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Figure 1 Performance evolution of hard disks from the year 1997 to 2007
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Figure 2 An example of sequential block sets Figure 3 Data structure of management
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input: a new page p AdjustQueue(Q. p) {
initialization: a replacement queue Q1 and an lookup the index tree T to find such indexs i, j:
access queue Q2, an index tree T if (Q[j1.HA=p.LBA+1) & (Q[i]. HA+Q[i].SE=p.LBA) {
update Q[i].SE += Q[j].SE+1
if p is not in cache { remove Q{j} from Q
if cache is full { } else if (Q[i.HA=p.LBA+1) {
if Q1 is empty { update Q[i].HA=p.LBA
switch Q1 and Q2 update Q[i].SE+=1
} } else if (Q[i].HA+Q[i].SE=p.LBA) {
if PSM, is empty or is null { update Q[i].SE+=1
set P8 =((PS,!=Q1 [1)?2Q1[1]:Q1[2]) } else {
} Add a new sequential page set BS,.,, to Q
drop the page PS,.,.HA set BS,..-HA=p.LBA
PSep-SE—— set BS,...SE=1 }
PS,. HA++ Adjust Q to maintain the descending order
} }
put p in the freed slot
AdjustQueue (Q2, p) ProtectRecent (Q, p) {
Adjust Q1 to maintain the descending order if pis in PSey {
ProtectRecent (Q1, p) set PS“"|=PS"'T‘
} else { set PS,;=null
ProtectRecent (Q1. p) yebseif pisin QO {
) set PS,.=QI1]
}

4 CRASD W18, SE RRIMFEHIFE, HA KRINFEEHU, LBA RRITTEMELE
Figure 4 Pseudo-code of CRASD algorithm

RS KIWNIEAT )5, KEI/NEIC S T2 0% Ar, RasDiE TR~ FE. b 1 i ix
— i, FAHEILIEBAI Q R AN BB R HBAS Q1 FUFTE KBNS Q2. WIMaZAr 22 HRAS
N, Q1A Q2 N ZE . AEGAFIEEAT E RBIN, Brii KU Z] Q1 b LA T LUs, i 247
WA TE]IE, BB Q1 Hh ok i, Briis sk Ui M A BA A Q2 wh. A Q1 SRk, Q1 AN
Q2 HEATAZHe. IXFERTLURZE N Q1 Bk TUTH, Mo Bt I AR A2 Q2 i XUBAI G A 2 e Bk
PRSI 4 Frss.

fE CRASD S, oGk G A b iy B Sz e A DT PP 47 83 IS — K KA i1 1471
EANTEARRMNGAF P BRI 2, A 5 R SR R BEAL DT (12247 2 0] X T iR
ViR IR 81, EATR SRR NG A T ik 2. SRz e, TR ) DAORIE HBr B m X 4
Py T AR BEAN SR sk b, I U5 1) R A RAF i R ST PEREMI. X T BERHL I mR 3L, e 14
AT REA DR B AE G A7 T, ELEIEAIREE O LUK A%, sl 75 Q1 BT S IS (¥ WL I A7 £

3 [HEENTR
3.1 ISR
AANFIAE AN FIE R, LA 3005 ) B () 4 i b, CRASD ik 2 Belady’s MIN(T 5 4f

433



PR P R PR X BA B G A5 e B

Reference string Fz 1 MESTEANTSRIC
A B C B A Table 1 Notations used in the analysis
s ] - e ]
Belady’s MIN Tefoct Effective access time
A A C ( A Thit Cache hit time, memory access time
| | | ] 1 Tihrash Average seek time + average rotation time
B B B B .
Tiransfer Average transfer time of a block
CRASD Niotal Total number of blocks
Nhit Number of hit
A A A A A
Ninhrash Number of seek and rotation
B C B B H Hit ratio = Nyt /Niotal
— — a— — F Fault ratio =1 — H

L]l

Cache miss D Cache hit S Thrash ratio = Nihrash/Niotal

5 WHMEZREGFRITUILL
Figure 5 The change of page frames

PEREIVE ). F—/ N gh HAR R EE 8T, BIA LU R Ui RES) {A, B, C, B, A}, i A T
EK/NA 20 MB BENLI A CERGAE L TTTH, 1 B A C 2l B T RTFI 20 MB IUT o A fERESE
LI, FEH 3 MESRAMAZN. b T RAAIRATI 08T, BEIREAT IR/ 40 MB. fEIXAMLEAT
H1 43 CRASD 1 Belady’s MIN 4 3 DL, 2847 b oL iR ol 6 5 .

M 5 AT LU £, Belady’s MIN il CRASD Sk EAAH R 28 A7 2. SR, 43R5 1) i 1] 4]
HIRKMZER. AR A H I 32 KN 4 KB, I HAESLE A8 A4 1 Barracuda 7200.11(Model
Number: ST31000340A8) BEABLMCA A7 A0, W Ik &7 SRR TH 570 LA ) CRASD ¥R 457 [l 1 [)
67.12 s, 1 Belady’s MIN (2415 Il I 8] 4 133.47 s.

3.2 IEBEHR

A SCATE A R 1) B[] R PPAN R 4 Sy (P PR e A 25007 Imd B 1), s e 77 A e DR H 5 i =Rk
B EA 2 s EE I ) 2 — ANy R R AL 2R G b . B SRR G A7y TR i, i R
W IEAE N R, 3 A7 R U ) By 18] 56 () P9 A7 07 Ied BN ). B S A7 TR SRR, D T 75 22 7 58 A2
BEANWAE, SR FREAE N AR . WA S U D38 ¥ 23 o0 350 53 BRAR BTNy 1) o 36 I ) AR e 2 1 1)
FERHTHEAMEH R 1 FroRfF5esid.

h T A AT, ASSCANIX 43 53-8 I [R) R0 3 1) TR) . g 0 Sk 5 224 30 LUE A7 B s S Ik, 641D
FRIC g — kB 8. TS i) 58 OA G Sk DU FT AR 2 21 H bR 75 ZE I []. BEAR -1 A e
ST G RS B4 T A, BEals TR AT CAIA A 5 -8 B ) R g e s TR) i P2 AL e Bidse X, f
25U ) B[] B AR 7R R

Tefrect = (AVNAFVTIRIIFA] 4+ SEAE AR R]) + SRS 1)) /S s ek
= (Thit * Nnit + (Neotal — Nnit) * (Tiranster + Thit) + Nehrash * Tthrash)/Ntotal
= Thit + (1 = Nnit/Niotal) * Toranster + (Nihrash/Neota1) * Tinrash
= Thit + (1 — H) * Thranster + S * Tihrash-
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Thit, Thranster A Tinrash HOE IR T REPEBE A5 10 B, BT L BERRATRAT 2800 i I 1) 5 22 5 vy iy 2 G
H BEARPEBh AR AR, SRl DA SR IR A 2 RE AN R Y. BB P AR AN R 2 A7 R U AR B,
AR VTR Torecr—ota SR Togrect—new- X FHIL A, fir PR Hog R E] Huew, 1M
B Soa RFFAAR. XHF5IL B, BN Soig FEIRE] Spew, MATTHHR Hog REFAZZ. 1L H:

(Sold - Snew)/(Hnew - Hold) = Ttransfer/Tthrash-

PLREAL Barracuda 7200.11 A, HAFSALHIE AN 105 MB/s, PV MAEIR 24 13 ms. fH T
I Pttt it 18] Sz b T RESEAR iR, v LA Tinrash /2 Tivanster MIECT A, AT FEARELBh A2 LA
R PERE G A . B R DM AW R, Tincash 5 Tiranster 2825 B 23 HOR K
(Ll 1 o), FRAKE 2 Zeth it A5 50 i 2

Bk BRAHE A G, e s T o NE A, BEPRAE, AL B )G, Flah%
FEAR T y ANE SR, P RANAR 3 15 ARIE BIAH R (A7 R0 ) I 1], A

y/x = (Ttransfer/Tthrash) * (Hold/sold)~

Tiranster/ Tonrash A= R T RERLPERE R — AN 4L, U5LL Barracuda 7200.11 A, X AMME KL &
1/2791. XEWAE M Howa/Soa 5T 2791 W, XHEF8) Za ook (1) 55— AN 1 43 LA T 0k i v e g (1)
FF—NEr . MW Hoa/Soa A 279, W $} 2056 ok 1) 85— AN 1 43 EE AN 100 i v 38 oodk 7
10 NMH 7.

WESR A MG R g A 25 e AL 81BN, A B R GEAER AR ) 2ol A 2. SR T
FATIE I R D], S8R BAF R RIS, 57— FRACHF ) Z 10 75 12l A 38 G My By [l ] i A2 1)
GEAERAN. W — AN DL 72057 ), G2 A7 S 0m) g = Ak — kB gy, ot 197 2 AR 0L i
W], A RAUIN 257 4 2 I FH 8. CRASD DL 5EvaIR I v T, £r 84 M Ui, v A ] DLE 25 AR
P Iy J5H, ARSI RGN RS 4 1 2 N U, CRASD (i 28 T B LE D
JirLh, CRASD ] DABRARAT 00 [l i 6], AT 328 =i A7 R G b fe.

4 KIEER

AT trace WEET—G BT T ftp LIRSS+ apache tomcat web li4s+ mysql Z4H 7 DA
P HA T B TS L) Windows NT Wb AR 25 a4 . IX48 trace WA T )L/ H B RIBLN, BTS2
ELAVERFSY LA B9 (e gevrml b, o fep SCHRIRSS AU ) A5 35 B2 P15 1), apache tomcat
web IS5 IIVT M FF5 zipf 341, mysql Z RS 107 A XA 30507 ) FIBEAIL U ) 2 8], 17 A~
W 35 i 55 1 U 1) ULELAT el 22 P RGEZ ) 2 AT 55T G U B, AT — o ISR MRl k. FeA e
T 10 NI trace BRI LAEGE. EHH trace FIRFIEWIZR 2 iR, TUHK/NA 512 75,

RIS, FATI9ZBL T CRASD. LRUM FT ARCIM =Fpayd. LRU 28N B 2 18 e
Bk, KR b RS TERE; T ARC IR A ARSI SRR A 0k, O
T IBM DS 8000 RAIAFERS 4. FAVEH CMU JF &K DiskSim %t A# ST AL, ) A5 4
Barracuda7200.11 [RG5S AL AL, TP w04 8.5 ms, “FIIFERE I W8 4.16 ms. FATIHELE
2N 8 MB Z WG N2 40 MB, SR J5 3% 0 M AT 20005 [l i), JLg5 5 ant&l 6 A1 7 o,

M 6 F1 7 0] LLF HH, CRASD A7 245 M E LRU Rl ARC F#AK T 5%-15%, X & FFAH
TR, BeAh, TATEKIL T —Fh o H IS, 78 T4 BSeg g b, M 47455 M 16 MB #2531 24 MB
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P A5 T A 0 10 X BA B 8 A 4 Sk

x2 IBPAERAMN

trace 4F1%

Table 2 Characteristics of traces used in our simulations

Trace name

Number of requests

Unique blocks

T1 17 483 577 6 130 732
T2 14 002 305 4 379 329
T3 14 564 573 7 194 783
T4 1125 822 665 652
T5 901 457 549 212
T6 1 452 589 555 543
T7 1 554 122 888 576
T8 1 325 576 733 191
T9 1 145 897 622 772
T10 1 247 781 591 202
T1 T2
g 0220 ~ 0145
E 0215 £ 0140
£ 0210 %— ;‘ g::g .
§ 0.205 \ 2 0.125 1
2 0.200 \ g 0120
5 0.195 = —=TRASTTIE 2‘ 0.115 —t— CRASD-time
3 —8— ARC-time 3 0110
E 0.190 —— LRU-time ’_: 0.105
0.185 = 0.100
0 16 24 32 40 8 16 24 32 40
Cache size (MB) Cache size (MB)
T4
= 0175 L ~ 0.255
£ E
= 0.170 = 0.250
E = =
= 0.165 NN = 0245
E 0.160 _% é 0.240 >
’-_: ]
5 0155 — S 0235 — M
= —e (R AS Dt = —— CRASD-time
54 —— AR pine - —— AR lime
& 0150 T R tme 8 0230 Riime
=0.145 = 0.225
8 16 24 32 40 8 16 24 32 40
Cache size (MB) Cache size (MB)
T5 To
. 0.350 ~ 0.255
7] - o
£ U,_145_l\ E 0250
g M 2 0245 8
£ 0335 \ = o D
= 0330 z U
8 0325 bR 3 0235
g Las e e g
-] O-JQO -..‘" (-] 0230 __.\h\"
2 3'3113 ——CRASD-time g 0.225 —-—f';f'm-ﬁ'"--
3 i =R L3 —— ARt
£ (305 == LRl S 0.220 | ——e—tRtmime
= 0300 = o015
8 16 24 32 40 8 16 24 32 40
Cache size (MB) Cache size (MB)

B 6 CRASD. ARC # LRU =#EHEXMEHIH B E LK (a)
Figure 6 Effective access time per block achieved by CRASD, ARC and LRU(a)
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Figure 7 Effective access time per block achieved by CRASD, ARC and LRU(b)
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Dual queues cache replacement algorithm based on sequentiality
detection

XIAO Nong*, ZHAO YinglJie*, LIU Fang & CHEN ZhiGuang

Department of Computer Science, National University of Defense Technology, Changsha 410073, China
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Abstract Caching is one of the most effective and commonly used mechanisms to improve performance of
storage servers. Replacement policies play a critical role in the cache design due to the limited cache capacity.
Recent researchers devote themselves to achieve high hit ratios, but rarely pay attention to reducing miss penalty
during the design of a replacement policy. To address the issue, this paper presents a novel algorithm, called dual
queues cache replacement algorithm based on sequentiality detection, which prefers to drop sequential blocks and
protect random blocks. The buffer cache can serve more subsequent random read requests, so the cache miss
penalty decreases significantly. Moreover, the algorithm makes use of two queues separately maintaining new
blocks and old blocks to avoid the degradation of hit ratios. Our trace-driven simulation results show that it

performs better than LRU and ARC for a wide range of cache sizes and workloads.

Keywords caching mechanism, replacement policy, hit ratio, miss penalty, sequentiality detection

439



