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Abstract: Power has been a big issue in processor design for several years. As caches account for more and more
CPU die area and power, this paper presents using filtering unnecessary way accesses to reduce dynamic power
consumption of caches shared by instruction and data. Our methods include using Invalid Filter, which could
eliminate accesses to cache ways contained invalid blocks, and I/D Filter, which could eliminate accesses to cache
ways contained instruction/data access type mismatch blocks, and Tag-2 Filter, which could eliminate accesses to
cache ways contained tag lowest 2 bits mismatch blocks. Since the methods reducing the activities happened in
cache architecture, dynamical CPU power could be significantly decreased. In the paper, we also propose combing
the above methods together, which is called Invalid+I/D+Tag-2 Filter, in an attempt to achieve better power
saving results. Our evaluations show that, we could obtain 19.6%-47.8% (which is on average
34.3%)improvement on a 64K-4way set-associative cache and 19.6%-55.2%(which is on average 39.2%)
improvement on a 128k-8way set-associative cache comparing to Invalid+1/D Filter, and 6.1%-27.7%(which is on
average 16.6%)improvement on a 64K-4way set-associative cache and 6.9%-44.4%(which is on average 25.0%)

improvement on a 128k-8way set-associative cache comparing to Invalid+Tag-2 Filter, respectively.
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 E EEXR, hERLEHRRITAENXEEEZ—. ATHALEFLE THEREZH CPU BFERM
DR, ANREETEITERSENEEFRHFRBEEFEISHENFZ. RINWFEZSEEA TR EE
JEEF (Invalid Filter ) SREBRW EXRBIERNW S EFZROHE ; XAESBIEHEEIEE (UD Filter ) SRIEBRXT
BipRER (ESREE ) TERENBIERMENSFERAHR ; UREA tag BAEIEEE ( Tag-2 Filter ) 3K
SHBRIY tag B FEEMBIEBRFTENESFRANTR, AXREFAL=REZEEH , A nvalid+l/D+Tag-2
Filter , A B EHFHMR. KWRHP , 5 Invalid+I/D Filter # Lt , Invalid+1/D+Tag-2 Filter 7€ 64KB 4 }§4H 48
BRETF LA BAEAS 19.6%-47.8% (13 34.3%)MMERIRA |, £ 128KB 8 BRAMBKEF L AT LUEUE 19.6%-55.2%
(F18 39.2%) MR REH ; 5 Invalid+Tag-2 Filter #LE |, Invalid+1/D+Tag-2 Filter £ 64KB 4 BRAMEBKEEFE LT
LAENIE 16.1%-27.7% (P15 16.6%)MI M RIZH |, 7£ 128KB 8 AN ERF L T LUEE 6.9%-44.4% (F15 25.0%)
MBREF

EEiR: AMRER; AR, TRIGREIESE; HRRENEIEES; Tag BAUNIES

FEESES: TP301 XRKFRIRED: A

1 5l

JEAESR,  DFEA2 AL B 28 B S Sy E I S B 2 — . DVFS (Dynamic voltage and frequency scaling)
BARRBREW AW E CPU ThEEMEA, (Hillid DVFS MR Ih#E B AT 58 1 Uk 5[], ek,
BRISTAVBE SR, 2 A% AL FR S8R B AN W B, Mok I THAE 2 IR, IR tR <38 3 dark silicon o) @, HI,
Fifa A PR B8 A% R TAR R OROMG S ECS A IR T 252 . Rk, AT B4R 3 —FoHr 106 20k B A 1 B
CPU UJFEMI 7 %

B FRF VAR, M 1980 FFATF4R, G247 75 AN b B3 25 5 5 A PN A7 38 5 22 18] (R 0 3 4 3 T 56
B, JEASR T BB R AW T . FON K ZHN ARF AR T R AF R U 0 1) 7S 1R/ TR R
B, TR RGN, MKW EFAAEETUNE B R R EIARLER R, 2HE
FEMRAF MM EAT B DR T FRR L, SRS “AF k(717 . HAMREAEREANENZ —, BT
FLRBAR A M PR PP IR R 3k, MR R T SN Z R

BeAb, TEZHR/AMZ AL AR AR, SR E 2 AL BB AZ LR TR B 2 1 R AE SRR, DLORIE W] DA R
AW ERe iR A . Bk, B B&EA7 N TSR B R TR [3][4]. 2R, ORISR T 2 KT,
HREZEXE T AL B IIFERT 40%-50%[2].

AL, NT AR CPU WIBNATHFE, AR T A2 BELEAF 1% Vs 1] IR A ik 8 07 v, B 46 T &k vy In) i e 2%
(Invalid Filter), #8445 2B LR JE2S (Instruction/Data Filter, I/D Filter) A1 Tag %Az VLTI € 2%
(Tag-2 Filter). 'EAT#E THMBEA LW, BE G ET IR S BRI ZWEA DB RIRE. &0
K7, Invalid Filter 7] DL FTAS & & 4 Jo 38R B (2 47 %%, /D Filter o] LR AT IS B 5 A K 5 4 S 3038 U5
i K RASIL L (R 22 77 ¢, Tag-2 Filter 7] AR ATAR & Tag SAK 2 MLAUCECIZAE M. & UL =R oL, o
o yE RS PR AR H AT B, AERE T ORI ERAE S AP AEAE (disabled). PA EJ7VEH TVHBR T cache 4544
HFOR A E T RAT N Cactivities), MK A 24K CPU B & Thit.

SEEG RN, 5t FASE ) B AR R, K Invalid+1/D Filter, 7E 64K-4way ZH A X Cache 457 _E 36.65%-65.88%
O JE RO U iv) AT AR Y B, 7E 128K-8way ZHAHIEE Cache 45449 L RS HIEH T 46.49%-82.94%; T K
Invalid+Tag-2 Filter, 7F 64K-4way ZLHIEE Cache 454 L 59.65%-69.32% 1 JC % % U iv) T LARE v e, ik &%
7F 128K-8way ZHAHEL Cache &5 44 LIS B4R H 2] T 67.86%-84.66% . I 4h, FATIHE H (1) & H: 77 % (Invalid+1/D
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Filter+Tag-2 Filter) SRR L LA EPIE#UF, SCEF WM EA N H. R, RA Cacti6.0 B35 217
FIMR R B, SRR B #2728 778 LA L Cache £5#4 L3R T [F) %6 1Y REFEFE M o

ARICETRALW T 5B I TR R TAE; 5 =850 A A IRATI J7 5 S TE RS A7 i i a1t JE AL 1 1
IR, B4 M H RSN S R B AR 0 4 S AT R .

2 MHEXIfE

B b B 25 5 T ﬁiﬁﬂ’]ﬁ?nﬂﬁZ* FEAR A7 I DB AE RAF B T AR FFF S G [8-18]. BLF,
FRATRE T VAT b A — L5 L 1 308 3o 9l 2> R A o A AT DR B AR G2 A7 DI RE I T3 1

Phased N-way Cache ‘Way Prediction N-way Cache
set/index set/index
\}Q xn;f
tag0 datad tagl datal tag2 data2 tagd data3 tagd data0 tgl datal tag2 data2 tags data3
i /
—A Mux 41 % E— ) — 4> Mgl L
¢ o b /
Power Per Access: 4T+1D Correct Prediction Power
But access time increases Per Access: 1T+1D
Fig.1 Phased cache[17]. Fig.2 Way-prediction cache[9].
1. Phased cache[17]. & 2. Way-prediction cache[9].

43 BEvi 2247 (Phased caches) [7], W 1 fion, Jeviial tag, FU7 R EHE. Uia B, Husa a3
M—. WHERS SR, B—REMFAVIRIZ 7 —, W7 HFEER. D4 BAMBER G, s
R, BRI B STHEEN 4T+1D (4 % tag U5 i) A1 1 8% data 3519

W 2 frax, BINZEST (way-prediction cache) [9]HEaI TR AT GEVCEC A — %, AFE R Ui X—. &
VT ZH A DIFEN 1IT+1D, B, 1 8% tag Ui A0 1 BCECHR VI 1) o (R, S TUIER IR, U5 AR AL — K

SCHR[14142 1 K FH 48 2/ 8080 i D8 28 Ok a2 G2 47 vh G2 47 B 1) U5 1) #R 4% ATT BEAR DO RE Y 7 720 K48 4
Ham i uERs, X VT i ) D#E hT+hD, Hod h 2 5ARY W KM GRA B FEMEfidE. lﬂ:ﬁ
ERMAERACRA IR, B, AR SCIRATHE H 1R -G I U #8850k 7 A R A 1) — 4.

TESCHR[16]7F . Keramidas 55 F]H cache decay K FEARA AR Z A7 MBI DIFE, FRIE way-selection cache.
Kl 3 ffran. Cache decay AT W H SCHR[11138 . RS RN . HidE, S—MEAE RN
YA FEHE H BIRT, H5 IL B 78 1 22 47 B O 35 Cpower off) o MZRA7 4544, 8% FI FH decay bits, 3% F| | decay bloom
filters >RIB ER AW — N RAEHRAL T live IRZE, BRAT dead IRE, AF 4V HRKAER, RUiHLT live
WERGEGF Y. 87, H decay bits BIJ7iES 7 RAKHIAERE, H decay bloom filters 4= 5| N it 2 (W6 44 144 .
7t way-selection cache 1, TRV A MBI ThFEN yT+yD, He, y ZFUVIRPEAEHT live IR E.

Zhang F1ECHER[10]H#2 H T way-halting cache, —7Fi 4 BRAABREEAT, 10— tag ALK VU AL A7 7E
— /NPT, TN halt tag FEF. halt tag BEZIH S AK 4 47 1046 FIF bL 3R 190 20 4 2 W6 L 2% 2 AN 2= 3 T
ALy, FEREJS R VT E), X LeRE R B Ak, BETMIITE 1 UG A A DU RE . 7E way-halting cache H1, #FIK
i 0] R ZN A ThFE2E 2T+zD, H z Bk T 7] Ge UL BC 1) 22 47 2% I B &=

1w, TATEINA N —ERIIFERAELE AT 7 REF . XW T A3 R Invalid+I/D+Tag-2
Filter 77 % ] way-filtering cache, EIRV7 I BNZIIFEN xT+xD, HA x HEARA R Vil KR H tag
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ik 2 A ULRC I R AE S B & .
Table.1 Comparison of different low power cache architectures

x 1. ARRBREFEWHIXIEL.

BESEN Hifal BRIFEIINFE BT R RES
Way—-prediction predicted line 1T+1D more wrong prediction
Way-selection live lines yT+yD more wrong determination
Phased Cache hit line AT+1D little one more cycle

Way-halting may match |ines zT+zD more one more cycle

1/D Filtering /D match lines hT+hD little one more cycle

Way—filtering Valid, |/D type and tag-2 xT+xD little one more cycle
match |ines

3 FABTEIE

BRTEFGANREREERE, F EEGEIRAA SRR S P IE T EEN MG, AMBKELS
¥ R TR DA 208D i S Bk T AR B 1 e o iz B . FEX AR A7 B A — IR VT el b, AR ) — A
GAFHF T E R, B2 RA—BEFIRadhr. bl R BATGEE IS0 A 0 21 2247 2% U7
W, D) R AR 7 AR ) BN A DR R A AR AR .
3.1 NEMEFETE

X AR IR G2 A7 (B I U5 1) P2 AE B AR (E_cache) AT LAHISCHR[9]45 B A AT FLAl . A=K (1D A
X (2) Fiam. H, E_decode FK7RIRAN)HL bl & £ Fl AT U7 A7 Hhhk (Y BE#E; E_memory FEIRVTI tag [FE51FI
data FEFIIBERE; E /O Ron 4Bk AR RS A3 1/0 BRI AEHE: N _tag A1 N_data R85 1) tag [ 51 Al
data FEFI A% E tag A E_data FInU5 A B4 tag PRSI data PFEFIAIRERE. % T E_memory 24 fE
E_cache B ZRIE, FRATM 7% E B2 8 d > N_tag F1 N_data K £ (% E_memory.

Ecache = Edecode + Ememory + EI/O (1)
Ememory = Ntag* Etag + Ndata * Edata (2>

AL G AR AT, Vi AP B8 % 0 5 tag B, index BUAN offset Bt M E R, (EVIfFHLL
HERLAG . index B FISRZR G BN M AL, Bk E A AR WATE tag MBI, REHEHD tag
Al tag BUFFATILEL, BREMH . Wikdad, FHEHFAIFMEIEG R, offset B Rik#HFEMNBIE S .
B, RHEREE, SRR R .

KRR 2R AR, AR E — N EAA AT, tag WX FEANR KA MERKEZ RHT
tag RO ANULEL S B BT LL, FRATVT DA ATAG 2 tag S P9 AL 1 VE BC I o, 338 1 76 338 — 25 (9 i () o o 9 i %)
BARP LA S AT RS WU 1] o IR, BRI FEAN ARV, I AT AT I g AN ZE 7 7 B AF & A 1
ARSI RA R, e, IR A R A B, B AR o o 80 B R R . R X R
WLR, FATE LS A S R A4 valid/invalid FREAL, RIBESE— S ERES, HEREE LR
TRV EALBEII VT I o BeAh, TERIR S MBUR L ZMEAZ T, —NEAUAV AR, Wl aFEES
Yoo Witk Vi, ZEAVREAE, BEavintad. BTl AT LA A SR POk E — MR &AL (/D bit),
KeAa s B AF R AR 2 I R HUE, R )5 V7 M TR & AR AL, MWTITERE— B B, I BRout U il SRR
DT C 1 B 4fs e ) 77 1)

PA b 8 7 B AT W R B A TR AR, (R, BT RIS TEEA VI RS E T — /M e ay
(Filter), FrUCAMIEARSEHLM MR, FEL —HMERRENAFFEH#— DU M M EF . Rk, #iX



Wb v Ty vk e it iE R AR S IR AE U I 2 A7 45 /) R, 0 unified L2 cache 83t = LLC (Last-Level-Cache).
3.2 N

N ERATA AL =R AN i B A BT (R DAL (2 AR A5 K, T TR A T AR B Invalid Filter,
P TR B 48 48008 U5 10 R RUR USSR B ) UD Filter, DARA TR A tag &A% 2 AL AVCACHEIRHLY) Tag-2
Filter, "EAT] LA Tl Gt il 2 AH TR 2 A7 T S 3L o

Memory Address

tag ‘ index ‘offset‘

‘Way-Selection Cache

tag index offset

Way0 Wayl Way2 Way3

Way-Selection Lines

Valid bits
= checking
0

tagl datal tagz  dath2 tagd  datp3

Valid Bits Table

AT
Decay bits

Tag Com pare e Hit Select data and
l T 2 . = write back
s \ /
/ Miss

Send out miss
Power Per Access: y T+y D message

Fig.3 Way-selection cache[16]. Fig.4 The architecture of Invalid Filter

o . . R R
3. Way-selection cache[16]. 4. Invalid Filter {13 514
= =2
‘1\| | e | e ‘ T ‘ Memory Address | tag |01 ind‘ex | offset |
Way0 Wayl Way2 Way3 Way0 Wayl Way2 Way3
Instruction/
databits Taglow bits
checking detefting
a2, 0 0|1 —»{ 01|10 |01 |11
Instruction/data Taglowest 2
Bits Table BitsTable
Tag Compare o

=5 Hit m‘ Tag Compare L Hit m‘
Miss
Fig.5 The architecture of I/D Filter
Bl 5. 1/D Filter F 2484544

Fig.6 The architecture of Tag-2 Filter
6. Tag-2 Filter [ &5 14).

Bl 4 DL o4 BRAAHEREAE A, X Invalid Filter 25T THIIR . H TSR WAAEBEF S, CFFAE
Valid/Invalid /&7, EH5 Valid Bits Table. [, AT R 7544 A & A7 A 25 328 B S 3088 1 tag 2 )5
BB HBAEA tag 20T, K ILZEMNEE S SN BABRFEEE T ERER A I . TE8hr £ AL FTTE
H R AE B ANt A e

[ 5 %F /D Filter &5 HHAT T H#iA, UL 4 AP N6 T X o & SmEHn e, AT EA
GATHRENIN T — ik EAL, BN 1 RREARY, 0 FoRtEA . WE S R, I8 T IRV N A7 I SR
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B BE ORI R T R (HURER ), MEURZAF K BN 1, MRS EA KT E N 0. BHRIRKI bR
EALAE R PRI AR U5 miss SRHEE o

Tag-2 Filter S5 HTIEN 6 25, FADR T A tag MIRAR 2 G042k, 721 6 T IRATIRON tag AR L
Ko EVTHRAAAAT, HRMEMNE tag RIKWALR, FERLE RGN 55 DA MRS 5 L2 HG
I o CAGRAF BRI 32bytes NI, TN L tag {37, RAZEAFHE KNG 256bits, B LEREDNE2AEHL L 2bits
[ tag ARPIAL R AVBEAF T AR H 722 —, AT BIEAT.

ERERRNAL, UL E=MINER T BT TR, 8L EJ7 %R G )5 AT LA 2547 )i 8 A 5 REHOR
N T ERATR R A S AT BRI

4 FWHER

AT IRATE 1 P2 38 Sk A A VR A 3 77 5 (Invalid+1/D+Tag-2  Filter) B RCR o FRATTE 56 K S2 bR IR e (0 V7 17
Trace 7ESKIL 7RG I IEAS A Lk AT I,  DLAS 3 6o 8 i VR ok I8 2% T 4 Bk 1) JC R A % 7 1) o7 AN
it . S5, AR CACTI6.0 [61K PEAl K A 8 77 v J5 ol UL i B sh A Thak . RIES, FRATEN
R4 UER SRR Invalid+1/D Filter ()75 R SR H Invalid+Tag-2 177 VAR IO RCRBEAT TS HE .

41 TTHGEI BT BB A b

SEag R, 2 AN IR (spice, tex)F1 6 A~ M SPEC CPU2000 M FE 7 4 b BE AL Bhik iR A2 7, o 3 4
>k H SPEC CPU2000 Integer (gcc, mef Fl eon), 74 3 A~k H SPEC CPU2000 floating-point (mesa, ammp Fl
art), A FH RIS UFIE T & Pl JE 28 0T DOH BR R A2 B U L2 . Ho, /NI benchmark B 157 trace #i8
SUNEISE-

£ % = FhAS[F] () 414 1L € 28 (Invalid+1/D Filter, Invalid+Tag-2 Filter, Invalid+I/D+Tag-2 Filter), #4145
1E 64K-dway FI 128K-8way HABIRZE A7 Fadb AT 7, IXELGEAEn] LARE & AR A2 g 3 2. SLIR 4 o il
w7 AR 8 Fiac. AT EPTRATFTEM B, 22475 K/NE E N 32bytes, 545 5 W& K T BEAL 2 e .

128K-8way Set-Associative Cache

64k-4way Set-Associative Cache

80.00% 100.00%
€ 70.00% - g 2000%
g o | S 80.00% -
g 60-0004’ 8= 70.00%
g8 50.00% - §E 6000% -
© 'E 40.00% - ) ) ®E 50.00% - ) )
55 40.00% o Invalid+l/D Filter 55 50.00% o Invalid+l/D Filter
o 9 o 40.00% -
3 5 30.00% =°
E 2 20.00% W Invalid+Tag-2 Filter E 2 30.00% - m Invalid+Tag-2 Filter
X % -
E 1000% - Invalid+/D+Tag-2 Filter : iggg; Invalid+l/D+Tag-2 Filter
X 00% -
0.00% - 0.00%

"«s'c \(‘b e,°° & & &@Q c}('e\& <"

PR SN L R S
& %6\997’0'\(\‘9‘\

&

(Memory Traces of Benchmarks)

(Memory Traces of Benchmarks)

Fig.7 Eliminate rate on 64K-4way cache
7. 64K-dway ZEA7 bR Bl B A B U ) bR

Fig.8 Eliminate rate on 128K-8way cache
Kl 8. 128K-8way 2 ff I AT B Bk 19 B U5 17 EE .

B 7 LR ER, 1F 64k-4way 1A Invalid+1/D Filter AR 454 b, BEWS 1k 8 B3 1 2 17 B U7 i bL R4 331
N: geed7.63%, mcf52.73%, eond9.60%, art52.41%, mesa62.50%, ammp36.65%,; spice50.49%, tex65.88%;
1L 64k-4way T fi Invalid+Tag-2 Filter ZEAFEEHI L, BEME Bl Bk 10 & A7 B U5 19 LLR 73 518 . 2ee59.65%,
mcf60.07%, eon65.53, art61.64%, mesa66.38%, ammp60.25%, spice66.67%, tex69.32%; 7L 64k-4way i
Invalid+1/D+Tag-2 Filter 227454 b, Gef8 4 TH bR 0 G2 47 3 U5 0] LE 2 43 90 4 gee71.42%, mef73.58%,
eon68.24%, art73.19%, mesa71.08%, ammp68.50%, spice74.16%, tex72.97%.

PL B4 BIE KB, 5 Invalid+I/D Filter K tt, Invalid+l/D+Tag-2 Filter i] LAZR15-F 1Y 19.41% K950 12 51
Y Invalid+Tag-2 Filter #1tt, Invalid+I/D+Tag-2 Filter ] LL3k 5 T35 7.95% 1 R0 B #2 5 .



B 8 4 R E R, 76 128k-8way T A Invalid+I/D Filter FIZEAE 458 b, BE5 1% T B3k (1K) 22 A7 % 5 1) bL R 4y
FA: gec59.41%, mcf61.95%, eon74.54%, art63.12%, mesa80.39%, ammp46.49%, spice72.81%, tex82.94%;
TE 128k-8way i H Invalid+Tag-2 Filter FIZEA7F 4540 b, AW B TH BRI A7 B U 9 LLR 23 518 . gec67.86%,
mcf68.52%, eon82.52%, art71.29%, mesa82.80%, ammp71.09%, spice82.10%, tex84.66%; 1t 128k-8way
WA Invalid+l/D+Tag-2 Filter RIZEAF 458 b, REME A5V BRI G2 A7 B U7 1] L 26 30 9. gee82.46%, mcef83.23%,
eon84.07%, art83.42%, mesa85.31%, ammp78.91%, spice86.78%, tex86.48%.

PL B4 BIE R B, 5 Invalid+I/D Filter K tt, Invalid+1/D+Tag-2 Filter i] LA3R15-F 1Y 16.13% K950 12 51
Y Invalid+Tag-2 Filter #1tt, Invalid+I/D+Tag-2 Filter ] ULk 15715 7.48% 1 R R #2 5 .

42 BEFETHIFMERITEE

BT KA 0 B0 G A7 2% U 1) AT LLd I FAT T2 Hh i g U7 v TSR Y B, B = AR I B A R R 45K
KA. 3Rk, FATRA CACTI6.0 RVl Al L BB AN RS JE 38 AT ae 5 & I REHE. seihrp, RATR %
R T ZAF VT T AR B A R RE . SLIRAE R, KRS MENLE], Invalid+l/D+Tag-2 Filter FRCH EL
Invalid+1/D Filter Al Invalid+Tag-2 Filter IR ER L, SLIRLE R thianE 9 FE 10 .

64k-4way Set-Associative Cache 128k-8way Set-Associative Cache
25000 35000
= = 30000
2 20000 2
3 T 25000
5 15000 5 20000
£ ) . £ ) .
‘210000 m Invalid+l/D Filter ‘2 15000 - . . m Invalid+l/D Filter
:;'_l“ M Invalid+Tag-2 Filter :;'_l“ 10000 M Invalid+Tag-2 Filter
5000
& Invalid+l/D+Tag-2 Filter & 5000 B Invalid+l/D+Tag-2 Filter
0 0
- SN SR SR A S ¢ & L PR G
¢ & L 7 @é" ’b&& ‘_9\" & ¢ & L 7 @z" ®&6\ &\0 &
(Memory Traces of Benchmarks) (Memory Traces of Benchmarks)

Fig.9 Comparison of power saving on 64K-4way cache Fig.10 Comparison of power saving on 128K-8way cache

Bl 9. 64K-4way 217 LW HEFE T 4 LLEL 10. 128K-8way 2247 b HIREFE T 4 EL .

Bl 9 4 SRR, 1 64k-dway 2217 b, 5K/ Invalid+l/D Filter #HEL, Invalid+I/D+Tag-2 Filter A&75 £
P REFE PR BOR BT N e gce39.0%, mcf35.3%, eon36.6%, art34.7%, mesa20.1%, ammp47.8%, spice41.5%,
tex19.6%, “FIIRE 34.3%; 5% Invalid+Tag-2 Filter #HLL, Invalid+1/D+Tag-2 Filter AE75 2 [ HE #E B 5%
RIRTFN: gee22.5%, mcf27.7%, eon6.2%, art23.2%, mesall.5%, ammpl7.7%, spicel6.2%, tex8.0%,
Y3 16.6%.

Bl 10 (45 &8, 78 128k-8way 2247 L, 5K H Invalid+I/D Filter ALk, Invalid+I/D+Tag-2 Filter fE45
B (1) B AL PRAR RO T N gecd8.3%, mcfa5.7%, eon36.6%, art44.7%, mesal9.0%, ammp55.2%, spiced4.1%,
tex19.6%, “FIIRE 39.2%; 5% Invalid+Tag-2 Filter #HLL, Invalid+I/D+Tag-2 Filter AE75 2| [ HE #E B 5%
WIRTFN: geedd.4%, mcfd3.3%, eon7.0%, art40.0%, mesal2.4%, ammp24.7%, spice20.0%, tex8.0%,
YIHE R 25.0%.

5 LRE

—HUK, FRREZ AN IR, FONA B SR SURIT TE R R, TR AE AL AL GRS R AE B AL B
a, WARR] T EASNEAT 2 R . A, FATIR TR AU IR G2 A7 T SR A I PR AL B A 2
A7 BV 10 SR B CPU B & DFEIN U5 1% o X T8¢k Ui 18l , B Invalid Filter AJ PATR Y & 0 R84 B, 1/D Filter
A CASR A AT H 4R A /KU U 1] S8 BRI RS 8 B, Tag-2 Filter °f DUBR AT 5t tag A€ 2 L ASUTAC &L dls e, 4
A B P LE (K G2 A B K U7 W AE BB R S BT BR . SEIG R BT, DA TR oA AR R A7 I REAE, JFH A
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=MOTER AR, RORRLF . UL K7 R DR 2% A A B AR I 3L LLC (Last-Level-Cache)
FAFLAR AL, R EATE — 2B AR
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