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MULHI Cache: An Instruction Cache Mechanism for VLIW Processors

TAKUYA NAKAIKE,! TAKAYUKI ABE,! NOBUYUKI OOBA,it
HiroaKI KoBAYASHI' and TADAO NAKAMURA'

VLIW (Very Long Instruction Word) processors, which are expected to be a next gen-
eration high performance microprocessor architecture, need a high-bandwidth, high-hit-rate
instruction cache to fetch VLIWSs and issue operations of each VLIW to function units quickly.
However, when VLIWSs including many nops (no operations) are stored in a conventional in-
struction cache, the cache utilization is not high, resulting in the performance degradation of
VLIW processors. In this paper, a new instruction cache mechanism for VLIW processors,
named MULHI (MULtiple HIt) cache, is proposed and evaluated using several programs in the
SPEC95 benchmark suite. The experimental results indicate that the MULHI cache achieves
1.68 times higher performance than a conventional instruction cache that stores VLIWs with

nops.
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PO OESHEBELEMSELLENH L. Lizdso
T, EEOGSE RARICENTT A 2 LIC Lo THEEZ A
FEe s L %M -7 VLIW (Very Long Instrution
Word) 7t v ¥D A=A HFTaty#D) T
1, BROGAE BRI v MRS 5Bl
WIHEEICEETH D,

VLIW 70X v ¥id, BRIETTHELZEROESE
BEF LR SN S VLIW 5% 1 HdLl, 20
HELEROBRLI y PTEFTAZEICLST,
TUF T LAERDEFTA 7 VBT ERITALIILE
BHoTwb. L72A>7T, 1 VLIWHFORSIE, 1
HEREL 1 &L LKA 70Tl uky Y
FHEETHGEEOREC LB, RO AU T
Y v ¥R, VLIW 70ty HicBnTd, Wiz
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1 VLIW &40 ESHEEWV o, up-rl:‘\-"\”/ Tanrb
VLIW &5 % B&IC 7 2y FT57:0121%, R~
47U7D%/&#ﬁmT%ﬁ%%¥/>1®N7F
BETEAR+FTH 5.
—RIC, BEOF vy 2k, FrvvasbYo
BWETBT A0, BROXF vy a2 A kED
LY MTVITTATHREE TS, £V bTY
VT T AT Fyv i aTiR, BROFYy A Ah
LEROT -y PR EN, SVFTL I HFICHELN
5, LT, Fryvadky bLEBE, <VFS
LIZFIZEoT, 120F—¥8BIRENTHAEN
5. VLIW 70t vy HicBnC, £y b7V Y754
TEryvakGhExry ot UTHERT AHES, &
SEIFAINVTT 2y F§T5DI2E, EFyvia
T APOHANINDE Y % 1 VLIW G40
SIEDEBLUENH L, UL, BAED VLS Hiff
TiX, UTo22o08MICLY), EFvyviayzA
POoWMATShHY y MR REL, 1 VLIW 50
REIAbELILIFRETDHB.
o ¥xyy L aktBKTHSRAM OF — ¥ KR—F%
BET O AOB/NEERYE v FTHRT 52 LA
R )

o [F¥vlad Tz A x1VLIWHGSDOE |
DBPE v s EHLE

IHODBAICED, HEOF Yy avz A hb
TNTF TV N ORBIEMIC R Y, ERER, &
Hi%, REEOWINEE OREFEL 5. FOEE,
42 APLEDEY YT VYT T 4 7T, BAE
D 0.25 pm DEET VL ADBAE, KBFxvy oy
ADEDHPE v b EUT 128 BENSHEM R FZET L Z
b, ZORFE, NUFE IOy T A oD
720128 v MEEE L R A, ok 2, BIEERILE
NTVBEA=NRAI T Oy TDOHFEEFTFYr 2D
NYFIREIL 128¥ v FTH 59,

1 VLIW &4 0OESiE, 1 VLIW 418 TN 518
BRIEDEKP, 1 HERECLERE » M EFHINT
nf 128y bR EICRBEEZOND, LIzho

T, W5FFyy oD A0L0ENE v Mk
1 VLIW 5 DOESIZEbEL I LR 2 5. %
7z, R VLSIHEMHmEL, HFvyyavoAh
COMBE vy FEEEMESE LI ENTEEE 2 o/235
ATH, LWV EFIEOHBHEMORREICLD 1
VLIW 5O R SOEINTIUE, FfkOME; ik 2
EEZOLNE. ZOBE, 1 VLIW &S0 7 v 2
B A2 NVSBBEILRY, 7055 A0FETHA 7L
BASEIL , VLIW 7 Ot v 32 BiF 5 EA L0

MULHI ¥ ¥v ¥ 2 . VLIW 702 v 4 D00 HSF vy ¥ 2 #%1E 1997

FichabEions,

VLIW 70t v F BT ba5F vy ¥ 2 B0}
I1IDOOMERELT, a—FHIZEEIN 5 nop (no
operation) DWWHFHEHIFSLN 5. 1 VLIW &4id,
BHROBEL=y P E2HIHT22008ED7 1 -
FAOHEEN, V54 IHRBFIEFTTiELES
BELZE7 ALV FCEY) ST, BHEFTRS
HEBRES 2 W7 4 =V FIZIE, nop 2981 ) ¥ T5H
N5, L#L, nop #&AY VLIW &4k XEYR
Fyy L allMTaE, XEYRFYy L azBIY
5 nop RO EDLEE (Fvy /11§fﬁ§b$) ﬂi
D7 —=FF 75 v L HKBL TR 2 5. i, &
FIRSHL WA Y F v T EF vy ¥ 2T, Cﬂ):kti
FaryiaIAROMINI OGBS, ZORIESIT
L, VLIW &4 0&7 1 —VFICE4DBERy FT
Yy MEMAML, vy a2l nop ML LWFE
25, TMS320C62x/C67x 7 —F 7 7 F+5 THVS
NTWE, L2L, TOXIRBE, Fyviado
& VLIW s 5 DR ESHBELR 570, 447 =y FHi%

*E%@-CCV), R T oy FICET AT 5

TREMEDSDH 5.

:n%zo@%%ﬁ%%%?étbk AL TIE,
VLIW 7 Uty % D7 0DMBEM G vy ot
X LT, MULHI (MULtiple HIt) ¥%v 2 %iR%
$5. MULHI ¥¥v ¥ aid, #RkOFyyanty
FTVIT T ATHERERREL, VLIW &4 B0&HE
BaPERRLI BT LICEST, Fyv
apDnop WAL TS, 72, MULHL Fvv ¥
T, 1 VLIW S5 E SN TEEO * vy v 2y x
ARHBHEND D, BFrv oz A hbDHN
% 1 VLIW G5 ORIICADLEIDLEN W, &5
2, WIS 7 2 C ATEER KT = 4005, FECIEF)
EFTRREEGAS 72y F SN D720, £F vy
ayzADRSDOHAY v FEAPEVEETY, 1
B DEEGSTHABT I ENTREE R A, K
BIXTIE, MULHI ¥ vy L 20%fEs, IR (kv
M) BZFTWEARL, vy FEOBHE, BXUOF vy
PaTAVEBEBWI OBEOFEMR Y A 2 v ER
L, SPECOS RV F¥ =7 HOWL D907 as F A
PHWCEHEST 2. 2L T, EROGSF vy v o i
BLols, BIXUK24TS.

2 ETIE, BRI VLIW 70t v Hi2BiT 5654
F vy v A BEOHRBREOBERICOWTRY, X<
HERD VLIW 7 0¥ v Y H4 % vy ¥ 2 BiEicon
THR%, 3 ETIE, KX TRETAH9F vy
BiETHSH MULHI F vy I 2llonTiHiRs, 4 &
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TlE, SPEC95 XV F~<— 7 D compress, Ui, mgrid,
turb3d % FIV T MREEEM & 7V, I AR, 1 A7V
CTEFIN-HEREOH, BLUON—FI2TEIZ
LT, fEROGSF vy oL MULHI ¥ v
Ak HBT A, 5 BIIERTHS.

2. kO VLIW 7Oty HBA&SFvvia
g

2.1 VLIW 70ty HASSF vy ¥ 1 DEEER
EER

VLIW 70ty FOFFF vy v 2 BETHICER
Banzmit, IAK (v bE), BIUey FOKE
CHEAE BRI Y PCRITT A2 ETORETHS.
VLIW &4rid, 2784 Fiz X o T s ik
FIEATTR L BEROEERECSHEREIN L. T
T2, FL—RAFTa—) vy pA—nN7ay s
AETa— I RE0av LI ERICLoT,
i S 2 BFIET TR EEORRESEmML Ty
3. ZOBHEFTEREEOTRBOEMIC L b %
Vv, VLIW 7 2% 2412 B1Y 2 BHIBHETTRE 2 #ae L
=y POBNSEILTWS, ZOREE, TulIaH
OEEL_RVEFINE BRRBRICFRIFET 5729, VLIW
GEDESHEL{oTETWS, LL, VLIW 4y
HSOEIPELhBE, BHIETTHEZREED D%
W VLIW &4 nop oML, Fus 74k
O nop DEIEHHEMYT 2R H H. T 0T T 4
) nop NEAHHITUE, eF vy 2 OFER
HEIMETL, IARSEHRS. T2, VLIW &%
BELRDE, &8F vy 2OV FIBH/REVE
&, BE Ty FIELDFA I VEPLEILRS.
—JRIC, AF YT aDI ARG, Fyyvay
A X EHMEENIRST 5. BEOFHHOYA 71
FarvHicBIFEEF Y FyTO—KGFFFrv 2
H 4 X2 8~32KBTHY, HEL DTSV r—Yav
FUY T HIBVT, 2KBOF vy ¥ at A X TE
WIAREPELIENTETH LY. LHELEFD,
VLIW &4k, ftko< A 7070y HodEa k)
bEL, 0% D nop # ELEIIH 5720, TER
nwA4raruatyd L RARENX vy T2 I ALY
ERT 37010, Fyvaod X2 L) KREL
T2, bLEF vy ¥ 2§D nop DEEE B S
F, GAEF vy aOBRAMELNLSEL T END
B2k BV,

RO~ A4 7Ty T, GERVILENE
W, BEE Yy adNY FIREHFRICED
THENT 22 LD TRTHD. TORR, DTy
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Taltey P LIBAR, AERIELS v MICRIT
FTHETORME LYV AZVEBEICTIILNTE
. Lo L%, VLIW 7t v 3 Tid, VLIW 67
SIBLZEVWE Yy Y any FIgEHETHZ &
ATEERBE, % vy anky MNERIBWTY,
oy MCHSERITT AREPRE (R HTHE
WhH L. KHXLTHE, GHFFyyadrb 1 VLIW
G EARTETICET AT A 7 VEE Trewen &
£7.

VLIW 7 0% v ¥4 Tid, ot =y M2l
727 A=V RBETAIENTEETH HGE, 7
‘?Lf:un‘n%f%@iiﬁ e1o oy MIRITTAI LN

MEeTH 5. LHL, TMS320C62x/C67x 7 —F T
rF¥D LA, VLIW &% F5 5 nop ZHIERL,
VLIW &4 0ES2TEICT L L, GFFvyiad
R BT 575, VLIW &4 o £ R EREw
A0SRy M1 LIS L %< kb, ZDK
®, VLIW &40 3N 5 {HHESR e L @82 %k
fel= oy MIOET ABBSLEICRY, By
MCASERITT ARMIAE K R 2REND 5.
RHF LT, FEEREFFLED LML=y M
ST 7O ET B A7 VEE Tezpand ERT.

PExFL®AL, VLIW 70ty Hi2 B 265
Fyy v aBETI, DT 300 iERE T
HPERELD.

e IAX (kv hFE)
® Tfetch
® Tevpand

FEHIL T, Treteh & Tespana DEEHEST, Frv
Y2z y P L2BIC, et iiEr= v MICRITT
BETCOFA TNV Tissue R NTFORTERT 5.

Tissue = Tfetch + Tezpand (1)
22T, Treen RATORTEENS.
L
Tfetch = W (2)

K (2) T, LIZ1VLIW&FOEETHY, Widh
SEX ¥y aDNYFIETHS.

AETE, BETHRAZBICERLT, RO
Sxxy 2 (LT, NOP vy ¥akEg),
TMS320C62x/C67x 7 — % 7 7 FYTHEHRHINT
W2 nop AWML ZVESF Yy vl (U,
COMPRESS &% v v ¥ 2 L IER) OBEICOWTHR
N, IS O&ESF vy v BEOMBEREHL I
T5.

AT}, MADEERIERS % Op (Operation),
1 oL EOHFIETTES Op I &> THBL Sh 56
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4% MultOp (Multiple Operations) & iks 2. &
72, MultOp (X XEV R 2 R* vy 2T nop 2 &
FRVERET O, ATYR2KFvy L ahDE
MultOp D#EFIE, MultOp & FH 5 Op |2 sepa-
ration bit T 5 2 L2 X > TREFIEH, MultOp
q’”%@é@ Op D separation bit B 1127% 5. &5
, & OpHicid, AT IREEL=y FEERTE Y
f* (futype) BAMENT VB LTS, EHHF vy
Voo, LT TFeREEZEHT .
o WEXFYY I ARAVF VT FYYIATHY,
LRU #l#oy b7V 77 1 THRTH 5.
e 2K¥Fyyamk v FERIZ100%TH 5.
o MHEFYY I ATIANKELBE , WHIEHE
TR ML=y b L F$D Op 4¥2 /}(%*vv Ta
LEtAHEIN 5,
o % Op &@EUI e =y FMZHET B7200M
B4 794 1b8h 5,
2.2 NOP *¥+v+v¥a
NOP ¥ vy ¥ 2if, MultOp PEARLFALEED
FryiadAvig, Bheroy M2 1x 1L 22
T 4=V aREL, %7 14— FIZ MultOp
D Op 2T 5. MultOp 2SR L v ifer— v
MIIET 27 4=V I, nop MM EN S, L
72555C, NOP ¥ v 22 Tl3, nop * EALEZE
RO VLIW S f 085 &F vy 274 /M sh 5.
Bl 112 NOP vy a0z ~y. ARCBNT,
INT i EHESE2L= Y b, MEM iZu—F/X}72
=y b, BRIEFIE2=v }, FP IBE/NEAHE
2oy bERT. F2, TV77Xy M Op &L,
BML7M7 7y s TEENS Op 2L MultOp iZ
&¥h 5. Expander iZ, futype 2ol T, Op %38

From secondary cache

e

I Expander
Tag| INT | MEM BR | FP

Ag | nop [ Ay | nop
Bg | nmop | By By

Address

Cq | nop | nop | nop
Dg | Dy | nop | nop

Hlt/MISS

To function units

B 1 NOP *vv ¥ antg
Fig.1 NOP cache configuration.

MULHI ¥ vy ¥ 2 . VLIW 70t v YO0 DHESF v ¥ o 1999

YT A—NVFEIGBETHIUANAL v FTHD.
B 145825 X %12, MultOp H42 nop °% < ff
T BHED NOP ¥ v ¥ 2 OFERARRITE:, %
Dlz, BV AREERT S0, Frova
PFAZXERELTZLEND 5.
NOP¥¥%y ¥ adD3IR/ey bDTLT Y X%
TITRT.
o I AW
(1) LRUBIHICL-CBEWZTEI54 0%
RET S,
(2) 2XRFyyrarbiiAH SN Op D sep-
aration bit # K.°C, 1 20 MultOp % B
DHT.
(3) Expander i%, futype [ZJGU T% Op %
FyviaF Ay D@YE T 14—V RN
5. FEEC, MultOp 2MERL 2\ 7 4 —
VR nop 2T 5.

o b MK
(1) By PLZFAVITHEMENTVS Op R
nop 7 xv ¥t 5,
(2) 7xvF3N7Z0pPnop kK7 4—NF
1T 8L = v MCRITT 5.

NOP Fx¥vaTll, 2KkFyyialbt&idSFvy
v 2 DORIC Expander WWRE SN 5720, Fyvia
SADBDON=F I 27 3EHRY, Fyvviam
IARFVT AHEIT B, FRIZHLT, ey o
BO S EITHIBIIEIICR Y, Toppana 2012755,
NOP ¥%¥v T aTid, 154 % 1 VLIWGSL LT
WhEWD, v POBIZ1 94 2 TRTT2vFT
LUERSH L., FO2D, Fxv 3 aNYFIENET A
YHAXLYBNECIEE, Treer 2 EICR 2.

2.3 COMPRESS vy 2

COMPRESS ¥ ¥ ¥ 2id, 2 k¥ vv ¥ 2% nop
2EERVWVLIW &S %, 203 IH4F vo a2
H#T 5. 212 COMPRESS ¥ vv ¥ 2 DR %R
T. FARCRENE X1, COMPRESS ¥ vv iz
2L nop S SN V20, F vy T 2 OER
EEINOP Fryialh)dm<d, IARIEL LS
EEZOND,

COMPRESS ¥ vy ¥ ali, I AOBIZ 2kF vy
VahoTmAEEIN0pr FOT X vy v 22K
WMT 5720, FrvvaF A OBERIOTLITY
AL, BEOF Yy 2t ABETHA. LTICL v
M DBED COMPRESS # %Y 32D 7 VT Y A L%
i
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From secondary cache

R

Tag| Opg| Op; | Op2| Op3
Ag| Al Ax| A3
BO CO C1 Do
Dy | Eg| Er | Bz
E3 [ Fo [ F1 | Go

Address

Expander ]

To function units

2 COMPRESS ¥ v ¥ 2 OHH
Fig.2 COMPRESS cache configuration.

e by EE
(1) FxvTanNyFEOTD Op &7y F
T5.
(2) 7=x=vyF &N Op D separation bit 7° 0
o1 (1) 2580 ET. 1%561F (3)
2479
(3) Expander i, futypelJIGLT7xyF 3N
7% Op 2 B2 M= v MIEITT 5.
COMPRESS ¥ ¥y > 2 T7xyF &5 Op D
1%, MultOp Z L1282 %, /2, nop AHIS LT
Wiz, 120 MultOp BHEED 5 4V ilbizoT
BRSNS S 5. L72d > T, COMPRESS
Fxy ¥ 2T, Treten 75, MultOp &IN5 Op D
e MultOp MM SN TV ANEBIC L > TEER 5.
ZZT, R2IZ/RL 72 COMPRESS ¥ v ¥ a &l
Lk 2T, €y POBED Treen E2 5. 2T
F ¥y 237 Nig% 2 Ops/cycle LIRET 5. &
12, MultOp A %2 7 2y F ¥ 53A% %2 5. MultOp
AT 42D Op THREN B0, Trecn 32 TH 5.
MultOp C 1% 2 2D Op THER EN 5D, Treten 13 2
LA, ORI, BEOXFYy AT, 7-4%
EEE T AV DIE,L, N NIEDOWMITT 2y F%
797:0TH5. LIA->T, B2%0 Op Cold Op
By &t —#lc7 =y F&Nn5. 72721, MultOp C D
7y FORIZIX, Op Bo idfEHL &V, 7z, Op Gy
12 Op Do & —#i27 2y F SN %, WZIZ, MultOp
CH7xyFii, 2947 VEET S, MultOp D
2719 5T 5EEICH, Op Do & Op Dy BERLZS
FAVIHRENTVERY, 7xyFiZ2F 47N
2ETH, MultOp E D Tyeten 12, Eo DT 2 FT
1942V, OpE1, ExD7xvFT1¥ A7V, Op
EsD7x9FT1IHAIZNTHY, FF3HF A 74T
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H5. L72h>T, COMPERSS ¥ ¥y ¥ 2® Tfeten
X, Frvv ¥ aPoRMEET, BIU1 50 MultOp
WEINB OpBIIELTI~3H470tizb.
COMPRESS ¥ v¥v 2 Tif, NOP ¥vvatid
Bil, Frvia b=y F OHEIC Expander %
HETLYNEND S, TOHEAIL, COMPRESS Fvv
Talzit, Bty ML A7 4 -V R RET
LTEDNTELRWOTHE., LW oT, w9HIT
ﬁ%ﬁbi NOP ¥xv vz & ) %)*E%G:tf V), Tempa,nd »
1M ERED. 72720, Teopana &, 347741
WEETH B720, FIETFHIHRD THo7ZBRICOAR
FIUTFA,%D, £oTC, Toppana W LBEFTF A2
VEOBEMEI LR VEEZ LN S,

3. MULHI (MULtiple HIt) ¥ +v 2

KBTI, VLIW 70t v F D005 F vy
AL LT, BEDF Yy a2y NTVYT
FATREEFIATAILIZEST, Fyvakhd
nop DEIE% WA &8, BED Op % EFFAET
Z L ASWEeZ MULHI ¥ vy ¥ 2 %#RE$ 5. MULHI
Fyyiaid, MultOp lIC&EENBLO0p ity TV
VFFATFRyy v adE—ty b EDOROT I
KT 5. F—o MultOp iI2&ENh % Op iRFEIL ¥ 7
PEL, FNOLO Op 2MT A7 MIdF vy
7 7k ABCEEICE v T 5 (Multiple Hit). ¥
72, BBy MIBWHENTYS MultOp IC&EEh 5
Op PEDS T2 ABL Y IHRSWEE, DLV D
BYOYx 412D MultOp % H&#$ 5 2 L A5 THE
Th5b.

BM3I2, 424y by 7V TTFATHERD
MULHI ¥ vv ¥ 2 0BRERT. KI3DEy b 0
iX, 320 MultOp A, E, HPEHINTwE, Z
® X 31z, MULHI ¥ +vv ¥ 2Tk, MultOp &
N5 Op DEUICIEL T, HHO MultOp % FEIZF—
Dy MIHHT A LD HEETH A, LIHFoT,
Fry L aOFRAMENELEL, IAEPKRTTLE
E SV (-

LdL, 3T, FyviadgfrH4X% 1D
DOpDESELTWVALD, NOP ¥vv v alll
RCYTHFAXPKREL LD, ZOF T A XDOHEM
i, FxviadAr AR RELTHILTHEM
TAHIENTETHS. L2LENFDL, Fyviad
SAVH AR KREL LA, MultOp IZ&EENh 5
BEOOpH1FryiagfvickMasnsg, Lz
25T, L MultOp DEEH, Fryia A ¥
A RDEBETEVES, $ryallitOpkid
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Address From secondary cache
Way 0 + Wayl+ Way2+ WaySl
Tag Tag Tag Tag
0 Ag Ay Ey Hy
1 Co C Fy Fy
P2 By i B, i By
i3 Dof i Go |

| Expander |

bt

To function units

B3 MULHI ¥ vv ¥ 2 O
Fig.3 MULHI cache configuration.

W nop M EIN B, 72821, FyviagAry
AX% 200D O0pDESLELZEE, 120 Op L
EF %\ MultOp # T 5 & nop b RIS S
nb. £72, MultOp #°3 2D Op 2 HEA TV B4
2, 5541232200 Op M EN 5%, b
—HDI 42T 12D Op & nop VM EN 5.

DTFIZMULBL vy 2DIRA/ey bOT LT
VA LERT.

o I AME

(1) BRINZEY PO invalid e 7= &,
LRU fll#Nc X b AEIISR IV =
A%ZEY. MultOp D Op £ #EMT 57 =
A DBFNEALIE, invalid 227 = 4, &bHE
FICBREINIY = A, FOMD T 2 AT
5.

(2) 2RFyyvabhbiAthani Ophb,
separator bit\Z X - T, 120 MultOp %
By,

(3) #ERSN/-ty M2 MultOp ZHMT 5.
(1) THL 22 = 47217 T MultOp % #%
WMTELRVWEAIL, Ly bPakrBEEBR
HHRIZT D

e by i

(1) evbPLATRTOTAHDS Opk Ty
F§5.

(2) Expanderid, futypelJIGL T7 2y F 8h
7% Op 2B BiEL= vy MIBTT 5.

IADKBD (1) TITI Tz A DRFUL, 2KkF vy
ahbd Op DEAML LREHIITI LIS TES
e, ¥y aBERZOBRICEELZV. (3)D
BfEreiE, (1) ICLoTHMTREEY P EY o A
MHREEIN TS, FYv v a~OEZARIE

MULHI ¥ %y ¥ 2 | VLIW 70k v D008 F vy ¥ 2 ¥ 2001

TAHEMEIZIZEL Y. Ld>T, MULHI ¥ vv
VADIANRFLT 41E, NOP Fyv ok dhhs
WekEZ LN,

MULHI ¥ %y > 2TiX, ¢ v FOE, 1250 Mul-
tOp D7 =y FIHEED AE) V= F R - 2HEHT
HZEPHEETHAH. ZOBHE, Fyviangy
475, FBICHRART I ENTEL LIRS T
WBLEDTHE, LhoT, BubY o AICFIC
vy F$sdMULHI F vy ¥ aTiE, 92455 H
BILGSE 72y F T A ENTHTH S, LI
MULHI ¥ %¥v a2 Tid, £9 24 »50HHPY v b
BA1IAVITHEMENTHWE OpDELSEELITR
X, Treten /N R - B A | MultOp % 1 %A
INVTHRALT I LWL LI ICBEDOEY b 7Y
YTTFA4TF vy 2% NOP vy ok L TRt
L7234, OpDES%* X ¥ v b, MultOp & $h
BPEHADOp DEENLETLHE, BY x4 FRTIZ
XXNEY MDY -FR-PZ2HETHLEND S,
FRAZH LT, MULHI ¥ vv ¥ a2 Tid, £ 471
BRI TVWE O0pDOEEMETEE, B4
RTCEXXxMEY DY —FR-2HETAHT
Tl #@%¥, MULHI ¥ vy L o 2 5 EHT 5
7eiZik, M < N & ¥ 20ENH 5729, MULHI
FryvarERTLIZOCLELRRERIL, Hod
FExrv T a kv LRk s.

BE, 47070ty 30t s FuyrErvvian
P A XPEEINTHIConT, Yo A HDHEML T3
COERIL, BEO<wAfrurak vyt F S
Fxyvah, WEHTFLVATT 7L AT BLE
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Table 1 Charactristics of each instruction cache mechanism.

Cache mechanism Cache utilization Tietch Texpand
NOP Cache low medium | unnecessary
COMPRESS Cache high long necessary
MULHI Cache high short necessary
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IF : Instruction Fetch
EXP :Expand

RF : Register Fetch
EX : Execution

DF : Data Fetch

TG  :Tag Check
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Fig.4 Pipeline configuration including the expand stage.
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Table 2 Parameters of each instruction cache mechanism.
Cache mechanism Tietch
#0ofOps | 1 2 3
NOP Cache 2 2 2 2
COMPRESS Cache 1|1~2{1~2 | 2~3
MULHI Cache 1 1 1 1
£33 HHLANYFI—2 707 5 LOKY
Table 3 Charactristics of benchmark programs.
Benchmark Code size (KB) Static instruction | Dynamic instruction
4-byte Op | 8-byte Op length (ave.) length (ave.)
compress 24 48 1.26 1.36
41 207 414 1.36 1.20
mgrid 59 118 1.67 2.31
turb3d 253 507 1.22 1.34
WEEE, AV AT EoTATYVa =Y v 7 &N
1F1 | IF2 | RF | EX |DF1|DF2| TG . .
l - 720 120 MultOp ICEEN 2FHD Op D%
tall] IF1 RF DF1{DF2{ TG — 5 - — 2=
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stall] IF1 | IF2 | RF | EX | DFI DFZI TG éﬂf: 120 MultOp Kﬁiﬂé Op 0)3{21@0)&;&.
cycle R,

B 5 NOP ¥vv¥atHO7zBo1A47 74 i
Fig.5 Pipeline configuration for the NOP cache.
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@2 OPC  ~4— Miss rate

0‘,0“ @e@"@&a" e&&‘? 6&‘&?‘*’""

16KB 16KB 32KB
6 compress KK BT 5 OPC & I AFDMHK (4 /84 + Op) M 10 compress o8B} % OPC & 3 AEORMHK (8 54+ Op)
Fig.6 OPC and miss rate of compress (4-byte Op). Fig.10 OPC and miss rate of compress (8-byte Op).
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7 LB OPC & I AXRDOEFE (4 54+ Op) 11 6ilCBiF3 OPC & I ZARDMEHK (8 /51 + Op)
Fig.7 OPC and miss rate of li (4-byte Op). Fig.11 OPC and miss rate of li (8-byte Op).

8 mgrid IXBIF5 OPC & 3 AROME% (4 /514 F Op) 12 mgrid 2B} % OPC & 3 AROBR (8 231 } Op)
Fig.8 OPC and miss rate of mgrid (4-byte Op). Fig.12 OPC and miss rate of mgrid (8-byte Op).
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Fig.9 OPC and miss rate of turb3d (4-byte Op). Fig.13 OPC and miss rate of turb3d (8-byte Op).



Vol. 40 No. 5

MULHI ¥ ¥y ¥ 2 I VLIW 70t v ¥ D720 DHE45F vy ¥ 2 %% 2005

4 Ho6HhFryvaon—Fvx7E (8-byte Op, 32KB)
Table 4 Amount of hardware of each instruction cache mechanism (32 KB).

Cache mechanism

NOP cache

COMPRESS cache

MULHI cache

MULHI cache (line size X 2)

Tag + Data (bytes) Increase (%)
34944 -
34944 0.0
41472 18.7
37120 6.2
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