Bl H

(o2

# O

COMPUTER SCIENCE June 2017

2017 4E 6

an

—MESENEEEERANAET X

& IR
(RRXARERERZE KK 430074)!

O MO wKE
(BRERFAKEDERLBRT AR 430070

i E kTS, AT NAND Flash Bl A& b FAAES &M A ARIRFRE M ZEAT
HEFC EHE ERTSXLEBE, K%, 8F NAND Flash ¢4k B iaia e FHERAERE, BB BH L
HEAPATH B FRTRESHARMEADEAN B KRG ELS, EFSABFRATHRES LARELTFY R
BPGEiFR L EFRehbpgid 9090, B ENN LA TEY AT R4 KR, BBk EHEKALA
BHR% AL ERNAHRELZTHARALEREFRAKLFF BEHRERRLFAR., P . BITBAEE
FAEBEHRTS LN, NEEAERROHRBRFT 25044, TRERAV.EZBELAS T, A% Pigw
HRXMEAFHENFRAT REORY, ARE5 1A 3] T 72% R 4104,

X|iA NA BSE . HRBAE. A EE
hEESEE TP303 TRKERIRED A DOI 10. 11896/j. issn. 1002-137X. 2017. 06. 008

Read-Write Performance Optimization Scheduling Scheme for SSD
ZHU Yue! WU Fei'? XIONG Qin' XIE Chang-sheng!'?

(Wuhan National Laboratory for Optoelectronics, Wuhan 430074, China)!
(Key Laboratory of Data Storage System, Ministry of Education, Wuhan 430074, China)?

Abstract Compared with traditional hard disk drives (HDDs) , NAND-Flash-based solid-state drives (SSDs) are non-
volatile and can provide better performance as well as lower power consumption. Therefore, they have achieved exten-
sive application in data centers,cloud computing and online transaction trading, etc. However,in NAND Flash memory,
the speed of read operation is significantly faster than the write operation. Hence, for a concurrent workload with a mix-
ture of read and write requests, reads may be blocked by writes, which exhibites an enormous read latency, In many
read-intensive applications, especially the online transaction trading, in which the proportion of read requests is than
90%5 , the sharp increase of the read latency influences the overall performance of the system severely. In this paper,we
proposed a read-write performance optimization scheduling scheme which achieves remarkable improvement about the
read performance by dynamically adjusting the priority sequence of read and write requests beneath the flash translation
layer. In the experiment, we designed and built an SSD simulator to evaluate the effectiveness of the scheduling scheme.

Experimental results show that by implementing the proposed scheme, the maximum and the average read latency in the
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system are substantially reduced, with the reduction of 72% and 41%5, respectively.

Keywords Flash memory, SSD, Data scheduling, Queue management
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RESE Al . MHLZ T 78 FTL TR h TREE I T4
PRHBHEXT 35 R AT HRAE R R .
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2.1 NAND Flash g EE

NAND Flash ${5 B fEAEE— R 5 b 1404 A0 8 2 A i)
F# 378 (memory celD U4 4 1 fiiR . — NFEAE BRI
f#% 1bit & NAND Flash Brh SLC, £764 2bit B R
MLC, f£4% 3bit BEMFR R TLC,

P-substrate

B 1 NAND Flash 774 ¥ 5%

R Al MOS S 4445 , NAND Flash 77% 850 TR B A 5
il Mt Ccontrol gate) . {HAN[A]FHAth MOS S A48 , 78 H 4% il it
TAEAER — B AL )R 58 2 1 1 I A (floating gate) . ¥F
WM T4 I A MOSFET 3@ 38 2 8], i F %k 5B B A 4k
BEHAT T TR A R e — B E R A
SRR 2 B NAND Flash B4 IES) Ktk

MR B R RO T BERT , X R AR S AR B 07
AR 5 24 PR A B 75801 T B, XoF L A9 2 A A A
“17 BARAS . PRIk 38 o 4 i R AR A B R 3R, BT DA L]
SRR P E AR RIEE .

#£ NAND Flash o, f27E132 5 FHEER 3 REAHRAE .

TEARAE - RS A I I ) B VA v R RO R T (R
FIBT AR RS A 07E 17, WE 2(a) Fis, FES AT iR
YERT ¥ P %} JEE (P-substrate) 382 #h, 3 75 455 ) M b 1E B &
Vier (Read) . #5154 v B F B0 F BAE, 0] 3% i BB 55 11 U
i (source) FI K (drain) T3 ; £ VAt 7550 F 1A, B
TP A 7 A G R 3 () BI85 T 44 45 AN 1F B R BT
FEA AL (E) ) o AT TR AR AR AR TG Sl o) . 3 Aot A T
e R AR S 75 8 , 8 1) LRI R AR RS . 5 ,  &
EEHRE R L 5 AT, W B ERRE N 07,

G4 . GERAERIER MRS RS B 172 507 By £
fE. Qi 2(b) B 7R B 45 iK He b, I 2E R I £ s R V7,
(Program) . i 15} b 18 400 {iff B F 28 2 AL 2 1 A R, BB RT
B R E R 07,

PEBRERAE : 5 T HRAEAR BT  BEBRBRAE R AR A B R TS
I 0"AR J“ 17 BB AE. NI 2(o) Bz , B4 M 32 b, 976
#HE_EINIE R V), (Erase) , i 1o b i 2805 5 o1 7 25 - 774
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(a) Read operation (c) Erase operation

(b) Program operation
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# 1 NAND Flash 3% .5 JEFRR/ESAUE/ s

Attribute & cell types SLE MLC TLC
Page read time 20 100 100
Page write time 200 1400 2400
Block erase time 3000 3000 4000
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| Register J [ Register I l Register l I Register J
Block 0 Block 0 Block 0 Block 0
Block 1 Block 1 Block 1 Block 1
Block » Block n Block n Block n
Plane 0 Plane 1 Plane 0 Plane |

Die 0 Die 1
Flash chip

B 4 NAND Flash /s B9 20 415849
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ZRBBEYHHTERS. HFEFZIERESESEL, AR
AT DA ST i R 30AT Flash 54, MR Z THEKRIFEAR
B&MINEE, Hitk, & B R BEBRAT Flash fr SR EA R
Jt. BTiE. B ERX 3 NMEEGS, NE R EMET
— B E A A, Hodp B —Fh £ 43 tH R VE 4y 4 (multi-plane) 88
0t A — & B A 443 A R TR E . (BE—NRE
WARERIBT AT R B 2B 3R E. B, 253 — A BB N #)
BT E RN, RREXT H A A E T T SRR 1E.

R HFTREU—EFRAREREHE—T
AT HAREFZERE, - PSR PHEMELH—ESEB
BERSIEE S LR
2.3 RiFEERE

SSD mi#E 0 (A7 AL TR A% N R B UL RN H 4%
EWoAERT , HBEAER A 5 iR,
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Buffer 5
E Processor %
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Queue

B 5 NAND Flash ik iy LR 424

N FACE S P E N R R SSD MEEA RN E
EBME 3ANTIRE MBI SR E O

HuhEBRST  Flash AR BE T HIE#T B HRAER R
AEK IR ERRE B 17N 407, T AR E RS S 072
HV QBB R BRI . R, B TEREMEER SR
YEmEA BAAARR], 3 B TR UETER 89 15 17 & & , Flash A&
BEAE R T BR R . XA RET RiR/FiER it h
BB, N B Tt Ry b it 78 FTL R4k
PEBE A A b A BT R . MBI RS
VESRE, FTL i85 2 1 B AT 00 7 5K 10 12 38 3 1k 3 e D Yy 2
ok, B eh (N 77 45 B AR R Y B Mt AT SR . SR E R
AT RS T R AT AT LR E R R IR S B — 1 = B
o, G B BRGT FR ch Xe O A 5% 2R , B R BN BB N R

BB HPAT T KBEEFRER, NF 2 UK
ZHTR T, B T TR T T E RAF TR A&
W/ SSD AT F Zs (6] B, 7 A = EE T — € RME
Y, SRR R ERAE . BIIR EIWCRME R IEH TR T+
R GE—HATHERR LARERK SSD 25 (8] iR AF .

BREE ENEFT, BN ATRA RS /#ER
KH(P/E Cycle) , 45 /B BRREGA S — E BN 7 HE 8T
MEBBAT R, B AEEHEHY . AT RAFEFHE
TCE A BRBWATE /BERRERAE T R B, T A] RE K
B /SRR s o R SRR T X R
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3.1 EXER

NAND Flash F#F iR AR R EHWREX EHFER
FEPE,

DB AR ZE NAND Flash  , G #AEHFE R 1T
KFiRIERIERT;

2) FE R B RIRAT Flash fir & B FA BT 45 & B
RN AT T B AR BT, SRR TR &R B P o L B AT s
BrE.

A EBAE S BT — AR B AR A T R — A
PR S TSR Z 1A ] B FE W R, S B R H R AT
£, NI P> B H R SRR RE.

B TR A B A AR WA — R R BECR
F, K, 3 T80 5 15K BT BEL 28 #1217 SR R UL » SR8 B AT B AR
BIABEBEZERT Y 10 A5 LA b5 AR X TR SR BTN T
VR Ui B SRS AR XS T A4 B 22 A AT BB R A 4R AR K .

AT g B b A e B ELUR R T A, LU 6 SR AT
PR EE, A 6 BN, EiER“RME HR WS
PR ERIAT. BHR 1, ERIERRTEY 20ps, ERAER
BTE] Sy 200ps. [RIES, S T iEE R EMEM, 495 : 1 A3
rp 3 B TSR (I AR L RSB 5 2) B B & AR AR S BT 1]

in R, R; R, Rl W out
> | =20 | =20 | £=20 | r=20 |¢=200 ?

He EEREMRARIE

B 6 &, SR W B BB AT EHIAT IR A,
HRRVERETHEWHENRTGHE. BditHE
AT, AT RE R ‘R I RER R X 220ps, B8] T A gH 26
B9 11 f%, AEXTRTER R A B E SRR R G S, KA
RER BARBEATTHEZH.

AR #5585 18 B AR e AT IR IR “R. 7, W “R, 7 Y 32
FERF i 220us WA E 20pus, S5 VA RTAE L, SRR RIS
% 91%., SHFEE, BFR Wl FHAEFHITT 20ps, B
FERTEH 200ps HEHNZE 220ps, HANIE B Y 1024,

ETF AT, AR —F7E FTL FHIES HER T
. W 6 FRBRE PR B R, MAePITEERR
BIEIER ‘R, MG BT B BRI B 1ER W7, Il 2E 4 E
NS BHREMATIR T B ERF RAERIEIERE. Mt B A
6 ATH, “Ry AW ) (1 & B9 32 e H R B WAL T 1R B
SRR, “Re"FI“R. 7, B 1 , V8 B 0 BB 2 S/ B0 SR S et 73 T £
FERZE,

3.1.1 B RBBEBATHTITH

EERSEN . EERTRE BFEATELIE AR K
FLTIER R ESEE, SRS ENRILESA. B,
X B ER BT EFFT AN SRS, AEESMZE
R E AR, XN RS PR SEI RS T &4
3.1.2 EH®R4

SEBREML, BRRIERA ERWER, R, HTH#
M ERAEE H Fh B 3R B &, — BRE OL T, R PUAT B3R (U
B, A A2 A B 2R R — W BE., & ILeHR BRI
IR HAT, TTRES BT 2 AR 2 , AT = B R 25 A 40
YRR, B, A SO RS BRAE T AR RS
3.2 Bk

EARE R, EEAE ST ERKEE TR+ &1F
SRR HiRnt SM5 8. I0H R A RS R B RIR IR
BT . TS o p A TR 2 TR e B bt
TidE:2 8 bk , 3 B % T INFHE 52 LSS BRIER M E H
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ik Z 9 3 4 Hb B WS AR TRE TR U AR B N AR i
BZTHME. MERRE EREHNFAEHFKRK TR
FENFABFHAT. FHH, R RESERE T TFINERE
BREZT NFEHSZ L, 7 b BRAET TR .

- : SB
S —
Buffer :b‘|
i |5 - -
; FHE
E Processor [ | '@t 5
Clne 8-S ; ;
V5
oot L =
woen| 3] |7
Queue o
- Ly L Y,
7 BksEs

ERBEES T, i E— D FBBAS] (FRIE“ZETFEA
7). HIXBRE T RIERE S NSRS E B AR it
ME 58t B Py B bt B BST S A\ SRR A S R & RIA
FRERISHRK AT . LB, 525 8 B 28 7 B R BRI 3 SR B ok
XiF S5 ¢ BA S o AR 7E vh 2 B9 SR B R AT VR , MO AR 1SR
BIBATIOUF , LRSI TR BB B R, L B B R B R M
BEERE.

3.3 HEFRRE

Xt NAND Flash thist & #24E B AR 9 5387, 723
5iAEES AR ER LR TR E R .

(D BETHER T B a7

A1 3. 1 TR ST T, B A VR A X b AR ST IR AT IR IR
KU LB S TR RS RN EEFR]A.
Hit, RS HESNROHIR S, EHRER T TRE R
TR,

() BERT At R

BAEERERT TRSHHITRAR, BHEL g
SR BE B T RR ) b 3 57, 75 ) 5 3 SR AT BB £ R B R W o e e
MRASBEIRKER X FEREARTIEZM, FHit, 54
Wit BiF K EH AR — LR, B E FEAT E BB (write
time upper bound), — B iEE#HEHITEHE-FiERNE
W AR B IR bR X B RO R B R B R A AT
Se 4k, TS 18 ZE BB BA ) v 3 F L5 A9 R AN Rk s 1
AR SN, AR SCRER I IERTE SUIE R =4 BIhAT 52 LAY
AfiE] . (EABE AR, AL BT i IR A B 1R _EFRVER FBR , 0
RE—BiERAEF AN, BEMSTE B HEN Bl S Ent
EBR, MEFBHIZE ERAERFI P aTEssh, LN E S Emf
FREGEEK .

(OBEFERG XM, NEE FiE

EREEESNIHIE S, LFELEHEIE X
BRI, S — D EER M — S ER K B ARk F Ch R
— IO, MR ERBEFEEHEEE, EEFRF
LR MEFERZEFEE S CRAHEXENTHER, B
L THEBEEE FENEN, RS ERE RS EEEF
KZAT, B RN AR Z A PATEREREHITEA
IR (— 4 D, AR RIT B BRIEF LT PR EEE, A
T8 LSRR 4R

(DM F B WIF R Z R LB R R

APRIEA B, ERB R E SRS, B R 2R AR

(FINMEFERBEFANBHR) Z MM B X BTG L EK
., FEERBAFINERE —EERE ISR, B
HoAb &R, WS 1k 0 BT 30, & W S BRI R Z /] 8
NP,
3.4 BAEFER

T2 R B 1 1ot B T SR TR B 1 SR 15 AT 3 RO vk 58
. TESREBAF 18 BE 2% % Bk B9 37 3 SR B A2 47 I o
FEHRTER A ETE R, WK H 2 A5 W TR 3, B0 2 1A B SR e
HRE S BEFER N EER, WA #7435,

T S0 B W B AR G R B A A R B R R L L
&l 8 Ry 3k 3R S R B SR R S B

e npp— X m

_"" 1

m out
IR;W, W, RIRIR]W; RIR] —_—>
Y

Pending requests

B 8 ZfFEAS iR AEE

B 8 BART — MG AT B RO EFAT, F—it
20, FREAFIP IR T 3 HE R (new requests) ; 1 15 i
KW LR 2 MEHRR AR,

WESEAHME - FIERW KR, TV,
FEFER, HAXT HA TR Sk S8 T —MEK.

BEAFER R iiE R, B B BT SRR AS
WHZL MBS, RO EROBEW, " Z 8, @it
WEREBW, "W AN B Er ER, AR 75“W,”
ZEAFFEZE ML, B g R R VAL B E, 4%
HAYgZm B SBOP B RBEW, " 287, @i iHE
RIW, "Bt th B3 B i E R, HF AR 5“W, ">
B AFAEES Mt , I iE R “R 7 ZE BT 590 B, 359%
HYZ M sh; TROF KRB EW,” 28/, @it itE
RIW, "Rttt TEER LR, B, BAK“R"BE
E—IE AL E (BI“W, " Z BT, 10 & 8 F SRR .

L L AEEIROFERBEW, " Z 8, “W, "/
FEBT A At EFR I H R, " FI“W,” 2 B R TR IS wh
&, REFEESBRAREMFLRFERZ MM EXRNGE
R, PIARENE Ry 7 76 579 BA S P 4R 2 M BT B 36, 5 W2 B3R
“Ri"FIH[E] 3 AN“R™ TR Z I8 A F1 .

SERL R IR NS VA B RS R SE KM T — R 1
B, B FE=ZAFERR "R ERIER, B “R, AT
5 Ry R A R4 , ARETRE 8 I A4 SR BB 7R S & AT b
B MEBEAENMNE.

4 KWHERESH

4.1 XKW

h T R UEAR SO B Y B TR R B O Bk B R i
BET EARDTESS, USEHX A RN LS KRR
Frig e,

BESRTESS ERT A SRS RE W E E
RPATUA KRG R 5 MR, A 9 Fiw., Heb, ZRBA5)
B SR i B M R0 B SR M S, AL S PR

New requests
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Read-Write
Scheduling
Request Request Result
Generating Executing Analyzing

Bo FESEHESER

WRE A EES AT, ERXFREHIERT R, 3
PN 4 2 M TR B0 B b ik o 522 58 b e 5 8] ) 280
. TFACRNMEE AR EREENTFRREZ T L
LKA trace TR, MFREET FTL ¥H Binsht i
R B B Yy B S AT I, B TRAA R
FTL LT HE R BOR R 5 HBOR . AT A E T HATE R
PR, A B R R R 7 A R B A i B A i bk 9 ¥
HEiphhaiR HER . FIR,O8 T RS R EE, A5
SRR EBAE. BT H L A BB ER A A
AER G — W4T 1 3 ST H L B 7 A 3 R (periodical re-
quest) R » 573 — B 4> f [B) B — B Ak [B) | 4 2 4 7 AR B T 3R
(bursOH . FORIE RS2 P il 8 XN R IR AR
RERE N AKSHINE 2 575,

x2 ERFEPXBHRE

Pending
Queue

Parameters Values
Periodical request period/ps 40
Number of periodical request(s) per period 1
Burst period/ps 1200
Number of request(s) per burst 10

TREIPAT SR BIPAT 73 o fr & b b A% S R 15
B/ BN 3 BB, Hb, o TS b H g B a B [a)
HxEFHABRA OB+, B R 2w A0 Bl
ek N BT/ SRR R R B S EGESEEN NS
U 3 FiF. Hob, WRER/B R/ AL, SRR S
B AR bk BT X R £ B4R 5 O B A2 4R AN AT Flash iy & 95
/NS, BRI » 8 B 2 [ 9 SR ER AT R L S T 5 B PR SR 0

——= Max.write latency before scheduling /X~ Maxwrite latency after scheduling
= = =Maxread latency before scheduling 4§ Maxread latency after scheduling

£ 32000 < 2000
>, 2750 . 1800
L P

g 201, 2 1600
8 4 & 1400 14
= 2000 a A
o 1750 o 12007y
£ 1500 £ 1000
5 0 5w
~

B 7m0 %%
g sw

¥ 250 5200
L} 0 0
= 0 2000 4000 6000 8000 10000 = O 2000 4006 6000 8000 10000

write time upper bound/ #s write time upper bound/ ps

(a)read=0. 8,write==0. 2

(b)read==0. 6 ywrite=0. 4

EEHRMAE R, E&REAEERR.
#£3 BRUTHEXSHRE

Parameters Values

Data transmission/us 10
Page read/ps 20
Page write/us 200
Number of channel 1
Chip(s) per channel 4
Die(s) per chip 2
Plane(s) per die 2

Block(s) per plane 2048
Page(s) per block 64

SFRMGH  RETXHEREITRE, M5S0 ERE™
HERM AR P AEANFERGET 4 ID; 3 H, BT HRE
BB GITER KT E B, M E—-B D EEN K E
SRPATEE P17 W8 , T JE 3 — B} 9] B P 3R AT SE B 1B 3K
X8 E 1D EE AR RAFHEH# TS AL B, B4R T
EEHRAEXSH.

ELEEREF, B TF&EEZRFEROPITHELIE S,
1, B E NS T E R B R B EERE RS,
AT, AP B RS B S 3 Ll I A RS T B LA R SR AT
ISREHEATERL, I B TR E b EE MR, AEE
BARR PSRBT

HTHIRFREEWER FTHESRESR, & 305 )
RER K (0. 8,0. 6,0, 4,0. 2} B EIIE OL R 2047 K R 2 7§
3K H e R A R R AR A, 3 4 B R /S S B D
THR/BENEAN TR ESHEHT IS, B #
xRS RS YRR R X IR E A O B A R
HATIEM .

4.2 GRS

B 10 7~ T 37K L 43 51 {0. 8, 0. 6,0. 4,0. 2} i,
B K iE/E & if (Max. read/write latency) B 5 ¥E i | FR
(write time upper bound) #7544 T 25 {k B 155

=

- BEEBEEEEE:

Max. read/write latency/ s

0 2000 4000 6000 8000 10000
write time upper bound/ 3

write time upper bound/ps

(read=0. 4,write=0. 6 (D read=0. 2,write=0. 8

B 10 BEERAAH1HR{0. 8,0.6,0. 4,0. 2} BB K/ 5 EA FES REAT L RRAELFL

e ERFRTERE RE RS R b NS A TR E K
EMR. ST ERRAOHE N, SEhR L Bk E S A SRR AT
XTI ERBEERER, MR R S EEN ER
WP T35 KT, REREIERAFEMSEME, 7] TCRR &l ok
BERBIBERZN, MATELREFHRIENZEH
il B BR s 55— MR E O R 24 5 ZE A Y b BRI B 200pus K
PITES, H FEEROPITAZTE 200ps DAL mHE, H it
BT ST b A BigRAER BT TEERN b
BR , B LA S5 BA ) o B BT A SR SR 39 AN BE 1) BT 8 30 , BRI 150
TARFAERGRE, FHitt, 4 3CRE R EBR K 200us /T

it I 84132 /5 S Sy R BE R Y 2/ B JE B, 435 LA 55 R Ak AR
FATH A LR RN, AP AN EARTRIHEEY
/B RS R F RTINS AL =
AR EIRE R ZEEEM,

B 10 5, ZEEIE SR KB4 5 4 (0. 8,0. 6,0. 4,0. 2} K9 1%
ST, AT K IRIER (us) N {1845, 1238, 770,689}, B
KEFER (us) #{2075,1453,876,706} , WG, X 4 flE
B, BEE SRR 1 RR A58 I, B KL S B S B E N, BER
BEBTRE SR, KB E EARFEE . FHF
MBRIE SN, TE 4 FFRLT BRI IR AR B T , (R AT
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HIFIME (us) 43 B4 (257,271,276,272) , B FERY L9 (us) 43
#4{1987,1398,1021,736}, HULTTLIE L, #TESEE
J& » B RIRIERTIR1B T BB MmN, 4 MEELT B MEE S5
5149 (86%6,78%,64%,61% ), EIW/NT 72%; 5 H R,
BAREEMERRRFRE, ERRMNERL TEEFERMY
WA HEATRAE T KIEE S5 M {—4%,
—4%,12%.,2% ), EHHK T 2%.

B 11 R T EHESR 451 2 (0. 8,0. 6,0, 4,0. 2} B,
¥ /B 36} (Avg. read/write latency) FEE $ERT £ PR (write
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