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Geometry Detection for Solid-State Drives
Student : Chun-Chieh Kuo Advisor : Dr. Li-Pin Chang

Department (Institute) of Computer Science
National Chiao Tung University

Abstract

The Solid State Drive (SSD) based on NAND flash memory is fast developed
recently, and being used in embedded products like notebook, digital camera,
and UMPC etc., and many manufactures also choose SSD as a suitable
storage for database server. However, in past 20ryears, many researches were
focusing on the geometry. optimization of HDD, for:example improving the
design of OS, files system, application, and database.'SSD is not just a faster
HDD, so the geometry optimization for HDD cannot be totally used is SSD.
In the paper, we want.to know the inside hardware design and firmware
management for SSD.:Therefore we-design.a.series of detections for SSD
geometry, and let the users get'the important'elements affecting SSD
performance. By using these elements, we can optimize SSD design, and take
fully usage of SSD outstanding data accessing ability.
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2. BACKGROUND
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% 1: NAND Flash Memory
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Physical Page Size (Data Area) 2 Kbytes
Structure Physical Block Size 128 Kbytes
Spare Area Size 64 bytes
Page Read Time 20 ps
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Cycle Time -

Block Erase Time 1.5ms
Data Transfer Time (per byte) 25 ns

%Jfﬁ 1: SAMSUNG NAND Flash Chip
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2.3 Flash Translation Layer
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2.4 Parallel Data Access
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2.5 Motivation
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3.SSD Geometry

3.1 Effective Block
3.1.1 Definition of Effective Block
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SSD Throughput
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3.2 Effective Page
3.2.1 Definition of Effective Page
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3.3 Read Cache/Write Buffer

3.3.1 Definition of Read Cache/Write Buffer
EFTRE Y G4 e o R F Rk el & R dxk
AXB o Flpt > AXRAR S B G AL LA ST o r - LR REF B
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3.4 Zones

3.4.1 Definition of Zones
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3.6 Example of Optimization
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NAND Flash Memory
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4. EXPERIMENTAL RESULTS

4.1 Experimental and Performance Metrics

73V 1 & IRLSSD geometry iRl i % w0 0 VPR H o /i BV
Fgeometrycip|3E > 2 1 2 RIZ > @ NPT pREAR A A g Intel
Pentium 4 CPU (3.4 GHz)eip 4 7 %% ¢ > aWindows XPiF % & &¥ g

7 o & 41 * Windows API : ReadFile() ~ WriteFile() 2 & ¥t &R &k 53 £ &
i fFread/writeid & o g A AL % & Suen® 3 o 2 41 % Windows API#7 i
ehDeviceloControl()fize £ IOCTL_ATA_PASS_THROUGH=# it ® £ ¥ iE %
#Z % T2 ATA command > ¥SSD:& 7 4vDISABLE READ CACHE -
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A it dp iR & o0 3 & readiwrite requestsresponse timeie {7 A 7 0 &
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% eresponse time s 7 B2b B e F 4k 9 2 F 1§ % garbage
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Transcend TS32GSSD25S5-M MLC 32 GB
SAMSUNG |MCBQE32G5MPP-0VA SLC 32 GB
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?‘dﬁﬁ 2 : Testees
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4.1 Effective Block Size

4.1.1 Effective Block Size Detector
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effective block size F¥ » FTL ¥ 2 & 4% switch merge » # ™ ¥ & X it 2%
TALHEA > A EDHE B r’v’ﬂﬁxr‘s throughput - & *% request 2 f¥ 4 B~ —
B RS R (4o 64MB) L FE i = 0 write request SR T 7 eh
logical block » F]¢* - one-to-one mapping = ;¢ # ¢ i3 = log block 4% +
€ ) 4@ # %7f§ 4 garbage collection » @ % many-to-one mapping =7~ ;%
¥ » €3¢ = merge operation 2 4F 52 & #% % > $ 3% SSD et garbage
collection s-rworst case = » i # § A FALEA S AT P A ERE )
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Case 1 : x < effective block size
Step 1 Step 2 Step 3

Effective Block
Need valid pages copy when performing garbage collection

Case 2 : x = effective block size

g —

Effective Block
FTL can performing switch merge

QE.\'% 29 : Effective Block Size Detector
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4.1.2 Result of Effective Block Size
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qaﬂ?l 31 : Impact of Effective Block
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Q%ﬂ?i 33 : Impact of effective block to random write
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4.2 Effective Page Size

4.2.1 Effective Page Size Detector

. effective page size p|z& ¥ » AP & %‘g d write request ;X 3 ¥+
effective page size p¥ 7 & :& {7 read-modify-write operation » ¥ & #1F & en
response time #u s 4% { #7— £ B effective page ¥ § > & L% SSD p 3R en
effective page size - & % & 3 Effective Page Size Detector svp|:# 42 5 :

Step Action Description
start_address = 0;
) x = 1(KB);
0 Variables . .
THr-m-w : threshold value of read-modify-write
operation

Fill the SSD by sequential'writing all the LBAs of the
1 Initialize |device -

then disable write-buffer

Write x KB data from start_address > then write x KB
2 Exercise [(data from (start_address +1), compute the difference
between the respense-time of write requests : dif

If dif > THr-m-w > return x

3 Calculate |, jump to step 2 and-(x + +)

%Ufﬁ 4 : Procedure of Effective Page Size Detector

EEBR TR XA G e o T BT 0 AR T A LT A AN
B o~ T E 0] A effective page size £ B ~ TALE 4577 L effective page
size o 4rcase 1 77+ > § B » F 4L £ -] ** effective page size ¥ » 7 3 4_d
Ao ¥ OKB & 1 KB B e » #7F & chs &30 E - =t en
read-modify-write operation » ]t = —“‘Ff “7 1= § «frresponse time & % 7 %
0 2 o case 2 enfiiR T o d AT E o~ chF L E 577 L effective page size»
Fpt A e =% OKB B4sB 4= v 2 & — = «f write operation » i# & &_
PEF e e A jAsdhe i B 1KB Bdp BAspEfrg & - st eh

read- modlfy -write operation » F]t 1 & ehresponse time ¥ _#LF A o ;ﬁ
d 1L - K 2 fF response time s E £ o> A rF“q‘u’v’ sy effective page
Size o @ b iﬁ BEES 2 BB B owrite buffer sk &8 ™ 4 & ErrenipliE o 7
% % ko write buffer ) & 72 2 4% 8# T4 B » NAND flash memory %
REERF > F]p %7 4 read-modify-write = & o
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Case 1 : x < effective page size

Page 0 - Page 0

1 KB

One read-modify-write operation One read-modify-write operation
Case 2 : x = effective page size KB
Page 0
= rua [T
One write operation Two read-modify-write operations !!

qéﬁlih 34 : Effective Page Size Detector
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Response Time (ms)

Response Time (11s)

4.2.2 Result of Effective Page Size
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e 3V iE {7 effective page size sp]3# » 4o B(D)? MTRON # read
request » 8 KB pF » = It 4+ ¥4 effective page wd=4~ =% P » H response
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q%ﬁ'?& 35 : Result of Effective Page Size

= EE] = effective page size %+** read/write request size 255 » ¥ P AF 5

e write pF > % write request size iZ 7 ¥+ effective page size 1 #icpF »
v_J *% R ik {7 read-modify-write operation > F]pt € response time #& %
% > response time ¢ & IR4E# ke £ o 12 foread FF > 7 3 read request
size &_F ¥ effective page size chi > d *+ 7 ¢ % 7| read -modify-write
e 58 P70 response time & JEITA S LA K o
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qéﬁh 36 : Impact of Effective Page Size
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4.3 Read Cache/Write Buffer Size

4.3.1 Read Cache/Write Buffer Size Detector

% read cache size & write buffer size crp|z& @ > AP * §F & 3 B-ahF
£ + ** cache buffer size pF> 4w F & % % SSD & 4% &K & NAND flash
memory ® #if {7 3 B~ FoRLenpE > F]t response time k£ o KGp[EE
cache buffer #75; # 3 chF 42 & o @ d *t read cache £ write buffer cp|3&
RIZAAR o FPL A AR T G ¥R chwrite buffer BlzE 2 o T AR
7. Write Buffer Size Detector sp|:E 42 5

Step Action Description
0 Variables |x = 1(KB);
. Perform random 4-KB write to consume the log
1 Initialize
blocks
) Flush writesbuffer.and wait 5 sec > then write the x
2 Exercise
KB data
If the response time of write request is increase
3 Calculate *{obviously then.return x, else jump to step 1 and (x+
)

%Jrfﬁ 5¢ Procedure of Write Buffer Size'Detector

% write buffer size srip3a = 2 P gt hd BA L F B A TR E
** write buffer size P > host %% JE 3 write request 38 4 344 & f&_write
buffer ¢ 4% % = NAND flash memory > 4 #c #- 2 ¥R write request & &

write buffer p 5 & % NAND flash memory 7% » & & &2 RAM #p ¢ 25
¥ Woeoo FtE FF A8 v NAND flash memory chps FF € B &g cok i
fresponse time o i 7 Fg i 8 Fg R E 40 write buffer size - A i AF

=B F AL ;’K ¢ 1" ATA command ™ i - = FLUSH BUFFER 4j

£ o 3R write buffer p 28724 T eh PR o e K AR HRGEY e o 3F
5 SSD # & e d%ft FLUSH BUFFER 4 4 {8 » ¥ % ¢ - iﬁ.}cﬁ&fﬁ poR
FHREEFBEY > FPt AP PR EF- KR 2R write buffer

NERESFR ISR CA
MR EA SRR Y o AP FIREF S PR B R R
write buffer » 22% ¥4 write buffer = 532 7% ; write buffer e0% B4t B

Mmoo e A F AL E v NAND flash memory ¢ 5 %]t {2 28 5 e
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X 31 write buffer size o #1224 4k * 7 random write & (A 4s it 0 H 3 B
#41* effective block size sFip|:# % % # 3 1& {7 worst case =% » » 3% SSD
NIRehE LA & 5 % 3 3 4 garbage collection ® merge operation 4 i

B F enlin > & R write buffer p 28 F LB v ik B 0 E B { M

R E o
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Response Time (1

Response Time (ms)

4.3.2 Result of Read Cache/Write Buffer Size
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qi%ﬂ?u 37 : Result of Write Buffer Size Detector

@ ¥4t read cache size ship|3E P > d ARG FTHBw R 4L FM R F
& f§ H cors g o2 write buffer size shplz# = 3% > B A e R FTRE
R 1;%%! F et B kRl ALE 47 hread request FALERT B 4%
j¥_read cache ¢ B~1¥ o 4o Bl ¥ § & i B P 4L £ ) 3 256 KB B o read
cache ic #773 #75F & A F B nF 4L Fpt§ FTHL :ﬁ‘ﬁlééﬁ’*%ﬁ-%? ME
d read cache ¥ B~ » i I $ - response time - e & read request size
~ %+ 256 KB P » d *t read cache & /2 #4713 *7F & FB-n P& > Flpt 2

F k= SSD E #%¥_NAND flash memory @ 3§ B~ 7L e=¢ & > 3¢ = response
time 7 P7 &g 3 4v o F)pt ¥ L% 1! read cache size % 256 KB -
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Response Time (ms)
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qﬁaﬁk 38 : Result of Read Cache Size Detector
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4.4 Zone Size
4.4.1 Zone Size Detector
fr zone size Rl ¢ 0 P RE K B ge [f] < 3T zone size PR E A i &

mapping table thrashing - @ ¥ 3% response time #§ > % g% zone (14 F
gL - T & % 30 Zone Size Detector s iR 2 5

Step Action Description

start_address A = 0;

0 Variables start_address B = 0;

fill the SSD by sequential writing all the LBAs of the
device

Read 512 bytes data from start_address_A and
starttaddress_B separately and output the response

2 Exercise  |time of the request:from start_address_B, then

(start _address_ B = start address B (1 MB)),
jump to step 2

?Jﬁ 6 : Procedure of Zone Size Detector

1 Initialize

4o Bl #ToT 0 fozone Size HuplER Y AN R M £ B ABLII B B 1
2 M R B Bhende 4 0 E RIPIZE requesti 2 B chEEAE ¥ response time
e A RROEARL BV AL I AT hcasel P § AR B
SREEYEL] 3 zone size » 3T A B9 B gHARE G e - 1B zone A2 > F]
* ¢ A2 iz £AT » mapping table c#: iF o i & case2 ¥ § A g B
BLeAEESE + 3T zone size pF o d 3T A BLE? B BLA W[k A7 FFeizone ¢ oo

Fpt g i+ £ AT~ mapping table s+ ¥ > @ ¢ < response time 2% ©

Mok wf P ABLY BEEPES N A Y 2 TP 2 2 B zone @
i = mapping table thrashing /% » €% » mapping table eh= & { 4c !
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Increase the start address of B

Case 1 : distance(A,B) < zone size Case 2 : distance(A,B) > zone size
A B A B
¥ ¥ Y
Zone 1 | Zone 1 | Zone 2
A ane B look up the same Need to reload mapping-table frequently

mapping-table

qa'[l?i 39 : Zone Size Detector
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Response Time (ms)

4.4.2 Result of Zone Size
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5. Conclusion

Bk ¢ PRS- ARG K & G RIGE D SSD P 3% geometry %k
g1 2 > H @ & 3z effective block size ~ effective page size ~ zone size ~ write
buffer size ¥ read cache size » I & %] & izt geometry AF "% & &-thid
* P AR B F WP 4o % L geometry Bic¥tt
SSD ik 15 i ‘mﬁﬁﬁmi ftom APy AR %gﬂ #4F SSD
geometry # i it e WAL A BB T R R f2sN ek
G sag#i‘eﬁaﬁc B %_,bi’éﬁﬁ"m:ili » { v %' X garbage
collection 7 f 4 » 3k SSD ez Beic 4 (T 3| { 2B h3 400 P BE e 2 BE
R ez Poait £ IR o

Bk oo AP A E - S iRt geometry SipliE S E 0 R AL
effective page size rip|:& ¢ & /8 B B write buffer/read cache % p|:& 1+ 92
o FARERES 2R P LR EThSSD ¢ oo by F Y
5 ¢ SSD geometry & {7 /% &mf];# » 4 read cache/write buffer sz + 4
LN S B SRR = i1 9 Sg<gs WO
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