ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, Vol.20, No.10, October 2009, pp.2752-2765 http://www.jos.org.cn
doi: 10.3724/SP.J.1001.2009.03427 Tel/Fax: +86-10-62562563
© by Institute of Software, the Chinese Academy of Sciences. All rights reserved.

—FhE TN R R SR RGBT
Fowt REL % !

YohERER HERORTISNL LR 100190)
Y E BB WEFTAERE AL 100049)

Cache System Based on Disk Media for Network Storage

YIN Yang*?#*, LIU Zhen-Jun!, XU Lu®

Y(Institute of Computing Technology, The Chinese Academy of Sciences, Beijing 100190, China)
%(Graduate University, The Chinese Academy of Sciences, Beijing 100049, China)

+ Corresponding author: E-mail: yinyang@ict.ac.cn, http://www.nrchpc.ac.cn

Yin Y, Liu ZJ, Xu L. A cache system based on disk media for network storage. Journal of Software, 2009,
20(10):2752-2765. http://www.jos.org.cn/1000-9825/3427.htm

Abstract: With the dramatic increase in the scale of computing, the applications of network storage systems
become wider, and the requirements for their 1/0 performance are also higher. Now with I/O heavy loaded, it
becomes meaningful to cache data by using low-speed media in the I/O path between the client and network storage
systems. In this paper, a cache system prototype D-Cache is designed and implemented based on disk media at
block level for storage system. A two-level structure is adopted to manage disk cache and a corresponding cache
management algorithm is provided for it at block level. The algorithm effectively solves the management problem
of disk cache brought by the low-speed characteristic of disk media. By the use of bitmap, the cache management
algorithm also eliminates the overhead of Copy on Write operations caused by write miss of disk cache.
Experimental results show that the prototype can efficiently improve the overall performance for storage system
with 1/0 heavy loaded.

Key words: cache management; disk media; network storage; cache algorithm
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A NAS,SAN %5 W 28 A7 il BAR T F TSR T F )72 %3, R F A7 4 o A 18 A0 R 40 48 B Y 45847
BRI — A, 1 Xeat™ OSCARPSEAT 20 B MBS HPC ZEBFKIE 5T LA & Blutopial™, Frisbeel VAPE!,
COD® Son D&% b jai 315 28 T 4F vl 5 35 IR 25 5 (RAIT T . L3R BIF 93 PRI AZE /0 J7 325 J2 a4 vh A7 M0 A% B0 3o o 5% oy
2 FNLER A I SR DL B s R R 2 . BRI B TR 0 H 1 AE 2 B & LR H 359 s ik
W 25 A7 fids REEI 11O P RE T5 KA R T an ] 3k — 2D 3% i 476 R G010 T PR T 47 ok, R UE 8 KRR L = 43k
RS BIAT- il 9 FH s v A i 0 P i 8

A7 Hi AR — B LUK H A2 X 485 A7 ity S04 A7 e P il R0 1) 6 B D7 VR R S T 05 % P i I A7 R e B i i
AR RGP BE(E 2 00 10 X 45 A7 1 52 48 D A7 KA T P A7 ) st L 2 TRDAEDH B8 /S, — SETH U TF AR PR R % 7 i
N A A Sk 22 AE (¥ 77 72 in xCachefst® Sun ) NFS® IBM fr) AFSEY Codal™ xFSH2 CAPFSII14% 43 4 2 30 4 &
28, AR % i A AR bR ASAE 0 R A7 R B M R G I e s mT 7 S MR mT FH A, DA T G2 408 i i M 25 s 11%) 671 48
JE J) AR JE IR BE G A7 FR 48 AT ) BAR SO E F 4, i A A B AR B — 2SI 0% 2 A7 T DL B MR T 4K
LRI RS, B A R i 38 2k 5 H AT A Fibre Channel,iSCSI,NBD F1 AoE(ATA over ethernet)Z i 1)
PR 25 A7 i 2 B HI = SR A M RS 2 A7 R 5. 5 DL R v PR RE A7 i B R 10— AN R B a8 & SAN 5 NAS
(44 Bl SAN It — 2047 il B8 U5, I A6 SO — G S B2 A X SefF 3L H AT ARG EE 1K Panasas™),

Lustert™ 5 4. 1 4 [ AT AHCE 1/0 117 1] 6 4% LR IR — S0 100 8 A7 X 24 T P 9 2 A7 3 0 L AT R ) B 5
=9

SR EREAIN, T N A7 BA NS . A2 R %s o, 2 BUARERAE R G A5 e — A S VR85 AR AT 1L
NIRRT DR U, A B0 (K 92 A4 5 BEL 5 10001 AN REAR A 3t A2 R — Wb B A o 9 A4 A PRI o B8 B0 XA D, AR S
BEVF ST L T REAL A JTUK W 28 A7 1 RGE 9247 D-Cache I 4t T —Fhidi HI T He— R A7 I e A7 8 PR V2 1%
LIS T WAL TS IR, 45 5 10 R A R GUA S 10 i AR DRAE B — G A7 D) RESE DL Al I 4 1t T %
uf I TERE.

ATCH 1T RGEEATBEA 5 2 T4k D-Cache Z2A7 RGT vk AL 55 3 45 4 MK VAN 1O 45 58 JF X
S S RAEAT X LE A I3 BT .56 4 5 SR T & i

1 RFHLA

D-Cache ZZAE RGN TR WS EFE M B A7 RGN 1/O Bt ), 32 Bl 28 A7 fifh B — 2L I 2 A7 I 55
D-Cache 34 T D2 A7 7 (M) FHAZE FE AT 1 10 05 4 8 HH R 07 £ 1 45 (virtual device), [a) & 7 HLEE it 5 oz 7 A7
it B % B I B AFAE R 45 D L 6 % P WL =, D-Cache R 48 5 FEAEME RGN 22 58, LB AF IR 4% o 5 0
B b2 R P 32 1, LA A ok 1 08 P

D-Cache JEA L W& 1 fii7n,D-Cache WERE T LURE SUAF fifs e 46 I TE 2N B e & 0L EAE ) HER &
J i SR A AT e DA ST A7 i B 45 140 E XA SR I (LAY AT 32k 9 (WAN) _F 3 i FCP,ISCSI,NBD 45 [ 45 17
TGP 5 MU AR S5 .24 110 3Rk R 1% F] D-Cache [o) ZMRAL (K 015 % 2 J5,D-Cache (122475 B )2 (cache
management level) s M3 H ELAA B S8 A7 55 BT SO, vk 52 465 11O 175 3K 3% B A b 1) B 288 2 47 Bk 3 2l k10 &4 3% 31
TEREAFAf % .

AT RGAT RS BE T 3R I 11O Vi In) % 4% h A TR B LA AR S 1 B 26 vk, ZE5 B A R i % B & L 2
SRAT IR 1) 3K e BN A7 DR IR IR . — SO CRUE S5 R 2% 1 ) O T TR AR IS, FRATTLE 2 i ) AR
R K e ) R, TSR ) T AT S R A A AR S S I — 0 — R A T e A B S B R e A E
A7 VSR A 10 5 SRR 2 P LI A R g v I8 B A7 EORAE EHLI 110 B/ A2 B3R XA Rt T £
AN B IL TG AE W5 A D0, AN 52 ) A S e B4 T A 1D 255 SRR I A
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Fig.1 System architecture of D-Cache
K1 D-Cache R4 44

2 D-Cache ZHFEASZHIRITEXM

2.1 ®it*E

T ARG AT 2 GEAEA RS P R R Ge A B TR E 55 4% S8 PO AT ZR G K 22 e 80K, TR b 7 4 A7 A BRI 5 4
S BT b U X 4 2 S a5 AT 6
211 WA TR R

AE S JAEAT-fih RIS 2 T AT A A 0, AN 2 DR BT Pl 3 P 50 25 2 DR bt RS AR Ry AT T D0 B 11
)5 ] AR AR LA I 47 3 M kIR

Wiy 1 3 FEE 45 1 A L+ SDRAM, flash S52 17 A 5, R 285 1 i I 5280 PS5 501, 11O 25 AR I 1) 38 v 3 486 1y 3 A I
DRI, 2 77 b T 75 58 78 0 2 B 3K — M 7 a0 8 SR ) Bk 3ok B A7 1) 7 Y ARAIE R G P .

Kt 2 S SR v A O 3% 15 5 T e R ML TS 5 i 2 K, DRk A 1 2 30K 0 s 2 )P A B 11
DR AT RN AH S IR P B0 T A P 48 1) 7 DA v i U ) (0

7 FH A5 SRS A SR AE S B 28 A7 10 D 2R L B A7 HURE BE 1 N R e BB L B B R R i R A
PIAFE AN ) 2 A 7E 1 R A7 Bk /I B 35 DA — A X g BT, 0 2 ¥4 8 DK 1) P A7 1 S o 5080, i 0 2% A7 %
(100 F 5 4% o TR0 F, ol 24 7 2 A7 480 S0 AN 25 R RS 8 2R A7 v 1A 0T 1 BB 1 5% i, m] R 5 SOHOHE 0 A A
JRRAT b AN B 0 LS8 A7 HORE 5k O, DU s HX R4 1 2 A7 0 i Tk K, A R s — B, Bds 52 B 2%
1710 I FE R R REAE X AR R AFHIEAT IR R 16 11O 4548, IRk, 3ok KR 1) 28 A7 Bl i 2 1 FH 110 12k fig 32 21 52 . T
LA, 75 28 A7 YL (0 55 B b 3 22 70 00 25 BB OX — DR 3%, 1 R o AR TIF 28 A7 He 5040 T 2 M 1 [ I, 9k 2> T Copy on
Write(COW) FIZE A7 H i e S 45 A 7 K (1) 1/O S 3R 55 75 4
2.1.2  HRAERGIHR AL FRRE K 5

YR, T THERAE RGN H— G A R SO — R AR TN R, SO RV SRR (R HRE R G B T
— R JZE IR A TR RE R K A5 1O 19 AN S i Ab B B 206 S R R G WL 85 B HERE A TR 0, I — &b
R P T BAT A PR VT v AN R SR T8 22 A7 2 e vk v 0 4 D vk (S T e ) 5 i, T A R A
P B2 N AT I 5 56 AR U 5 1 3R), 75 ) 2% 7 BURAE R ATl H B2 HET 5 10 110 4R 2 i 8UE & 4
=L

© PEFPEGERIHITON  http:y www. jos. org. cn



FE A THENRGNE AR AES 2755

2.2 D-CacheZZfEXEEHA

BEX B vH 2% 1, D-Cache SR T 456 1) P9 G0 2% A7 5 B0 45 16 RIUAH 0 11 % A7 5 B R 4 B0, B 0] T 28 2%
FEREAT B0 T AN EE 'S Miss I 1) COW #8 UL I gt 2 G 0 B 28 AF PR/ ORAIE T 24 L0 (¥ 47 3L i
Sk SR TR U R kR
221 PHEAFEBGE M
T H AR AT RGP A8 B 2 IR B R A7 B AR g A7 A5 B A JE AR ¥ T, 40 Linux B4R R G 4K K/ T4
A BE A ) SR AT PR T AR SR B 00 R A 15 28 A7 B IR /N AN B A% DR KA A R A% K /DN 8 28 A7 B KK, T 25 TR T
I AE 451 5 350 R G0 S5 A7 I TR 0o A 25 R A7 W RN, W) 2 DR A 7 R A8 b B30I 5 A 110 328 48 2 26 222 T 536 W 7 ) 0 48 2%
TE[¥1 1 BE.D-Cache HR I T P 2023 IR IR 2R A7 45 40 K gk v i A 2 A7 2 B o 1) ) .
1) BB 1 WERAFIRE GRAEE BRI IR B A P Dk B A7 LN e v P 8 S nT DR 4 HL AR 1
4B L2 A7 He R /NI 0 1 L B A7 B R RE A2 K 70 JL T KB BIJL T KB I okl JE 1 22 4%
A B AN RE A8 PR AUFZUH 70— 58 Y0 ] A B2 Sk 3 i 3 T Hds 0 P A

2) BB 2 SN A IK R RS A PN KB DX D SR A B R I A X R, T LA A
BERAE Miss 77 AEZAF K1) COW #4E.

B 2 #iid T D-Cache 25178 HAH IC 1Y) TG0 45 4, 0B B 3 35043 21 1 R A7 B e b 3 (3t iR 3 A7 A 2 T
HOR BRI DG R) B DXOUEDR A A7 18 DA S i DX A 3k A7 P DX PR A BRSO 1 3R 7R 1288 IX I BUE A 44, |
J2 N AT DA B AR AE Bt X AT S b DX AR ZS AL 1 R ISR B AE bt X B A 85 7 (R 0t v A+ BV e %
P14 S 7 DX ) S 280 SR % A7 1) B X Ak DR 4 ) 0% DX 2 A AT 48 1 30 3 b % B DX 10 A Ak R AT I S, )
ERFIK'E Miss I AS 04 56F Ft X6 I [ 48 A 247 B flt COW #4575 D-Cache W5 N % b X357 08 64 X6t iy
PINER AL E LB a] . BTk /b T COW W44, 247 & B 1) 6 BB 45 vh 76 SR A7 L R 25 R B A7 = A 1K %
R Sk F

Cache block No. Sector 1 Sector 1
Source data 0 1
block No. Sector 2 Sector 2
1 1
Val Sector 3 Sector 3
Map table 0 0
of cache P
block Bitmapof Bitmap of *
sector dirty sector valid
status status

Fig.2 Metadata structure of D-Cache
K2 D-Cache Ju¥uii 45 i

H AR D-Cache 51555 I L8 4745 B SEHE AH L3 0 T PN B, 4 AN HE — 32 B0 N A7, (0 5 BB 0L 1Y
G A7 2% (A AH L, D-Cache A7 ] T 1 K6 1) 9 A7 25 [ 30 A2 v AR SZ 1. — AN 20G AR B G2 A7 Xo) . A AN 75 B3
80M (1] P9 A7 72 Y5, 10— A 20G 11952 47 23 [ % B 1 9 4k 22 $508 F 2 L 4% 11,
2.2.2 D-Cache 22474 FIALY:

IRl g i 3R B B AS B RN A R SE T A DA B, D-Cache % IR 9 250 28 A7 85 P45 #0) A% 45 I 2 A7 8 PRSI OF AN
1& T D-Cache, Ak, AN ¥ iH 5B T D-Cache 28 ¢ 55 BR500 LUIE A AR SO e vt R3S A S B A7 1) 7 2.

D-Cache ZZAFEBHEVENEAYEXT 7 FORES WE L UEAFAYL T WRITEBACK,RESERVED
PART_READ PR f % 1% 28 A7 B 10352 5 338 SKORF < Bl R 370 S5 A BAZ1) B R AT S5 4, 1 310 22 Wi DR A 0T Y. 1) 5040 44
YE 52 i D-Cache T3 4k 82 4b B A5 A5 (1132 518 3R 3 7 Rk A BEAE 1/0 Ui [n) 20 3 1) 17 SR EHAT A8 44, 18 i IX bk 245
PRAUF 2B AT BRI 1E 5 HEAT I DR A7 DB 1 6 s

MR T HEEEERKIFTINT 7 P EAF PR 2, D-Cache 251785 B0 G2 A7 e (1) A B 5 4% 45 i LT

© EERERSEITON  hipy www. jos. org. cn



2756 Journal of Software k3% \Vol.20, No.10, October 2009

A LB IR R R, B AR W 532 117~ . D-Cache £E AT S 478 3 I 25 38 N R 25 R GE A7 L 2 A7 B 15 i s ml LA
e An B4 [T AE P4 T DIRTY,RESERVED,PART_READ,FIRSTWRITE R 7, U A B8 45 HE 4T B 43X
if,D-Cache 23 AR 4E 55 #e 7 VL Ak BT % N — AN e 08 5 40 10 22 A7 B, 1 38 38 31— A ] 5 480 (1 HRadh A7 5 4 mli 3 4 35
A7 Yuam [ 56 Be 4 St D-Cache VA 4% 20 7T LR 4 6 G2 47 B, U 45 4 3 7 Hhoa@ 201 28 1 /N6 T DIRTY RS M7
FEYBEAT [, 3 I i 28 A7 Bt N WRITEBACK ARZS I IT 4 24k 1 1115 . D-Cache S A4 S5 Jst X ¥ 47 141 o
ST 24 BT G A7 He e Jt DX 05 A 200, AT B3 258 1 5 B e AR A7 dn Th A B FUR A BRI — RS R A7
i IR IR AT P AFTE A A, A SR n A BRI B s B 1 ua%z%TX»Jr“ﬁEE’»Jéﬁ)Emﬁxﬁz
I IRAR B 1 R 5 v o ) B A A A 6 5 5 A 0 B A BT 2 et X, PR, T 3o A B X B4 46 Pl 4 UL, D-Cache fi
BN S L TR AR TR B .

Table 1 States of cache block
Fz1 SIS

Status of cache block Explanation
VALID If there are some valid sectors in a cache block, then the cache block is in VALID status
INVALID If all sectors of a cache block are not valid, then the cache block is in INVALID status
DIRTY If there is one dirty sector in a cache block, then the cache block is in DIRTY status
When a DIRTY cache block flashes data to disk due to cache replacement operation, then the cache block
WRITEBACK is in WRITEBACK status
RESERVED When a cache block copy data from original volume because of read miss, then the cache block is in
RESERVED status during the copy process
If the cache hits but the target area which the read requests consists of valid sectors, the cache block will
PART READ change to PART_READ status. Accordingly, the D-Cache starts to update all invalid sectors of the cache
- block by copying corresponding data from the source device, which guarantees all sectors of the cache
block are valid after the data update
FIRSTWRITE When an 1/0O write request wi!l create new cache block entry in cache system, the new cache entry is in
FIRSTWRITE status before this write request completes

& 3£ 1. D-Cache 2475 B,
Cache(Request){
R 24 i1 SRR AR PR 28 A7 5 4 SR AR G2 A7 1 A AT SROuS V) 2247 B Cache_block;
ARk 7 6 5 SRR L A G A7 45 S0 SR AR R
if (cache_block==NULL)
Cached_Muiss(Request);
else
Cache_Hit(Request,Cache_block);
}
Cache_Muiss(Request){
AR 224 R P P 2 A7 R 45 S0 R H5 ) A7 B
if (776 A B e i 22 47 8k cache_block){

if (WRITE){
ST B B, W E A E 8 VALID F1 FIRSTWRITE AR Z;
BN B AT AT

Yelse{

P R AF P B RESERVED IR ;
R AL cache_block #5154 28 17 b Xof B 40030 L B B A M 22 147 Hp 0% 2 A7 Pk & i VALID
IR [ 43527 SROnT Y. Fr) H 0

}

Yelse{
R e 40 SR A NI A D, B B 171 5 A O F K % A7 DB B WRITEBACK IR,
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EEATT R NIER 2 & B S
}

}
Cache_Hit(Request,cache_block){

If (WRITE){

If (Z21£ 5 cache_block 4t PART _READ {# RESERVED IRA){
FEIE SRIBONSE A7 BA B TP S5 57 AT B B AF B AR 58 G

}else if (cache_block 4+ WRITEBACK IR #){
FLE RN AR BA B, 258 WRITEBACK #R4E 56 15, L K Request B F2 47 fiff 4,
I HORAH N R B AAPOIRS B E A INVALID IR

Yelse{
R VASEEISS
BN B A M A7

}

Yelse{

if (22475 cache_block 4t T- PART_READ 8(# RESERVED JR&){
KoV SRIBONSEAT BAF o S5 455 24 i) 1) SR A7 B 58 G

Yelse if (& 3K 1 H0H 70 A7 h 48 A 304
B N A7 P Y

Yelse if (3 K W EEAE A7 P 4B 4 To 304
INGE A B 4% FIIE R A7 BE4% T 43 il 5 U o 3
JA 3 PART_READ #:4E 44 A B A7 Bt W (1 JLAth A5 20 404 13 B 21 2 47+

}
}

D-Cache  FJ 530 it 555407 J8 R 2 2 47 B T A2 B3 X9 LA, D-Cache 0132 5 45/ B MR 45 22 A7 L iy vh 1% 00 DL S 3R
718 B DCBR 2 (107 PR A B R HEAT FLAA I Ab 7. D-Cache £S5 Miss B AS A 25 6 Ji 4 $dis 52 B 3 98 A7 B P 3004 T
B4R I RT AT N B G A7 HR TR R DX I [ AN AT R A7 1, 387 24 s DX 5 W L A i Kt
X T4 AR K g D-Cache F 44l WSt SpLA it B DX T LAE SR G2 A7 B v i R AN R IR B A7 P b — 52 A 100 SR T
i Sl A7 Pty o G D-Cache HORAE AT REAEAE 3 RSO0 WP 3 Fivs:l) il sRFT o BiE A7 & H
50,2) B SR T TR B AR B AT R A 4G 3) 1 SR I T B AE G2 A7 P AR AR AE D-Cache SLAH FATHIX 3
Tty 450 ) Kb B g
1) N T B AE 47 b AT 30, T LA D-Cache #4537 5K BB R IX 45 B2 A7 W4 8 I Ab
2) D-Cache &% A7 Yuilk N PART_READ R, 0 24 5 1 K 7E 2% A7 Yo b Wit ¥ JE R0 X, D-Cache 23 &
it Read Copy Job, M\ I 15 45 152 HUKH 0 S8R 3% 11 45 _E 2375 5K 9F 5 N 222 47 70 6 124 i i sk me i 21 28 47
e A7 20 X (K38 43 23 R 2 Read Job, AN A7 = 15 BCAH R 1) 5040 . i %o A% 2% A7 e 3 Ath, T 2% 19 13 X,
D-Cache 4 &t Read Copy Job, 5¢ il Z0 3 M U5 15 2% B G2 A7t 2% 11 42 11 LA S S A7 B 20080 1 LI 148,
S E TR . DX 7 PR R A T B e T 7 o S 3 L ik /> DR A 4 4 3 300 45 5 4, D-Cache %if
14 i 17 SR W) (4 9% 77 B X I 1k AT o b A B 401 1] 3(b) T 1%, D-Cache 38 24 Fi 5 175 s o I8 FO 824 45 B0 B
4 Main Job, H-Ath PR 7T 2 45 /5 7= £ 1) Read Copy Job £ & >4 Sub Job. 24 it #5 Main Job 52 #4552 i,
T PR S SR BT AT 3R [, AN 06 % 21 H At Sub Job 1 5E K.
3) & 3(c)fiir,D-Cache [FIFE S8 1% AE L N PART_READ KA 4R 5 R 45 k2 Read Copy Job, M i
V2% B SR BT 7 A0 OE 5 N BB A7 P 6 A A7 B AL E AR X AR B b — R i — FE
02 B I B AR 4 % mh A A B 28 A7 e
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M AR AR, 2 1O TSR AE AT B AT iy R B B4 i N 2 A A MR B B R AT Ve A
(1 e i 52 A 450 A SR A 52T 56 B D A7 L DX 4 S A 2% S 31 1 800 TR (0 28R, A9 B i (1 8 A T DAL 2
FEA B BEAT 98D T 35 KA i o (0 8 S B IR W, b3 2 A7 4 B VA RS A O S HE I R A7 H K I
B TE A A B RO SR T RS TR R PERE.

Request
Cache
Request block s
INNNRRENR
block—
Sub jobl Main job2 M
(a)
(b)
Request

bloc Dirty
k\‘ D sector Read
NIRRRRRNRNNREND o

Invalid

RY sector
A\ G Read
Sub jobl Mz'l” Sub job2 Sub job3 Valid copy
Io sector job

(c)

Fig.3 Different cases of the read request in D-Cache
K3 Bid kA S oL

2.3 D-CacheZZE A%

BAEET Linux #/E RGN T D-Cache ZiA7 R G0 R 1 BN LR A7 R HH T A7 RS A5 3 . 508 [R) 20 ol
TCHAR AL B DL 170 AbBE . R IEIX 5 # o AR, W& 4 Fros.
o ZRAFHEME AT HE RGN, B BT 1O T SR T S 3 ok pA) 0 P R A B v SR AT R e, 0
I A L 2B A7 R 18] FR) B30 42 4775 5k .D-Cache 2% 77 S I 45 R Be v m] LA 7 {8 b 42 1 22 b 2 17 35 i B0
2%, bt ARCHSLLRU,LIRSM%%, F i, D-Cache 28 A7 4% Bl AV (¥ 85 4 S s SR T 24 i 2 9 19 JL b 22 47
4 5 105 0 X A e Ty VR SEAT TR S I 1RT A o LA IR S G2 A7 S -, D-Cache  H I SCRF
Write-Back 5 J7 2.
o 1/O Kb BB H A 28 47 S WG 58 R LR (19 1/0 Ab B A5 15 10 110 353K . B AE ANYS 22 18] 1) B B A = 2k
[ 1O 1 3K LA R PRI Ay 5 AR T 7= A 1) i 20 152 'S R AT R YR [ e Bk 110 i oK.
o [l A 6 T 1 ) 2B A7 U A 6 2 T Kl A R
o JUEHE AT 47 BT ¢ S B A7 BRI S 2R R 147 JEL I B LA SR S P A7 1 FR T RORR T4
o RAMPE N TR KB RAMFEAAT A5G A7 R AT 1525 (¥ B I (] 28 47 i b RAS i
w1 L
D-Cache 2217 5 48 &% AN B 1 R ot Kot 1/0 BEAT AL BE 24 4k 5 /F 28 2030 FH e J2 (10 00 148 4% 125 Wi 1)
L JERIER 1O TSRS U 110 15 3K A5 4 D-Cache [ 25 17 Y SR B 25 Ab B 9% 77 v SEABSER MR A5 24 11 (10 28 A7 fir
175 0L A T8 B S W s 2 110 13 3R 2 3% B A5 BA B v bl I 1/O b BRER R e A, 3 2 R 1% B A A e FE
52 R, B R T 1% R 36 ) BV 4% v o B T B 2 BT 2R A O, OF HLIT 5 B AR HANTE B2 A T B AE R SR B S AR
AR P A7 W SR e e T T AT B AT I 4 DL BOR B — A B AT AT 5 4 E 5 110 R FE & NS
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FrBAF AW AR BR 110 i SRR IE BN 2 W BRR & T oS URAR I 1O AR S H0 WP 3 5 e n] B AR L
H TSR & A 1, D-Cache 2 filt & 52 I 26 72, R R AR N 16 1/0 SR IELE S 2k R 58 s R AR I 2 WO e E A T
Bi 1k D-Cache BRI A 4 5 35K 2 98 A7 B 7] B o [1] 5 38 9050 18 46 v, 3 e 11 5 B 3800 A7 IR 5 2 1) 11O TRAE IR )
TRATTNS [ IS 247 K40 (2] 55 1) 2 A7 DB AT T PR #).D-Cache 5% 1 19 A4 S 8 2 4 SR 24 i 28 47 i, L A28
FEYIE 75 HEAT (0] 5 /R, U AE 11O i 3R B AE A v th INF, D-Cache AN2x ik 5 — AN 1T (0] 55 1) I 22 A7 P 5 e 0040 0] 55 45
i, FU B TS SR A R B  # E5O8 T 49 Hois 1t — Bk, D-Cache AT 28 47 R 48 8 IR W [ 22 110
W SRBEAT T ¢k AL 3L 7E D-Cache 1, IE % 1/0 $RAE R 110 W =Rk 5| R W 2 dl B 46 2 IR 1, [R5 110 RATEIE
1O 58N A BERS AT, I HIE P RS0 A5 N I B HEAT 2030 10 B 3 [R5 T4

Cache
manage | | System

[
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: 1 ment control monitor
i -i/ policy
! LIRS a
I I ==
! § F I
1 : |
1 . |
|

_|
-
5 |2
C (@]
w
<
=}
o

i
I I
| |
! | Normal Copy Special | |
: 1/10 1/0 read 1/0 | I
| i
I I
e, I
1/0 handle

Fig.4 Logical architecture of D-Cache components
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