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Improved Flash Transiafion Layer Algorithm Based on OpenSSD

LU Zheng, FAN Chang-Jun, JIANG Yun-Fei
(CETHIK Group Co. Ltd., Hangzhou 310012, China)

Abstract: With the rapid development of information technology, the need for data storage is growing, and the
requirements for I/O performance are getting higher and higher. Compared with the traditional Hard Disk Drive (HDD),
Solid-State Disk (SSD) has more advantages such as high availability, low energy consumption, no seek time, etc. Due to
these reasons, SSD gradually replaces HDD to become mainstream storage media. The OpenSSD prject is an initiative to
promote research and education on the recent SSD technology by providing easy access to OpenSSD platform on which
open source SSD firmware can be developed. In this study, we investigated the Elash Translation Layer (FTL) algorithm
on the Cosmos OpenSSD platform, analyzed all kinds of factors that affect the 1/O pefformance, designed a way to carry
out the buffer management and flash management, and finally imprp{}ed the I/O performance effectively.
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FIFO [ASY 3 FC 2 720X 7] DAL A A I A7 BN, B
HIHCHE AR LRU S A\ CHE T SIE 0 BB, F 75
0 1 (RA B ML S O K R, 2443
2RI A SR, H LR BE 2 2 3 1104 B e, W o

\

(ILEAF 234 N\ S8 B FIFO A B o DL 4k 48 it 22

FAAEH].

i 9 FioR, 5 INAF I AT UBEAT HEAT B0 A 2, [
HRE 3 N A7 I T DA — 8 AT AR B AR P S R
TG A AT A, SR DUBEAT I TE O I EAT, PR AE L
Uity 1352 ECHSCHRE B, 5 30 0 2 PR gl DX A T T s —
K. TS A S I S e I 1S ERCESHE 1R AH 48 LA 4 T
B 2 T AFAE T 23 RO Y N AR Ok, i SRA7AE, T
W H— I BB RN AT, X R 2 35 BRI /INRL B 1 T
Bk RE. PROAZH DURLEE N 4 K, T INAE A3 TR/ N
8 K, Atk B )= T A B —N/NT 4 K BIEE 1/0 8 K24
SN — BRI, e R R T A A .
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i H AR SN A

FH ) S R I AN — B, ASCEE T DA R Wit

5 1O HiEn, HR KA LT J LM S Lz —:

1) #5048 BUR, = 5 N write buffer, HLEY
Hdlg RAFAE T write buffer H;

2) HHAEA & CAFAET write buffer H, 22
A write buffer 1 IHEE, HK B 8RB N B N write
buffer #;

3) A B RAFAE T INAE D, BRI AE i s
Toxk, K EHE S N write buffer H7;

4) ZHHELE read cache 1, ML £ 35 7E read cache
IR — B, 75 R I o R read cache FIAAEHTH]
B, AR S N write buffer H.

BE /O FAl iy 2508 O Tl LR read cache H

I, ARB DA o 0, P AETIR VE A  ATE

R Bdhe R A

44 RTEEEREE . 0

IR 1 M BE B FF E D A7 S 6 DAL
BEAT B3 3 2 S ERB . X4 PR AN £ . %
PRI R $5 R S 7 R T 5 N KR R e, 24 A
FH B 624 B T 75 0 P 0 e, IS L 5 9 4
% HLE s e

5 PR L SR 5 AT, LR RO
SRS, 35K T DA RIE A/ T T B 5 R S UK
b ISk S N EE

SR A7 T R T BT [ i
HRAE. A T SRR A7 P B, AL P 38 B3
B, B VA A BT A T 0 > SO 45 i,

ACAT EAREAT 520 8 14 bl 15 M T it/ B2 35 (R WADKE., |

i P R 00 S, T e 2 Rl K TR S 2L R 7 28
BES PN g T

H TR 256 40T, #OH 257 K EER 90
FoR TR H 0 B 256 [rHe, 45 4k % 101 R IT
2 phy B R RN C KR 15 .22 1 head A1 tail SR8 3, 1
] 10 Fos, 24— He i 3 A TU R M 6 2 58 31T
BTCAON, ) TR H 2, B
"B ML 2 o 0 BT £ 2 o, T A 4 B 7 2
WeRE R B AR JE AT s

4 AT 3 [T, A TG T e 2 () 2 T 4
G, BB — A TR 2 Bk AT
73 [ 573 S AR S I e BT £
AR G — WS B A7 23 18], SR U5 RS 1% IR 1

TR Py, SR [l i Y AT RO #7321 T TR B
Hh, TR B QL2 A 0y 1 R, T DU [l Yk
PEBR e K TR B, A 33 [l WA S5 3R

Head Tail
BRI TE RO
" IR BB ) R
NS

o < 0 T — Y 2 E D
K10 [EisEERoRE R

N T 7843 FIF OpenSSD %318 45 74, 75 AN fi &
fish B TR SC IS, G4 o [ 1 e S5 e e 3 3 [ Wi Ak 3
45 R 4K 82 AR, T S A i T A I B A [l g
AT BRI, TR 5 B 4R B A T AFEAT #R A, 1A AH 24
TAEJF R B 1 ASBRE A A BT 16 AR, TEERAL
I 1)t 7 S 22 00 mT R A7 s 1), b 35 AT IAOssk R R

Fm.

5 UL (\
51 MASHRE | | >

FAYEHIET OpenSSD T3, KA fio 1 il ik
THEL fio e NE# RIGHI VO BRI T, &b
% A B AL B /O BRAE. fio 10 TAEI
FRAR AT 5, 0 S — A job U RAE ZE V5 51K /O
B AT YEBEMRRT, fio M job SCPFELIUX Lo B 2
B, TR L SR AAR 0 B (LR 72).

16 SRR Fh, 3 3 LA 75 50T TOPS X ANE bR
{9 PR B e . 720k B K H R (0 BE o P 2R M
S IR R ; TOPS F6~ A 1L 5 B 1R A RE /N
B (4 KB) HVEL # F T BEALEL S ZEE R

fio P ) 1 ZEAR 1% B BN T rw S EORIE
W H 2528, BEHLS N randwrite, FEHLEA randread, i
75 N write, 1524 read; ioengine 43 A [A] 5 Fl 57 25,
50 25 31 B T LS I %2 £ B SR M 7 SR R, S4B ) 4
U [ 52 245 AR R A 28 FE I B0, bk Ak 5 — 3t % I
35519 sync; R BRIt B Pk A, OB B 1E R S0
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TLZEAF (page buffer), % ## Direct I/O 177 3, ¥ B A%
B B I direct 2 1; 2 SR IR AR 45 S bR AOR 16 4%
256 L2 RIT].

BEAHL /O TEREN BRI RN B By 4 KB; 1T
3Ry 9 BR A1, P 1/0 1 A 0 ) R FE 1 O 120
KB K/

BEAL 5 AT 1325 1 job BC & S K F/NR, R
T 26 1 BEALE H job STAH:

[rand-write]

ioengine=sync

filename=/dev/pcissda

rw=randwrite

bs=${BS}

direct=1

size=4 g ‘ “ol

numjobs=$ {(NUMJOBS}

iodepth=1 B

runtime=300

group_reporting
5.2 ficaTEMEENRFI o4

(1) BEHLE VEREN

BEHLS MK TOPS &5 F4nE 11,

8000
7000

6000
5000
4000
3000

2000 LA
1o o fi A

0 -

S
; W W
¥ ¥

& ¢ &
o ésfb &
’ W
B 11 (ALl EBEHLS TOPS MR He

TR R #r: I 11 v %, (oAb g FTL 4F/h
WL FE BB ALE S Ak B e 0 R MR FE B v, e AE A il R
IR RIS R, B FE TOPS 14 RE 1 5K Y 602 $2
T2 7007, HERESETE 11.6 £iF, 2 £8F2 TOPS 1 GE H ok
(17 636 $2T+ % 7538, VEREFET: 11.8 fif, 78 2 1 3 [l
W R B LR P2 TOPS 4 g H J5 R 1K1 596 4 7+ 21
6014, PERESRTE 10 £, Z 4 F%E 1OPS M:fg i 631 $27F
F 6241, MERESETF 9.9 fi5.
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BEALS 14 B (0 K FE 3 T2 RN AL S FTL 789y
FIF 78I R AT RS B HOIRAT, B Mg R
HIEIL I0PS —F/f, X2K N CPU g7 i<
b FH KB (B 1], ATRTHE 0 T 1/O 17 3R (1 Ak B B[],

(2) M 5 1 e ik

i 5 e B A 2 SR N ] 12, B4 H KBYs.

250000
200000 |
150000 }
100000 -|
50000 - = RALHT
ol ol mll CEE
& & S &
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¥ o ¥ P
OC)Q GG‘ QQ Qc;
~ <

B 12 PUAHT e BT 5 56 MR R E

TR G5 F 30T W7 5 P R AR B S 1 B — A
13 20K BE BT, AR JE RIE T 78 20 R R T J8 38 A
I IRAT A S, b A fid e 37 33 [ 0SS 150 B 2 A
J7 5 5 B HH 27 908 KB/s #2 7+ £ 56 374 KB/s, TEREHE
Tt 2 fi5, 256 £5F2 T 7 %5 BH 39 090 KB/s $#2& T+ %1 195 336
KB/s, PERESRTH 5 fiF; fulR 33 3 (SO 5L SR A 5 o
M 25 802 KB/s $& - 5] 41 385 KBxg,\{_éﬁE eIt 1.6 fif,
256 L FE S F A %6t 35 734 KB/s #2715 167 748
KBis, PGS 469 fi
@) BB AR
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18000
16000
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10000

8000

o000 = LB

2000 - ufltfb s

X
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N o
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i H AR SN A

L IOPS H 2700 #2£F+ 2] 16 482, X F /IR 17 iy h
ARG, S B M IR EE R T, 7E 256 £RAESZBRIR A,
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K fio FHEA RN B A A X 40 FE K 8, Fit L2 A7
R, HEREIRTFA K.
(4) 5 H 40 FE D i
R — AL b, AR SCR BT JURMIEH FTL &
1, B INRLERENL S 1 B AT AR, JF 5 AR ST St
T, R 14 Fios.
8000
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6000 -
5000
4000 +
3000

2000 +
1000

M FASTer
M LS-LRU
AR R

K 14 A7 A UMIE FTL 5%k

1P 14 AR, S0 24714 FAKICHR AT AE 2E 1A JE Y
FTL 5i%AE OpenSSD bR I SERx A RE 5 A SCHE H
M7 RAFAE — g 28, FEERZRE AN KER

memepy FEAESCIY T LBA7 i ohos K (R 6 A
6 M4k

ARICIHT T OpenSSD T & (BEFFREYE, 8 1 1
W 1/0 BRI & KRR, R T — MO T i
£ ) FTL J7 5. 83 5 JLRSB A FTL S5 M b9
Yo, UEWI 207 FEATAARTE T OpenSSD 117 Jilte e, 4
S, EHR VRIS 1O SURMITE REFETHE N U 2.
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