEITRINEZ TV,
CNEIREBEFENENEBIEBAUEZE I NS LKL TV B TbiEE
EZbNB. FOe, FTHEEZ TWEH, Zhll Ficiltiox
WHF—IMERTE, BE/EEELWRETE TS, £z, 2ENICHET
R K DEBIRIVF—DADPBVERNMESNTWVAD, ThIFER
FEIEEE— RFEDEBEEEHNE— R TCETEINBESOADLVEHR
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