HH
e ) 2R 73 4y 1| i ek ) A A B
¥ vy Y 2D
B EE 5
TR RS B
2017 4

—HEARPRER LPWseR iR LEHEK
Va2 —RT7—F 577 F v 5=

JIRE ZEEAR (415M511)



A EBE

W, AR—h7xvenXvavikyosavwy Y TlE, Eteeto
TR A BRPEIREINTVS., TO—2L L TEKROIT 2 HE
U, WHNZEE 275 I F AT Fond. L, ¥IVFa7
BECIIEBDOATY) 77 AVRAICHEETZ T, Yo ZNa7y
BRIV ET—ROHEENFELXTAY, ERELUTFYyY Va3
BRELRDEWVSHEE DD, AT T 72 AIMEREDOR NV RY 7
D—DTHhHd7, mMaelbZERT D ZOIIEERLEADT 71 A%
DIEJE, THEOLLFYY Y aI ARDEBNWEETHD. FyYYVaI A
BB FIED—2IZ, Fyvva - N—F4va=vINbhHsd. Fyvia-
N—=TF g az=vli% RAUZY MRS NG T — X 2 EBIRRT %
7-OE—ZY M) 2EBEHELZED, §8bbycA %27 T LIZE|
DYUT, oaT7D7 7 AILED T2 A5, LHL, Fyv
Va-N—F4a4vaz=vliEFr oA BATE vy Y a il RE ) M TEITD
TZONEREIMHL, Fry Y azhRMIHEIRVGEERHD. F/2,
BEOIATHETT—ZDEENTIHRVE WS MENHD. T I TES
1, FYyYaifiNCEBICOE L TERL, I6IT—42EENTE
5, Wb-7or—rarvIFywlazrzERELTWA, - Tar—ra
VEryvald, FryvvarvzAd OO VEATHD TRV IZH
HUTEHZITIZED Y TEFRIETHD. V- Tar—rarvEyy
Yalll, AT DAPERLRENSF Yy Y anEZRADIEAERI L,
BHF Yy Y2 LFARRICT 72 AT E 2GR0 2O IVIMEET
. BRIV EEAEYILE, XyY Y aIARDT—RILEERTITICH
DUTHILT, £ATICHOERFT vy ¥V a2 TE5. Lrl,
YLOT 72 AKIPRIZED, DAOTHF Yy vaIALMMLTLESM
ENRHD. FLHEABEOER, #EL/21 VTY I ATHFyyaky b
FrvyaIAWNERTDE I ENRDhom. TITAHETIE, ILDT
7Y AHIRZEBEEIZEEL, BEEDT 7Y AEEEZHACTAELRT—X
DOHIFRPZIVEID Y TEITD DI, EOLTTNITY) ALZHRELUZ.
TR AL, EEDT VAL VT I A RPN, AT7HBSHET
@ —DGE, MOIT7DOEEXNVELERIVIIETETS & IR EIZHEH
T 5. F72%3 D Other Index Counter Z FHAWT, FRLANIZ T =1 % 8%
URMHAZTZY M) 26T FiEE2RET S, Other Index Counter IEA



KNI ND A VTV I ALEBELEZT Y MV ITHERIINT S T—4MN
BIETEIZNEIN2RTHIVATHD., ZOhIVAREY hINT
WBIGE, BDA YV Tw I AIRD TN T —EADFIET 20 ERT 5.
ATV EREY NINTOWRWEGS, FvyvYallsy—2BMFHELZRNOD
TERLEBENST—X2HETD. HI ATV REFHNRD Z L TRER
FYYYVaDBERERMOSTIENTED., ZOHDVRIZEDFHHINT
WHEWIY N) 2EEHATES. ThbDFEE2HWSZ EI1I2&Y, @
WX Yy b ART, BEFETIEFYY Va3 ARMNEY 4.50%,
K 6.96%, FEITHA ZIVEHNFEY 8.10%, A 10.85% A U 7~.



Abstract

Multi-core processors are widely used to improve computational per-
formance. However, the number of main memory accesses on multi-core
processor is larger than that of single-core processor. Therefore, a cache
system for multi-core processor has possibility to degrade system perfor-
mance. To solve the problem, there are many studies to improve cache
performance. Cache partitioning is one of the representatives. Cache
partitioning allocates ways to each core on demand, and restricts access
from other core. This limitation prevents cache conflicts. Cache par-
titioning allocates cache spaces to cores efficiently, but cannot allocate
optimally for shared data. To solve the problems, this paper proposes
Cell-allocation cache. However, Cell-allocation cache increases miss rates
by the limitation to write data from main memory to cache on serial
memory accesses. 1o solve this performance degradation, this paper pro-
poses mechanism to detect serial memory accesses which occurs serial
cache misses. This paper also replaces the access limitation by the access
priority, and improves the allocation algorithm. The proposed method
can reduce waste cache accesses, and increase pseudo ways. Compared
with a normal cache, the proposed method reduces 4.50% of cache miss
rate and 8.10% of execution cycles on average.
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(a) Algorithm_for_cell_allocation()

While(Current cycle > Interval)
foreach Cell
if(Share rate > Upper Bound)
Change to Shared Cell;
else if (Share rate > Lower Bound)
Change to PrivateCell[core having most Cells];

if(Accesses > 0)
CoreHigh = core number where miss rate is highest;
CoreLow = core number where miss rate is lowest;

if(Accessesof CoreHigh and CorelLow > 0)
Main_judgement(CoreHigh, CoreLow);

else if(Accesses of CoreLow = 0)
Main_judgement(CoreHigh, CoreLow);

set Label : RESET;
Reset parameters;

(b) Main_judgement(CoreHigh, CorelL.ow)

Blocklst = block number where misses the most;

Block2nd = block number where misses the 2nd most;

if(There are 1 or more PrivateCell[CoreLow] in Cache)
Cell_allocation(CoreHigh, CoreLow, Block1st);
Cell_allocation(CoreHigh, CoreLow, Block2nd);
Cell_allocation(CoreHigh, CorelLow, Cache);

(c) Cell_allocation(CoreHigh, CorelLow, Here)

if(There are 2 or more PrivateCell[CoreLow] in Cache)
PrivateCell[CoreHigh] = least recently used
PrivateCell[CorelLow] in Block[Here];
Allocated = true;
else /* if(There is a PrivateCell[CoreLow] in Cache) */
change PrivateCell[CoreLow] in Block[Here] to Shared Cell;
Allocated = true;

if(Allocated)
go to RESET;

X 5.5: BABEEBIZ LD IVEY L TYILTY) AL

Y ANRD -GG, REFT 2 VD LEL LD T T DN,

A

/]
A\

f

H

B

B

EEVWITLENTTZRDOD, RIS, WMADIATTT IR AR DO

MESNRERS. @HOIATTT 7 AND 5256, [5.5(b) (BT

T5.

¥ 5.5(b) Tlk, WMIZIAKIREENTT O I AEED, HELLV
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UEHBDGE, REZWNTOYIIZHDEAEZIVOTNS, I AR K
EEVIATAETELEZRDD. 20X, YIVEETIATOEAERIV
B2 LA LD, LRU 2 W TR BEHON T ARVWELE IV
. NV EETIATOEERIVEN 1LEOEE, TOEAELIVEZILE
YIWVILEETS., T TCEERIVIETETLZZLI&Y, BERILZR
ZBRNIATTEAEY NS F Yy Y anEIAdd L5 T0a. 20D
RE TRV OE Y B THRTHONT VDS, BIVEID L THELZKT L,
INTA=BD) Y hAKITTD.

Ty I TRNVED Y TR TERN-256, RIZ2FEHDO 70w/ T1
H‘HOTOw 7 LFRRKIZ, B5.5(c) 2175, 272U, 1{HHO Ty 7k
TERY, ETRVIE2FZHIZZN T Oy 27 IHhDEERILVOTNLR
ETD.

1FZHE2FBHDOMHD T 7 TRIVEYD B THFLNR N>
G, FYv ¥V a R THKIZK5.5(c) 217D, 272U, 1HHP2HHOD

Tay IR ZY), ETRIVEF vy Y a R BEERILVOFMNS
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THTONEI S 256, BIVOE) Y TIFEAEFEI N,

BEIZ, ENTA—REVRY ’TEH. P T eIl ZofF

Eeig) kY.

5,5 I -F7Oy—SarvErvyla0FME

LIV 7ar—YarvFyyval@ET Yy VaLDENE, Fyy
Y a I ARD T — RO RO DGEIT, MU I TITET D HEA
BREMIIEZSADRTHD.

HEX IV EEEENVDF vy Y2 I ARDOEEZHFTS. $537 T
FYYVVAIANKEL LGS, ATIDNLT—XEIETS. TOED
HIAALIL, XAV ZEDITOEERIVNELEINS. HERIL
LXDIAT DEGRINVOMHFGWDEIET D56, TOHM»S LRUIKTED
TIVIZEEZRAOPRET D, HAERILVEZDIATOEERIVIZESIAD

BWGEIZDOAR, MO A7 DEEX IV EZHEXERLIVIZL TEIIAD.
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Hi S LRURCTE DAV IVICE S AL RET S, HEMIZEIIA
DBRNGEIZOAR, DI T DOEAELIVEIELIVZL TE AL,

HELIIEL, TOIATOFERIVIEET DS, BEZILOh
Mo LRUETEDEE R IVICESALNRET S, TOIATDEAERIV
WCEIADBRWEGEIZOA, oI 7DEAEIVEAERVIZLTES
AL,

xEt b, EERLVEZO AT OEALIVEFEL BRWVRILEFEAE U A
W, ZOFETIE, MO 70T —REFRLUENGD, &3 7 BT

X7 ARIIHDTS.

5.6 - 7OF—> 3 ¥ vy o DR

- 7ar—rvarvdFyyvad@EEFry okl 7T, I AE
R 0.43%, FETT A 7 VEEBRK0.92%EHKT S 7205, FETIEI A
RIN0.58%, ETHA 7V 2.90%MML 7=, KRE LT, $5370D
I AR EGLREN S F vy Y anFE ALK, Mo a7 DEFE L IVAE
FIRADBNVEWSHIBENEZ NS, ZOHIRIZEYD, T 7DOLE

LTV T—A%2BVWHULTEEEZTLZD, "ZoTHFryy a3 A
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PO DM F Y VAR AED LTSI EAREIC LA UL,
FHAENVADESAAFIRICE ) BBELT 2% EEEL, Fyvyia
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0w 7 DRIVIZEEIRHDIZELPDOLTHEONLOARENENH S, X
512, TRTIADF Yy anDT 7 ARk ZHHE L -FE%, Hd 3
TINERET A YTV I AT VAT EGE, by hEAIFIAEE
T2 EMHPHLZ. £IT, ¥IVDOT 7 AR EREICEEL,
IR DA KV BLIIC Y =+ 2P UTREHZT Y M) 25
U, EEDT 7 X AJEREE AW TRERT — X OHIRPEIVEY BT %
7O &R U .

WREOXRI - 7OTr—YaryFyyvaldk, ARUNLFyyall
T—REHZAG L X, Kkowy N, BERIV, TEZIVOIEITEA
FeE Y. B UEY BB L RWGE, BIVED M TEELHEL
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72, BO2HMTHULSHHETDESIZ, TOv KRS ZHOENE

DEHIZ LY, BEEIZY = Z2BINTE5. TOv 7R SEEMU L

T DOFMMZ M 6.6 1277,

- — = =

Block i1

Cell
Tag Valid | Dirty Data Block
Tag Valid | Dirty Data Block
Tag Valid | Dirty Data Block
Tag | Valid | Dirty | Data Block
6.6: ILVDEEH

Index
i*Set/n

(i+1)*Set/n-1

TOY B SIBEKRMINT VDT —ZDA VT 7 AN, EEEIZ

DTV VIZFRIET DN RTHSTHD. BIIINTWDET—

ADA VT I AL, TAvwIHZSe2HAELED L, TOT—ADA

KDA VTV I ANKRED. KKDA VTV I A% indeXoriging, LY b

W& set, 70w 8% block, BAEFRTNEA YTV 7 A% index, 7

Oy 7 &SZ numyes, £ 308, UMFOKX (3) TRED.

indexorigina = index mod

set
block

+ NUMpjper X

set
block (3)

HZIE, 2w NEA 4096, T B4, 42TV T AMN15T3, KN
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INTVWD Ty IHFFSH0DYE, 1573 mod 226 + 0 x 4096 = 549 &
WOIRTROLN, ZOT—HADARDA YTy 7 AFE549 R85, 20D
212, TuvrFESEMATIE, ARKOA VTV I ADTY MY IC%E
INELSTE, DA YTV I ADTY NIRRT E D, ZDHEIE
X, —HERY o BOEMTHD. 70y 7EFZIFEERD Other Index
Counter IZ& > THEHINS.
FEWBEBEORI - TOT—YavFyyvald, BEDT VL AEkEE
PL, I ANEETRHROT -2 2 EILL, HBATEITNF Y
VarflioTWAHHIFMO I T DEE IV EZRTHAERIVIZEETS.
&Y, BERT 7 A%RFE, JVEZOEKEEHTE .
Ty 7 FHITR DM DEBIZOWTIIE 6.2HiT, 77k AEE
WZOWTIEE6.38T, WEZORI - 7Or—YarvFyyiadT b
TV ALIZOWTIFE6AHT, RBEORIL - 7OTF—YaryFyyda

DENEIZDOWTIXE 6.5 HiTEEL < 3BT 5.

6.2 FBIRSEDEIICL DY = 135N

ORI - 7ar—arvIdyyaTld, HEo7avyrsoisar%

<HSEE, ooy Z20RIVICRHEHOZY N)RH-o>TE, 1V
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T IANERRDOIZRHEHAOTY M) 2273, T—ZDBEVHL
WRETDZZENDo. TIT, YO TOY IHFSE2ERTDT—
7, Other Index Counter(OIC) ZfER L, ARDt Y Mo 5L %E
ZHELUT, KMEAOTY M) 2FEATLFEE2REETS. ZOFIKETE,
OICIZARDEY NERRDZTY NI NAZT =B RHNED
MEGEL, HAAARRIZBIET D LT, BEMWIZY o1 28T
5. ZHIZEY, FbhEnwTYy M) 2B T LI, 2LfHbNT
WA YTV IADT—RELDERFFTE 5.

OICIX, &ty ML T7ov a0y NMaRi>T— 7 Th
5. £EY MIT7Ov 2 IR L TEY, PHEEToTHD. Hd A
VT AMEI ND LT E o 2T — MDY MRS B BR
W, RO 7Oy 2SR A EY NE 11295, IRICT — R %Gt
AL FIZ, OIC%22L, 70y 7FEIIHIETIEY N EHRTS
LT, 7=ARXYY Y AFET LN, EOTOY ZITHEET DM
rCTEd. 1Y hTTOYIESERTIET, VoA PEENEML
TH, NEB/N—RD 7T/ I HBS2EHRTE 5.

Ty NE set, 70OV V8% block, 1 VT W I A% index £ T 5L,
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7D % 7%% NUMypock W (4) %{%f:ﬁ'fﬁf\: B5.

set . set

—_ 4
NUMpock X Tlock < index < (numpeer + 1) X Tlodk (4)

Bl LT, £y NI 16, DA EMN4T, BALZWT—2DA Y

TYIANIDBEEZERD. A VTV IANLDOEE, Kko7Tay s
HHFIT0OTHS.

ABYDNLF Yy YV allHFIAL L XL, FTEEE) A VTV I AT
ITYN)ESET. A VTYIANTIOEEIE, £y M1OTY NI
TEXONHERTD. BIITEIDHEAIE, K6.7TDOLSIZO0ICHOEY NE
BEBR1DOADVAD, HEMEY NE1IZL, BTy NVoTry 7%

S20TCTLEHEZTL.

Cache Other Index Counter
Block number
Way 0 Way 1 Way 2 Way 3 Index 0123
- 0 ___ 10000
T y 0 1 1000’
!?I_ng_o.! ' Ty T T :'o'o o~ Set block
Set block 3 '0 '0 0 0 Unumber flag
number _/ 4 0|0 00
Rlack 1 5 .o'o 00
I.B_lo_dil! 6 10 000
7 o.o 00
—_—————a 8 .o'o 00
Block 21 190 '&888
T 11 10000
14 .o'o 00
15 10,000
X 6.7: AkDXy MIKIHNT 255



KEDA VTV I ATHRINTIRWIGEIE, 1Ty 2 A% 70y 7
BMCHSZFRDBFALIZRD Y NIBITE 20 MRTD. 1 VT
JAMWLDGEE, 1Y TYITAMNEIIZTHDY MeERTS. 2
DWTNNIEIITE 2581, TOT Y MN)OTOy 7HSIZ, Ak
DTy I EBSEKMNTS. HlZIEX, By hIDTY MVITKINTE S
BolX, By hODOARDOTOY VR FIZ2THD720, M68DLDIT
OICDLY hFEENLIDATVED, ENG3FEHDOLEY b& 1IZL, #

My Yo7 awrHBSE20TCEESTS.

Cache Other Index Counter
Block number
Way 0 Way 1 Way 2 Way 3 index 0123
————n SO 00100
0 1 2 0 | I 1 TTTTo0e:
!_Bl_OEk_O_! 2 0 0:0 X Set block
3 0 010,0 \ number flag
—_——— . T 1 1 4 00,010
| 5 00,0'0
B_Iofli]_'! 6 000,0
_______ _17 00,010
R 8, 0000
1Block 21 2 2 2 0! 0000
S Set block _1n 00,0'0
_——— number 12 0 0l0:0
I
Block 31 12 88‘3:8
————— \
15 0000

X 6.8: £ N 9ITKINT 254

TNTEBNTIRVIGEIL, KDL VTV I ADIT Y b IZKKN

95, Z0OLE, BOHINET—XIZOWTOIC ZF#FHN, HIEIZIGU
TEIXHZ5. M69DIDIZBVWHEINE T—2D 70w 7FKE M0 T
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HBYGE, OIC &2 FH IR 5 BB,

Cache Other Index Counter
Block number

Way 0 Way 1 Way 2 Way 3 index 0123
-——— : 5 ot -0 l0jo0 o
1 11000

ssal S I {010 070 ot change)
if change 3 I0 00 0
—_—— here 4 o|ooo
|Bbck1| 1 1 1 1 : :3388
T 7 0|000
—_—————— 8 .o'o 00
Block 21 2 2 2 2 2 'égég
11 |0'000
————— 12 :00 00
Block 31 —3 3 : 3 = ﬁggg
S 15 10'00 0

X 6.9 7AW IBSNODT—XEBVETY

610 D&DIZ, BNHINDT—E2DTOY IHESNOLUNTH D
LA, Y M LITERHI N TS MO T — & 231N, BOEINDE T —
ATV IRSLEELTOY VRSO T—ZNTOY Y 0IFET S
WHERT D, FHETDIHAIX0IC 2 EB XA D HEITMHO.

FAELBWES, 70y 7 0056 B0HINST—2D 70y 7 FKS%
o7 — 20 25720, X6.11DE>Z, OICDEVWHEINDG T —
B0y NEBEDOATVAD, ALY hE 02T 5. &EIZ, KT
YMN)DTOy 2 EFEEE0TEEETS.

KA, Fyvyanbisltre X, Tuv I B52HERTS. €

LTy I7EFESEHNT, BAINTWET—XDOERKDA VTV T
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Cache Other Index Counter

Block number

Way 0 Way 1 Way 2 Way 3 |ndex 0123
———n- S 10,000
Block a o -
.......
if change There is 3 I0:00 0
—_——— here adateof2/ 4 :0,000
IBlock 1] —1 1 1 . oo
7 :o:ooo
_———n 8 .....10000
2 2 2 2 I '__01ol
S o
11 .0'000
12 10,000
14 10000
e - 10,00 0

X 6.10: 70w 7B SN0 UNDT—Z 2BV TES
A%FHETD., By NIZE set, 7HY 7 % block, BEFARNTWDA
VIY I A% index, TRV IHESE numys &5 DY, KDL VTV

7 A indeXorigina 18, A (5) TROLND.

set n o set ( 5)
nuMy;oc —_
block block ™ Plock

indexoriging = index mod

BIZIE, 1T I AN105E, £FTHE6120E51Z, OICDEY
FR1DAY VA ZMERTD. & U EALEY 21 DHE, 70Y 270
AVTYIANLIDT —EBEIETEHDT, ¥y M1 2#HNS. ZU
T7RYI7/BSNVODIY FIBRHL5GE, 1mod L +0x L =180
T, BRDA VTV I AZFLERY, A VTV IAN—HTET -2 L4

No.
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Cache Other Index Counter

Block number

Way 0 Way 1 Way 2 Way 3 |ndex 0123
U S0 10000
Block O - 1 3 1 1 01000,
----- 2 1010 0'U~<change to 1)
if change There are 3 10,000
S here noda_taofz 4 :OIOOO
| 1 1 1 1 5 11100
LBlofli]_-! 6 :o:ooo
7 01000
. 8 10000
2 2 2 2 09 11,010,
Block 2 T O v dange 00)
11 101000
I
Block 31 3 3 3 3 13 101
Blockss! 14 101000
15 10,000

X 6.11: 7Oy 7B SV0UNDT—REBNHUESHZ D54

L7 I EBSBOUNTHIUEL, THUIHO 7Ty 2 1ZHMT 21
ThEokT—=8L005. HIZIE, TV IFESN20D5E, 1mod 1+
2x W =9RBDT, KKDA VTV IRZIERY, A VTV I AN
LBRWHIDT =R ERND.

KEDA VTV I ATT=EANRAONE B> 54, $THE.130
1T, OICDYEY "1 DAY VR EHERT D, e EALE Y NPT
123 H 256, WIET2 7092124 VTV I AN DT —ZIMFET
DT, TOT7UY 0, £y Mk TOw 2 TEH S ZRIRME U I
BBy NeBRTL. TLTTOYIEBEEN 0OV M) WD IIHA,
9mod L +0x 1 =18DT, AKDA VTV IAF1IERY, ZDT—
BISA VTV IANLIDT—RTH2DERN5.
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Cache Other Index Counter
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U S S0 10000
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—_—— 4 01000
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7 101000
—_—————— 8 10000
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_____ 11 10100 0
_————— 12 10,000
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_____ 15 :_ojooo

X 6.12: v b1 OFER

6.3 T I ERAERE

TOT I LDF vy anDT I AREEZFEL ZFER, H53 70
BT DA YTV I AT VR ATIES, by MEAIEI AL EEET
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BIVED L TTINTY ALTIHE, FyvyallT77eAndoze 2,
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T DEREZHWS.
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Cache Other Index Counter

Block number
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Bloflil! 6 00100
7 00,010
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!_Bl_OEk_Z_! 10 0 o:o:o
Hit 11 00,0'0
12 0000
14 00,0'0
[ [ [ 15 0000

X 6.13: £ k9 DFHE

5. bLATHBLRZITIVETHEUT, 1 VT v 7 AWNEKGEL TS
&, SHREFALT—2%2F vy alsdLUTIATILARL, A
Uty hOBE#H 16 Y MIHDT—RE2HIETD. k> THE
KB T 7 A% E, ETRMEZ T 5.

TIVOHEN) Y THRIZIE, BOET7 78 ALAZIATHSZHRNL. 27T
F—7Zo786, MOI7EUIELLFyyYazHLAVEARL,
ZOATLUANDOEAEZIVEZLERYIVIZTE. 25T TEVEL<D

HIKEEHTES.
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6.5 WREZBOEI -T7OFr—arvxvyy P aiDENME
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WRUZEL - Tar—YaryFyyyasr hL—ARY JUHlvIa
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B SN SRS 5. FHiEE IXEME2 BfEL 55720, Fyvia
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FyvYaDLARRIZ2MBTHS.

7.1 FMBREDOINT A —4 —&
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T M| 4096 sets || LA ROBME (L75) 30 %
74 V& | 64 Bytes | IARDOEHME (TH) 10 %
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